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Abstract

In the face of increasingly fluctuating car demand, sales orders for automotive parts from various
vendors have highlighted the growing importance of sales forecasting and predictive analytics to prevent
overstocking and stock outs. However, most of the existing research continues to rely predominantly on
traditional time-series forecasting methods that do not fully capture dynamic demand. To address these
issues, this study applies a deep learning time-series forecasting technique to reduce the discrepancy and
find a suitable method for forecasting the orders. The objective of this study is to propose an algorithm for
forecasting sales based on an LSTM network, using historical sales data from an auto parts vendor. This
study was conducted in an automotive vendor located in Samut Prakan, utilising a dataset covering 130
weeks from 2023-2025 to. A total of 70 percent of the sales data were employed for training, whereas 30
percent were allocated to the testing sets. The selected item stems from high-value auto parts consisting
of 77443582-441V, 77443582-521V, 55183973-060V, and 55183973-440V. The four auto parts were selected
based on their high sales volume and strategic importance to the vendor’s inventory management. These
items contribute to over 40% of total sales revenue and are frequently subject to stockouts, making
accurate forecasting critical. Compared with actual sales orders, the results show that the MAPE forecast
error from the LSTM model is lower than the 6.14% error, and it achieves an R-squared of 90.228%,
outperforming the existing forecasting technique used by the purchasing department. These findings suggest
that the proposed forecasting model can effectively improve the sales order accuracy of automotive part

vendors.

Keywords: Auto parts, Sales forecasting, Forecast accuracy, Long Short-Term Memory

1. Introduction demand from manufacturers and the actual sales

Predicting a sales order for auto parts is the key orders. Consequently, the company experiences

research for auto parts vendors [1]. It estimates the
actual sales of specific point in advance according
to needs of manufacturers.

The main issue with a company name “Vendor
ABC auto parts” is inaccurate sales forecasting,

resulting in a mismatch between the anticipated

overstocking and understocking. The company's
existing forecasting method has low accuracy and
relies on A 3-week simple moving average of
demand (SMA-3weeks) technique. The company
currently uses a 3-week SMA based on internal
evaluation showing that this period provides the

most stable forecast for their replenishment cycle,

o o
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which operates on a weekly ordering schedule with
a lead time of 7 days. This approach has proven to
be inadequate for accurately predicting automobile
orders, resulting in the accumulation of unsold
goods.

Table 1 lists the forecast errors for the items
selected in this study. Given these challenges, the
company is now exploring advanced deep-learning
techniques to improve sales forecasting. Since sales
orders are time series, they can be treated as
sequential data, making them well suited for
advanced time series forecasting methods.

In addition, Abbasimehr et al. [2] pointed out that
while advanced deep learning techniques, such as
artificial neural networks (ANN) and recurrent neural
networks (RNN), offer promising solutions for sales
forecasting, they have certain limitations. To
overcome these drawbacks, a Long Short-Term
Memory (LSTM) network, a specialised type of RNN,
was used [3]. The objective of this study is to propose
the application of an LSTM network for predicting the
sales patterns of automotive parts. Additionally, this
study aims to assess the effectiveness of LSTM
models in sales forecasting by comparing their
performance with of the three-week simple moving
average forecasting method currently used by the

case study company.

Table 1 SMA (n=3weeks) forecasting errors for four

auto parts
Parts code MAPE (%)
77443582-441V 9.37
77443582-521V 20.65
55183973-060V 21.10
55183973-440V 6.69

2. Scope of Research

This research scope focuses on analysing and
forecasting the sales orders of four different items
of automotive parts using time series methods,
specifically employing Long Short-Term Memory
(LSTM) networks. The data utilized for this analysis

consists of monthly procurement records of

automotive components collected over a three-
year period, from 2023 to 2025. The dataset will be
divided into a training set covering 90 weeks and a
testing set for 40 weeks. This division allows for
robust model training and validation, ensuring the
effectiveness of the forecasting methodology. The
findings aim to provide insights into purchasing
and enhance

trends inventory management

strategies in the automotive sector.

3. Literature Review
3.1 Time Series Forecasting

Time series methods are based on historical
data of an event and forecasting [4]. Lim and
Zohren [5] noted that time-series forecasting has
been performed under the assumption of linearity
and statistical methods with traditional approaches
such as simple moving average (SMA), weighted
moving average (WMA), exponential smoothing (ES),
single exponential smoothing (SES), Holt linear (HL),
and Holt-Winters (HW). However, it is not suitable if
the time series contains nonlinear patterns that can
be captured by nonlinear models, such as ANNs [6].
3.2 Artificial Neural Network (ANN)

An Artificial Neural Network is a machine
learning algorithm based on biological neural
networks [6]. It is composed of numerous highly
interconnected processing elements (neurons) that
work together to solve specific problems [7]. There
are three main components of ANNs: neurons,
interconnections, and learning rules. It can
implicitly detect complex nonlinear relationships
between dependent and independent variables
and is best suited for complex information
processing.

3.3 Recurrent Neural Network (RNN)

RNN belong to the family of artificial neural
networks with recurrent architectures. Recurrence
refers to the use of previous outputs as inputs so
that they are recurrent. RNN are sequential models
that process one or more sequential inputs of
variables [8]. Although RNNs are suitable for time-

series forecasting, Hurtado-Mora et al. [9] stated
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that they suffer from the vanishing and exploding
gradient problem which makes them difficult to
train. To overcome this problem, an extended
variant of RNNs called LSTM has been introduced
that has gained popularity owing to its excellent
performance in time-series forecasting [10].
3.4 Long Short-Term Memory (LSTM) Network
LSTM is an RNN that can manage both long- and
short-term dependencies. As previously
mentioned, the major problem with RNN is the
vanishing gradient. LSTMs solve this problem by
introducing memory cells and gating mechanisms
[11]. Each memory cell C; holds the temporal states
of the network and has three gates, I;, F, and Oy,

which control the flow of information.

Hidden state Memory cell initial
H: state Cp_q
Input _Q Forget h
Xt

H; Cy
Figure 1 The structure of LSTM architecture
(adapted from [12])

The architecture of LSTM is shown in Figure 1. The
gate operations are as follows:

1)  Forget gate

This gate decides whether to retain the
information in the cell state or discard it. The
decision to maintain is based on the input data and
the output from the previous node, passed through

a sigmoid function, as shown in equation (1).

F=0 (W * [H,; H]+bp) )

2)  Input gate

This gate receives new input data and “writes”
into each node. This operation can be divided into
two parts. First, if the cell state must be updated,
the sigmoid function acts as a control mechanism
and activates the input gate to decide whether to
update the cell state. Second, if the input cate
decides to update the cell state, the “tanh”
function will generate candidate values () for the

state, as shown in equations (2), (3) and (4).

D

ltzo (VV( .[-Ht-Z,Xf]+b() (
C,=tanh (W, TH,; X,J+b)

~

Ci=F*Co +7C,

—~ o~
2~ W
T =

3)  Output gate

This gate determines what goes out of the cell
state. It is a gate that is preparing to output data.
The sigmoid determines the parts of the cell state
to output. The cell state is passed into the sigmoid
to decide what to output as one or zero. Then, the
result from the “tanh” is calculated to determine if
the output is 1 or -1. Finally, the output from the
sigmoid gate is combined with the result from the

“tanh” to get the output as shown in equation (5).
0=0 (W, TH, ; X,J +b,) (5)

3.5 Forecasting model metrics

In the study, the forecasting model performance
is evaluated using two selected metrics. Among the
various metrics available, this work focuses
specifically on the Mean Absolute Percentage Error
(MAPE) and the coefficient of determination (R-
squared) to assess the accuracy and predictive
capability of the forecasting models. These two
metrics are used to compare the models and
identify the most effective one for sales forecasting,
as detailed below.

1) Mean Absolute Percentage Error (MAPE) is
to evaluate a performance metric in forecasting
models. This can be defined by equation (6). Let A
and F¢ denote the actual and forecast values,

respectively, at data point t.
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MAPE==* 31 A F VA, 6)

n

where:

n denotes the number of periods.

According to Na Na [13], the MAPE values can
be classified as shown in Table 2.

Table 2 MAPE value classification [13]

Forecasting model MAPE value
performance

Very Good < 10%

Good 10% - 20%
Acceptable 20% - 50%
Poor > 50%

In addition to MAPE, R-squared was computed
to evaluate the goodness-of-fit between actual and
forecasted values.

2)  R-squared (The coefficient of Determi-
nation) is a number between 0 and 1 that measures
the accuracy with which a model can anticipate a
given result. Equation (7) shows how to calculate R-

squared (R?).
RZ =1- Ssregressfor‘/sstotal (7)

where:
SSregression 1S the regression sum of squares

SStotal is the sum of all squares

3.6 Existing Studies on LSTM in Automotive
Forecasting

LSTM networks have been applied to improve
demand forecasting in automotive supply chains.
Chandriah  and  Naraganahalli [14]

enhanced accuracy in spare parts prediction using

reported

an LSTM model with a modified Adam optimizer,
while Limbare and Agarwal [15] demonstrated
similar benefits when integrating LSTM into demand
planning and budgeting. Hybrid and advanced
models further highlight LSTM’s strengths. For

Suddala [16] found ARIMA-LSTM
combinations outperform traditional ARIMA and
Holt-Winters, and Terrada [17] emphasized LSTM’s
capacity to model nonlinear, volatile demand. In

instance,

industrial contexts, Abbasimehr et al. [2] achieved
consistent error reduction through optimized LSTM
settings, and Cui et al. [18] introduced an attention-
based bidirectional LSTM capable of capturing
seasonality and trend effects. Na [13] also
LSTM’s

forecasting techniques.

confirmed superiority over classical

Despite these contributions, most applications
focus on large-scale manufacturers, with limited
attention to small or medium-sized vendors in
emerging markets [17]. Comparisons with simple
operational baselines such as the simple moving
average (SMA) are also rare [15, 17]. Addressing
these gaps, the present study evaluates LSTM
against SMA using data from a local auto parts
vendor in Samut Prakan, providing practical insights

into its operational value.

