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ABSTRACT

This study presents an enhanced framework for accurately estimating the Average Run Length (ARL) in Statistical Process
Control (SPC) systems especially for control charts, which are essential for monitoring, maintaining, and improving process
quality in industrial and economic applications. The ARL, a key performance metric in SPC, indicates the average number of
samples taken before a control signal is triggered, with ARLq representing false alarms and ARL1q indicating true detections.
This paper reviews and compares four prominent ARL evaluation methods: Monte Carlo Simulation, Markov Chain Approach,
Numerical Integral Equation, and Explicit Formulas. Each method’s strengths and limitations are discussed in terms of
accuracy, and flexibility. The findings highlight the need for method selection based on the complexity of monitored
processes, particularly in autocorrelation and non-normality are prevalent. Furthermore, integrating these methods with
Al-driven optimization techniques - such as machine learning algorithms for data analysis and adaptive control - offers
promising avenues for enhancing the precision and responsiveness of process monitoring in dynamic and complex

environments.

KEYWORDS: Statistical process control, Average run length, Markov chain approach, Numerical integral equation,

Explicit formulas.
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In modern industrial and economic systems,
process monitoring and quality control have
become critical for ensuring stability, minimising
costs, and maximising efficiency. The application of
Statistical Quality Control (SQC) tools has expanded
beyond manufacturing to areas such as healthcare,
environmental science, and econometrics. Among
charts are fundamental

these tools, control

instruments for detecting shifts in  process
behaviour over time.

Introduced by Shewhart (1931), the classical
control chart focuses on detecting significant
deviations by monitoring sample statistics against
predetermined control limits. However, classical
methods like the Shewhart chart often lack
sensitivity to small or gradual process shifts. This
limitation led to the development of more
sophisticated techniques, such as the Cumulative
Sum (CUSUM) introduced by Page (1954) and
Exponentially Weighted Moving Average (EWMA)
charts proposed by Roberts (1959), which enhance
sensitivity and allow for earlier detection of shifts.

The performance of any control chart is
commonly evaluated using the Average Run Length
(ARL), which represents the expected number of
samples taken before a signal indicates a potential
process change. The ARL, refers to the expected
run length when the process is in-control, and the
ARL; refers to when the process is out-of-control.
Optimising ARL values is crucial: a higsh ARL,
minimises false alarms, while a low ARL; ensures
prompt detection of actual process changes.

Given the importance of ARL, several analytical and
numerical methods have been developed to
evaluate it accurately, especially in econometric
data  often  exhibit

applications  where

autocorrelation, non-normality, and structural

breaks.

The ARL is a probabilistic metric that quantifies
the average number of observations needed before
a control chart signals. Formally:

ARL,: Expected number of samples before a false
alarm when the process is in control.

ARL;: Expected number of samples until a true
signal when the process is out of control.

The choice of ARL evaluation method depends on
factors such as the type of control chart, the
probability distributions: discrete and continuous,
and the nature of the monitored process (stationary
vs. non-stationary).

Methods for Evaluating Average Run Length

1. Monte Carlo Simulation (MC)

Monte Carlo Simulation is one of the most
flexible and widely used methods for ARL
estimation, especially when analytical solutions are
intractable.

Process: Simulate a large number of process runs
(typically 10,000 or more) under both in-control
and out-of-control conditions. For each simulation,
count the number of observations until a control
limit is breached.

Strengths: High flexibility, applicable to complex
models including non-linear, non-normal, or
dependent data.

Limitations: Computationally intensive; requires
significant time for high-precision results.

Example: Sales et al. (2020) used the Monte Carlo
method to evaluate ARL in Poisson mixed integer
autoregressive processes for crime and network
data. See details in the reference; Saengsura et. al.
(2024), Talordphop et. al. (2025).

2. Markov Chain Approach (MCA)

The Markov Chain Approach proposed by Brook &
Evans (1972) is a powerful technique that models
the transition probabilities between different

process states.
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Table 1 Comparative Analysis of ARL Evaluation Methods

Method Accuracy Flexibility Best Use Cases
MC High (with samples) Very High (all data types) Complex models, unknown distributions
MCA Medium to High Medium (discrete states) CUSUM/EWMA, simple discrete processes
NIE Very High Medium (continuous only) Continuous distributions, time series models
Explicit Very High Low (specific assumptions) Standard distributions, quick estimation

Process: Define discrete states (e.g., in-control, out-
of-control), establish a transition probability matrix,
and solve for steady-state probabilities.

Strengths: Efficient for processes that can be
discretised into finite states; suitable for CUSUM and
EWMA charts.

Limitations: May not converge for some high-
dimensional  or  continuous-state  processes;
assumes Markovian properties.

Example: Lucas and Saccucci (1990) applied MCA
to evaluate ARL for EWMA charts. Chananet et al.
(2015) studied MCA to evaluate ARL on EWMA and
CUSUM control charts based on the ZINB process.
3. Numerical Integral Equation (NIE) Method
The NIE method involves formulating ARL
estimation as an integral equation, which is then
solved numerically.

Process: Represent ARL as a Fredholm integral
equation, discretise using numerical techniques
(e.g., Simpson’s Rule), and solve iteratively.
Strengths: High precision, especially for continuous
control charts; applicable to time series with
continuous distributions.

Limitations: Limited to continuous distributions;
requires careful numerical implementation.
Example: Crowder (1987) used NIE for the EWMA
chart, achieving highly accurate ARL estimates. For
more information, see the following references:
Bualuang & Peerajit (2023), Saesuntia et. al. (2023).
4. Explicit Formulas

Explicit formulas provide closed-form expressions

for ARL based on assumptions about the data and

control chart structure.

Process: Derive ARL using mathematical tools like
probability theory, the central limit theorem, or
Laplace transforms.

Strengths: Extremely fast computation; no need for
simulation or iteration.

Limitations: Valid only for specific distributions
(e.g,, normal, exponential); lacks flexibility for
complex or non-standard processes.

Example: Sukparungsee and Areepong (2017)
derived explicit ARL formulas for EWMA charts in
autoregressive processes. Refer to the following
more details: Phanyaem (2022),
Petcharat (2022), Suriyakat & Petcharat (2022),

sources for

Supharakonsakun & Areepong (2023), Areepong &
Sukparungsee (2023), Areepong & Peerajit (2024),
Neammai et. al. (2025).

In practice, the choice of method depends on
the trade-off between accuracy, flexibility, and
computational cost. Table 1 shows the comparative
analysis of four methods. For example, in
econometric models involving autocorrelated or
heteroskedastic data, Monte Carlo or NIE methods
may be preferred due to their robustness.

Evaluating Average Run Length (ARL) is central
to assessing and improving the effectiveness
of control charts in process monitoring. While
traditional control charts suffice for simple, well-
behaved data, modemn applications - especially in
econometrics - require more sophisticated evaluation
techniques.

Monte Carlo simulations give unparalleled
flexibility, although at the time consuming, whilst
Markov Chain and NIE approaches deliver analytical

rigour under specific constraints. Explicit formulas are
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essential for obtaining rapid and precise results under
conventional assumptions.

As data complexity grows, integrating these
methods with Al-driven optimisation and real-time
analytics could further enhance their applicability

in dynamic systems.
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ABSTRACT

Linear Regression Classification (LRC) is a method used in face recognition to identify a person by extracting features
of a test image and comparing them with the features of representative images in a dataset. The LRC represents a test image
vector as a linear combination of image vectors from each individual in the dataset, using the least squares method to find
the minimum distance to the test image vector. The least distance from all the models of representative sets is used to
identify the test image. However, the effectiveness of LRC depends on various facial variations. In this research, applied
bicubic interpolation to resize images and extract new features from facial data, which enhanced the discriminative power of
the extracted features. Also used K-means clustering techniques to select the most suitable representative images from each
individual for the dataset. Additionally, used the Manhattan norm to measure distances during the identification process.
Experimental results indicate that these suggested enhancements improve the efficiency of face recognition when integrated

into the LRC algorithm.

KEYWORDS: Face recognition, Linear regression classification, Least squares method, K-means clustering.
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1. INTRODUCTION

Face recognition is a technology that involves
identifying or verifying individuals based on their
facial features, often used in security systems,
access control, and biometric authentication.
It works by analyzing unique characteristics of a
person's face, such as the distances between eyes,
nose, and mouth to distinguish one individual from
another. Many face recognition methods, such as
principle component analysis (PCA) (Turk &
Pentland, 1991), linear discriminant analysis (LDA)
(Belhumeur et al., 1997), independent component
analysis (ICA) (Bartlett et al, 2002), and linear
regression classification (LRC) (Naseem et al., 2010),
have been proposed in the literature. The adaptive
linear regression classifier (ALRC), leveraging the
observation of similar subjects sharing comparable
intra-personal variations, demonstrates superior
performance over existing methods, particularly in
handling variations such as expression, illumination,
and disguise (Wang et al,, 2013). Many studies
research the impact of pre-processing on face
recognition rates and present a qualitative overview
of diverse pre-processing techniques and feature
extraction methods, with results indicating the
combined spatial and frequency feature extraction
method  outperforms individual — approaches,
demonstrating efficacy even in the absence of pre-
processing (Dharavath et al., 2014). Face recognition
using pre-processing techniques such as brightness
adjustment and image resizing has been shown to
achieve high recognition rates (Barnouti, 2016). The
utilization of the K-means algorithm for facial
feature analysis, followed by SVM classification,
demonstrates high recognition performance with
reduced feature numbers, highlighting its efficacy in
enhancing face recognition accuracy and efficiency
(Wei et al., 2018). The clustering method for face

recognition effectively aligns feature domains

globally while distinguishing target clusters locally
demonstrating superior performance across various
benchmark datasets (Wang & Deng, 2020). Face
recognition algorithms combined with image super-
resolution techniques improve the quality of low-
resolution input images. Results demonstrate the
effectiveness of the proposed approach in
enhancing recognition accuracy for low-resolution
face datasets. This significantly contributes to the
advancement of face recognition technology for
practical applications, particularly in scenarios
where image resolution is limited (Bhadkare &
Jotwani, 2024). The

study of pre-processing

methods with image resizing improves face
recognition algorithm success. Image resizing is
considered alongside other techniques like face
detection, image cropping, and normalization as a
part of the pre-processing stage to enhance facial
recognition systems (Gulsen et al, 2024).
The present research focuses on the LRC method,
introduced by Naseem et al. (2010), which offers a
straightforward and effective approach to face
recognition. LRC represents a test image vector as a
linear combination of image vectors for each
individual in the dataset, with the optimal linear
combination determined through regression or
least-squares analysis. The method evaluates
distances between the test image vector and the
representative model for each individual, selecting
the model of representative with the minimum
distance, the performance of LRC contingent upon
different facial variations.

This research improves face recognition using
the Linear Regression Classification (LRC) method
by: Employing image resizing to extract new
features, applying K-means clustering to select
representative images for the dataset, and utilizing
different norms to compute distances during the

identification process.
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2. MATERIALS AND METHODS
2.1 The datasets

The study focuses on four benchmark face
datasets: Grimace, Faces95, Faces96, and Orl.
Each dataset (Cambridge University Computer
Laboratory, 1992-1994; Hond & Spacek, 1997)
has details as shown in Table 1.
2.2 LRC algorithm

The image used for face recognition is a gray-
scaled image with the value of each pixel between
0-255. It is stored as a matrix of size axb when

aand bare the number of rows and columns

respectively. Then it is converted into a column

Table 1 Details of 4 benchmark face datasets

Dataset Grimace Faces95 Faces96 ORL
Image size 200 X80 200X 180 196 X196 112X 92
Number of n=18 n=72 n=147 n=40

people
(individual)

Number of m=20 m=20 m=20 m=10

images for each

individual

The figures below show example face datasets which are used for the

experiments.

Figure 1 Sample facial images from the Grimace dataset

Figure 4 Sample facial images from the Orl dataset

vector of size abxlby concatenation all its
columns.

The LRC method can be described as follows.
The dataset consists of , individuals, where each
individual has 5, images. The dataset of all images

is denoted by

X:[X1 X, Xn],

where  x- =[x X o X is the image
vectors of the ; th individual for j=12,...,n.

Let y be a test image vector. For each
individual, the LRC will find the model of
representative image

y,=XB,

which is the linear combination of the image

vectors of the ; -th individual where

B = [ﬂ;l Bia Bin ]T ’

is a coefficient vector of size y;x1 which obtained
from solving the least squared distance j and y,
The coefficient vector is obtained by the least-

squares method using the equation
B =X/ X)X y.

The distance of j and all . is calculated by the

Euclidean norm
d,(» =[y-3],

then, the least minimum distance from all models
of representatives for each individual is used to

identify the test image j,

2.3 Bicubic interpolation method

Reducing the size of the images used in the
datasets helps to create unique features for each
individual. It also helps to reduce the storage space
for the datasets and the processing time for creating

representative image sets for each individual.
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The bicubic interpolation is a cubic interpolation

for two variables or 2D interpolation by

Fy) =2 ax'y.

i=0 j=0

The bicubic interpolation estimates the value
within the surface using surrounding points by
normalizing the range into —1 < x,y<2.
Simply insert all x,y=-1,0,1,2
combinations to derive 16 equations.
£(0,0) = ay,
f0,1) =a,, +a, +a, +ay,
J@L0)=a, +a,+a, +ay
The system of equations can be rewritten in the

form F=cacT,

SEL=D fL0) S f(=12)
FO=1)  f(0,0) SO f(0.2) | _
SO f@0) SO f(12)
L/2-D)  f2.0 f2D f22)]

¥
D) DD [ay a an g 1 11
0 0* 0 |lamy @ @ a;|| (D 0 1 2

2 2 2’ “‘130 4y Ay Gy ,,(_1)3 0 r 23’

C A o

The coefficients a, when i,j=0,1,2,3 are
obtained from solving the system of equations by:
A=C'F(C"Y" or 4=C'F(C"Y.

To compute the value of p(yx,y) within range
—1<x, y<2 refer to grid mask below,
f(-1.-1)

f(-1,0)] [f(-1,1)

p(x.y)

f(-1,2)

flo-1)] f0,0] f0.1)] f0,:2)

f1-1n] f,0] .l 1.2

f2-1nl f20] f2nl 622

the value of £(0,0) represents the value of the
image at position (0,0) corresponding to the grid

mask, the interpolation of p(x, y) is obtained by:

1
1
11 1 Bollay ay ay ayl||[(=D* 0> 1P 27
1

Ay Ay Ay Ay || ]

p(x,y)=[1 x X x3:|

y
, |-
Gy Gy Gy Ay ||V
3
y

Example: resizing the image from its original size of
9x8 to 6x4.

Step 1: Calculate the position of all the new pixels
(red points).
Step 2: Place the grid mask on the image by
normalizing the range into —1 < x, y < 2.
Step 3: Calculate the coefficient matrix 4 from the
system of equations f =c4c” where
A=C'F(C"Y" or 4=C'F(C™").

Each f(x,y) represents the value of the image at
position (x,y) corresponding to the grid mask.
Step 4: Calculate all new pixels in the grid mask by
normalizing the range into —1<x, y <2 from

Ay, Gy Ay dgs || 1

a, a, a, a,l||ly

p(x,y)=[1 x X st 5 |
Gy Gy Gy Ay || Y

Ay a3 Ay Ay || Y
Step 5: Shift the mask and repeat step 2 until all
the new pixels are obtained.
Note: If the new pixels overlap with the original
image, we use the original value.

2.4 K-means clustering method

Choosing diverse image representatives from a
dataset for each individual enhanced the efficiency
of the LRC method. K-means clustering is therefore

used in this step.
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training training fraining

training training

Figure 5 Training-test split of the Grimace dataset (75% training ratio)

Figure 6 Original-sized training set images from the Grimace dataset

Figure 7 Training set resized to 30% of original images

Figure 8 Training set resized to 20% of original images

Figure 9 Training set resized to 10% of original images
Let X, =[x, x, x,, | be the set of

image vectors for the i th individual. Select m

images to be the new dataset. The K-means

method can be described as follows.

Step 1: Random m image vectors from this class to

be the initial centroids.

Step 2: Assign each of the remaining image vectors

to the centroid which gives the least Euclidean

distance.

Step 3: Compute the new centroid for each group

using the mean of the image vectors in those

groups.

Step 4: Repeat steps 2 and 3 until all the new

centroids are not different from those in the

previous round.

Note: A random sampling of different centers in the
first round may produce varying data clustering
results. If the results do not yield the desired

number of groups, repeat step 1.