4. Materials and methods

The proposed methodology is illustrated in
Figure 2. The flowchart emphasises the main steps
of our method.
4.1 Data Selection and Preprocessing

The sales order of different four parts are
collected from an auto parts vendor in Samut
Prakarn. These items were selected because they
had the highest values. The data provided by the
vendor were collected for three years from January
2023 to May 2025. The vendor also provides weekly
sales reports for auto parts. Therefore, the data
instance had 130 weeks, with 90 weeks for training
and 40 weeks for testing. This dataset obtained no

missing values or outliers.
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> Train LSTM >
Forecasting Model

Evaluation
MAPE

Import sales orders

data in 3 years
(130 weeks)

A

v

Data preprocessing

Proposed

forecasting model

v

Testing
dataset

Training
dataset

Forecast future
sales orders

Results

Figure 2 Flowchart of the proposed forecasting method

Missing values were identified in Python. For time
series with less than 5% missing data, linear
interpolation was applied. Outliers were detected
using the Interquartile Range (IQR) method, where
values beyond Q1 - 1.5xIQR or Q3 + 1.5xIQR were
flagged. These values were then visually inspected
and replaced using median imputation if deemed
erroneous.
4.2 Goodness of fit test for LSTM network
forecasting model

The validation of the LSTM forecasting model
was conducted by analysing the training and
validation loss curves across four distinct auto parts.
The evaluation focused on assessing the model's
ability to generalize and avoid overfitting, as well as
determining the optimal hyperparameters for the
architecture. The initial model architecture was
determined through a comprehensive grid search
over a predefined validation set. The grid search
evaluated various combinations of
hyperparameters, including the number of hidden
layers and units per layer. The optimizer and

learning rate were also tuned to ensure optimal

convergence. The results of the grid search
indicated that the model with one hidden layer and
100 units per layer, using the Adam optimizer with
a learning rate of 0.001, exhibited the fastest
convergence and the lowest validation loss.
However, the final model architecture was adjusted
based on additional considerations to enhance
performance and stability. The final configuration
consisted of two hidden layers, each with 50 units,
and utilized the RelLU activation function. This
modification was made to balance the model's
complexity and computational efficiency while
maintaining its predictive accuracy. The goodness of
fit for the LSTM model was evaluated by examining
the convergence and stability of the training and
validation loss curves, as illustrated in Figure 3. The
curves demonstrated a consistent decrease in loss
values during the initial epochs, indicating effective
learning of the temporal dependencies in the sales
data. The losses for all four auto parts converged
to comparable values, suggesting that the model
generalized well across different components.

Notably, the training and validation loss curves

showed no signs of overfitting. Overfitting typically
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manifests as a divergence between training and
validation performance, where the training loss
continues to decrease while the validation loss
plateaus or increases. In this case, both losses
stabilized within a similar range, particularly after
10-15 epochs, indicating that the model effectively
captured the patterns  without
the data. To further
substantiate the model's performance, quantitative
metrics were employed. The validation loss,

measured using MAPE, was found to be consistently

underlying

memorizing training

low across all four auto parts. Specifically, the MAPE

Training and Validation Loss for 55183973-440V

0.401 "‘ —— Training Loss
035 | Validation Loss
\
0301 |
\
@025 ||
3 1
0.201
0.15 \
0.101 N
0 10 20 30 40 50
Epochs
Training and Validation Loss for 55183973-060V
0.35 '\ —— Training Loss
’ \ Validation Loss
|
030 |
|
\
w 0.25 \
@ |
& \
020 ||
0.15 ‘
0.10 \""—'_*-’\——--.,r—*'\_.\,,.— e
0 10 20 30 o =
Epochs

values for the validation set were observed to be
within a narrow range, demonstrating the model's

robustness and reliability in forecasting sales for
different components.

5. Results

This section compares the actual weekly sales
against the predicted sales implemented by the
LSTM model and the existing SMA-3weeks method

as shown in Figure 4 below.

Training and Validation Loss for 77443582-521V
0.227 ~—— Training Loss

02071 | Validation Loss
018 |

0016 |
|

Jo1al |
0.121

0.101 A

T '-f/’\,-/\,\/\"k_‘_,‘\;

0.08+1 . . . . .

0 10 20 30 40 50
Epochs

Training and Validation Loss for 77443582-441V

0.30 R —— Training Loss
\ Validation Loss
0.25 \
I‘I
20200 |
5 \
0.15 \
0.10 \
N e~
0 10 20 30 40 50
Epochs

Figure 3 Training and validation loss across four different auto parts

The blue line is the actual sales, which are very
volatile with many peaks and trenches, reflecting
irregular and dynamic sales data. The orange line
represents the LSTM predictions, and the green line
represents as the SMA-3weeks predictions. In Figure
4, the charts illustrate the predicted weekly sales
for four auto parts, demonstrating that the LSTM
model predictions  that
followed the general sales trend. It generalises well

provided consistent
across the dataset but is not overly sensitive to
extreme fluctuations in actual sales. SMA-3weeks
partially captured the trends, but delayed adapting
to high increases or decreases in sales, resulting in

larger deviations from actual values. The LSTM

model predicted sales for sales order data and
obtained the MAPE value.

Table 3 The MAPE values from LSTM network

Parts code MAPE (%) Performance
77443582- 8.75 Very Good
441V

77443582- 9.40 Very Good
521V

55183973- 10.07 Good

060V

55183973- 5.02 Very Good
440v
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To compare the models and their MAPE values, the
accuracy of the proposed model and MAPE values
were calculated. Table 3 shows that in all cases,
the MAPE decreased.

Sales
volume Actual vs Predicted Sales (LSTM vs SMA-3) sales Actual vs Predicted Sales (LSTM vs SMA-3)
in 77443582-441V in 77443582-521V
240001 —— Actual Sales
23000 —— LSTM Predictions
22000 22000| —.— SMA-3 Predictions
21000 20000
20000 18000
19000
—e— Actual Sales 16000
180001 —.— | STM Predictions 14000
17000/ —=— SMA-3 Predictions
12000
0 5 10 15 20 25 30 35 0 5 10 15 20 25 30 35
weeks weeks
Sales Sales
volume  Actual vs Predicted Sales (LSTM vs SMA-3) volume Actual vs Predicted Sales (LSTM vs SMA-3)
26000 in 55183973-060V in 55183973-440V
—— Actual Sales 28000
24000 —— LSTM Predictions 26000
—=— SMA-3 Predictions
24000
22000
22000
18000 —e— Actual Sales
18000 —+— LSTM Predictions
16000 —=— SMA-3 Predictions
0 5 10 15 20 25 30 35 0 5 10 15 20 25 30 35

weeks weeks

Figure 4 Comparison of four auto parts: LSTM vs SMA-3weeks

MAPE (%) between LTSM and SMA-3 week

m SMA-3week MAPE (%)
20.65 LSTM MAPE (%)

9.37 8.75 I I 10.07
6.69
N

77443582-441V 77443582-521V 55183973-060V 55183973-440V
Figure 5 Comparison of MAPE between LSTM and SMA-3week for four parts

Figure 5 shows the predictive errors of the LSTM 55183973-060V, and 55183973-440V, the LSTM
model and existing 3-week Simple Moving Average model reduced the MAPE by 0.62%, 11.25%,
(SMA). The average MAPE (%) improved by 6.149%. 11.03%, and 1.67%, respectively.

Compared to 77443582-441V, 77443582-521V,

o

Uil 20 atiuil 2 nsngien - SuneAu 2568 69



NI sauzAlUlaganaIvMnTIH IINeNdus YA ImNan3

In addition, The LSTM model achieved the
highest value where R-squared = 0.90228. It is
concluded that the LSTM model achieved the

highest accuracy and the lowest error rate.

6. Discussion and conclusion

The results show that the LSTM network is better
for auto parts sales forecasting than the SMA-3weeks
method. The training and validation losses indicate
that the model is suitable for generalisation and
convergence.

In addition, the MAPE evaluation showed an
average improvement of 6.14%, and the model was
good at capturing complex patterns and fluctuations
in sales data. This agrees with the results reported by
Pliszczuk et al. [19], LSTM models outperform
traditional  time-series methods by providing
accurate predictions. These results prove that the
LSTM network is a practical and efficient forecasting
tool, especially for dealing with irregular and volatile
demand in the auto parts industry. Based on the
paper of Abbasimehr et al. [2], LSTM methods

outperformed other time-series models when

7. Recommendation

In theoretical recommendations, a problem in
sales forecasting occurs because the model over
fits, especially when historical sales data are not
sufficient to train. However, it also performs poorly
on new data. Therefore, it is recommended to
avoid this issue by applying fine-tuned hyper
parameters, including early stopping, dropout
regularisation, and monitoring validation loss.

In practical  recommendations, it s
recommended to improve the performance of
LSTM models for sales forecasts, particularly for
automobile parts vendors, through necessary
improvements, as a solution to some of the extant
limitations. This recommendation proposes the
integration of data sources and historical sales data.
Factors such as inventory levels, lead times,
transport delays, and supplier performance provide

insight into order sales patterns. As a future study,

scholars will first aim to explore LSTM time series
forecasting in other domains and regions to
understand the differences in the sales forecasting
mechanism. Second, only sales orders as structured
data were considered, but unstructured data
(emails, customer sentiment, and CRM activity logs)
will also be deliberated to increase the accuracy of
future sales forecasting. Finally, combining
forecasting methods including linearity and non-
linearity can be provided an accuracy rather than
LSTM or SMA-3weeks will be constructed to test for

forecasting model improvement.
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Abstract

This study aims to investigate the effects of various parameters on surface roughness and kerf taper
in the cutting of PMMA material using a CO; laser cutter. A full factorial experimental design was employed,
and the results were analyzed using Analysis of Variance (ANOVA) to determine statistical significance. The
three control factors considered (3 levels per factor) were: cutting speed (3, 5, 7 millimeters per second),
laser power (50, 70, 90 percent), and nozzle standoff distance (12, 14, 16 millimeters). The results of the
analysis found that cutting speed and nozzle standoff distance significantly affected the mean values of
surface roughness and kerf angle. Meanwhile, laser power and the interaction effects among the three
control variables did not significantly affect the mean differences. The set of parameters yielding the optimal
cutting quality was a cutting speed of 3 millimeters per second, a laser power of 90 percent, and a nozzle
standoff distance of 16 millimeters. This was the condition that resulted in the lowest surface roughness

and a kerf angle closest to 90 degrees. The findings of this study can be applied in practice to optimize

o o
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cutting parameters, thereby enhancing the quality and efficiency of PMMA workpiece production processes

in industrial laser cutting.

Keywords : CO; laser cutter, Surface roughness, Kerf taper, Full factorial experimental design

1. uni

Tugatagtuiimaluladnisuani nswamunluegas
50157 MmadnidenianuazinaiianisuUsguiinza
Fududadedrdyseauduiavesnszuiunisnan
Funuiideanisauasidon Usedn uasfinuands
WNIEAI Tanned Ui aluniaiian (Polymethyl
methacrylate: PMMA) 18 unil sluianwod ues1d
Amnssuiildiunnuaulaegresoidies Yanwodiues
wiamailunarafniianvagiauvatgysenis ey
fanulusdlags viviniu nudessdsansilaloan
wavaunsauussUladre WWusu [1] il PMMA a5y
Audeueg NI vanelugnaInnITunee LY
BAAINNTINGIULUA (T UTY UNede Uelaau)
gnannssudidnnsednd (Mii19e dinsoudmiu
A3 aiiud 3 /) n1suwng LazgnaIMNTIUANLA
nelu utielavannigeg [2, 3] Lﬁ‘aiﬁmmm%ugﬂ
nFonAnd usuain PMMA Ideg e uszdns am
wmeluladnisdnianilianuusludigauazanaiiy
Fomesotaniadaudidged1ada laglaniz
welulansadeiaieed dailnrsldauiueguns
WAy

Tuussniaiesinawesitlilugnannssy in3eadn
watgesvdnais usulavenlas (CO, Laser cutting
machine) ihumildluaBnsildsuanuiougsgadmsy
nsfniannodiues lnglaniz PMMA 44ia3 aadn
aesasusulaeanlen ddelausovdiAgnaie
Usenis Ao nsaawuulydued (non-contact),
ANEINNTOLUNITAAATIBAIETIET ADILLLUEIA
yundimBen wagnsrurunsiaanansnyheldvany
adaitelilanasnémudiseants [4, 5] uenaini A
g1IAALYRILANALYDS CO, (Usvana 10.64 lalasiuns)
feapnnaIuaUnNATUNITAANAUNGIUYDY PMMA
ﬁamaiﬁmaﬁmﬁﬂszﬁm%quﬂLLazmmLﬁama(ﬁialﬁa
Fantion [6, 71 MaAnwauisenounin wud K
Aydin kag L. Ugur [8] 1o @ nw1f 18 NS waveanias
lawesuazauslunsdeiidnadenunimuesnisein
Fan PMMA wadnduandliiiudinsiividaaives
wazauslunsdnaunsaUsuusauLLug1ves

yunuazgukuumsAald Tuvazfinnuniisesiesda
awnsamuauldlaenisusuanudalunisinuazig
LaLwes Varsi A waz Shaikh A [9] lavinn1s@nwLds
vnasazBsad A vafuyLBesuessosingeninenis
ARmBlalwes CO; vasianmasiunatadin laefiarsan
Jade 3 Yade leun mdaawes anuswin Suiuseu
n15619 ‘ﬁla'nmaﬁia;gmﬁsmmawasﬁfm%umu PMMA wu31
fdualwes AusRe Lazdiuiusoudinany 19l
Tfodnieyundesessenda Seinduawesas A
finfnas warduuseuveansings Addawaliiyuides
soudafA19a kurt wazany [10] TA@nwids
HANIENUTBITALALLDS AISIHR Lazqalniase
aruninsvessesia lagld3sn1si ulanevauss
(Response Surface Methodology) hagn153LATIEH
ANUKYTUTIUNEDTA (ANOVA) nan1TiiAT1evideya
wansliifiudn AuninewessesinlasUNaNTENUDENS
wnNgalnia sudsruiidauasiduaigesdn
g aEJ'Nliﬁmmﬂmmwmaqwﬁﬁ’mﬁ?uaqﬁ’waw
WAwes WU Mduawes (laser power), A1sL57lu
n156 A (cutting speed), U1 16 A (Nozzle
dimension) w8 3x8EW 193813 19W AR AT US LIy
(Nozzle stand-off distance) € qus ag w1517 1n o3
annsndmanonunnuastuuly 19y 1unYesTes
fim (kerf width), m31u%e1UR 2 (surface roughness)
dudu (11 mawsdweigniaalinzan 919
danalmiintgymiane 1Wu sesdalaiuld sosdnll
asinane seedadedlyildann AiliiSou vielAnay
Faounmgiudnasa 1usu Fefunsieseginanseny
2091151005619 waznrsmAdimunzan Judy
ﬁaﬁaﬁwﬁ’ﬁyiumiﬂﬂizﬁmmmwmaﬁymmua3Lﬁm
Usz@nsnnnisngn
\ielfanansadinsgsinansenuvesmsfiaesng
Anleagensounquuaziuszuy mu%ﬁaﬁ'ﬁazéuﬂulﬂﬁ
MsANYINANTENUVBIMALAaILArAMTITUAITAR
HoAMAMYBINITHA PMMA saeie3aadaaisesviia
Asvaulaeanled Taeuin1599nuUUAITNAADILUY
winneleaiiugy (Full Factorial Design) ulgluns
TNLHUNITNAADILAZTLATIZANAA 28 ANOVA N5
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ponuuudnuaird Agmaulunisfnwinansenures
Hadeuuuifeanazuuuufausiug (interaction effects)
sEnIUIAUNate dauustunafeiiu lag
A10130AIUANULUTUTIY WagnaaeutudAynig
atflaag1auiugn [12] nsTasieileadialuguuuy
fananitasuanudenlunuidusiunssuiunisuge
wazTanmians 1 osnaiuisodlug nsmae
Anaiwesiungauiigadmiunszuiumndnass
[9, 13] lsldnansiaseinuugwasduuselovd
sonsusrgndlinulusedvgnaivnssusely

2. TunaunsAiivaLITY
2.1 Yaquazia3asiiolunmaaaa

Tumsiteadsil Taamdniildde ndufiawmatian
(Polymethylmethacrylate: PMMA) Fadunediues
Funszifidnnulusda faruudusadenaluseaud
NFREGEL LLazmmsaé’w%sﬁugﬂlﬁiw Fan PMMA 7
4lanumn 5 fadwns wazthundalmdudunusun
20 x 20 fadwns wieldlunsnaass

nsindunusudunisiagldindesdaamesain
Aasusulaeanlam (CO, Laser Cutter machine) Tu
MATeiazldi “iedesiaawed CO” unu “iAdeq
Faawesuinnsvaulnsanlys” Tnawadosinawes
CO, 1HA0 U AKI1390 91nUTHM ACCTEK 4 iy
LAs peaLaLas T 19 wra and aauasaniae
anduaulaeanled suatawesanadsianunsali
NRUgLNgmedmiunITaeLarAELAE N1TTEN
299 PMMA laagneilusyansnim sneazvideamamaia
youAdasiLaLLes CO, Jufanan uandliluanssi 1
LazdnYazYDLAS 0fALaes CO, LLamlﬁugiJ‘ﬁ' 1
wdnn1seuYeLndsafmaees Co; lanauslily
mATeneunthi [14]

A15199 1 TarnunvanAsasinalwas CO,

Drive system 3phase Stepper motor
and driver

Cooling system Water-cooling

Description Parameter
Model AKJ-1390
Laser medium CO,
Working area 1300900 mm
Laser Power 100 w/130 w
Position accuracy 0.01 mm
Repetition accuracy 0.02 mm
Cutting speed 150 mm/s

Control system Ruida (USB interface)