3. EXPERIMENTAL DESIGN

This section shows the experimental design to
improve the performance of the LRC method for
face recognition. There are three experiments for
modifications of the LRC method. To evaluate the
performance of the LRC method. Each experiment
performs twenty independent tests. Each test uses
the selected representative images as the training
dataset and the remaining images as the test images
to perform the identification and report the
recognition accuracy which is calculated by the

following.

The number of correctly identified images

Recognition accuracy = -
The number of all test images

The research has conducted a study on reducing
the number of images as a training set and found
that LRC still performs well in identifying identity
and reduces the processing time of creating
representative images in the group compared to
using all images. From the benchmark face datasets,
we found that we can reduce the number of images
by 20%-25% depending on the characteristics of
the dataset. In this case, we will use 25% for
grimace, Faces95, and Faces96 because they have
various image features, different facial distances,
and backgrounds in the images, and 20% for ORL,
which is appropriate with the number of images.
3.1 Studying LRC performances with bicubic
interpolation for image resizing

This study evaluates the performance of bicubic
interpolation for resizing training and testing

datasets and examines its impact on the accuracy



Journal of Applied Science and Emerging Technology (JASET) Vol. 24, No. 1 [2025]: e257253

Testimage

‘ { Image resizing by using bicubic interpolation l

|
+ + v

Image resizing to
10% from original
size

Original size of
test image

Image resizing fo
20% from original
size

Image resizing to
30% from original
size

e

LRC algorithm

Classification process

Figure 10 Workflow of the LRC algorithm integrated with bicubic

interpolation

Figure 11 Example: the numbers represent image labels for each

group based on K-means clustering

Figure 12 Examples: the image labels are the representative image

closest to the centroids for each group

of identifying individuals at different reduction
scales (30%, 20%, and 10% of the original size).
After progressively resizing the images, the results
are analyzed using the methodology outlined
below.

1. For the benchmark face dataset, randomly
choose five images for each individual to be
representative of the training dataset and use the
remaining fifteen images to be the test images
except for the ORL dataset, which has only ten
images per person, two images for representative

images, and the remaining eight are the test images.

2. For each training and testing dataset, resize to
30%, 20%, and 10% of the original images,

respectively.

3. For each size reduction, the least-squares
method is used to create a model of representative
for each individual P, This model minimizes the
distance from the test image y. The identification
process involves all representative models,
identifying which model provides the smallest
distance from . Finally, the recognition accuracy is
calculated.
4. To ensure statistical reliability, twenty
independent experiments were conducted. The
average recognition accuracy and standard
deviations were computed for each image resizing
scale (30%, 20%, and 10% of the original
dimensions).
3.2 Studying LRC performances with K-means
clustering

To compare the results of this experiment
with 3.1, we set the grouping of each dataset to be
the same as the last one. Using K-means clustering
to select representative image sets helps reduce
bias, as opposed to manual selection by
researchers, which can affect the results and
increase or decrease identifying identities for the
LRC method. Additionally, using different initial
random values in each group will result in different
groupings by K-means, affecting the resulting
suitable image representative in each group. To
avoid this issue, operated twenty independent
experiments for each dataset instead of just one

experiment and summarized the results as follows:

1. For each benchmark face dataset, K-means
clustering to classify images of each individual into
five groups, except for the ORL dataset, which has
only ten images per person, two groups are used

for K-means clustering.
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2. Each group will have a different number of
images depending on the number of images that
share similar characteristics. Select a representative
image from the group based on the one closest to
the centroid to be the training dataset for each
individual.

Note: Centroids are average faces for each group,
and images near the centroids refer to the image
faces that are the closest to the average feature for
each group. Thus, it contained almost all the
characteristics of that group.

3. For the obtained training dataset, the least-
squares method is used to create a model of
representative for each individual P, This model
minimizes the distance from the test image . The
identification process involves all representative
models, identifying which model provides the
smallest distance from . Finally, the recognition
accuracy is calculated.

a. To ensure statistical

reliability, twenty

independent experiments were conducted.

( Image resizing by using bicubic interpolation W

|
¥ v ¥

Image resizing to
30% from original
size

Image resizing to
20% from original
size

Image resizing to
10% from original
size

K-mean clustering
{ for representative image in database)

!

LRC algorithm

Classification process

Figure 13 Workflow of the LRC algorithm integrated with K-means

clustering

The average recognition accuracy and standard
deviations were computed.

3.3 Studying LRC performances with Manhattan
distance measurements (norm1)

Studying the change in distance
measurement in the LRC method to verify the
effect of recognition rate when changing the
distance measurement method.

1. Implementation of Manhattan Distance: The
Manhattan distance metric is integrated into the
LRC algorithm to measure the dissimilarity between
a test image vector y and the representative model

¥ for each individual. The distance is calculated as:

B

di(y) = ".)’}, _y"] = Z|J’>i,k — Wk
k=1
where y= [yl Y, yn]T denotes the test

image vector and the vector

Vi = |:)’>i,1 j}i,Z j}i,n JT

reconstructed model for the i -th individual.

represents the

2. To ensure statistical reliability, twenty
independent experiments were conducted. The
average standard

recognition accuracy and

deviations were computed.

4. RESULTS AND DISCUSSION
4.1 Recognition accuracy obtained from LRC
with image resizing

Results of experimentation 4.1 were found
that reducing the size of the image did not decrease
the effectiveness of the LRC method. However, it
improved the ability to identify individuals and
reduced the time to obtain the model
representative for each group when solving the
least-squares method. The recognition accuracy
increased by 0.11%, 0.56%, 0.15%, and 1.18% for
the grimace, faces95, faces96, and ORL datasets

respectively.
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Table 2 Recognition accuracy of LRC with image resizing across benchmark datasets

Size of images

Resize to 20%

Resize to 10%

Database Original size Resize to 30%
200 X 180 60 X 54 40 X 36 20 X 10
Grimace 99.48% (sd=0.76) 99.52% (sd =0.76) 99.56% (sd=0.71) 99.59% (sd=0.67)
Faces95 75.84% (sd=1.35) 76.08% (sd=1.33) 76.29% (sd=1.43) 76.4% (sd=1.3)
Size of images
Original size Resize to 30% Resize to 20% Resize to 10%
196 X 196 59 X 59 39 X 39 20 X 20
Faces96 95.46% (sd=0.78) 95.56% (sd=0.79) 95.61% (sd=0.74) 95.36% (sd=0.69)
Size of images
Original size Resize to 30% Resize to 20% Resize to 10%
112 X 92 34 X 28 22 X 18 11X9
ORL 79.8% (sd=2.33) 80.77% (sd=2.63) 80.98% (sd=2.38) 78.3% (sd=2.31)

Table 3 Recognition accuracy of LRC with K-means clustering across benchmark datasets

Dataset Grimace Faces95 Faces96 ORL
Original size 200 X 180 200 X 180 196 X 196 112 X 92
LRC method 99.48% (sd=0.76) 75.84% (sd=1.35) 95.46% (sd=0.78) 79.8% (sd=2.33)

91.72% (sd=1.36)

LRC method and

K-means

99.83% (sd=0.18)

86.15% (sd=0.85) 98.68% (sd=0.19)

Table 4 Comparative analysis of LRC recognition accuracy using Manhattan distance across benchmark datasets

Dataset Grimace Faces95 Faces96 ORL
Original size 200 X 180 200 X 180 196 X 196 112 X 92
LRC 99.48% (sd=0.76) 75.84% (sd=1.35) 95.46% (sd=0.78) 79.8% (sd=2.33)
83.06% (sd=2.34)

LRC method and

Manhattan distance

99.81% (sd=0.25)

80.06% (sd=1.61) 95.94% (sd=0.75)

Table 5 Recognition accuracy of integrated LRC with image resizing, K-means clustering, and Manhattan distance across benchmark datasets

Size of images

Resize to 20%

Resize to 10%

Database Original size Resize to 30%
200 X 180 60 X 54 40 X 36 20 X 10
Grimace 99.48% (sd=0.76) 99.93% (sd =0.15) 99.94% (sd=0.14) 99.85% (sd=0.19)
Faces95 75.84% (sd=1.35) 89.76% (sd=0.91) 89.92% (sd=0.76) 90.28% (sd=0.67)
Size of images
Original size Resize to 30% Resize to 20% Resize to 10%
196 X 196 59 X 59 39 X 39 20 X 20
Faces96 95.46% (sd=0.78) 98.74% (sd=0.23) 98.84% (sd=0.2) 98.76% (sd=0.21)
Size of images
Original size Resize to 30% Resize to 20% Resize to 10%
112 X 92 34 X 28 22 X 18 11X9
ORL 79.8% (sd=2.33) 93.84% (sd=0.9) 93.41% (sd=1.11) 93.28% (sd=0.99)
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4.2 Recognition accuracy obtained from LRC
with K-means clustering method

Results of experimentation 4.2 found that using
k-means clustering to select representative dataset
entries for each individual, rather than random
selection, consistently yielded improved results
across all experiments. It also significantly reduced
the number of images in the dataset. Selecting
appropriate group representatives still preserves
the specific characteristics of almost all the images.
The recognition accuracy increased by 0.35%,
10.84%, 3.22%, and 11.92% for the grimace,
faces95, faces96, and ORL datasets, respectively.
4.3 Recognition accuracy obtained from LRC
and Manhattan distance measurements

(norm1)

Results of experimentation 4.3 were found that
changing the distance measurement method can
slightly improve the efficiency of the LRC method
compared to the two previous experiments. The
recognition accuracy increased by 0.33%, 4.22%,
0.48%, and 3.14% for the grimace, faces95, faces96,
and ORL datasets respectively.

4.4 Recognition accuracy obtained from
integrated LRC with image resizing, K-means
clustering, and Manhattan distance

measurements

The previous experiment results indicated that
we could combine all methods to boost the
maximum efficiency of each dataset in this
research. Compared the experiment on the original
size from Table 2 with the LRC method combined
three processes: image resizing, K-means clustering,
and Manhattan distance measurements. The
recognition accuracy increased by 0.45%, 14.449%,

3.38%, and 14.04% for the grimace, faces95,
faces96, and ORL datasets respectively.

5. CONCLUSION

In this research, our goal is to explore the
workings of the LRC method to enhance the
efficiency of facial recognition. We aim to identify
the factors that contribute to improving the ability
to identify individuals by thoroughly studying the
working process of the LRC method at each stage
and finding ways to enhance its efficiency. We
found that the three main factors with the most
significant impact are as follows:

1. Selecting diverse characteristics  of
representative images in the dataset for each
individual enhances the efficiency of the LRC
method and decreases the number of datasets for
each individual. We use K-means clustering in this
process.

2. Reducing the size of the images used in the
dataset that makes the specific characteristics for
each individual, as well as reducing the storage
space and processing time to obtain the best
representative image for each individual.

3.  Changing the distance measurement
method for the classification process to Manhattan
distance  improves  the  performance  of
distinguishing differences in each group and reduces

the identification processing times.

6. LIMITATIONS AND FUTURE WORKS

The study's limitations include understanding
the detailed working principles of each step of the
LRC method to identify the main factors in correctly
individuals at each

classifying step.  This

understanding is crucial for selecting the
appropriate improvement technique. The K-means
clustering may not always result in the desired
number of groups. It might be necessary to reinitiate
the image sets until each individual is divided into
five groups. Additionally, image resizing is necessary

to solve the multiple times of the system of
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equations to obtain all the pixel values of the new
image. The selected four benchmark datasets for
our tests based on the hypothesis that choosing a
good set of representative images, even when the
dataset is similar, will enhance the recognition
accuracy before expanding our approach to the
complex situation of the dataset.

Future research directions could involve

selecting novel grouping and image reduction
techniques for the LRC method with specific
situations of datasets or studying the working
principles of other deep learning techniques, such
as convolutional neural networks (CNN). That could
involve identifying all factors that affect identity
verification at each stage and finding suitable

techniques for improvement.
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1. INTRODUCTION

Over the past few decades, fixed point theory has
emerged as a valuable tool in various branches of
mathematics, particularly in the study of functional
equations, differential equations, and optimization.
One of its fundamental results is the Banach
Contraction Principle, which states that every
contraction mapping on a complete metric space
has a unique fixed point. Furthermore, given any
initial point in the space, the Picard iteration
sequence generated by the mapping converges to
this fixed point, ensuring uniqueness in iterative
processes.

Many researchers have sought to generalize the
Banach Contraction Principle within the framework
of metric spaces, particularly by incorporating graph
structures and partial orders. The study of
contractions in partially ordered metric spaces was
first initiated by Ran and Reurings (2004), who
extended Banach’s theorem to such settings.
Building on this foundation, Nieto and Rodriguez-
Lopez (2007) introduced Picard operators within
partially ordered sets, refining fixed point results
under ordered conditions. Later, Jachymski (2008)
extended these ideas by introducing graph-based
contractions, proving that Banach’s theorem
remains valid in metric spaces endowed with a
directed graph. Further advancements were made
by Bojor (2012), who introduced G-Reich type
contractions, a generalization that relaxes the
Banach contraction condition while ensuring fixed
points exist under suitable graph connectivity
assumptions. These contributions have played a
crucial role in extending fixed point results beyond
classical contraction mappings, particularly in
metric spaces incorporating graph structures and
partial orders.

In parallel with these advancements, research on
within  uniform which

contractions spaces,

generalize metric spaces, has also progressed.
Notably, uniform spaces permit the definition of
Cauchy sequences and Cauchy filters, allowing for
broader fixed point results. One direction of study
focuses on the concept of E-distance, which
provides a generalized way to measure distances in
uniform spaces and has been widely used in
contraction conditions. Another approach considers
collections of saturated pseudo-metrics. These
perspectives  offer  distinct  formulations  of
contraction principles in uniform spaces, each
contributing to the development of fixed point
theory in different ways.

E-distance has been studied as a generalization of
metric distance, allowing more general contraction
conditions in uniform spaces. Several studies have
explored its applications in fixed point theory.
(2008)  introduced

Olatinwo integral-type

contractions,  incorporating  E-distance  and
A-distance to define contractive conditions based
on integral inequalities. Dhagat et al. (2009)
established common fixed point theorems using E-
distance, providing foundational results for
contraction mappings in uniform spaces. Ali et al.
(2014) applied E-distance to @—w-contractive
mappings, extending function-based contractions in
uniform spaces, while Ali et al. (2017) introduced
Es-distance, an extension of E-distance, to study FG-
contractions and G-contractions in graph-based
uniform spaces. Hosseini & Mirmostafaee (2020)
developed common fixed point results in Hausdorff
uniform spaces, incorporating A-distance and E-
distance into contractive mappings with graph
structures. Umudu & Adewale (2021) further
extended these results by integrating E-distance
into  a-admissible  mappings and  simulation
functions, establishing fixed point results under

more general contractive conditions.



Journal of Applied Science and Emerging Technology (JASET) Vol. 24, No. 1 [2025]: e260436

An alternative approach in fixed point theory for
uniform spaces involves using a collection of
pseudo-metrics. Nashed (1971) was among the first
to introduce y-contractions in locally convex
spaces, extending Banach contraction principle
beyond standard metric spaces. Angelov (1987)
built on this by proposing @-contractions in
Hausdorff uniform spaces, incorporating both
contractions and y-contractions, and proving fixed
point existence under broader conditions. Later,
Angelov (1991) further generalized ®-contractions
to j-nonexpansive and j-contraction maps, which
preserve  non-expansiveness  while  allowing
different pseudo-metrics before and after mapping.
Angelov also established sufficient conditions for
under this

fixed points in uniform

These

spaces

framework. contributions  significantly
expanded contraction principles beyond classical
metric spaces, forming the foundation for graph-
based contractions and multi-metric fixed point
theory.

Building on this line of research, P. Chaoha and S.
(2014b)

Lipschitzian  (FL)

Songsa-ard investigated  functionally

mappings and  functionally
uniformly Lipschitzian (FUL) mappings in locally
convex spaces, examining the weak topology on
normed spaces and establishing criteria for FL and
FUL mappings, showing that FL mappings are
weakly continuous and the fixed point set of FUL
mappings is a retract of their convergence set.
Furthermore, they explored fixed points in uniform
spaces (Chaoha & Songsa-ard, 2014a), focusing on
sufficient conditions for the existence of fixed
points of J-contractions in uniform spaces endowed
with a collection of pseudo-metrics and investing
the convergence set of J-nonexpansive mappings.
As a result, they showed that the fixed point set of
J-nonexpansive mappings is a retract of their

convergence set and also provided examples of

ordinary differential equations (ODEs) that utilize
these fixed point results to guarantee the existence
of solutions.

A further extension was developed by Songsa-ard
(2024), who introduced a-G-contractions on
uniform spaces generated by a collection of
pseudo-metrics, combining the concepts of
y-contractions and graph-based contractions. The
study also provided corresponding criteria and
illustrative examples. Under certain conditions,
these a-G-contractions are Picard operators on
specific subsets with respect to the given graph.
The previously discussed work provides the

motivation to  extend the concept of

a-G-contractions to J-G-contractions, drawing
inspiration from the framework of j-nonexpansive
maps. Our investigation focuses on j-G-contractions
within uniform spaces generated by a saturated
collection of pseudo-metrics. This work not only
introduces a new notion of J-G-contraction, which
involves a somewhat intricate definition, but also
provides criteria for determining whether a mapping
satisfies the J-G-contraction condition.

In general, proving that a mapping is a contraction
is challenging because it requires demonstrating
that the distance between any two mapped points
is at most their original distance scaled by a real
number no greater than 1. However, the key
advantage of J-G-contractions defined on a uniform
space generated by a collection of pseudo-metrics
is that the contraction condition has a higher
likelihood of being satisfied. This is because the
distances before and after applying the mapping
may not need to be measured using the same
pseudo-metric. Moreover, incorporating graph
structure reduces the points requiring verification
under the contraction condition, increasing the
likelihood of a

mapping  satisfying  the

J-G-contraction condition. Consequently, the size
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of the convergence set also depends on the

structure of the graph G.

2. PRELIMINARIES

We provide the necessary definitions and
background, including uniform spaces generated by
a saturated collection of pseudo metrics, graph-
based contractions.
Definition 2.1. A pseudo-metric on a nonempty
set X is a mapping p:XxX—R having the
following properties:

1. p(xy) 20 forall x.y € X

2. p(x.y) =p(y.x) forall x,y € X,

3. pxy) sp(xz2) +p(zy)forall x.5.2 € X,
Next, we define the topology induced by a given

collection of pseudo-metrics.

Definition 2.2. Suppose A is an index set and

d=(p,ia€ A} where p is a pseudo-

metric on X. Let £>0, €A, x € X and define
B, (e)={y € X:p (y,x) <e} Then the set
§={B, (&):£>0, a€A, xe X} is a

The

subbasis

for topology on X space (X, d),
endowed with the topology generated by &,

is called a uniform space generated by a

collection of o) seudo-metrics. A
collection &« is saturated if and only if for all
X.yEE, ifa€A, p(x.y) =0, then x=y.

In a uniform space, we have the advantage of
explicitly describing the notion of closeness
between any two points, which naturally leads to
the following definition of a Cauchy sequence.
Definition 2.3. Let (X.4) be a uniform space
generated by a collection &Zl={pai Qe A} of
pseudo-metrics indexed by A. Then (x)) is a

Cauchy sequence if and only if for all €>0, ac A

, there exists Ne N such that for any m,n >N,
p(x.x ) <e. A uniform space (X, ) js said to be

sequentially complete if every Cauchy sequence

in X converges to a point in X.

Next, we introduce several graph-theoretic
concepts used specifically in this paper.

Definition 2.4. Let (X, be a uniform space
generated by a collection « of pseudo-metrics. A

weighted directed graph associated with ( X, &)

is defined as an ordered pair G=(V(G),E(G))
satisfying:
1. V(G)=X.
2. Forany xe V(G), (x,x) € E(G).
3. Each edge (x,v) € E(G) is assigned a set of
weights indexed by pseudo-metrics in & given
by {p(x.y):pe o).
We also introduce the notion of conversion graphs

and the concept of undirected graphs.

Definition 2.5. A conversion graph of a graph G,

denoted G-, is obtained by reversing all edges of
G and the vertex of G—1 is the same as G, so
V(G~1) =V(G), and the edge set is given by
E(G™H ={(x,y):(y,x) €EE(G) }

An undirected graph of G, denoted by G, is
constructed in such a way that its set of vertices is
the vertices of Gie., V(G) =V(G), and its set of
edges is taken as the union of the edges of G and
those  of its conversion graph  G~!
(E(G)=E(G)UG(G—1).

Next, we recall the standard definitions related to
connectivity in graphs, including the notions of a
path, connectedness, and weak connectedness,

which will be essential in our discussion.

Definition 2.6. A path of length Ne N in a graph G
from a vertex x to a vertex y is a sequence of N+ 1
vertices (,r{.) ?’:0 satisfying Xo=X X =Y, and
(xF 1’3‘;) € E(G) fori=1,2, ..., N. The graph G is
called connected if for every pair of x and y in
V( G), there is a path from x to y and a path from
y back to x. Moreover, G is called weakly
connected if G is connected.

We now introduce two additional concepts specific

to the work of Jachymski (2008): the definition of a
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component and the notion of orbital

G-continuity.

Definition 2.7. (Jachymski, 2008). The equivalence
class of x in a graph G. denoted by [x] , is defined
as the set of vertices of G that are linked to x by a
path on G. Moreover, the component of G
containing x, denoted by G, Is the largest
connected subgraph of G that includes x among its
vertices. The vertices of this connected subgraph

form the equivalence class [x] .

Definition 2.8. (Jachymski, 2008). A map T:X =X is

said to be an orbitally G-continuous for all x,ye X

and sequence ( k) of positive integers such that
Tk"x =y ﬂnd( Tk“x, Tk’H 1x) € E(G) foranyne N,

bt L The) STy

imply T
The notion of orbital G-continuity is presented as
a sufficient condition ensuring that the mapping

under consideration is a Picard operator.

Definition. 2.9. (Nieto & Rodriguez-Lépez, 2007) Let
X be a nonempty subset of a Hausdroff space E. A
map T:X—=X is said to be a Picard operator if
there exists a unique fixed point x,eX and
T'x —x,asn— o for any ye X.

Next, we introduce the recent definitions given by
Songsa-ard (2024), including the concept of an a-G
-contraction and the notion of Cauchy
equivalence between two sequences in uniform

spaces.

Definition 2.10. (Songsa-ard, 2024). Let ( E, &) be a
uniform space generated by a saturated collection
of pseudo metrics o with an indexed set A.
Suppose XCE is nonempty. A map T:X—X s
called a a-G-contraction if there exists a ¢graph G
satisfying the following two conditions:

1. Foreach (x,y) € E(G), (Tx,Ty) € E(G).

2. For each ae€A, there exists a constant
¢, € (0,1) such that

pa( Tx,Ty) < Ca])a( x,y)

forany(x.y) € E(G).
Definition 2.11. (Songsa-ard, 2024). Sequences (x,)

and (yn) are said to be Cauchy equivalent in a

uniform space ( E,#) generated by a saturated
collection s of pseudo metrics with A as the index
set, if (x,). and (¥ ) are Cauchy sequences, and
for all a€ A, pa(x”,_\;n) converges to 0 as n— o .

Moreover, Songsa-ard presented the following
criterion  for

theorem as a determining

a-G -contractions.

Theorem 2.12. (Songsa-ard, 2024). Let 1 <p < o0 and
let f pfp e fy be non-decreasing contraction
functions with respective contraction constants
ks ky ooos ky. Let c€(0,1) . Suppose T:£,—¢, is
defined by
T(x,) =(_f Ko P e X G s X )

Let G be a graph with V( G) =7, and

E(G) ={((xm) ,(ym)) cx, =y foralli=1, ..., N}.
Then T is a a-G-contraction on ¢, endowed with
the weak topology.
Next, we briefly recall the definitions and essential
properties of certain sequence spaces along with
their associated topologies, as these will be used to

illustrate examples later in this work.

Definition 2.13. Let 1<p<o  The sequence

space , is defined by
fp=[(xn) CR: Y Ik <oo] and ||| :¢,~® is
i=1
1
defined by | (x,)] =(Z |"'1|PJ P
Po\i=1
Thus “» is a vector space (over R) and |- ||p is a

I

norm on “p. It is well-known that the dual space

¢," can be identified with the sequence space ¢,

where i_,_ l=1, Precisely, every bounded linear

P
functional f ez, s uniquely represented by a

co
sequence ()-”) €z, such that f( x,) = _):lx l.yl.for
=

all (x)€ fp. The weak topology on fp is the

coarsest topology on ¢ P in which each bounded

linear functional remains continuous. A sequence
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(w,) in ¢, converges weakly to a point we ¢,
denoted by wan asn— oo, if foreach fe¢,”,

lf(wn—w) |—>0 asn— oo .

Definition 2.14. The standard Schauder basis for

£, is given by the canonical unit vectors

P

=(& 0
en ( fi,k) =1
Kronecker delta such that for any (x,) € there

m ”

denotes the

in ¢, where 8,k

exists a unique sequence of real numbers (a_),

0

(xm)=z ae, (in the weak topology). The

=1

associated coordinate functionals e * are given
explicitly by e, " (x,) =x forany(x)€?,

The space #, , endowed with the weak topology
induced by its dual #, , provides a canonical
example of a locally convex space. As is well known
in function analysis, the weak topology on #, is
Hausdorff and it is sequentially complete.

Moreover, it is generated by a collection of

(&)

Sur
i

i=1
(a,) €7, and (x )€ £, and each seminorm s

where

seminorms given by S(a )(x”) =
n

(llﬂ)
(@)’

corresponds naturally to a pseudo-metric p

defined by

, X,y €F),

0

Y afr-y)
I i 1

i=1

explicitly connecting the locally convex structure to

Play (53 =5y (¥ 9 =

the uniform structure. This viewpoint provides the
conceptual background required for constructing
examples considered later in this paper.

Finally, we introduce the definition of the
convergence set in the general topology on X.
Definition 2.15. Let T:X—X be a mapping on a

Hausdroff topological space X. The convergence

set of T, denoted by C(T), is given by

C(T) ={x€ X : the sequence ( T"x) converges}.

3. MAIN RESULTS

In this section, we formally introduce the concept
of j-G-contractions and provide explicit criteria for
verifying whether a mapping satisfies this condition.

We present illustrative examples, including cases

where a mapping is a j-G-contraction but not an «
-G -contraction, as well as examples demonstrating
the crucial role of graph structure in establishing
j-G-contractions. Following this, we provide key
lemmas essential for proving the main theorems,
which are structured as follows: (1) conditions
imposed on the space and the graph (Main
Theorem 1) and (2) conditions imposed on the
mapping (Main Theorem 2). Finally, we show that
the proposed criteria and examples align with these
conditions, leading to the conclusion that the
mapping is a Picard operator on specific subsets
with respect to the given graph. Moreover, we
establish that the size of the convergence set
depends on the underlying graph structure.

This definition is inspired by a-G-contractions,
allowing the distance measurements in the
contraction condition to be taken with different

pseudo-metrics.

Definition 3.1. Let (E,o) be a uniform space
generated by a saturated collection of pseudo
metrics o with an indexed set A. Suppose XC E is
nonempty. A map T:X—=X is called a
j-G-contraction if there exists a mapping j:A—A
and a weighted directed graph G associated with
(X, d) that satisfy the following two conditions:

1. Edge preservation: For each (x,y) € E(G),

we have (Tx,Ty) € E(G) .
2. Contraction condition: For each «€ A, there

exists a constant ¢ _& (0, 1) such that
P ATETY) ¢ p i, ())
forany (x,y) € E(G).

Example 3.2. Every a-G-contraction is a
j-G-contraction when j is the identity on the index
set of a collection of pseudo-metrics.

Moreover, in this work, a criterion is given for
whether a

checking map T:£,=¢, s a

j-G-contraction on #, endowed with the weak
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topology, for 1<p< o . This is presented in the

following the theorem.

Theorem 3.3. Let l<p<coand let f . f, ... f
be non-decreasing contraction functions with
respective contraction constants k , k . k. Let
ce(0,1)
x,) z(-flxl’ FoXg oo Fafpe Gy Sy )
Let G be a graph with V( G) =¢, and

E(G) ={((xm) () %2y, forallie N}.

Then T is a j-G-contraction on ¢, endowed with

. Suppose T:¢,—¢, is defined by

the weak topology.

Proof. Choose i((e)) (| |) . To prove edge

IEN
preservation, let ((x ) ()m)) € E(G). By the
definition of E(G), foralli=1, ... N, f x.2fy,
and for all ieN, Xy, i 2 Vyyi - SO

(T((x))-T((v,))) € ECO).

Finally, to prove a contraction condition, let
11

(@,) € ¢4 with o ;:1, ((xm),(ym)) € E(G).

Define K=max{{k‘_:ie N}u {c}}e(O,l).

o0

Yo (T((5,) -

m=

Then

N

Z (f:% f\)

i=1
Therefore

([Jm)))‘< A+B where

2 afs-)

i=N+1

A= and B=c

00

mzzjlame* FE(ERIELIEMNIE fcg | (=) |

Note that a constant K dose not depended on
(am) SR

Example 3.4. Let T:¢,—¢, is defined by

1 1
foxaf X, f X, —x, —x, ...
(m) (11 272 333435 ,

2x+ 1
=f 2( x) =M and

where f (1) .

Fa(x) 2
X) =—4X.
? 3
Let G be a graph with v( Gy =¢, and
E(G) = {(( m) (ym)) cx, 2y, forallie N}.

Then T is a j-G-contraction but it is not

a-G-contraction.

Proof. Since f ,f, and f, are non-decreasing

contraction functions with respective contraction
3 2

constants k =k,=— and ko=—, by theorem 3.3, T
5 -3

is a j-G-contraction.

To show that T is not an a-G-contraction, let

(a,)=(0,0,—-1,1,0,..) be a sequence in ¢, and
be(0,1). Choose (xm)=(1,1,9,9,1,0,...) and
(ﬂ m) =(0,0,...) arein #, . Then
2, (T (5) - D) |- 010+ 100 |-
:;gwever,

biam(xn;ym) =b|-9+9|=0.
Therefore T i::r:ot a-G-contraction. #

This example illustrates that the class of j-G-
contraction is more general than the class of not «
-G -contraction. We present an additional example
to further illustrate the flexibility of j-G -contraction
in selecting an appropriate graph structure.

The next example demonstrates how the choice of
a graph can be utilized to enforce a mapping to
satisfy the j-G -contraction condition.

Example 3.5. Let T:#,—¢, Is defined by
. 1 1
( m) (fl 1’ f 2X2, f 3X3, ?x_,‘, ?xs, ))

=f,(x0 =

+x
where [ (%) and f (x) =—

Let G be a graph with vV( G) =¢., and

ECG) ={((x,)+(3,)): %, =2 x2=y2,~xi.z v, foralli>3}.
Then T is a j-G-contraction.

Proof. The proof follows a reasoning similar to

that of Theorem 3.3. Since x =y, x,=v,,

o0

2 e (1)) = ()
Z ( X~ -Vi) :

A :|a3(f S 3.\’3)| and B—_

< A+ B where

Therefo re

2 o0
T )¢ HZ )|

Then T is a j-G-contraction. #

((*n)) = T((30)

From the above example, it can be observed that
the key factor enabling T to be a j-G-contraction
lies in the graph G, where the definition of E( G)
ensures that x =y, and x,=y, This structure
removes the need to consider f and f,, which
create difficulties in establishing bounds.

According to the definition of a j-G-contraction, we
observe the following

interesting relationship

among the graphs G, G-1, and G.
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Lemma 3.6. Let (E,«) be a uniform space
generated by a collection of pseudo metrics & with
an indexed set A, where & is saturated. Suppose
XCE is nonempty and T:X - X.
If T is a j-G-contraction, then T is also a j-G~!-
contraction and a j-G-contraction.
Proof. Since T is a j-G-contraction, there exist a
map j:A—=A and a graph G . To show that
T is a j- G-l -contraction, since (y,x) € E(G) ,
( Tx.Ty) € E(G~1) .Hence, T preserves the edges of
G-L
Letae A and (x,y) € E(G~ 1. Then (y,x) € E(G)
, SO

PATTY) e pi (X9).
To show that T is a j-G-contraction, by the
definition of G, E(G) =E(G) UE(G-1) Since T is a
j-G-contraction and a j-G~1! contraction, T is also
a j-G-contraction. #

To prove the main theorem, we need the following

lemma and additional supporting results:

Lemma 3.7. Let X be a nonempty subset of a
uniform space generated by a saturated collection
of pseudo metrics o, where 4 is indexed by a set
A. Suppose T:X—X is a j-G -contraction with
constants ¢ . Assume further that for every a€ A,
there exists n, e N such that for all ne N and all
X, VEX,

(x,y).