JUN 1 insesniaes CO, ldluanuidy

2.2 NMITNAFIUAIAIUNYIUR
A5TRAIAEneUAa7098 uuluuiTed
dudunslagliiaiaaiio Tnaumeuiawuunnm fu
SJ-210 (Mitutoyo, Japan) Fadundesideildszuu
Wiauuualada (stylus-type) nensimesildlunis
Uszifiunadonn Rz 3eflenuindunasiuvesdiade
AYNUEIVDILDAFIGANISUAULTN WATAIIUANVBITON
ﬁnqmﬁﬁuﬁuLLiﬂmEﬂuﬂmmii’wﬁwﬁN (sampling
length) madlenalusnsgiu ISO 4287 wag JIS BO601
Aranarndudvdfimneanlunisuansdnumgaing
UVIUTLVOIHITER founsTat ueuagldSunisvi
m’masmmLLaz%“mwﬂﬁaq'iwﬁLmﬁaﬁ'ﬁ'uﬂuﬁaam
HaNSENUIINNITAUATITiau n153adudun1slagl
FriamdouilunvunuiuituRovesdunu dWetuiin
JUBUUTRR Az UszananaifuAInueuin Wil
m"wLmﬁﬂ,uﬂ'1s’i’mgﬂﬁmumiﬁmamquﬁuﬂqﬁga?{ﬁm
vastunu Tnsudarimurhnsinsiuau 2 sums sau
Ju 8 sunissaduany ileuiuanugndealazAm
Undedioveateyadiliainnsin wadleazimim
ANABLAUNENURY
2.3 MINATULNLTYS
msmaaumf»immﬁaﬂumuﬁﬁaﬁ ANlunsin
F0LARDIIATUI AT LI UULAILE (Profile Projector)
Edjﬁa Starrett iq'u 400 Series \JuUnszUIUNITATIVABU
ﬁwqwum%mmimmﬁamimammm%umummam
vuntheiifiainayuesiauiug lnensdunnasuuy
wiuaadsaunsauFusumialdlussuny XY waswin
uwidsiifinazdesinutunuriugnaudieuansnnas
vunthaosnaufiflanaldemiazidudnds guiRny
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sgshmavyunmiiangliudusidsuuminaseglu
wfenfureuiidesnsinvestiunu mﬂﬁ?ufi’mngu
fuansuuanaviofuaninafiviaveuaiosin dmsu
msﬂizLﬁummLﬁmmwaﬂgﬂmﬁmm AniunTin
suadfurestunaaey ielildteyarnuasudu
Laza11150td1lUAATIEANUYNABIVBINITHANYTD
nsudsgUBusmildognadussuy
2.4 sdaNldluauise

Wi elWarunsnTinssvinansEnuvoua ay
wsfiwesldedanbenidiu muideiidenldnng
ganLuUNIINAaeLuULnvaFaatAugy (Full
Factorial Design) & svd uinad A 928 TWaru150
UsziliunavesudasUadesiudelfdunussenindade
leegnepsutau Ineimuadadelunisvaassdiuiu 3
Hady uslazdaded 3 sedu dansedl 2 nMsveaed
Srnuriedu 27 yamsvaaes (3°) laglinisvaaeuuy
gu weiiuanuundefieuazannanszyuainay
wUsUsuT ldanunsanavauld @sdaeliaiunsn
ARTEdAIAMULUTUTIULA ST YR N AL D U
aznfiweslaegataiau

191970 2 Jadunarseaurealadelunisneass

szauvaelale
Uade Moonae g Wi
(-1) (O (D
Arudilunissimn 3 5 7 mm/sec
Madawes 50 70 90 %
Seeye Nozzle 12 14 16 mm

AUUsNBUANDY ANUVEIURD LuBeuade

M19199 3 HATDIAIAVIUNEIURIRBLATLNBE R

2.5 N1SUIUNANITNAADY
lelsitadunisnnaesivilirraumetuiiasiias
wazauisadilng 90 ssmitaauda tledusunanim
QNABIYBINITNAADY Funuludsiuau 10 %u%gnﬁm
WfioTnrAumneUia (8 funisraduau) uazsy
Bos (4 sumissedunu) andudahedilaum
ARALasAInNAaIAIAAEY MuualiAIAILAaIn
wasufiwensuldtosnin 10 Wesidus

3. HAN1INNADd
3.1 HavasAIAUVBIURIUALyIEBaLREY
mATeilldiEnseaniuunsmaassuunuNnne
\Foalfugy (Full Factorial Design) 1 oUsz L una
nsgnunan (Main Effects) uagnansznuainufauiug
(Interaction Effects) vassiauusaiunu 3 Jads leun
anualunsdn, Adsaiwes, uazszeyinaidia 7
AanafILUInIY 2 M AD ANAIUNETURILAE YLD
Y99 UNY FuuFIIY 27 Fu %Qﬂﬁmﬁwm%qﬁm
e CO; lnwiin1sUsuszauladenieg auainu
(Run) Tuusunsnasasiieaniuuly andufaiduny
AldluTaranuneuianasyuides i ofuamm
AaAreiauUTnNAT9EDs FemansiaAAumeIy
Aedsuazyuidouade wandunsed 3

Run anuFlunsin  Masagesgedn FTYLIN AameuRn  yuiBeuade
(mm/sec) (%) Nozzle (mm) wae (um) (8961)
1 5 90 14 1367 90.77
2 5 50 12 1.001 90.65
3 3 70 16 0.768 90.45
4 3 90 16 0.769 90.04
5 7 90 16 2.068 91.24
6 3 50 14 0.808 90.15
7 7 70 16 1.702 91.21
8 7 70 14 1.642 90.92
9 3 70 14 1.705 90.45
10 5 90 12 1.239 90.59
11 7 90 12 1611 90.77
12 5 70 16 1516 91.17
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Run AnuFIluNsin  Masalresgedn EFTIEV QR AameURn  yuiBeueds
(mm/sec) (%) Nozzle (mm) iy (um) (24¢n)
13 3 90 12 0.556 90.32
14 5 50 14 1459 90.79
15 7 90 14 1783 91.01
16 3 50 12 0.746 90.59
17 5 70 14 1.202 90.70
18 7 50 14 1385 91.13
19 5 50 16 1.544 90.90
20 3 90 14 0.736 90.45
21 7 50 12 1111 90.63
22 5 70 12 1.104 90.44
23 3 70 12 0.645 90.50
2 5 90 16 1291 91.09
25 7 70 12 1.447 90.79
26 3 50 16 0.832 90.14
21 7 50 16 1.854 91.57

3.2 HAN153AT1ZHAUULUSUTIU (ANOVA) d1%15U
ArAMuvEURREY

AI59T 4 WARINANITILATITY A1LRUTUIIY
(ANOVA) d15Uf1ANmE1UAILaA S WU FULUY
(Model) Tng 511 HasaAINuLANA19Y89AIAIINRYIU
Haeg i dedAyneadflazaiu1soasuieanm
wUsUsIuvRIAIAUREURLlAEe 90.74 WasiGus (R-
sq) o8 19lsfinudl e esuInansEnundn (Main
effect) vosuwaaztadey wuin anusilunisdnunas
srevriaidndwaliAAL e URLeE suAns1ay
agaflfeddy luraeimdsawesldinaneniu
LANE19Y09AIAUNE1UAaE vag T Ted fy
uammﬁymamw,ﬁﬁ’u WS (nteraction Effects)

szwieuuseuauiisanug (mnsiilunisdnig
awes, ANuslunsin® szeginaiafn, Mduawes*
5v8899en) lUTnanaAULANA1IBIAIANLKEIY
Riade (el P-value > 0.05) Fastd wansevumdn
vosunazdadvarursanarsuneniulalaelydl
Ufduiusiuegrsfiduddey dmsuanusilunisdadl
A F-value qaﬁqﬂuuwmﬁﬁwﬁﬂﬁwm GRIRGER
AanuslunsdniinadonuLAnA19DIAIANNMETY
Aedsuniiandoifsufuszezrnaiadauay A
lawe$ d19SUAn Rsqlad)) i 69.89 wWodldus wandly
Wi Tusailanansnesuismuuysusiuvesran
veruRalglusiuinoutied

A19199 4 HaNTIATIZIANLUTUTIY (ANOVA) YDIANAIURYIURILRAE

Source DF Adj SS Adj MS F-Value P-Value
Model 18 4.16527 0.23140 4.35 0.020
Linear 6 3.40528 0.56755 10.68 0.002
Anslunsdn (A) 2 2.78210 1.39105 26.16 0.000
mMasalees (B) 2 0.05708 0.02854 0.54 0.604
J2urInIsa (C) 2 0.56610 0.28305 5.32 0.034
2-Way Interactions 12 0.75999 0.06333 1.19 0.413
AN lunsin*idsaiwes (AB) 4 0.35294  0.08823 1.66 0.251
ANSIlunsin* ez ineidn (ACQ) a 0.25884 0.06471 1.22 0.375
MasaweT* sy iesifn (BC) 0.14822 0.03705 0.70 0.615
Error 0.42532 0.05316
Total 26 4.59059

5=0.230575

R-sq=90.74%

R-sq(adj)= 69.89
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INNANITILATIZWAIIUUUTUTIU (ANOVA) A3
A5197 4 ﬁix‘qiw AMUSIlUNTAALAYSE U M9TFR
damalviranureuRamdsunnasiunaraenadeiu
WNUATNNLSIATDINAN TN UL UUNIATFINUBIAIAIY
neUia (3U7 2) Tnsauisluniséna (A) fanuen
Yoaurans A ud U984 (2306 7 sedued Ay
0=0.05) 3nitga Usianmdalunsdndinaden
LANANNYBIAIAIIMENUR AR BN gL ais Uiy
Padudue dauszazvhaisn (O Juiluiinswidey
pruiududrdaduiu Susuindadeildmaliini
veruRaeBsaneeil lurasfiriduaes (8) uazna
MnUFEUTILS (AB, AC, BO) Sarmemiveuviansinidu
nidudredeetsdnnu Seduduindedomaniliina
HoAULANANITaIRANLETUR AL st d Ay
nsdanaiiaenadasiun P-value ﬁqth 0.05 faviu
Fap31eft 4 warguit 2 Tddideazuidululufians
Wt Taedliduin eudlumsiauazszeyiats
Fadutadendndidmalidarunervinadownns
Fuotafifod iy lurasimdvaesuaznasin
Uduiusseninedudsangy linansenusioniny
wANFNTBIEANIMENURIRAeEsiTd