(l( a)
Then for every xeX and ye [x], there exists

<
.Djn(a)(xsy) —pjn

r (x,y) 20 such that

n=1

Py (59D < (H

Cj‘(a)]ra( X, ¥)

Forall eke A and ne N.
Proof. Let x€ X and ye€ [x]. Then there is a path

{x ¥ in G from x to y for some Ne N where X =X
i=0

,xy=y and (x,_.x)€E(G) foralli=1, 2, ..., N.

N
Let a€ A. Define r (x.y) =Z p (xF l,xi) > 0.
i=1

J"Ca)

Since T is a j-G-contraction, there is a constant

¢, € (0,1) such that

n—1
P T, 1)) < [!—_IO ik j"(a)(“‘i— )

Foralli=1, 2, ..., N. Then

N
pa( Thx, Thy) < Z pa( T”X.F v T”xf)
i=1

N fn—-1
< Z (H Cikcay P jnc a)(xif l‘xi)
i=1\k=0
N
n—1
= (H) C‘j‘( a) ]E pj.-”U( a)(xi— l’xi)
i=1

n=1
= [!__[0 €k ]rﬂ( X, y).
#

Theorem 3.8. A graph G is weakly connected if and

only if for every j-G-contractions T:X —X such that

o fn—1
Z (H Cj*(a)] converges, the sequences (T"x)
n=1\k=0

and ( Tny) are Cauchy equivalent for all x,ye€ X.
Proof. Suppose G is weakly connected. Let xe X.
Then [x];=X, so Tx€ [x]; .

First, to show that ( T"x) is a Cauchy sequence, let
a€ A and £>0. By Lemma 3.7 and Definition 3.1,

there exists r (%, Tx) >0 such that

n—1

et <(TT

OCJ:.C( 0)]”0( xq.V) .

oo fn=1
Since nz—l(kH—O Cj"(a)] converges, it is Cauchy. Then
n—1

pa( Tmx,T'x) < Z ‘Da( Tix, Ti+ 1x)
i=m

n—1fi—1
< Z (H) € ik ) Jrﬂ( x, Tx)
t=m =

<€ .
By the same argument, ( T"y) is also Cauchy.

Next, to show that (7%x) and (77y) are Cauchy

equivalent, let e€ A. Since ye [x];, by Lemma 3.5,

n—1
lim pa( Thx, Thy) < lim (H €k G)Jra( X, V).

n— oo n— oo \Ak=0
By the assumption, then lim p_( 77x,7"y) =0.
n—= o

Hence, (T"x) and ( T"y) are Cauchy equivalent.

Conversely, suppose that G is not weakly
connected. That is, G is not a connected graph.
Then there exist x,, y, € X such that there is no
path from x, to y, in other words, yoﬁ[xo]a .

Define a map T:X —X by
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. X if x € [A[)]a,
Yy lf x & [xf’]a-'
Then (T"xo) =(x0) and (T"yO) =(y0) are constant
sequences with XoF Vo Since # is saturated, there
exists @ €A such that pao(xo,yn) #0, and hence,
(Tmx) and ( Tmy) are not Cauchy equivalent.
Finally, it remains to show that T is a j-G-
contraction by choosing j to be the identity
function on A. If (x,y) € E(G)then ye[x]; so
( Tx,Ty) is either (xo,xo) or (yo,yo), both of which
lie in E(G). Therefore, T preserves edges of G.
Let e A and choose cu=%. If (x,y) € E(G), then
p AT Ty) =0 ¢ p  (5))

Hence, T is a j-G-contraction. #

Theorem 3.9. Let X be a nonempty subset of a
uniform space generated by a saturated collection
of pseudo metrics s, where 4 is indexed by a set
A. Suppose T:X—X is a j-G-contraction, and there
is a point x & X such that Tx € ["0]5:

Let é*‘o be the connected component of G that

has x, as a vertex. Then [xﬂ]w is T-invariant, and
G

7|.. . is a j-G _-contraction.
o, 0

[*o]

Proo;. Letx € [XU]E;' Then there is a path {xr_}[{":o in
G from x to x, where x =x and (x,._ 1,x5) € E(G)
forall i= 1, 2, ..., N. Since T preserves edges of G
,we have(TxF 1,Tx‘.) €E(G) foralli=1,2, ..., N.
Consequently, {7x }¥ . is a path in G from Tx, to
Tx. Hence, Tx e [TxD]E;:[xO]a_.

To show that 7| .is a j-G_-contraction, let
o, 0

[0l

(x,y) € E(Gmx ) Then there is a path {x,}¥ in G
~o i=0 0

from x, to y with x,

(x!._ l,x{.) € E(Cf;n).

Since (xN_ l,xN) =(x,y) € E(Gxo) CE(G), it follows

,=x and x, =y, and each

that ( Tx, .. TxN) =(Tx,Ty) € E(G).

Moreover, since Tx € [“[O]E; there is a path {yi}?’io in
G from x
*o

j-G-contraction implies that {Tx }¥ is a path in G
i=0

, to Tx, Consequently, T being a

from Tx  to Ty. Then the sequence

(x0=y0,yl, ...,yM=Tx0, Txo, Txl, ..,,TxN7 2

is a path in G from x, to Ty. Hence ( Tx, Ty) € E(GNX )
0

Tx, Ty)

, SO T|[x0]~preserves edges in G*‘u'
G

Since T is a j—f}—contraction, for each a€ A there is

¢, € (0,1) such that for every (x.y) € E(G),
P AT Iy Scpp ey (5,0)
If (x,y) € E( Z?_\,U) CE(G), then
P,,(T|[XU];’ T|[xu}ay)=p,,( Te.Ty) e ., (x.3).
#
Next, we will present the first main theorem, which

utilizes certain properties of these spaces.

Theorem 3.10. (Main Theorem 1). Let X be a
nonempty subset of a uniform space generated by
a saturated collection of pseudo metrics <, where
o is indexed by a set A. Suppose ( X, o, G) satisfies
the following property:

Condition (*). For every sequence (x,) in X, if
x,—~xasn—oo and (x.x, )€ E(G forall neN,
then there exists a subsequence ( xfu) of (x,) such
that ( x"fx) €E(G) forall keN.

Let T:X—=X be a j-G-contraction, and define

X, ={xreX: (x,Tx) €E(G)}

oo fn—=1
Ifxex, and Z (H "j*(a)] converges then T|[x]ai5

n=1\k=0
a Picard operator.

Proof. Let xe X . By Theorem3.7, the set [x] is
invariant under T, and Tl[x]@- is a j-G -contraction.
Since Z;x is weakly connected, Theorem 3.6, implies
that for any x,ye [x]z,, the sequences ( T"x) and
( Tmy) are Cauchy equivalent.

Since X is sequentially complete, there exists some
as n— oo .

xOGX such that T"x—x_ and T”y—>x0

0
Moreover, since (x.7Tx) € E(G), it follows that
(T7x, T+ 1x) € E(G) for all ne N. By Condition (¥),
there is a subsequence (7":x) of (Tmx) such that
( T”kx,xo) € E(G) for every keN. Consequently,

( Tty Txo) € E(G) as well.
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Hence, (x,Tx,TZx,.._,T"Ix,xO) forms a path in G

x to «x, Since T is a

from o

SO x,€ [x]g.
Jj-G ~contraction, for all ze A and ke N,
pn’( Tt lx, Txo) < capj(n)( T"‘x,xu).

Since T"x—x, it follows that 77+ * 1x—>Tx0. Since o
is saturated, we get Ix =x, Therefore, X, is a fixed
point of T|ME.

Suppose that x, y are fixed points of T|[x]”. By

G

Lemma 3.7, for each a€ A,
p”( x,y) = lim pa( Thx, Thy)

n— oo

n— 1
< lim (H € ik m)]ra( xy) .
k=0

n—1

Therefore, x=y since lim H € ik a)]=0, e Tl[*']a

n— oo \k=

has a unique fixed point.

Hence 7], is a Picard operator. #
G
Corollary 3.11. Let T:X—X be a j-G-contraction

such that nil(ZH;cjkm] converges and suppose
G is weakly connected. Then T is a Picard operator.
Proof. Since G is weakly connected, we have X =X
Consequently, for every xeX, [x],=X. By
Theorem 3.10, it follows that T is a Picard operator.
#
The following results focus on the map from the

sequence spaces in Theorem 3.3.

Theorem 3.12. Let I<p<oo and G be a graph
with V( G) =¢, and the edges of G by

E(G) Z{((J"m) () xzy forallic N}
Then ( ¢, e, G) satisfies Condition (*) from
Theorem 3.10.
Proof. Let (x5 en be a sequence in #,,.
Suppose (x*) converges weakly to (x9) as k— o,
and that((xfj) ,(x;’(’+ 1)) € E(G) for all ke N.

Then, for each k, and for every ( o ) €7, we have
n

a xk - a x%ask — o0
n n non
n=1 n=1

Since ((xf‘,) ,(xf(,’f 1)) € E( G) for all ke N, it follows
that for each i e N,
x‘f.‘=e‘.*(xﬁ) > ei*(xf‘ff 1) =xf.‘+1 for all ke N.

Since e €7, forall i € N, we also obtain

00

Zef(ei) xk = i ef(ei) x%ask — o0
Hence ,;_{fl—mﬁ_’ as k— oo ,n\;vlhich implies xk> x9.

Therefore, (xf‘rxg) € E(G), which shows that
(¢,.¢;.G) satisfies Condition (%) from Theorem
3.10. #
Next, we introduce another important lemma used
to prove that the mapping in Theorem 3.3 is a

Picard operator on specific subsets with respect to

the given graph.

Lemma 3.13. et 1<p<ooand let f pfa oy
be non-decreasing contraction functions with
respective contraction constants k , k.. ..., k. Let
c€(0.1) . Suppose T:¢,—¢, is defined by
T(xm) =(f K f i A foN’ CX s Xy o )
Let G be a graph with V(G) =¢, and

E(G) :{((xm) ,( ym) ) cx,zy foralie N}.
Define

(7,),={(x.) €2((%,)T(x,)) €ECO) }.
Then the following statements hold:

(1 If each f. has a fixed point, then

(4) %2
2)[(«x ' losed set.

2 [(,\m)]a is a closed se
Proof. Assume f . f,. .... f, each admit a fixed
point. That is, for each i=1, 2, ..., N there is x,
such that f x,=x,. Then

T((xm)) =(x1, Xogp oees X CXp o CX oy ) .
Hence, ((xm),T(xm)) €EE(G),s0(7,) LD
We next show that [(xm) ]Nis closed.
G

Let ((we))

(¥,,) € £p- SUppoOse

be a net in [(xm)]w, and let
G

(we) = (0,) s a= o
Since each (we) lies in [(,rm) ]E. we have
wfz xi.for alli =1, ..., N.
Since e € fI‘T for each ie N, and (we) converges
weakly to (ym), it follows that
wf’=e£‘=( w;) —>et.*(ym) =y, forallie N.
By the comparison theorem, we get y >x, for all

i=1, ..., N. Therefore, (ym) 1S [(xm) ]”vvhich proves
G

that [( xm) ]ais closed. #
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The next theorem shows that the map in Theorem
3.3 is a Picard operator on specific subsets with

respect to the given graph.

Theorem 3.14. Let I<p<coandlet f , f ., ... f 4
be non-decreasing contraction functions with
respective contraction constants k|, k. ..., k,. Let
¢c€(0,1). Suppose T:¢,— ¢, is defined by
T(x,) =(F X f g oo ot Gy s Xy e o)
Let G be a graph with V( G) =¢, and
E(G) ={((xm) ,( ym)) tx,2y, forallie N}.

Define

() ,={(x.) €((x,) T(x,)) €ECO }.
Then there exists (x ) €(¢)) , such that T|[( Il
is a Picard operator.
Proof. By Lemma 3.13 (1), we have (7)) ,# @ . That
is, there exists (x ) €( 7)) ,- By Theorem 3.2, T'is a
Jj-G-contraction with the constant K€ (0,1) on ?,
endowed with the weak topology. By Theorem
3.12, (fj,, f;,G) satisfies Condition (*). Using the

main Theorem 3.10, since K does not depended on

o fn—1 o0
(am)eaf;, Z[H cj.g(a)]=21<” converges, Sso
n=1\k=0 n=1

we have 7| is a Picard operator. #

(%) Tz

Next, we present the second main theorem, which

relies on certain properties of the maps.

Theorem 3.15. (Main Theorem 2). Let X be a
nonempty subset of a uniform space generated by
a saturated collection of pseudo metrics s, where
4 is indexed by a set A. Suppose T:X—X is a

Jj-G-contraction that is also orbitally G-continuous.

co fn—1
Ifxex, Z(H gjk(a)] converges, and [x]; Is

n=1\k=0
closed, then T|M, is a Picard operator.
G

Proof. Let xe X, and assume [x]. is closed. Pick
any ye [x]x. We aim to show that the sequence
(T7y) converges to some x € [x].

Since xe X, we have (x,Tx) € E(G). By Theorem
3.9, the set [x]; is T-invariant, and Tlma is a j-G-

contraction.

11

Since 5,{ is a connected graph, Theorem 3.9 implies
that for any j—c?x—contraction and all u,x € [x];, the
sequences  ( T"u) and (Tmv) are Cauchy
equivalent. In particular, ( T"x) and ( T7y) are both
Cauchy sequences.

Since X is sequentially complete, there exists x € X
such that ( 77x) and ( T"y) converge to X,

Since Ty € [x] for all ne N, and [x] is closed, it
follows that x & [x];.

It remains to show that x is a fixed point of Tl[x]E.
Since (x,Tx) € E(G) we have ( T%x, 77+ 1x) € E( G)
for each ne N.

By the orbitally G-continuous property of 7,

T(T"x) »Tx, but also T"+ly—x . Since o s
saturated, convergence under all pseudo metrics in
dforces Tx =x.
Suppose that x, y are fixed points of Tl[x]a. By

Lemma 3.7, for each € A,
pa_( xa}’) = lim [)a( Thx, Tn},)

n— 00
n—1
H Citay [Fal %) -

k=0
n—1

Therefore, x=y since lim H

k=0

< lim

o € jh( a)]=0’ 50 Tl[x]E
has a unique fixed point.

Therefore, Tl[x]a is a Picard operator. #
We will now show that the map T defined in
Theorem 3.3 is a j-G-contraction, and moreover,

that T is orbitally continuous, as stated in the

following theorem.

Theorem 3.16. Let 1<p < oo and let f N
be non-decreasing contraction functions with
respective contraction constants k|, k. ..., k. Let
c€(0,1) . Suppose T:£,~¢, is defined by
T(x,) =(_f K f g o e X € s )
Let G be a graph with V( G) =¢,, and

E(G) ={((er:) ,( ym) ) tx,zy, forallie N}.
Then T is G-orbitally continuous.
Proof. Let (xm), (ym) €7, and let (ka) be a
sequence of positive integers, with ae€ N.

Suppose
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W
—*(ym) as a— oo,

(%))
and ( ka'((xm)),Tk"“((xm))) € E(G) forallae N.

1 1
Then for every (« ) € £, with —+ —=1,
m q

oo o0

* k
Eae*('fﬂ(x ))ﬁzav as g — 0o .
1 n n mn 1 nn
n= n=

Then

o0 N o0

T o)) =Talrn) e 3 afea).

n= i=1 i=N+1

Let(p,)€?,We have:

21/3 (T = ﬁ s (f 5t ) +

3 k +1
plea x|,

i=;+l '( i)
and
Zﬁne; m Zﬁ f \’ Z ﬂi(cy!)
a=1 Pyt
Define

( m) (ﬁ ﬁ ﬂN’C’BN+1’CﬁN+2’ ...)Efq.

Since e!;‘ is continuous for every ie N, each f, is

continuous for i=1,2,...,N and f}:“xi_’yw it

follows that af (f ax ) _)aiff(yi) asa— co .