Pareto Chart of the Standardized Effects
(response is Roughness, a = 0.05)

Term 2308

ctor  Name
Spesd

cwmn g

Power
Nozzle distance

0 1 2 3 4 5 6
Standardized Effect

FUN 2 UHUA NS IARARIHAN TENULUUNIATIIUYDN
AAINUNYTURD

3.3 HAN133LAT1ENAMULUTUTIU (ANOVA) dansu
yuBeuads

9119150979 5 WaN15T1ATIEAINLYTUTIY
(ANOVA) dwsunuidesads nuin gUuuy (Model)
TngsamiinasoauuanasesAnudeuadyogied
HodAgyn19adf waza1u150asuIenNURYIUTIUTDY
Angidodlads 93.61 Wedldud ileRansannansznu
wan (Main Effect) vausiaztlade wuin aamidalunis
Fauazszozvinaidadmalriiyandeadounandnaiu
Tuvauzfiidaaweslifnadeanuunnsve sy
Buaads uenainiuavndfduiusseninainys
AuAunudn Tifisaujduiusszninenmnusalunisen
uazsvsyineiada i dsnalieyudsands
uanseiy dauuduiusdun lifinasomnuunnsiis
yesAyuiBenasogiitudidny A1 F-value d1vy

a

anusilumsdadergeigaluussadadevionun Uad

q
' '

31 anuslumsdaiinanennuunnaiesAyudes
\dsuniian sesasunAeufduiussenineannuialy
NIAALALTTELYNINA LALTLELaviign A1uany
Fi1 Resqlad)) 71 79.22 Wesidus wansliiiiuilunail
ansnesuisAuLTUTIuesimaBsslilussauiia

M19199 5 HANTIATIENAULUTUTIU (ANOVA) vesudende

Source DF Adj SS Adj MS F-Value P-Value
Model 18 3.35878 0.18660 6.51 0.005
Linear 6 2.54984 0.42497 14.82 0.001
ANusluNSan (A) 2 2.18450 1.09225 38.09 0.000
mMasaiwes (B) 2 0.00747 0.00374 0.13 0.880
Syaziineian (C) 2 0.35787 0.17894 6.24 0.023
2-Way Interactions 12 0.80893 0.06741 2.35 0.116
ANULTIluNMIAR*fdaaes (AB) 4 0.09588  0.02397 0.84 0.539
AnuSlunsin*ssayvineiidin (AC) 4 0.67308 0.16827 5.87 0.017
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Source DF Adj SS Adj MS F-Value P-Value
MasaeT*szuE e (BC) 4 0.03997 0.00999 0.35 0.838
Error 8 0.22941 0.02868
Total 26 3.58819
$=0.169340 R-sq=93.61% R-sq(adj)= 79.22%

INNANITILATIENAIURUTUTIU (ANOVA) fi
An5adl 5 15zyan anandalunisda (A) uazszezing
Wdn (O) sadawannufduiusseninsannusaluns
Aarszazineingn (AC) dawalvidyuideadounnng
Auegnildsd 1Ay LaraanAa D N ULNUAINNILTIATD
NANTENURUUINATEIL (JUT 3) Tnsannansalunisdn
(A) SianuenvesuisnsvhAududeds (2306 fiszdu
oddey a=0.05) 1niian vsirtafeiinasoni
LANFUeIAILBsLadEINTign Seginaadn (C)
waznaInUfduiussznInslunsin* sz
wiade (AC) fuiansiifiannueriAudusisdaduiu
fuduindadersansildsmalfrsuiBeaadounndeiy
Tuvngimduaiwes (B) waznaainujduiusedun
(AB, BC) fimusnvesuniansndunindus s sesng
oy Feusuhtadomanilliinadonnuuandises
AgBeaads msdunniidenadesiua P-value fige
191 0.05 Tum1313 ANOVA sraifuiiamnsnsil 5 LLasgﬁﬁ
3 fdlideasuiidululufiamadendu aedlfiui
anuilunmsdnduiafendniidmaliryuseads
uaneNeUeg1itud ALY wenniigalinaanszeying
Wil (O) wazufduiusszninsanuialunisin®
spegnaiadn (AC) fidwaliryuiBeaadounnsiieiu

o a

a8 dyd AN EnRBNAIY

o

Pareto Chart of the Standardized Effects
(response is Kerf taper, a = 0.05)

Term 2306

ctor  Name
Speed

R

Power
Nozzle distance

0 1 2 3 4 5 6 7 8
Standardized Effect
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A lunsanlunisin Adualeshasszarnen
I LHETGER
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3.4 NANTSIATISHNANTENUNANEINSUAIATUNEIU
Auazyudealade

gﬂﬁ' 4(a) LAAINANTITILATIZUNIINNANTENUAGN
1S UATAITUNYIUN 2 (Main Effects Plot for
Roughness) Wu31 YasefiidnSnasg1admausan
Aune1uia Ao Ausalunisda Tned oufiuan
s lunisdnann 3 Jadunsaeiuid Wu 7
HadluasAaIu? ﬂ'wmwwm‘uﬂaLﬁu-ﬁuae}wﬁﬁaﬁﬁm
a1 0.84 18w 1.62 lalaswns deuansliidiuin e
Ium3ﬁmﬁqa%¥uﬁﬂﬁﬂmmwﬁamuamaq esnan
Tunmsduifasewinsduatawesfuiunuanas duwals
AnanuldiFsudouvuiiuia (15, 16) dusudade
AA4LALEDS WU ANANTENUADAINNRYIURINES
dnies TneArmuneuiawdsuwdasfisudndoy
Wemduawasiiud uain 50 Wostdud 1Ty 90
Woesidus wansdsdndnalussausilugaeafiviins
NAa09 dutaTuAUILEYINITIRA daNananINUReIU
Arluseaudiunans Tnadn AU ne AR 4T uny
sypzsinadaiunndy FaUadinszesineiidaiinade
ammeuiveglitudfywavenafisvesiivanly
N5ARAUMEIUVBIR LAY TTad dnwzvanduns W
47898UdUuI1 AuTUTeILsarUaTudas o Ul sEAU
nanszuseAIANneUia e nsalunsind
ANudugean sesaaAoszarviaiIdauarigafe
mdnawes ndoyatienanaidlddn nisniuay
arsslunisanvedes esdnsiinnuddyededie
Qmmwﬁwaﬁumu

gﬂﬁ' 4(b) WENINANTTILATIZTNANNNTINHANTENU
Jadendndmiuyandes (Main Effects Plot for kerf
Taper) ansaesuelein Jadsfidmansznuseay
Busegefiduddauniigaie anuisilunisea Tag
dennuglumsinfiutiuein 3 fadwaseedund Wy
7 fafunsreund AnadsvesyuiBeafistuain 90.34
29 LU 91.03 a9 wandliiiiuin anusalunisdn
fgstuiuu i liAnmaasuulasndssanniy
arailosannnsissnnusalunisiaveanssuIunsvh
TWiAnanuldasianevesnissa [17, 18] daunida
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et lvudamarousndoduszdui dnadoves
sudeaininddsuutandndes Tneduulifuiy
ndeslurasusnuazanandntosludands wansli
Wiudn fduawesenvlidninaneyudeslaiuinidn
Tudhsdl vieenafauduiusiliidudadunss T
Lé’uﬂiwwﬂ'a‘wﬁwLLuuLLamﬁammLU?ﬁ'auLLUaaﬁuaamgu
Boanded livndnlurasidsawesoyszning 50
Wesidud fs 90 Wedidud JsaenndestuanAduves
Kerchagias [3] 71 na1931 n154U4 suuUasnideves
wied lidmarodnunrvedsesdn AuszeLineisin
fransznulussiuuunansseyuidedaswuin s
Frez9vIIAnN 12 fadwes 10y 16 Hadiuns
shlvesnBeadiutu fsenafedesiunianszaisves
wdsnuvIefiamnsvesnisdaianiiudsuntadldiile
fundsiadaeglnannduaiu [19] doyaainnsaw
Fldtudn mamuauanuiilunisiavesnssuiums
Jutladeddniiasianuddyedadadedanis
muauALudedloglunasifnga

Main Effects Plot for Roughness
Fitted Means

Speed Power Nozzle distance

Mean of Roughness
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All displayed terms are in the mode.
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Main Effects Plot for Kerf taper
Fitted Means

Speed Power Nozzle distance

Mean of Kerf taper
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All displayed terms are in the modeL,

(b)
JUN 4 wansenuvestadevdnsie (a) A1AUMEIURNY
uay (b) yades

3.5 NANMTAATIHATILNZENYBIAIAAUVETY
AuazyuBealade

gﬂ‘ﬁl 5 Wan193LATI¥Y Response Optimization i
wansliifiufsnismendudsauauilimungauiige
wielilsiAn Composite Desirability q\‘iqm‘ﬁ 0.9692 ¢
wUseuRuiiansande anuisalunisia, Mduaes
LAY SLULUNIIAA %&ﬁmﬂ‘jﬁ]ﬁ;ﬁu (Cur) agvi‘ﬁ' 3, 90 way
16 auay Taefdaadaga (High) uazewn (Low)
AUl nIINAIUUULEAIAINFUWUS 521 19A7
Desirability ¥84un ag Response (W LD ualazAIN
neUR7) fuAfulsnunuusazd Tnodulsei
WJuuansawd1muny (Target = 90) mammﬁ‘mﬁ
90.0819 UAYANANNNTUA (Minimum) 71 0.6269 9a
AsuansAn Desirability fiaenndasiurisiuysauas
WiRZYA 91NN15AATIEANUIN AdkUsAuANTagUuy
191 Desirability dusuyaidaavinfiu 0.94787 uay
dmiumnuvenuiaviiiu 095312 Juderunsandu
\0u Composite Desirability leirngaiia 0.9505 Uet
Adulsmuautgtuilifugneiansauiignneld
Joulvdidvun vililddnudsuazanumeuiag
TndiAssuanthmneidaliinniia

Optimal

BETE G 3 90 16

Low 3 5 12
3 . s, L
. .
Composite
Desirability
D:0.9505 .
.
.
Kerftap .
Targ: 900
¥ =90.0819
d = 0.94787 . . *
- —————— ® - s
L ]
Roughnes
Minimum *
y = 0.6269
d=095312 . . .
7 S Y- ——————— .