Hence,
N
3 i1 ) = it ) ¢
& )
=iv (zi(f fa+ lxr,) +

i=N+1
and
00 N 5]
25, (T00,)) =2 (s o)+ X Ble)
n=1 i=1 i=N+1
N o0
=D a(fy)+ 2 ap,
N 1F=l00 i=N+1
Since Z a{.(_f fﬂ* lx‘.) + Z "’f( ckﬂx!.) converges to
i i=N+1
Za;‘( + 2 ay,asa— oo, it follows that

i=N+1
Eﬁ,, () ﬁZﬂﬂ (7(r,)) ssa— oo
%’herefore,
1(1%(x,)) == T(,) ssa=co. “

Next, we will show that the map defined by

Theorem 3.3 satisfies all the conditions of the main

12

Theorem 3.15. This is illustrated by the following

theorem:

Theorem 3.17. Let I<p<coand let f |, f . ... f
be non-decreasing contraction functions with
respective contraction constants k , k . k. Let
ce(0,1)
T( xm) =(_f Kok Xy o
Let G be a graph with V( G)
E(G) ={((xm) ,(ym)):xr.z y, forallie N}.
)E(7,) , such that

. Suppose T:¢,~¢, is defined by

Ty ).

o F e Ky €
=7, and

Then there exists (x,,
7|, ., is a Picard operator.

[(%a) I
Proof. By Lemma 3.11 (1), we have (
m) € ( bﬂf)) 7"

j-G-contraction with the constant K€ (0,1) on £,

£,) F D That

is, there exists (x By Theorem 3.3, T'is a

endowed with the weak topology. By Theorem

3.12, T is orbitally continuous. Using the main

Theorem 3.15, there exists (x,) €(#,) , and since

K does not depended on (am)ef;,

o fn—1 =)
Z (H € i a)]=z K" converges. Then T|[
¢ n=1

()l

n=1\k=0

a Picard operator. #

By the result of Theorem 3.14 and 3.17, we

conclude that 7] is a Picard operator where T

[(*m) ];;

is the map on #, In particular, mappings

constructed from Theorem 3.3 remain Picard
operators on specific subsets with respect to the

given graph.

Example 3.18. Let T:#,—¢, is defined by

R T
(x,)= (fl Xpf Py F ¥y ERCEERS );
2x+ 1
where f (0 =f (0 =—“nx+ s and

f () ==
X) =—X.
3 3
Let G be a graph with v( G)
E(G) = {(( m) ,( ym) ) cx,zy foralie N}.

Then T|[ 01, is Picard operator.

=£, and

Example 3.19. Let T:7,—¢, is defined by
. 1 1
( m) (fl 1’ f 2"[25‘ 3X31 ?X-’I’ ?XS, ),

=f(x) =

+x 2
where f (%) and f ,(x) =;x.
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Let G be a graph with v( G) =¢, and

E(G) ={( ( xm) ’( ym) ) : K=V 5V
Then ( £yt G) satisfies Condition (*) from

x.2 v, foralli> 3}.
t il

Theorem 3.10, and hence Tl[ is a Picard

(0]
operator.

Proof. By Theorem 3.12, (#,.¢}.G) satisfies
Condition (¥). Since 7 ,(0) =0=f ,(0)and f .f , are
nondecreasing, T and G satisfy all the conditions in

Lemma 3.13. Therefore T|[ is a Picard operator

0]

for the same reasons as in the proof of Theorem

3.14. #
4. CONCLUSION
This  work introduces the concept of

j-G-contractions on uniform generated by a

saturated collection of pseudo metrics and
establishes criteria for a map on #, endowed with
the weak topology. Two main theorems are
presented. The first theorem provides conditions on
the space and a graph referred to as condition (*),
for the map to be a Picard operator on specific
subsets with respect to the given graph. The second
theorem establishes conditions on the map,
specifically orbital G-continuity.

Finally, we

demonstrate that our examples satisfy all
conditions in main theorems, thereby confirming
that they are Picard operators with respect to [x].
Furthermore, in future work, we will explore the
topological properties of the convergence set of
J-G-contractions. Since the graph satisfying the
conditions of j-G-contractions can potentially be
modified to enlarge the convergence set, this
provides a promising direction for studying their

topological properties.
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ABSTRACT

The purpose of this research was to produce fruit-flavored fermented glutinous rice wine by using yeast S. cerevisiae
with rice and pineapple as raw materials for fermentation. Kiaw-ngu glutinous rice variety and pineapple were prepared as
the mixture solutions with different ratios (rice : pineapple) as 100%-20% (v/v). Total 9 formulas of experiment were
established for 7 days under anaerobic condition, and measured the characteristics of fermentative solutions in each day.
The fermentation exhibited initial pH in acid ranges (4.50-4.70) and high total solid (15.0-21.9 °Brix). Alcohol value, clarity, and
yeast population have gradually increased since 2 days of fermentation, whereas, pH and total solid had continuously
decreased until 7 days. Especially, the mixture solution of ratio 80:20 exhibited the highest percentage of alcohol value as
9.77%, including, population of S. cerevisiae did not decline with average values as 7.51 log cfu/ml. On the other hand, pH,

and total solid value have continuously decreased until 7 days of fermentation.
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1. INTRODUCTION

Wine is healthful alcoholic beverage with unique
flavor and chemicals compositions containing
water, ethanol, organic acids, phenolic compounds,
proteins, polysaccharides, and numerous aroma
compounds favored by consumers worldwide.
Many popular fruits such as apple, pear, strawberry,
cherries, plum, pineapple, oranges kiwi, banana,
caja, mango, gabiroba, cocoa and cupuassu are
widely utilized as majority raw materials to produce
wine (Thungbeni et al., 2020). Colors, mouth feel,
and aroma of wine have depended on composition
of phenolics and volatile compounds (Zhai et al,,
2023; Wang et al, 2022). Macromolecules of
polysaccharides in wine compositions have the
influence on wine colloidal exhibiting the
interaction of phenolics and volatile compounds,
including stability and organoleptic properties.
Abundant polysaccharides found in several wine

are arabinogalactan protein,

type Il
rhamnogalacturonans, and mannoproteins (Zhai et
al., 2023). The important role of polysaccharides is
protective colloids increasing the clarity and
stabilization by inhibiting or limiting aggregation,
flocculation and precipitation of colloidal particles
(Alcalde-Eon et al, 2014; Riou et al., 2002),
including colloidal coloring matter and tannin
precipitation at cold temperature or other unstable
conditions (Zhai et al., 2023).

Rice (Oryza sativa) is vital cereal and important
economic crop. This plant contains the major
nutrient source of carbohydrate and other dietaries
such as protein, lipid, vitamin, and fiber. In present,
there are many risks involving in plantation and
production of rice such as low price in markets, acid
and saline soil, plant pathogen and pests, non-
standard rice seed, non-disease resistant breed,

drought, and water scarcity (Verma and Srivastav,

2020). Kiaw-ngu glutinous rice is a popular variety,

which widely consumed in Thailand with important
nutrients. Characteristics of rice grains is slender and
long shape, including, they will be shinier and
clearer after cooked than glutinous rice. Abundant
vitamin E of rice playing as tocopherols (Q-, Y-, and
O-tocopherols), and  Y-oryzanol exhibits the
antioxidant activity (Sudtasarn et al, 2019).
Glutinous rice has explored the highest ethanol in
conversion to acetic acid of vinegar fermentation
with S. cerevisiae and Acetobacter pasteurianus,
compared to Thai rice-polished, black fragrant rice,
and black glutinous rice (Taweekasemsombut et al.,
2021). Several rice products and their by-product
from processing have been developed as human
foods, and animal feeds such as vinegar, bakery,
alcoholic beverage, rice bran oil, bran, and rice
straw. Rice fermentation can be processed to
several kind of foods and beverages such as
traditional alcoholic drink (Sato) and fermented rice
cake (Khao-Maak). Sato is an alcohol product
manufactured from glutinous rice as raw material in
fermentation process occurred by microbes in
fungal group. These processes have occurred by
two step as follow changing rice starch to sugar with
molds, and then utilization of sugar for producing
alcohol with yeast. Flavor and odor of Sato or
Khao-Maak can be adapted by food additive,
depended on varieties of rice and other mixtures
such as banana, pea, and millet, including herbs as
anti-pathogenic microbial agents such as pepper,
garlic, and galangal (Tian et al,, 2022). The semi-
solid state fermentation of rice wine lacking amino
acids and glucose due to complex structures would
release the sub-units substances at late stage of
fermentation slower than liquid-state fermentation
of fruits juice (He et al., 2022). Thus, the amount of
alcohol is the important indicators of quality of rice
wine showing value lower. While, alcohol values of

fruit wine are higher than only application of rice,
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which depended on types of juice as raw materials.
They are used as carbon and nitrogen source in
fermentative processes of microorganisms (Hirst
and Richter, 2016; Wang et al,, 2022, Wei et al,
2016).

Saccharomyces cerevisiae is the major yeast
strain used in foods fermentation with or without
alcohol products such as bakery, yeast extract,
baker yeast, B—glucan, organic acids, alcoholic
beverage, and kefir (Liszkowska and Berlowska,
2021). Moreover, other microorganisms that convert
cereal starch into sugars, alcohol, and organic acids
such as Amylomyces sp., Penicillium sp., Aspergillus
sp., Monascus sp., Actinomucor sp., Rhizopus
oligosporus, and Mucor racemosus, S. fibuligera,
Wickerhamomyces anomalus, and Pediococcus
pentosaceus (Hesseltine et al., 1988). Sugars found
in fruit juice are used and continuously changed
into alcohol including organic acid occurred by
microorganisms that sugar can be reacted to form
aldehydes, esters and other chemical components
(Watanabe and Shimazu, 1980).

Pineapple (Ananas comosus) is monocotyledonous
plant, which is consumed as fresh fruit or applied
to manufacture various food products. This fruit has
the special aroma and important nutrients.
Chemical compositions of pineapple effecting on
flavor quality of fruit due to rich in ester
compounds consisting methyl-2-methylbutanoate,
methyl hexanoate, methyl-3-(methylthiol-propancate,
methyl octanoate, and 2-methoxy—-4-vinyl phenol.
Moreover, their phytochemicals and functional
bioactive compounds such as antioxidants, organic
acids, bromelain, phenolic compounds, and flavonoids
have the benefit for health (Ali et al., 2020; Hossain
and Rahman, 2011; Roda et al., 2017).

Rice and pineapple contained many beneficial
compounds for health. Therefore, the aim of the

research was to produce fruit-flavored fermented

glutinous rice wine by using yeast S. cerevisiae with

rice and pineapple as raw materials.

2. MATERIALS AND METHODS
2.1 Rice preparation

Kiaw-ngu glutinous rice variety, as raw material
of wine production was prepared by washing with
water, and then soaked in distilled water for 6
hours. Soaked rice was washed again for 2 times
before steaming at 100 °C for 20-30 minutes, and
then washed again following air dry for 10 minutes.
Prepared rice 500 ¢. was blended, filled with sterilized
distilled water 1,000.0 ml, and mixed with 0.2%
(w/w) alpha-amylase (LD Carlson company) (EC 3.2.1.1)
(National Center for Biotechnology Information,
2025) (1.18 ¢ per 100.0 ¢ of raw rice). Rice with
enzyme was reacted by incubating at room
temperature (25 °C) for 4 hours (Meng and Kim,
2020).
2.2 Yeast preparation

S. cerevisiae was prepared by culturing and
purifying on Yeast Malt (YM) medium (yeast extract
3.0 ¢/l; malt extract 3.0 ¢/|; peptone 5.0 ¢/|; glucose
10.0 ¢/; agar 15.0 ¢/\) with incubation at 30 °C for
24-48 hours. Starter of yeast inoculum was
prepared by culturing with YM broth with
incubation at 30 °C, 120 rpm for 24-48 hours. Yeast
cell were harvested by using a centrifuge at 8,000
rom for 10 minutes, and discarded a supernatant.
Cell pellet was twice washed, and re-suspended
with distilled water to solution. Turbidity of yeast
cell suspension was adjusted with McFarland scale
0.5 (8 log cfu/ml).
2.3 Pineapple preparation

A fruit was washed with tap water, and peeled.
Then, pineapple was sliced to small pieces and
finely blended for 5 minutes. Pineapple juice was
prepared by separating its residue with sterilized

thin curtain linen fabric, and then pasteurized at
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75 °C for 5 minutes followed by cooling
immediately. Finally, pineapple juice with 100%
concentration was prepared, and total solid has
been estimated by using Hand refractometer.
2.4 Fermentation of wine
2.4.1 Formulas of production

The fermentation was established with 5 formulas
with 3 replications based on various concentration
of rice as follow 0%, 50%, 60%, 70%, and 80% (v/v),
which combined with pineapple juice as 1009%,
50%, 40%, 30%, and 20% (v/v), respectively. All
formulas were fermented in sterilized glass bottles
containing a final contents 1,000.0 ml and closed
with airlock, and incubated at room temperature for
7 days. Fermentative suspensions were collected
during 0-7 days after inoculation. The samples were
measured their physical, chemical, and biological
characteristics as follow the percentage of alcohol,
total solid, pH value, clarity, yeast amount, color,
and gas production.
2.4.2 Total solid measurement

Fermentative suspensions collected from each
days during 0-7 days were measured the value of
the total solid changing by using Hand refractometer,
and expressed the value as Brix degree (°Brix).
2.4.3 Alcoholic estimation

Alcohol value of fermentative suspensions
collected from each days during 0-7 days were
measured by using Ebulliometer. The suspensions
50.0 ml were prepared in chamber of equipment,
and heated until stable temperature. Likewise,
distilled water was boiled until constant
temperature. The suspensions have reached boiling
point with steady temperature, read the values on
a thermometer. Alcohol contents of samples were
investisated by comparing the boiling point

between water and wine products. On the disc,

alcohol by volume on outer disc were observed,

which corresponded to the boiling point on the
inner disc and express as percentage of alcohol.
2.4.4 pH value

Samples of fermentation from 0-7 days were
collected by using 15.0-20.0 ml of solution to
measure the value of acid-base changing by using
a digital pH meter.
2.4.5 Clarity measurement
10.0 ml

Fermentative

during  0-7

solutions by were

collected days.  Fermentative
suspensions were shaken homogeneous to mixture
before collection of the samples. Then, the
turbidity of suspensions were measured the value
by using a spectrophotometer with an absorbance
at OD 570 nm.
2.4.6 Yeast amount measurement

Fermentative samples during 0-7 days were
shaken before collecting by 1.0 ml. Preparing
diluents of fermentative solutions were done by
using distilled water by 9.0 ml. Then, the optimal
diluents of suspensions were taken to a
Haemacytometer for counting amounts of yeast
cells under light microscope at 40X lens. The result
of yeast numbers from samples were presented in

the unit of log cfu/ml.

3. RESULTS AND DISCUSSIONS
3.1 Yeast characteristic

The characteristics of yeast, S. cerevisiae, in the
experiment have been proved the purity before
application, which exhibited the colony morphology
on YM medium after 24 hours as follow white,
circular form, raised elevation, and entire margin.
In addition, cell characteristics investigated under
lisht microscope have exhibited the cylindrical,
spherical, oval shape, and budding cell (Figure 1).
Microorganisms could be apply to produce many
kinds of foods, which enhanced nutritional properties

of food products such as flavor, aroma and texture.
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Products of fermented foods and beverage,
including bioactive compounds such as alcohol,
organic acid, peptides, enzyme, and anti-nutritive
have been occurred by using the activities of
microbial metabolisms (Wang et al.,, 2018, 2020).
Final stage of fermentation was the important
processes, which would release many bioactive and
metabolite ~ compounds  such  as  gallic,
protocatechuic, caffeic, ferulic, lactate, fumarate,
succinate, malate, amino acids, peptides, fatty
acids, and unsaturated fatty acids (Lee et al., 2016;
Jiang et al,, 2020). S. cerevisiae as important yeast
has been used in food fermentation, especially
alcoholic products. Its physiology endured to
toxicity of ethanol making yeast continuously grew
under the stress conditions (Parapouli et al., 2020).
Likewise, S. bayanus and S. ellipsoids as other yeast
strains contained the ability to produce ethanol in
fermentation (Ekechukwu et al., 2020). In addition,
yeast could be generally discovered in nature,
especially fruits and vegetable, which allowed the

spontaneous fermentation.

3.2 Alcohol measurement

Figure 1 Colony of S. cerevisice on YM medium (A) and cell
morphology under 40X of light microscope (B) at 24 hours after

incubation.

Alcohol contents of fermentative production
have been increased since 1 days until 7 days,
which depended on various concentration of
pineapple juice as shown in figure 1. All formulas of
fermentation at 0 day lacked any alcohol values
that they were used as the reference data with
other days to compare the value changing. Then,
alcohol contents have slowly increased after
incubation for 1-2 day with equal value in all
formulas. Each formula has been found the
different values of alcohol after 3 days of
incubation that the application of 100% pineapple
juice has continuously increased alcohol showing
the highest content, compared to others. All
formulas have extremely contained alcohol
contents since 3 days until 7 days, and the steady
alcohol productions from yeast had been
discovered at days 7. At the end of fermentation,
high concentration of 80% and 70% rice (20% and
30% pineapple, respectively) exhibited the highest
alcohol content, whereas, high concentration of
100% pineapple (0% rice) displayed the lowest

content, compared to other formulas. Ethanol yield

—— 20% —/\— 30%
—l— 40% —O— 50%
12.00
10.00
£ 8.00
N2
]
=
£ 6.00
<
4.00
2.00
0.00
1 2 3 4 5 6 7
Days

Figure 2 Alcohol contents from rice and pineapple fermentation
with S. cerevisiae during 1-7 days (20%, 30%, 40%, 50%, and 100%

of pineapple juice)
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depended on the levels of sugar used as the carbon —e— 20% —/— 30%
source for yeast growth. Macromolecules, starch of 100.0 i o
rice, as raw material of fermentation had to pre- S

treat with amylolytic enzymes to hydrolyze _;D 80.0

glycosidic linkages in starch molecule into sugar é; 60:0

such as maltose and glucose (Rasiah and Rehm 3 40.0

2009; Magalh&es and Souza, 2010). This reaction has 200

occurred by the activities of O-amylase (-1, 4-

glucan-4-glucanohydrolase) and glucoamylase " 1 2 3 4 5 6 7
enzyme that they could be obtained from several P

mold strains such as Rhizopus, Amylomyces sp., Figure 3 Total solid reducing of rice and pineapple fermentation

. oy i iSit i - v 0, v [o) 0/
and  Mucor sp., As,oerg/(lus sp. In addItIOﬂ, with S. cerevisiae during 1-7 days (20%, 30%, 40%, 50%, and 100%

of pineapple juice).
amylolytic enzymes as amylases could be applied

in the processes of starch degradation and Ijg; K:g;
liguefaction to produce alcohol products of o0

brewing and sugar industries (Sanghvi et al., 2011), .50

including bread and baking, saccharification, textile

desizing, paper, detergent (Metin et al., 2010). The E 400

recovery of ethanol from starch has been found as a5

56.9%, which depended on two molecules of

ethanol per sglucose repeating unit in starch 3.00

(Sanchez et al., 1988). Amylose contents displayed 1 ’ ’ Dais i i '

as the important factor to recover ethanol. Waxy Figure 4 pH changing of rice and pineapple fermentation with
and low—-amylose rice verities have been found the S. cerevisiae during 1-7 days (20%, 30%, 40%, 50%, and 100% of
highest efficiency to recover ethanol. Waxy rice has pineapple juice).

been greatly developed as traditional rice wines —— 20% —/—30%

and the Japanese mirin (Kaneko and Kumazawa, 12.00 il o
2015), including, low-amylose rice has been used 10.00

to produce Japanese rice wine sake and adjunct in 800

beer brewing (Marconi et al., 2017). Gelatinization at ;é 6.00

low temperatures have contained low amylose S 400

content. Starch contents have depended on rice

varies as follow waxy rice (1.4 - 1.9%), low-amylose -

rice (4.2 - 18.6%), and intermediate- and high- e 1 9 3 4 5 6 7
amylose rice (30.5 - 38.2%) (Sanchez et al., 1988). o

Modification of important factors as follow the ratio Figure 5 Clarity changing of rice and pineapple fermentation with

. . . . . S. cerevisiae during 1-7 days (20%, 30%, 40%, 50%, and 100% of
of rice and water, extending steaming time, strains
pineapple juice).

of microbial starter, time of saccharification, and the

moisture content of substrates during fermentation
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have affected to increase yield of alcohol products
(16-189%) (Chay et al 1986).
3.3 Total solid

The initial values as 15.0-21.9 °Brix has been
found at 0 day. High concentration as 80% and 70%
rice mixed 20% and 30% pineapple, respectively,
exhibited the highest total solid value as shown in
fisure 2. Total solid values of fermentation have
gradually decreased since 1-7 day after inoculation,
especially, rapidly reduced after 1 day (100%, 50%,
and 40% pineapple) and 2 days (20%, and 30%
pineapple) until 7 days. The formulas of 40% and
50% pineapple exhibited the highest reduction of
total solid (85.1%) in fermentative solution at a final
day. Soluble sugar contents in liquid-fermentations
have affected on high initial total solid of wine
fermentation, and reduced by microbial activities in
metabolisms for their growth, including conversion
of sugar to alcohol products (He et al, 2022;
Thungbeni et al, 2020). Total solid contents of
liquid-fermentation decreasing have indicated that
sugar from pineapple and rice have been used by
yeast.
3.4 pH changing

The initial pH as 4.40-4.80 have been found in
each formula of rice and pineapple fermentations
as shown in figure 4. The highest concentration of
100% pineapple exhibited little reduction of pH
from 4.50 (1 days) to 4.32 (7 days), compared to
other formulas. Whereas, the concentration of 20%,
30%, and 50% pineapple (80%, 70%, and 50% rice,
respectively) demonstrated extreme pH decreasing
into lower value than 100% fruit application,
especially 20 and 30% pineapple expressed the
lowest pH as 3.38 and 3.41, respectively. Low pH
(3.8-4.0) occurring in fermentation processes could
rapidly allow alcoholic product presence, which
inhibited

undesirable  microorganisms.  This

condition was not only control many spoilage

organisms, but also increase the optimum
environments for yeast growth. The combination of
pineapple juice and rice as mixture of wine have
operated pH into the appropriate value to perform
a successful fermentation by yeast during 0-7 days.
Metabolic activities of sugar by yeast have
produced carbon-dioxide to form carbonic acids
resulting the reduction of pH value into acid range
(Roda et al., 2017).
3.5 Clarity measurement

Turbidity values of rice and pineapple mixture
solution have depended on the concentration of
pineapple juice as shown in figure 5. Formula of
high concentration, 100% pineapple juice, without
rice supplement exhibited the highest turbidity
percentage of suspension at the final days as 11.1%,
compared to other formulas. Whereas, application
of 20% pineapple (80% rice) in mixture solution
demonstrated the lowest turbidity value at the final
days as 4.12%. The clarity values in solution of
fermentation have regularly increased since 1 days
until 7 days. Clarity as one of wine physical
characteristic must be modified before consuming.
Biological process, bromelain as a cysteine protease
has been found in many fruits and their stem tissue,
especially pineapple (Mohan et al.,, 2016; Sunday,
2018; Zhai et al., 2023). Bromelain has performed
the enzymatic activity to inhibit browning reaction
that it contained a combination with different kinds
of proteases with the role similar to other enzymes
such as phosphatases, glucosidases, peroxidases,
cellulases. In addition, bromelain could be applied
to other foods processing such as meat
tenderization consisting the hydrolysis of muscle
and tissue, clarification of beer, anti-browning agent
in fruit, and development of good qualitative dough
production in the bakery industry (Arshad et al,

2014). Moreover, the reactions such as oxidation,

condensation, and polymerization have also
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Figure 6 Amount of S. cerevisiae in rice and pineapple fermentation
during 1-7 days (20%, 30%, 40%, 50%, and 100% of pineapple juice).
caused to make color change, decrease in lightness

of products during storage for long times.
3.6 Yeast estimation

Amount of S. cerevisiae growing in the mixture
of rice and pineapple fermentations have
continuously increased during 1-7 days as shown in
figure 6. Yeast exhibited the exponential growth
phase rapidly within short time after incubation for
1 days at room temperature, which did not decline
in cell values until 7 days. At the final day of
fermentation exhibited the average value as 7.51
log cfu/ml more than 1 day (average 6.71 log
cfu/ml). Especially, the application of 100%
pineapple showed higher growth of yeast cell than
other formulas. Yeast growths in the mixtures of rice
and pineapple juice during fermentation have

directly affected on a variation of alcohol contents.

5. CONCLUSION

Alcohol contents of the fermentation have
occurred at 2 days after inoculation. The
application of 80% rice with 20% pineapple juice
exhibited the highest value as 9.77%, while, 100%
pineapple displayed the lowest value as 8.53% at
the final days. Application of pineapple juice
depended on the level of concentrations has
assisted the clarity of fermentative solution of rice

wine.
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ABSTRACT

Sugarcane (Saccharum officinarum) is a significant economic crop in Thailand, with potential for value addition
through the synthesis of levulinic acid, a crucial compound in various industries such as bioplastics, chemicals, and biofuels.
This study aims to examine the effect of pre-harvest storage duration (0-5 weeks) on the yield, composition, and physical
properties of sugarcane juice, as well as to determine the optimal conditions for producing and purifying levulinic acid from
sugarcane juice. The factors considered in this study include sulfuric acid concentration (0.01 and 0.03 mol/L), temperature
(160, 180, and 200°C), reaction time (1 and 3 hours), and sugarcane juice concentration (60% and 80% by volume). The
results revealed that pre-harvest storage duration (0-5 weeks) had no significant effect on the yield, density, pH, and sweetness
of the juice, but did impact the total sugar and reducing sugar content. The optimal conditions for levulinic acid production
were found to be a sulfuric acid concentration of 0.03 mol/L, a temperature of 180°C, and a reaction time of 3 hours, yielding
the highest concentration of levulinic acid at 22.92%0.9 mg/g. Purification of levulinic acid was achieved by adding
diatomaceous earth, which helped precipitate impurities and increased the levulinic acid concentration by 50%. However,
the complete removal of sulfuric acid and some impurities was not achieved. Therefore, further process development is

recommended to achieve a levulinic acid purity of up to 95%.
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ABSTRACT

The Rayong Provincial Integrated Solid Waste Management Center serves as a critical hub for managing solid waste
in Thailand, designated to handle large-scale waste management clusters (L clusters) with a current capacity of over 1,000
tons per day. However, future waste projections indicate an alarming increase to 2,000 tons per day within the next two
decades, necessitating the adoption of advanced technologies to enhance waste management efficiency and facilitate waste-
to-energy transformation. This study aims to identify and evaluate innovative waste management technologies to address
these challenges, including grate incineration, anaerobic digestion, landfill gas collection, refuse-derived fuel (RDF) processing,
and gasification. A systematic methodology was employed, beginning with a qualitative analysis to determine the most
suitable technological alternatives for each category. These alternatives were subsequently evaluated and scored across four
dimensions: technical performance, economic viability, environmental impact, and social acceptability. The final step involved
a comprehensive economic analysis of the selected technologies. The results identify grate incineration technology as the
most effective solution for improving waste management efficiency and converting waste into energy. The economic feasibility
analysis reveals a benefit-cost ratio (B/C) of 1.22, an economic internal rate of return (EIRR) of 14.96%, and a net present
value (NPV) of 415.54 million baht. Additionally, financial feasibility assessments show a revenue-cost ratio (R/C) of 1.01, a
financial internal rate of return (FIRR) of 8.09%, and an NPV of 15.50 million baht. These findings highlight the potential of
grate incineration technology as a sustainable and economically viable solution to meet future waste management demands

in Rayong Province, offering a replicable model for other regions confronting similar challenges.

KEYWORDS: Solid waste disposal technology, Waste to energy technology, Incineration, Economics and financial analysis
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YN 4 MnAmLLLNARYBY AHP (Taherdoost,2017)
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A IUVIAIIUAIUA LN BAT 1UALAILIATNITA 1Y
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a' ¢ o w
A13°99 3 iﬂﬂlﬂﬁ]'\ﬂﬂ’]ﬂ’mﬂ’u&]%%ﬁﬂ@&]

Uil AL, Vinmvszyarasiisausaldviommn (fusu/A) Aoy e
* (Umsianu) (WuumA)
1 2566
2 2567
3 2568 110.40 114 12,585.60
4 2569 113.88 114 12,981.75
5 2570 117.55 114 13,400.93
6 2571 121.45 114 13,844.84
7 2572 125.57 114 14,315.09
8 2573 129.94 114 14,813.62
9 2574 134.58 114 15,342.46
10 2575 139.51 114 15,904.03
11 2576 144.74 114 16,500.70
12 2577 150.31 114 17,135.11
13 2578 156.23 114 17,809.88
14 2579 162.53 114 18,528.19
15 2580 169.24 114 19,293.47
16 2581 176.40 114 20,108.92
17 2582 184.02 114 20,978.74
18 2583 192.17 114 21,906.81
19 2584 200.86 114 22,897.58
20 2585 208.05 114 23,717.70
21 2586 215.96 114 24,618.98
22 2587 223.90 114 25,524.83
kiet 3,177.28 362,209.24
asefl 4 nsdssananmsnelaanmss gl
. apzfiazdadi waslnihiinaaldnevan wiaulwihiianazdmnedhszuy selganmssmediszuy
una. W (Fusiadu) (MWh) (MWh) (Fruum)
2568 302 47,136.13 40,264.13 204.54
2569 312 48,619.92 41,531.60 210.98
2570 322 50,189.93 42,872.71 217.79
2571 333 51,852.31 44,292.73 225.01
2572 344 53,613.73 45,797.36 232.65
2573 356 55,480.65 47,392.10 240.75
2574 369 57,461.55 49,084.19 249.35
2575 382 59,564.78 50,880.79 258.47
2576 397 61,799.38 52,789.61 268.17
2577 412 64,175.11 54,818.98 278.48
2578 428 66,702.50 56,977.91 289.45
2579 445 69,392.94 59,276.11 301.12
2580 464 72,258.73 61,724.09 313.56
2581 483 75,313.16 64,333.21 326.81
2582 504 78,570.59 67,115.74 340.95
2583 526 82,046.57 70,084.96 356.03
2584 550 85,757.89 73,255.20 372.14
2585 570 88,828.80 75,878.40 385.46
2586 592 92,204.29 78,761.78 400.11
2587 613 95,596.93 81,659.80 414.83
s18lasu 5,886.66

fun : Faudasan Department of Alternative Energy Development and Efficiency (2015)
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iy

S ¢ Y dad
@15197 5 sauselevunnanImwInaeuAnTu

YIumvey anubufifiazdng naussleviannaninuindonfindu
p WA (WusAuA) (Wuuw/6iu) (Bruum)
(1) (2) 3)=(1D)*(2)

1 2566 - - -

2 2567 - - -

3 2568 110.40 2.79 307.54
4 2569 113.88 2.79 317.22
5 2570 117.56 2.79 327.46
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ABSTRACT

The potential of algal in order to capture and reduce the amount of carbon dioxide (CO,) is referred to Carbon
dioxide capture or Biological CO, mitigation. It is the alternative process to take advantage of biochemical reactions of
microalgae called photosynthesis. Consequently, microalgae are the single cell that contains with photosynthetic pigment to
absorb and utilize energy from sunlight. Particularly, using CO, is carbon source while photosynthesis to create biomass of
cell. This research implements the theory of photosynthetic process to aim upgrading biogas via carbon dioxide absorption.
The ability of CO, absorption impacts the ratio of methane in biogas to become biomethane. The main point of this research
focuses on Monoraphidium sp. strain that is cultured in the various growth conditions to affect biomass production, increase
of photosynthetic pigment and efficiency in biogas upgrading. The experimental design is divided into three sets of
experiments including a control set, aeration and biogas set. Microalgae was cultured in media; BG-11, pH 7, at room
temperature with a light intensity of 60 pmol.m=2.s7! (umol photons m=2's -1). The light exposure is 12 hours and dark period
12 hours. Practically, the control and biogas feeding set was operated with a biogas flow rate at 3 mU/min during time 12
hours simultaneously light explosion and aeration. The experiment found that biogas feeding set showed the highest
efficiency in the biogas upgrading. The increased biogas reached to 96.41% and the CO, reduced by 96.78%. In portion of
biomass, the weight of dry cell was maximum at 1.42 ¢/l. In the same way, the amounts of photosynthetic pigment,
chlorophyll A, chlorophyll B, chlorophyll AB and carotenoid were detected in the highest level at 15.85, 4.84, 21.22 and 81.48
pe/l, respectively. Presently, the continuous increase of CO, is the crucial cause of greenhouse gases that are inevitable to
become the environmental problem of the global. Accordingly, this research is the alternative approach to solving and

reducing the released CO, through environment.