UM 5 LAAINANINAAUMANTIMINEAUYBIAIAIY
I MEEA IGEN G

3.6 JUIUNANITNAADY
mamﬂmimaaummﬁmmzam?m%“umiﬁmfaﬂ
PMMA fivinlvianaramenuiimaauazaudeutilng
90 paruNTign (3Uf 5) Ae M3daildnaialuns
fin 3 Nasuwasrelund Mduawes 90 Wesidud uag
Sreyvi1aiafn 16 dadLung ﬁﬂmmaﬁﬁy%gﬂﬁﬂﬂ
USusauy 1adesatames CO, wagvinsiadualval
§nafidIuau 10 3 warddunnsTnAIANENURY
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waryuldear ndumaiad guavaiud oy
UINTZIU NANITIAAIAUNETURILAL B ERRET
WEAIRINTTIT 6

A13197 6 NANITINANANUNYTURINALIUDEURRET

Fusuiiegg
Average S.D.
1 2 3 4 5 6 7 8 9
AMUNYU
. 0.652 0.736 0916 0.625 0.672 0.437 0.723 0.811 0.452 0.584 0.661 0.148
QNLSEN 90.23 89.76 90.31 9057 8955 90.12 90.73 90.12 89.66 90.22 90.127 0.378

9NA1917 6 HanTIneiemAANLIMETUR LAY
uafoaied suazdrud savuuinsguvesd usu
Fr0819 wansliiiudn Aanumeuiivesd uau
fregeia 10 Fu fanadewiniu 0.661 Tulasiuns du
Jo0uunTg YNy 0.148 Fauandsaindiaay
e uRailsnAfLUsMUANTiINzaY (0.6269) oY
0.0341 lalasiuns Anifusesay 5.44 Feogluinmaii
peusuld uazsmBosestunuiegns Senadewiiu
90.127 drufssuunnsgiuiifu 0.378 eunneng
nuad et ldanaduusaua i Iz ay
(90.0819) 8¢ 0.045 lulasiuns Anidusesas 0.05 3
oglunaifigonsuls

4. d@yUnan1Ivaasg

nATeillddnuimanssnuvesiiadefidmanseny
AaUszdnsnmnisinvesian PMMA Ingldiawes CO,
Hadueuauiiinnfinnsanseneude 3 dade Téun
audlumsdn Mdnaweiuasszerineiadn fdiwa
faf1ANreIURkazyad e tagldn1seeniuukuy
winnafeaiugUuldlunisiaszidoya nanis
yaaownsnagUlaed

1. HaN133ATIEYAINLUTUTIU (ANOVA) d sy
ANUMIURIMAEYULB Y WUdn Jadeduausadia
LAE I UEUTFARINAAOAURANAIAYDIAIAIIUNE Y
RladsuaryBesodisiitoddn Tuvazfidduaiwes
wazUfduiusszrisiulsnuauiisany Taifavswa
oeslipdAy

2. \flofansannIwBvinandnuesaIumne1Ui
LAZHULBEY NUIT HANITIATILARAAG DN UNANTT
11A518%A10LUTUTIU (ANOVA) nanfe dadeddl
NTNARY1TALIUABAIAUNEIURILALLULBEY FD
arundalunsdn anadrlunisdndiged wihliannu
peruinaleyBsafiunnnty

3. miimnzaudmsunisie PMMA fivilianaang
venuiasanuazspideadilng 90 eamiigade n13dn
fiausada 3 fadwnsaedund fdwaiges 90
Wasidus wayszeryineiien 16 Jadiuns

4. n1svadoULi of uduna WU ANRIUREIURY
nazyuBeseglunasifisensuld Aofimunainiadey
laliu 10 Wesidud

5. daiauauuy

1. lumsfiansandudseuny enaiidadedus 1
\Retesiunsrurumsiniaiwesinfionsanfisd 1wy
ANuRuing wllavesinediudn vuing Nozzle S1uiu
adsnsdtn (Dudu Fsenadswanssnusenmninnisdn
uudan PMMA

2. arsfin1siansandauUsnevaussi ddyee
Qmmw%umu?}uq Wi 1wy Snsnsindntag, HAZ
WioAUYNADIUBUIANEINISHR 1udu

6. AAANIIUUITTAA

YOUDUANAIYTIYIAINTTUGAA MM TIazladannd
Tnsen1sdadsnmzdanssuaanswazinalulad
winedesAndundl flimnueyaszsiliiaiesin
AU TUNT VBYBUAMEIVIIVIIAINTTURRFINNNT
AurAmnsumans umingrdeveunnu Mliainy
suLaTzildiadosTnrunadusuuuuiane (Profile
projector) WagYBVBUAMAIUITVITIAINTTUAITNEN
Snludh pnzwaluladanavngsy UANeaes1vaY)
wuaTuns AlvianueuaTgiaiedle anuil wavds
S1UBANUEEAINAN TR UTLIUATY Junuisel
dsaqanslusef
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7. Soiauauuziuia

Jatausiuglun1siaddeselulueuian iy
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Abstract
Air conditioning systems are among the highest energy-consuming components in buildings,
particularly in hot-humid climates such as Thailand, where cooling demand continues to rise. The
economizer system-introducing outdoor air with lower enthalpy to reduce cooling loads - has gained

attention as a potential energy-saving measure. However, its application in humid climates remains

o o
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challenging due to high relative humidity. Therefore, the objective of this study is to assess the feasibility
and energy-saving potential of economizer applications in Thailand by analyzing suitable climatic conditions
and time periods, and to provide insights for practical design and implementation. This study utilized daily
weather data during the winter season between 2024 and 2025, obtained from representative stations in
five regions of Thailand: Chiang Rai (North), Nakhon Phanom (Northeast), Lopburi (Central), Nakhon Nayok
(East), and Prachuap Khiri Khan (South). Three time periods were analyzed: full day (24 hours), working hours
(08:00 - 17:00), and nighttime (20:00 - 06:00). The hourly enthalpy calculations indicated that suitable
conditions for economizer operation occur when the enthalpy is below 50.465 kJ/kg and the outdoor air
temperature ranges between 20 and 28.7 °C. Based on this criterion, the number of hours in which outdoor
air could be utilized varied across regions; for example, Nakhon Phanom recorded 432 h/year (all-day
period), Nakhon Nayok 279 h (Office time), and Lopburi 157 h (Night time). Furthermore, the energy-saving
potential analysis indicated that Lopburi and Prachuap Khiri Khan achieved the highest absolute reductions,
whereas Nakhon Nayok exhibited the highest percentage savings (12.56%) despite the smaller actual
reduction. In contrast, the southern region showed the lowest savings proportion (0.27 - 2.5%), even though
energy consumption was relatively high during certain periods. In summary, the implementation of
economizers in Thailand exhibits varying potential depending on region and time period. Appropriate
selection based on local temperature and humidity conditions can enhance system performance and

support the development of sustainable energy-efficient buildings.

Keywords : Air conditioning system, Low-Enthalpy, Energy saving
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AEAeY : Aouwimdanuaeing, AsutnusougunsInseuen, UseanSnmidaniuseu, nseuniuiutu

Abstract

This research aimed to enhance the thermal efficiency of a solar-powered dryer by integrating cylindrical
heat fins for turmeric drying. The prototype dryer was designed with a drying area of 1x1 m? and a parabolic-shaped
roof, equipped with cylindrical heat fins of varying lengths (10, 20, 30, 40, and 50 mm) to investigate their effects on
internal temperature, heat transfer rate, energy efficiency, and thermal efficiency of the solar dryer. Experimental
studies were conducted under simulated solar radiation conditions using a 1,500 watt halogen lamp. The results
indicated that the heat fin with a length of 40 mm achieved the highest internal temperature of 54°C and the highest
heat transfer rate of 37 W. Additionally, it provided the highest average energy efficiency, ranging between 4.7% and
6.3%, at an air mass flow rate of 2.5x10°~7.0x10" kg/s, which outperformed fins of other lengths. When comparing
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the thermal efficiency between dryers with and without heat fins, the fin-equipped dryer exhibited an average
thermal efficiency approximately 2% higher throughout the drying process, with a peak thermal efficiency of 36 %
during the initial drying stage (10:30-12:00 hrs). Moreover, the fin-equipped dryer demonstrated a faster reduction in
moisture content during the initial drying phase without compromising the quality attributes of the product, including
moisture content, texture, color, and aroma. From practical application at the community level, the developed
solar-powered dryer was able to reduce electricity costs by approximately 5 baht/kilogram/day compared to
conventional electric dryers. The evaluation of user satisfaction revealed an overall satisfaction rating at a "very good"

level, with an average score of 91.55%, reflecting the suitability of this technology for further application in

community-based agricultural product processing.