KEYWORDS: Biogas, Biogas upgrading, Carbon dioxide absorption, Bio-methane
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(Namitha et al,, 2021) Tvidup1vstunisidealsung
a1u15a0uRe COD Ingafia 2,000 mg/l (Boonma et
al,, 2015) dnsianlwiivaindsanlssnunaninuy

wardeaunsandnansngnwall (Phytochemicals) &4

< N

Wuarsiadidigniniedinmiinuanizluie lawn
Chloroacetic acid iag 2, 4- di tert butylphenol )
grisaunsadugainsiasgiulavedunsennelsaly

= a

W (Phytopathogens) d91u3dsn1siansaanaily

LYY N a‘ o o N

NafﬂE‘ﬂﬁﬁ’ﬁ]@ﬂfﬂiW%WN“ﬁ’]ﬂ?WﬂﬂLLVIUH’]iﬂ’W%@]ﬂWEWGU

U

dunsisv Fsamnsadudaude Xanthomonas oryzae
e e Pantoea agglomerans W nolsaluy1ala
(Mohanty et al., 2023) UBNANTTIS1891UINEA NI Y
awﬂ’uﬁ: Monoraphidium minutum @131150aaUsu

o
LYY

neansvaulnaantualais 90% (Brown, 1996) Ay
NuIeldTnguszasaiiioUsulssanImAIedInIm
¥ ' < @ < . e

AILAIVIUIUIALE NAYNWUT Monoraphidium sp.
agun1gAIsusulnoanlyn Taen15La ge@1nsne

?
Aan11gn1e o Nilnanan1siasyAuln nN1sHanTLIa

NsHanT9Adng uaznsuTulTsRuAmNIEEINw

2. Yaauasdsnig

2.1 vilavasa1mitg
awseflalunis@nunanesiug Monoraphidium

sp. fidPLENININUMAsETIIRATITMINEAN BTN

lasumsssyridumetugfinanananituldowsy

weluladunsUszimalng (32) uastfvinuiamane

yundniidauenlalafiquoanududanuainste

VDIFUYAIUNAN NUAUNINTININYDL 2.

2.2 msaSguiadaamsieisudu

Asiuswaud e (Accumulation) Tngsi1wad e
4318 Monoraphidium sp. LWWngaﬂummiqm
BG-11 Iumﬂgﬂwﬁ (Erlenmeyer flask) vu1m 250 ml
WWae1m15USums 100 ml ¥1luanauuias eaaen
A57 150 rpm Tnelviauiuuues 60 umolm s
waryasnatlasunaslulaunas (@1saduin) fe
12:12 F3lus Agaunniivies iunan 2 daw lela

AUNUILUUYDIUT DLNEIND (ODggy nm 0.8-1.0) U1

WwalUideslugn photo-bioreactor vuin 2.5 | Usuns
Nlnaapsdusung 2 L Lievinn1sneasadesansney

Tnglyusrasn1suauaINNIBTINN

2.3 MTaeNaImTIE
g ' < v ° -
NILRYIFINIBVIUNANFEWUT Monoraphidium
sp. 18A1IEA19°) LiloANYINanDN1TATEYIAULR NTHER
Fa MINAna1sdfy warn1sUTuUTIRUAINNIY
a1 lagid veluemnsgns BG-11 Wiey 7 7

UNNANDI ANULULES 60 umolm s

4394781
Insuuaelulnsuuas@neaduiin) Ae 12:12 Falus Tne
nslaniedanwsnsiau Sinuneaisveulnesnlen
nolelawaudalng ( CH:CO,: H,S) 60-70%: 40-30%:
10-100 ppm AIEEAIINITEANIFTINIMTITEU 3
mUmin Turas 12 Faluamseudunislauasiunniu

wagluonmavalumsta3nsdueinia (air pump)

2.4 gUuuvra photo-bioreactor aldlunrsnaaas
YngUnsas photo-bioreactor Mllun1snnassdl

yum 2.5 | fauandlalugud 2

2.5 fiwdanm
%‘;w%umwﬁiﬂzﬁuﬂm?ﬁumam%wmﬂLﬂ%@qwﬁmﬂa
vifnuazn1edanmuuulsenia e COWTECH iq'u
CT100 v09 @010 uATInedans wazinalulad uns
Usenelng (72.) Tngnednmilisduiesniseney
99901951y, n1wa1sveulneanlen, n 1w
lelasaudaln, neoandiaunardug Taesndsznou
gpamathnwlngluieiesinesnusene eI edanIn

(Geotech gu BIOGAS 5000)

2.6 mMsAnwINITITY Ul
AsAnwInIsesyivinvesaivsie Tnetnainis
aanduuasnioiaf osatdalasiuindines
(Spectrophotometer) W AI1UE1IAE W 660 nm
(ODgsonm) wrﬁmm%amamaqam%waiuguﬁémﬁﬂLm;q
Tn8n1531A51E M MU 1 uveud swuIuaes (SS)
L‘ﬁ'aﬁmwma”mwmim?z:yl,ﬁuimaqm‘mlw

(324 Log phase) tartluAmuianidnigaaineniu

AUNSN 2
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AIIUINwaaUERINgnS

indnwaauns (mg/l) = (A - B) x 10° aunsh 2
A\
e A Aot miInUeInIEAYNTa+IIBE14 (g)

B feumtnnseaunsed (g)

V fAeusuinsiensiity (ml)

2.7 MsAUATIEHAINITIdN AN Y

2.7.1 manadunsenna Tnglaedesinnuiu
A5A-A"9 (EUTECH Instruments)

2.7.2 MytaTzaaszsinanaslsilaauazuals
fiuesnvaifiany 1wamIeaI8wug Monoraphidium

sp. AMUITVB4 Sartory (1982)(Dere et al,, 1998). g

g‘

n15UIRI9819@19318U5 018 10 ml wuqum?'m
AMUE250U 4,000 rpm tuan 15 min waauladis
Yingnoulgaa @ams 1oLfudvinazasesdlau
(Acetone) 90% U3 u1a5 10 ml UARENOULTAA W
aviBoananlnfunanilvvinlneaaunnaisieies
paudssnuigadu a1 30 min figamnd 40 °C
il dusiesiternuigasey 4,000 rom t0uran
10 min waruenarulaiuls tansazanelainainis
Qmmﬁmmaﬁmmmaﬂﬁ'u 664 (Eggy), 647 (Egq7) N
dmsunaelsflaauas 452 () Wiluuas dmsuuals
fupsauazAuIMAIELNST 3, 4, 5 ua 6

AmUsInuaaelsiladuazualsiivasdaingas

aaolsflaa 1o (ng/ml) = 11Eess - 1.93Ees aunsdi 3

paolsfiaa © (ug/ml) = 20.36Ees7 - 5.50Eees  aunsdi 4

aeelsflaaiod (ug/ml) = C X USwnpsansazansiiarala (ml)

U3110398970879 (M)
P & < ‘o
\ila C Ao Aaslsilaale + raslsiaad

aunnsi 5

welsituosn (ng/ml) = EaspX Binasitadald (ml) x10*

A% em Fanasvasdangia (ml)
o A e = 2592 (UsgAnSamn1sgaduualsiiuesm)

aUN59 6

2.7.3 93AUs¥NUIBINBTINMLALUTLENS AW
nsanasveinsa1sveLlnoenlen uazUseansam
Asiuduvesniwiinu lussuunaanigdininees
4115 18 Monoraphidium sp. Tas¥aus uran 14
arsvaulaeenluanounds wasudeanandslules
wornes Tngluiadesinesrlsenaunie (Geotech iq'u
BIOGAS 5000) wa1tanfila lufuanmUssans anm
nsanUSunan1gansveulaoenlen lussuunannie
Fanmuesamsne Monoraphidium sp. fwaallaann

AN 7 wae 8 (A3t AN NALEA warAMy, 2554)
A1sAUAUSEENS A TNNITanasuas CO, (Efficiency of CO,

reduction)

Efficiency of CO; reduction (%)
= Influent of CO, — Effluent of CO,x 100
Influent of CO,

dunsi 7
o a a = X .
NSATUIUUTTANTAINNSENUIUYBY CH, (Efficiency of CH,

enrichment)

Efficiency of CH4 enrichment (%)
= Effluent of CH4 — Influent of CH4 x 100
Influent of CHy4

@un1sh 8

3. Nan1sANEN
3.1 HaN1s1a3AvInYasE 1T
mn?ﬁy&lqaw%wmmmLﬁﬂmaﬂ’ua: Monoraphidium
sp. Tuszuud naes Photo-bioreactor v 8 A N
Wisuisunsadauiulasemnsyaniuau (Control),
miﬁmmﬂ (Air) LLaz‘*q@é'@gw%’;mw (Biogas) 9995
mwmam?zglﬁuimyw Optical density 660 nm (OD
660) 1unan 30 Yu uanawanisisyiuladsgui 3
HAN15AN®IN15493 L AvTavesaIns 1B IuIALEN
mEJW‘LJﬁ: Monoraphidium sp. Iusqmﬂﬁﬂiaj (photo-
bioreactor) wunawselugadansianmdsnns
WidvlalaAnuilesudisuiugnmunuuazeln
omAlaeTaU3una 0D 660 nm lngegn 2.5
3.2 uan15iAguuasvasarnrudunsaiduaig
(pH) Whvazamsremsyiula
nsfnufensiasuulasan pH veshilusyuy

photo-bioreactor LUFyULAIBUTENING 3 YANARBY
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a0 —8— Contral
| —®—air
25 T & Biogas .
E 20 |
c
o
8 15 |
o
9 105
05
. _m
4] 5 10 15 20 25 30

Culture time (Days)

3U# 3 uansauduriussenineninsgandunasil 660 wiluiuns

fuszeznaTunmaesyiivlavesamseatewug Monoraphidium sp.

12
10 L
8 4
s |
4 F
—8— Control
7 b —8— Ajr
—k— Bicgas
0 1 1 1 1 1
0 5 10 15 20 25 30

Culture time (Days)

FUN 4 wansruduiusssmeanfileviuszeziailunisaiydule

VYeEMIgAEUg Monoraphidium sp.

1500

1250 - H Control

W Air

]
]

[ Biogas

-
u
=]

Biomass (mg/L)
un
=
o

N
w
=]

[=]

0 5 10 15 20 25 30

Culture time (Days)

JUR 5 uansnuduiussemnanatinmdminuneiuszeziaily

nasaAulRvesamswaIeug Monoraphidium sp.

Taun YAAIUAY 6{;@11;@'1mmawmé’mgw%mm s

Sy pH ‘uaqﬁmﬂfu AADATZYLIAN 30 TUTVDINT

WiAulnvesamsy LLamé’Qﬂi’wﬂugUﬁ 4
HAN1IAAAINAITIUA BULUAIAT PH 21319075

s

LS LA UlAYIAINT 18TUIALE NAT B US
Monoraphidium sp. wu31A1 pH Iu**q@iﬁymmﬂﬁﬂl’l
Wiutuaan 8 e 11 uasiianma andluyamunuLazyn
Sanadanana pH Saudunnu uwelnowdsdian pH

9E5EUI 6-10

3.3 wan1smUBuaFanaavesavsie lugudamin
iR
nsnvianmsaiyivlavessmgvnadnae
Wus Monoraphidium sp. \f 8@ N8 1HAYDY A 19
asveulaoanleaainnedinmaenisaiyiviaves
am%mmaﬁuﬁ: Monoraphidium sp. ¥IM1N157AL74
Fanmvesamaenniunasaszeziannasauiule
30 fu Wisuifisufugaaiuauazelvenia ua
MsAnwILanafagUT 5
wamﬁlmﬂsﬁmsLﬁ]’%z:glﬁuimsuaaaméwmmmLé?’ﬂ
maﬁuﬁ: Monoraphidium sp. Wuiwmw%wﬁéﬂﬂuw
Sametanmivinasataniniiutuesameiiesd
A1T2Agega 1250 mg/l wagiiuSinaganiiieides
Wsuidisuiugalvermauasnmuny
3.4 HaNITAATILINIINIUTIATAG

@

NanTAATIEUS IR ngid wlaun Usuo
naslsWaate, 7,100, vazualnussn lagdnun
Wisuidleutta 3 geUfinenl nungedaneTin e
Ainsgnuiiussaingddnluliuuigegn fan
WU 15.85, 4.84, 21.22 uaw 81.48 ug/ml muddu
3.5 wan1sUivdgeqauninirvdiniw (laeg
WiguiguYanURNAYYAA19 TN TN)
nsTnUsEAnsamnisuuuTsamn e T
A1853UU photo-bioreactor A5 313 s ULy
Usinadnauvasnamedlumadanin laun nedin
memsuetlasenlen nweendauuazmalelnsiauds
T3@ 9790 BULALNEIN 1UTEUY photo-bioreactor
WS BULT B UM 19 AAIANLAZY AT AN BTN
Lananadaguf 7 wag 8 5209 W an1s AU <
Use@vEn1muedszuy photo-bioreactor lumsusuls
@mmwgw?jamwLﬁaLﬁuﬁ’ﬂamwgw%mmﬂuhia
ﬁmuﬁutﬁmmammswﬂugﬂﬁ 9
Nan13nTIeTndAdIuN 1A 9 Y9N YT N
AMENEINTENNITTIAMHIUTEUY photo-bioreactor
Tugariuay wansmadesUil 7 wuruimmniedivd
Fadui i ud un1evden 19910 MR 1T UL

photo-reactor L@y 40% dnaunigasuaulneenlyn
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2 2 Macowa @] 2 MBowa ©

g2 | B $® |Bs

e [=E ~ iogas.

<15 os =15 | O

210 Fo

5 5

g s Du g s

S L

5, i z, | R
0 5 10 15 2 2 3 0 5 10 15 M 25 0

Culture time (Days) Culture time (Days)

g
g

g Bcom =) . Bcantrat )
220 | 2ar § & | @ar

2 g | DEess E el

Zun 3w

: ; ” : ? H

2 5

S, dl o I —ﬂ 3, dl ol 1 .ﬂ

0 5 10 15 20 25 30 0 5 10 15 20 25 0

Culture time (Days) Culture time (Days)

Ut 6 uanspwduussTMIUTIassa g fussegnailunis
Lﬁzyl,auimmaqams'wmaﬁué Monoraphidium sp. iile (a) fou3unns
maslsilaaie (b) AeUSumnaslsiiaad (o) Aeusumnaslsianied
waz (d) AeUSinaualsiiuesn

® CHibefore %) o CHaafter %) (] @ COZbefore (%) o COZ after (%) (b}
w w
© o
= 6 | o o 9000 o = 6 - ese ot
.
g0 oo o o G ete e 00O
& w ° o o 8w M 0,07 0o
.
. .
R 0. agl © ° o PSaad
'+ veet o %
.
R o s 6 s oo 1oz o2 2 o
tture time 2y Cultue time 3y
'
2 o Ozbetre ) oO2ater ) (9 o 1 before () @
8 © H2S after (%)
R 2 06
s l0 o oo E
B T &
H o g0 g
] o %00 o § o
10 |60 © o ] °
A Lo ° 0z oo
ot oo
o *tee  *tes Jteys *ee cese  gos® 8
PR PR,

o 5 6 5 12 15 1 2 2 27 %0 0 5 6 5 12 15 1 2 20 27 30

Culture time (Days) Culture time (Days)

U9l 7 uananuduius serenuInIuYesngeinn e lun1g

4

=~

’m’]‘Wﬁ’UizﬁlgL?ﬁ’ﬂuﬂTiL'WTZLEENE‘W‘WETS‘UaﬁﬁﬂﬂﬂUﬁMﬂauLLﬁZWé’Q

9
"
N3EVIUNTUTUUR
100 3 100
° 000% oo 0 o # CO2 before (%) o
s | © % @ g0 | o COZafter (%)
o
2 o ot
3 © e 2 FECHEN . PRI
g g oo et
z 3 . °
E R
AR T S S ¢
» haadd e 20 4
. o %o
S 000, %o ° o
o

o 3 6 9 12 15 1 2 24 2 30
Culture time (Days)
@ CHabefore (9) o CHA after (36)

0266
o
o
o

Has (%)

s ot
PR I

o 3 6 9 12 15 1 2 21 2 30 0 3 6 9 1z 15 1w o2 oW 2 0

Culture time (Days)
& Ozbefore %) o O2after (%)

a

5UR 8 uansauduiussEmsAuLYLTeIn1wTianieg Tune
Fanmiuszeznailunswmziissamsevesgaiigdaninnauuay

PRINTZUIUNTT
anas 20% Taptads waznwesnUsznaudy Taunnie
panBLaudainswasunlatadeifiudy 5-10% uaz
dnanunalelasioudalwaiinisidsudasuUasanas
Woun1 0.05% dMSUNSATINTeIAYSENOUTEINY
Fanwluyadan1edanin uansmadeguil 8 wuan
Usinaumedimuiidnaiuiifiu unondenadinmey