Keywords : Solar-powered dryer, Cylindrical heat fins, Thermal efficiency, Turmeric drying

1. umin

nguuddIunEnsnsFvat U uneunil
Jadnanys ﬁﬁquﬁmtﬂsgﬂﬂufwﬁuaULLﬁq Usvaudaym
Funundsnuiigeannsldgoulniiluniseveiiuiu 3
danansenusionsiinlskazAneninlunisuaatuees
wan e fotu maddeifedinananudndulunism
wuantunisandurui ungsunsld i 1luns
puwis waglmudawmamsudlalgmdnanlaenis
THussleminnndsnuuasenfingdadumadeniidadu
ilesanszuveuwimdsanatefindfiduyuei ause
Prundundsunaunu ssuunisiaulddudou
wanganfiazinnysegndldiuinwnsnsiialy Adel
Jalatumsianmalulafounimdsnuiaefingdiile
\inUsEavSainuazandununisuan daduiuimnidy
msunlatdgmdenan e Ajay Kumar et al. [1] Talasu
LWIRANINTEIEaNTaULUUTAI8YA (MPAS) neluday
vanetuiontlatymeanuldainauslunisouur tae
anszorIaNeual 22% waglll Uszdnsnawnnsld
wEauadedu 23.3% susderululssmalneing
fiaumelulaeuuimdsnuuasefindegwsioiiles Tu
¥ 2022 Barghi Jahromi et al. [2] l6Uszgndld TaniUaey
annuz (PCM) lugeundsnuuaseniindiilotadosnm
samgiiszminanansiunaznansfiy dreifinyszansam
NM9ANTOUVRITEUULAEIAATT 39% Faw Kebede et
al. [3] IhunAensifinussavs amwsnensaiuina
wansiwaduaznszanasviounatiudovruwiadndmsu
fuiigdluesleds shlvianeuduvesudaniulfesns
sadanelu 2 fu wienfiuuszansamidaeaufould
4 35.2% wona Nl Kerse et al. [4] IdWmu1sesen
185UTUUANAUNASIU PCM WAz ODNLUULHITULES
LU Double Pass Solar Air Heater Lft 9139n52UIUN13
URAINS NUALaESN¥IAMN NE Li o el UsednSamn

sovlaaienisfineIves Kumar et al. [5] fiduausnis
2ONLUULIII OUDULAINA ST UL NI LU UNEUNETY
gﬂmwiﬁquasﬁlmﬁl*&m Feeanainisouivieunazan
Funundanuasegadaiou nouiiudnsinisaunuly
swopinadudu Tuld 2564 nqugad Anszyn wazAY
[6] le oanuuUUKAZES19LAS BIB UL INA I ULEIe iR g
wuumnuislaensdnsundet i lusedugme Tagld
aufiunsveasalIeuiisugumniiuazyseansainns
N3¥318AIUTOUTENT NG DUNFIIUKAIRIN MY AU
i3 psavanieuial Tnsldnisingamniuarainuiu
dusinsluriasaunn 15 w1t faus 09.00-16.00 1. 1w
nan 10 Ju wuinadeseuuiindsnundenfindaunse
vgamniiadeld 62.68°C Ferrannisvulounasld
nasunaunuleegeiusedns nan neulud 2565
¥yadn 1saying [7] liiaunied ssounimdsau
wasoindlagldiafuseduuundusouiifndave
NOIAINUAAITIUIU 30 Vi Lﬁal,ﬁmmi@m%’uwé’wu
Ld1017ind §ananiseundaunimuinaiuisaan
vntinann 1 Alandumde 0.35 Alandumely 5 Su
TaofiAA10d uiad vanasldds 74.29% wagd
UsgAndaiwnisaiemanuiougegai 63.5% Snii
anunsadunulaniglu 9 Ju wazadrenegldansgads
52,459.68 U s Tludifienty w@Sudng Anded way
Anug [8] lasaiunaluladvissaunianaanuiasoning
Funusilaglduiulndnfueiunlsauamnunszan 39
A111508ANSTUH1UVD959E UVA uay UVB launni
88% vauzfidianunsaiingamgiinielurieseuldgegads
58 °C Tugnenans¥u mseunadionzaumuinanuisoan
ﬁwwﬂ“ﬂlﬁqaqm 1217 n¥u uavanAaud uld 30%
mMeluan 8 Flus nieunanisusziuanuiewelaly
AU "mmﬁqm" Laﬁa 4.70 AZLUY 1NNITONUNDADIA
anwsliiunnguiamaayury sewdeslud 2567 lons1v

U 20 adull 2 nsngnax - Sunax

94



NIANTIVINTAULMALULATRNEIMNTTU UNINGIRETNVANNERS

wawIa wag ulua sviinslnsane [9] leeanuuugeu
wanuswlindsnuanuaeriinduazndssulin
dsosanuunined ilianunsomuaueumgisening
35-40 °C lfoganoidosuiludreilifiuaan Tnona
MInageuNUd aansasnviaiesainveseumaiilunn
anngoneldeselussd@nsam wgausien1sulsgy
NEANANIINITNYATluNNga NI YT oAy
angAsuia wazamy [10] lddunalulad Intemet of
Things (IoT) 11¥AIUANE DUNTIULAIRITNY WY
\Wulwes DHT21 wazszuumIuagupuau syl Inaua
nsnegeunud lulrualdndinunatefindogaifen
annsaeunylanifsadaniglu 2 $alus uazluluun
WFIUTWATIANTTETIANBUIMABLTEY 1 Falus
atlssuuldsunsUssdiunmamangidesmaflused
“unilgn” MenzuuLRAY 4.78 AzLUL

mﬂﬂ‘yugmumﬁmLLaxmamuiﬁsﬁNmm 39834
WanLA3 oo UL 1 uLaseAnd funuuLuuF oy
nszanfiinsarsuthauounsenssuonuinamasnisu
uas Welindnsnisanemanufoutignelugeuusia
dmsutnglfamsafivgamgineludeulfiiai an
svoznmluniseuuisviuiunazdsmalidnislindsny
dulvegsduszdnsain Tngnaulandsiansdu
Amnssuuazmudunaasugiadniungunuasng
FEAUYNTY

2. 3511599Y

2.1 faUuRInasULEITIndAuLUY
Aouwiimdsnuanusounasofingdunuuduie

wderFunaseinduuunsiluanfvunni uil et

Wiy 1x1 m? wasiuisunasefing (A) Wiy 1.16 m?

fouwidlasaiadundnndeaniovasteivaduuas

Ynramsuxulndmuaiunsidalusdla é’ﬁgﬂﬁ?‘i 1

JUN 1 fauwimdsnuiasefingviandanmnslua
YUIR 1x1 m2

2.2 MmaRassnTutiALTey

mMs3desunsinysEavBnmdinudeuresiou
wiandsnuuasending Tasvhnisindsaiuihnnuiou
N5INTEUBNTIANEILANAISTY (L) 10, 20, 30, 40
uag 50 mm. auddy faguil 2 ileUseidunanseny
YBIAMUYNIATUABNITABNAIINTOUNET UG DU
A3UTTanuagnAnddluiunsiisres A=200 mm. uaz
B=100 mm. 91nqnd1sdaneludeunsis dsguil 3 iile
AnwdvBnavatnueIAIUiiAeg o deussanzamn
Weanuseu

4--

20

JUN 3 fauwiamdanuiaeindydavdmansivteus
MnNReRsRSUFhANLTau

2.3 gauwidlnih
Fouwisldnuluagiuvesnguuithununsnsda

thunsre Wugdeuwisiilindsmilsiidmsumseuusia 1

Fnn1sndnvd utueuuts $1uau 10 Alanfu/mds

o o

UM 20 adu 2 nsngAu - Sunax

95



NIANTIVINTAULMALULATRNEIMNTTU UNINGIRETNVANNERS

Fefifuyunmseuwiuadeeg 7 50 vin/du Aadu 5 uvw/
Alansu/du (8 T9lu9) Tnali unasd un un1Ta LT 190
iwsedlolnindlives

JUN 5 1A389InA1ANUTNS LA ING JU SMP-
11165D

JUN 4 gouwnalni

o v

3. ANSALHUUIRY
3.1 A9n15MAa89

< U
1) WNUKATURINAABY

NARDINIINUTEAVENIMTIANUT UGB ULING 3971
LERIANI N AN IAIUAILNIANSDUTNANBTIA 9 1Y 4 4 . B ,
D e N e v sUN 6 LASaeinAIANS VR INA JU DT-619
YN NIUAINNS DUNLNRINWAAANUS BUET U 8 :
aanlnalalan auIa 1500 W 31174 1 hasn ¥1ns
YNAFDURIT

1.1) ¥AFaUNIAIAIULTNSIA A1 98 L@ o UVD
aanlnalanu figAIeainA1ANUT NS IELE D Ting
9143 100 90 AIFUN 5

1.2) NAFDUNIAISNIINTINAINAT DI AAIAIILLSD
¥898171A JU DT-619 USLIUMIAdIMaENI9RONEINA
YDIFOUWIR 1L 6 A1AIIIET AIFUT 6

1.3) maaummqmmﬁmaluﬁauLLv’i’q‘U%‘nmﬁuﬁ SUT 7 1edesiarngamgil 3u midi logger gl8d0
UL (apuwi) Tnefindegningamgd $1uau 10 99
Wdewh 4 fu wiiud fagui 7

1.4) YWan1NAaUINAILINMIAIEATINTINAY DS
91717 MSEEWMANUTEU UazUseAnSanlandanu

3.2 dunns
Snsrdrunudu Ao dndrurestFunaiifey
melutngauidleifisuiumaresingiu Tasannsauand
2 3Uuvu Tfun Snsdunruduinsguden (Wet
Basis) Ll,azé“mﬁdaumm%ummgwuﬁﬂ (Dry Basis)
Aratuanasguden (wet basis): M

FouuInaINULaITIng (70 Nendasinisivasing

o '

< a
2) NAFBULNUNANANNN

o a o

2.1) NAFBUMAINNINNANTUN NN UNTBULIAS

U YILIANATBUAN °) <% 100 n
2.2) YIHANSNAFBULIATUINNIEATIAUY UVBS oW
ARSI (drying rate) WazUseaniananiuiounes AuBuAssIULRe (Dry basis): M
v 4 v a s « ’ d
ADULANASNULAIDNREY
W—d
M, = x 100 2)
d

e M, Ao avnuduniasgiuden % w.b.

w

M, f® ANUTULINTFIULA, % db.

d

o o

Uit 20 atiuil 2 nsngiau - Suneu 96



NIANTIVINTAULMALULATRNEIMNTTU UNINGIRETNVANNERS

W fe wavetian, ke

d P wavesianuig, kg

dm51N15braLlania (Mass Flow Rate) As 8m51015
IvavesUsunavadlraiuandlneulaluriamieian

= pVA, (3)
We  m Ao 9nsnstualeanavesennid, ke/s
P fe ANURUILLLYREINTA, kg/m’
Vo fe Ansuadieveieinid, m/s
A, fe Nudnthdanadiwagnieesn, m?

8RIINTAUNAIINS DU (Heat Transfer) Ao A4
A11150 0NN TA8 L UNSIUINNLNAIFLAUAINUS DUN]

gaumaiigdludunasazauninuiounigumngiia

O=mC, (T,-T) @

i

o

e O Ao gnsinmstnglouaiuien, W

[

fin OMIINTIVALTINIaVD81NA, ke/s

Ao ﬂ'wmma;mm%’am"ﬁwamﬁla,
J/kg.°C
T, Ao gaumgiifimadngeuus, °C
T e guumgiifivnsengeuuiis, °C
UsEANSAmBanaaanu (ng)ﬁa AU A@1UITANNT
Wasundsnuauounnuaserindidundanuaiy
Soudtlddmiuauuia

mC, (T, -T) (5)

a

Wo 7y An USEANSAmTeanasaiu

v '
o

NuUNSULasR1ing, m?

N
o)
® o

a ¢

G, 7o SYAWEIDINNINANNTENUUUTTUIU

NunRSuLae g, W/m’
UsednSn1mi¥endnus ous puliangd suLaseiing
(1) v Sasrdruvosndanuanufoudldlunis
suimepteananNanSueifioufungsuLaseing i
Wifugouwimdsnuuaseiing

m,h, (6)
=& 100
r G A

T*7s

N

We 7y Ao USEANSAINLTaAINNS DUVD LK

< v a

WUSIERI9017IRg, %

m. @ 'ej"mswﬁ;wﬁssmaaaﬂmﬂmamﬁmaﬁ,
ke/s

h, @0 armdoulsreniiissmeoan

nuanA (low), ki/kg

1 '
aad =~

adfluauIve vuneds adAnugunldluanuide
Tneufumsiieneideyaidosuresimeuuuuanunu
Tneldadfruina1douas (Percentage) 1l auva
Ansmsneteyaduyana wazlignsanadsiavade

(Arithmetic Mean) #9%l
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Mass Flow Rate (kg/s)

X Cylindrical, L = 10 mm @ Cylindrical, L = 20 mm

A Cylindrical, L = 30 mm © Cylindrical, L = 40 mm

¢ Cylindrical, L = 50 mm
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Wungauil unumaA s oUseans nnlunisaemaiu
$ou wazdladenldpsuiifirueminniduly wu auem
50 mm. evdmaliAnN g dend e IANLTEUTENIN
mamaihnelueu viligamgiinmelugeuuiisanatetng
ffeddny Wemnemuausalumsihanuiouvesesul
Fadain edaitusfuamen szeznsth uazmsgayde
WAIULAENTTUH SIS

54

53

51

ITSD (°C)

50
49
48
0 10 20 30 40 50 60
Cylindrilcal L (mm)

FMass Flow Rate _Min BMass Flow Rate_Max

UM 11 ANUFUNUSTENINAINNY1IATUNTINTEUBNAU

3
v
gaunnineludeuuimasnulasefing

1NFUR 11 wanannuduius eI 19ne1IA3Y
nsanszueniugungingludouniandenuuaterfing
(ITSD) fignsnsivasngnuazgean wuindesnsins
Tnand e ud uann 2.5x10° 1w 7.0x10™ ke/m’
gauniingludouwiandinuuasofinddvuiliuanas
ogetaaulunnaueiaiy FuAnainnmafiutuves
gnsnTsinavetoMavzdmalindanuauiounely
srvugnieenluuindu viliiAansasauainudou
aeludeudesas usilunsdiliaiuifussansnings
913 L=40 mm. AF9lATuNanIzNUIINNITanadnes
gaundl egalsiniueivesgamgiinelugeundsanu
wasafindluynganmslvavesemedifindsniu L=40
mm. fansdiangeninnisldasuauenduneliteuly
Aoty Fsazvioufenumnzanvesnseeniuuas Ui
finwe1 40 mm. szgrelumsiugumgiinnelugou
WA ISR NE

UM 20 adu?l 2 nsngnau - SuAy

99



NIANTIVINTAULMALULATRNEIMNTTU UNINGIRETNVANNERS
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Mass Flow Rate (kg/s)

X Cylindrical, L = 10 mm
A Cylindrical, L = 30 mm
€ Cylindrical, L = 50 mm

¢ Cylindrical, L = 20 mm
© Cylindrical, L = 40 mm
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Mass Flow Rate (kg/s)

X Cylindrical, L = 10 mm
A Cylindrical, L = 30 mm
© Cylindrical, L = 50 mm

@ Cylindrical, L = 20 mm
© Cylindrical, L =40 mm
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A Smooth Flat Roof OCylindrical, L = 40 mm
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#Smooth Flat Roof BCylindrical, L = 40 mm
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Abstract

The purpose of this study was to (1) develop a metaverse for agricultural learning and tourism
in Lopburi Province, (2) evaluate the effectiveness of the metaverse for agricultural learmning and tourism
in Lopburi Province, and (3) assess the satisfaction of users regarding the use of metaverse technology
for agricultural learning and tourism in Lopburi Province. The sample group for this research consisted of
150 individuals, selected through purposive sampling. The research tools included (1) the metaverse
for agricultural learning and tourism in Lopburi Province consist Baan Suan Kwan, Bee Conservation Center,
Kajonwit Mushroom Farm, QOasis Farm and Gold Medal Garden, (2) an evaluation form for the effectiveness
of the metaverse for agricultural learning and tourism in Lopburi Province, and (3) an evaluation form for
user satisfaction with the use of metaverse technology for agricultural learning and tourism in Lopburi
Province. The statistical methods used for data analysis were mean (u) and standard deviation (S.D.). The

research findings revealed that the effectiveness of the metaverse, as evaluated by experts, was of high
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quality (u = 4.37, S.D. = 0.75), indicating the effective management of content and high-quality experiences

in agricultural learning and tourism through the metaverse technology in Lopburi Province. The metaverse

was found to effectively raise awareness and attract the target audience. Furthermore, the evaluation of

user satisfaction from the sample group indicated a high level of satisfaction (u = 4.42, S.D. = 0.77), reflecting

positive feedback from users who experienced the metaverse. The use of this technology was shown to

enhance knowledge and understanding of agriculture and agricultural tourism while also making tourism

more engaging.

Keywords : Metaverse technology, learning resources, agricultural tourism
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assnas loT wndudrumdnluniseenuuussuuludu hard ware Tneldlulnaoa MQTT (Message Queuing
Telemetry Transport) Tun1ssudsdeyaseninsgunsaliugiutdoyanay Liukeundiadu lnsaiunsouana
Amsdiwesing wuuiuhsiinagyszananasalutfuasiimstuiindeyasiisg adugrudoyadamnsasong
Yoyadoundsinszuvosulad Wevihmsiaundunuuszuudmuneilifimuyiiunsldassdminedudn
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pamauuAuADy Suneuwidu Smiadeas IrnquisgraiieUsadunrufisnelavesszuudunuulundagdinu
$1uau 30 au nuhAiadslassalunnsuAndudosazenufienelawiniu 4.48 fieufenelaluszuunn

AdAey : Bumesilnuedasinds, Buueundndu, nainauuaunes

Abstract
This research presents the development of a prototype for an electricity billing system based on actual
consumption for vendors at the Khon Doi Walking Street Market in Mae Chan District, Chiang Rai Province.
This system aims to facilitate accurate electricity fee collection from market vendors based on their actual
usage, as well as to improve efficient market management. The system design primarily utilizes Internet of
Things (IoT) technology. For the hardware aspect, the MQTT protocol is used to transmit data between
devices and the database/web application. The system can display various parameters in real-time and

process them automatically. It also records data in a database, which allows for viewing historical data
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online. After the development of the prototype was completed, its performance was tested in each

component to evaluate its efficiency. The average operational efficiency of the prototype system was found

to be 97.45%. Subsequently, the researchers had 30 sample participants evaluate their satisfaction with

each aspect of the prototype system. The overall average satisfaction score was found to be 4.48, which is

a high level of satisfaction.

Keywords: Internet of Things, web application, Khon Doi Walking Street Market
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