38UV photo-reactor 1ad860-70% USurudnaiuniey

asvaulaeenlenanas 35-40% wavdnaiuv0IN1Y
pondLauuarnelelasiaudaliainisiasunlas 15-
20% WALUBEN21 0.05% AR LAz of nw
WisuisunsusuUsinuaInn 190 sz 19
muauiugsameTanm (asnoindluvhnssanie
Fanm) wanawadeguil 9 mannaeuiua n1edanm
\ eHUSEUY photo-bioreactor (‘qmﬁmgﬁ%%aﬂﬁw)
LanUsEANS AN NT W/ana e sdnaIuYeInY
PRNG Iu;w?f‘mwwwé’aﬂizmumsﬂi"‘uﬂsqaﬂmmw 270

o

nsMAARINUINIENL (CH,) VOIYAATUANLAZYADA
AT mdUsEansamnsiiud ued owdu 122.25
(370 23.21 1Ju 51.59%) way 231.45% (310 23.21
11 76.949%) MUEIFU LAENUINTAINLILTUTINY
funuiiudu lneiade 89.33% eSeuiisuiuyn
AUAY HANISNARBINUIAINULUUY UYDIN 1 LNy

4980 69.59% luyariunuuwar 96.41% luyndaniy

Y 9

v
d ]

T uenanduan1MAaeILanNUsEaNsAmnIs
annwansuaulaeenleanisyasaniedanmiiiudy
929% luduvesdndiunigeandaunuin Usunamny
\IuTuTBIeanTiauinTua 2 gansvaans luvned
Fnaruveaniglolasiaudalindvinaninuuey

ANRINIYAAIUANULALYABANYTININ

4. nM3pAUTIWNANTITANE

co, Wuuna sas voudt snfulunszuaunis
Funs1znnuas Ssamalnensanenisias yiivle
Usunadlusunazesnuszneurensaluduresamse
Usgdnsamlunisanlsnia CO, hagnsazauuIunn
lmﬁwaaam%w%ﬁy@maajma%?amwﬁmmzau nosdl
23AUsTNOUAINY MU Lo maﬁuajaméw ATV
994 CO, M1y gamnd AUty uuas 32ulUd
sanUsznovvesdilulesuennes (Wn1af uazame,
2553)

A" pH usudsdmsulansananmiinaouves

a191518 A1stunigarsuaulneanlenwn i nne

Arsuaulneanlenuisaiuazazasidu HCO,- @
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67146
@ Conirol

B Biogas

372.01

73145

12225
67.72
3521
=]

CHA EN CO2 RE O2 EN H25 RE

17.11 2041
—r

Componant of biogas

3UN 9 uansdszdvinmnisanay/iiintuvesesausznoun1edanm
VBIYANTUANLATYANITTINN MHRINNTZUIUNMIUTUUTAUAINNY

T30 (EN = ENRICHMENT wag RE = REDUCETION)

amsgariinalnlunisUestu annsdunsalaenis
Lﬂﬁlauslﬂ;aqliugﬂmﬁﬂﬁzﬂauaﬁuﬁﬁmmmguau
(Krebs and Roughton, 1948) naveIn1saBuLUage
fovuziiuln Fuaninusud 4 arfiloniunures
nIMeassian pHegAUsEaw 7 Afiteydnis
LU§&JuLLﬂaqLﬁuﬁuLLaxamaaagiuﬁaa 6-10 (gﬂﬁ' 4) Ju
NALI9INNNTAZA18Y09 CO, ANAINITIUNITAYANY
84 CO, st udian pH Wiy (7.9-9.4) (Bahr et
al,, 2014; Ruiz-Ruiz et al,, 2020) wagn13aAgy CO,
Tnseiovazifisdulurasanisiuuaaiosaniing
T3 uaeiumnse (inorganic carbon) TsdenAaeiy
13803 Brindhadevi waraay (2021) finuan pH
ST unns (alkalinity) Wi enuluussun 8 Tu
uenaNgedisenu ﬂ'ﬁﬂLaﬁuﬁquﬁulﬂmﬂﬂﬁﬁmmm
nsly CO, vosamsevuadnle saudsdemariiln
NH} — N svweviilnavsieiivislaen (Brindhadevi
etal, 2021) we 08 19b5AMINIINNITNAABINYI Y
415 18d18 WY ﬁ: Monoraphidium sp. @11158
wiivlalalurasiiiey 6-12 Woswnamseauin
Enalngaunsanunenisiudsuulaei pH 8819
ll’]ﬂIUix‘lﬂ’Jlﬁﬂﬂ'15L?;ENLﬁ@ﬂﬂ?ﬂﬁﬂ‘lﬂfuz‘lﬂ?ﬂﬁﬂ@ﬂiim
(Zhang et al., 2020)

KaTeIUSR AN (gﬂﬁ 5) MUNEAMINY

a a

luganiwdinmdsaruisaaiyiavines1en el ag

o

USU1u I ninsaa weagdnun dy une19natiled 99

FonnaRINUNANISIS LR UlAYBIEINTIY (SUT 3) visil

Y
L 9991N@ S99 ka9 UBUT AU bY b UNNS
wigaulala annstulasu Co, Mnnediinweens

natlos TuvgiyaniuauLazyalneIn1ainis

a a =< o

3giulanadsinlnlTunamingaainediusunm
eluene
= ! < ¥ ! o
a1sdnnamsgvadnlsenauluaie 3 nauvan
fonaslsiaa wAlsiuses wazlnladdu raslsiaadl
ANNEAY NN LUNTEUIUNTHUATIENAELENTRIRN
ansadmasukasilasululvlalaenss unseaing
du9 luanusalulalalagnsinesntenealuiy
aaslsNaaednnannisdsanuisainlulle raslsiaa
whulysninguiadenlvlunssuiunmsdansiznaig
e waaaslsiaaewnuuineIvednensslul]isen
Fuasignnuulonas T9innunNa gundaauaaly
Y] a a Y] a A a
Wundaueiivasdsiatngeindug awisoga
NAIUBEILATEINBIARDLSNaaLD AN AaBlsNaal

warunlsfivesn lumu navesUiuusningilnszn

o '
9

M4 3 YAN1INAEY NUIMWYASANYTININTNTHER

'
o

senfmngiigaiian sesasnfennlviennia uasgaaauny
a1uadu Ingganiuauinisndnnaslsdaate
aaolsflaad Aaelslaniod uasuelsiiusn luuiuna
figean Faflnndu 0,51, 0.23, 0.70 wa 2.97 pg/ml

MRy Yalrenmiinndnaaslsilaaie anelsilan

= o

T naelsflaaied uazuealsiiuosn Tulaiigean dod
AWMU 6.11, 1.52, 7.63 W@z 30.67 pg/ml AIUay
wagluaruvesganisdinminimannaslsiianie
aaolsflaad Aaelslanied uazuelsiiuesn luusunn
figaan ey 15.85, 4.84, 21.22 uag 81.48 pg/ml
AUEY (g‘d‘ﬁ 6) Insnsanasvesnaslsilaaenaiiuly
lamameendsulassansdlunquuelsituosn
s
iuéamaqwamiﬂ%’quqmmw%wsﬁamwmam‘s
NATOUNUINAMUYLIUYDS CH, NFINTTUINATT
U%“wiqmzumwﬁmﬁuqﬂqmﬁq 69.59 (YAPIUAN) WAz
96.41% (Wé’mgw%‘amw) WoNINH FaNuan CH,
anusogydelussymenszuiunsUsuuganmn Y
FanwlaUssua 1% e 01918 0990 CH,
fienuannsolumsazaneile derwannsaluns
axmmfwm CH,4 Wiy 3.3 ml/100ml ﬁ@mmﬁ 20°C

(ICSI, 2000) Mewansualaeonlan (CO,) flauuy
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7ianas Uszdn3n1nn1sanasues CO, Na991n
ﬂwmumiU%Uﬂqn@mmwsumﬁqmmu@uLLagmé’m;w
Fanmanawade 35.21 (a0 53.88 iU 34.91%) way
67.72% (210 53.88 1Ju 17.39%) AUa1fu AL
IUTUTBY CO, ¥aINEUIUNTUTUUTIAUNINANRS

=

a9an09 59.49 (YARIUAL) LA 96.78% (qué’mgw
Fanm) Fapnuwnvuves CO, anasiy Wesn 1)
amsevaEniiauansath Co, AtiAnuLTy
qam’iﬁumaw?mﬁdlﬁﬂmlﬁ waz 2) CO, a1u1salunis
avanein @ wzavarsiinareidunsnasueiing ey
LﬂﬁlaugﬂLﬁulumguaLumt,axﬂﬁuat,umiuﬂwwé’q
Tuwaefinweandiau (0,) fauyuuiiiingulus
2 qumiwmamvﬁuﬁu ALULIUTB O, UYBIYAMIUAY
AuuAzyAsAN 19910 WA 17 uad sidu 372.01
(a0 2.68 10U 12.65%) way 671.46% (20 2.68 1Ju
20.68%) MUSIHU AILLULTUTBA 0, NaINTEUIUNTT
U%’Uﬂqmmﬂ’lmﬁm“’?uqqqmﬁq 12.65 (gamIuAw) kaz
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ABSTRACT

The purpose of this research is to identify the factors associated with the work needs of the elderly and to develop
a predictive model for the work needs of the elderly. The sample data included in the study is data on Thai elderly aged 55
years and older, totaling 11,988 people, covering five regions (1. Bangkok, 2. Central-East-West Region, 3. Northeastern Region,
4. Northern Region, 5. Southern Region) from the 2021 according to the National Statistical Office's 2021 Elderly Population
Survey Project in Thailand. Statistical analyses used include the Chi-squared test and logistic regression analysis. The research
findings indicate that 5,232 elderly people (43.6%) expressed a desire for employment. Pre-retirement elderly individuals
have a significantly higher desire for employment (73.5%) compared to post-retirement elderly individuals (32.7%). Factors
significantly associated with the work needs of the elderly include region, province, residential area, household size,
household living status, gender, age, marital status, number of children, homeownership, highest level of education
completed, literacy, occupation during the past 12 months, main source of income, average annual income from all sources,
income adequacy, savings, debt status, physical health over the past 7 days, and economic diversity. The predictive model

for the work needs of the elderly, with an accuracy of 92.3%, is as follows:

P (Work needs of the elderly) When z = - 4.808 + 6.587 (occupation during the last 12 months).

T 1+e?

KEYWORDS: Elderly, Work needs, Logistic regression analysis
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LA B F0TUATWEANTE ﬁ%muum ‘U‘ﬂﬂaﬁlﬂjqu%@ﬁ

'
a

Pogandy (2) Uaduaunisane) Usenaumie 2 aawds

U
v '

Ao tulnnsfnugeaniiau nserueenuazideule

(3) JadgnuLATY§NaLaTNI5aU Usenaunidy 7 67

= a

wUs Ao 91 3NnTusENINg 12 WauNu1uu wiassele

o A

AdduRanlun1sesadn s1elaannnuauedsnad

o q

AULN 89NeUB9s18la N1990L ANIERT U

AUNAINNANENI4LATEFAD (4) TITeA1uguaIn

Usznouniy 1 fauds Ae qmmwéwmaluiwm
7 Sufinuan

Wwall mumﬁaaéw@qqmq 11,988 AU 41NN
30 WvesswIusLUsnensaiiaaelunsingza
N130R088aaRN (Wanichbancha, 2008)
2.3 N153ATI2YiTaya

(1) nslaaddnssamn lawn aud sosas lunis
a'iqﬂﬂuya%a A1uUTEEINTHATAIAY AIUAISANY
hymtmwgﬁml,asmiﬁwm fﬁ”mqfum‘w iauﬁgqszjumﬂa
ﬂ’nugaqﬂ'ﬁﬁwmumaq;;qqmq

(2) NM33LATIENFNUST T AU ENWUS A oA
nosnsvaulenisnegeulaiidsaes (Chi-squared
Test) fiszstutiodndny 0.05

(3) NM5E319FILUUNEINTUIANUADINTNNUYDS
%yqqawawa Ton133iAs18vn1snan0eaedadn
(Logistic regression analysis) lag @ uUsniu A o
AMURBINSTNY (Aeenns/lunesnis) Sidunou el
(Urawong et al., 2024)

(3.1) MsAndendauUsdass 20 MLfauuy
AENSAAN SR LUSBasER T Auduius fuaay
myaﬂmiﬁ’mm (Chi-squared P-values < 0.05) wagdl
ANFUTUS FUSEFURITENING 2 AwUsidanmnn
(Cramer’s V statistics < 0.50) Lﬁlaﬂyaﬂﬂyuﬁiywﬂ
mmé’uﬂ’u&%mguwn (Multicollinearity)

(3.2) NsAAEDNFILUSII AT DRNNEIUUY
my’JEﬁ% Forward stepwise: likelihood ratio lagf1nun
ssfﬁ’uﬁ’aﬁwﬂ“’ﬁgﬁm%’umﬁﬁwé’aLLﬂﬁﬁwuwmy'lLLazaaﬂ
INFIMUUITY 0.05 waz 0.10 Auasy

(3.3) nsnageutydAyUesRLUTIuIY Tng
1o Hosmer and Lemeshow Test fisvsutiuddy 0.05

(3.4) Aua1u1salunisesungAuRULYS
WN91500719 28 Cox@Snell R2 @990 991U BENI
1 1@ualay Nagelkerke R2 Faazfianannnan Cox&snell
R2 L&D ﬂwiﬂ@mg’w 100 vJum1 R2 Wiey wioi3an
Pseudo R2 dadupilesifuniiosursnanuiuulsly
MTIATIERNISARnDEABIERAN (Wanichbancha, 2008)

(3.5) MsfadendanuuiiAfign fa1sunain

AIHLRUIEFUUDIAILUY (Hosmer and Lemeshow
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P-values > 0.05) LAZANTOEATYDINITHIUIIYNADS

geganelamuuunilanudureunesgn

3. HAGANS
3.1 Soyaaluvasiaegeggeery fnsei 3
3.1.1 Yoyafuuszynsuazdeng
i g99780 20819052181 5 dne el
ATIVNURIUAT (iyaaaz 9.3) A1ANANS-AEIUBBN-
nziuan (seuaz 27.8) many Tuosndeavile (sevay
31.5) anawnile (s0vay 19.9) nala (308 12.0)
o1dvagluvanmAIa (souay 55.4) fuauaudnly
A¥a3ou 2-3 AU (s08a¢ 76.3) anTunmnisogendoly
afuFou yaeorgiduimuiniauiou (sovar 60.6)
\umemnds (sovas 55.7) iuggeengflengsaun 60 9
Fuld (sevay 73.1) faarunmausai gansaoy
lun¥Fou (sevar 63.0) lufyns (Fesay 48.6) uas
ﬁ‘qmﬂm‘lﬁu 2 Au (5080 48.5) ﬂ'ril,ﬂul,{]u'lsuaaﬁaq'
01 Ludngeengvienausa (sevay 85.2)
3.1.2 YayantunisAnen

Hat0y anlvaunsAngeaasdulszanfng
v3esin (3esay 69.2) wavannsneusenuaziioy
15 (sovaz 87.0)

v b4

3.1.3 wagamumwgﬁaLLasmsvam

Kage1g Malusening 12 ineuiniui (Seuas

)

=

50.5) T uvas316la 7 drdyd galunisessdn
91U nnda/vrungy ﬂamuﬁﬁauﬁyméﬁ'w NoINuU
Useudeay Unsatafnisunedy (3088 55.6) 21NN3
¥ (Sevay 44.3) ma"Lﬁymﬂmw‘hmunﬂLmémé"a
nediiuladssawn 50,000 Umduly (Sesas 52.7)
flauitsanevessela (seeay 55.0) finnseeuiu
(sevay 53.6) nildundaieu arulvgduaindou
luiivil (sevaz 52.3)
3.1.4 dayadugunw

qummw%wma 7 fuﬁ'm'mmaqliuim”uﬁ
(seway 52.5) uavszaulu-Uunans (seay 47.5)
3.2 YayanuAaINIINY

quﬂmqéhaéw 11,988 AU fAuneINIT¥LY

5,232 au (508az 43.6) Ingygeanyiunouintuneny

finuneInN1579U (Souay 73.5) mnniwsgqqmq‘?a
wdanSeneny (sovay 32.7)
3.3 n1smAuduNUS sndnsdatefuUsTYInsHas
deau drun1sfner drulATegianazn1siieu
fugunm fisldannudasnisiie

Fauds7 i auduius eg el voddynisad @
(Chi-squared P-values < 0.05) fumuABINIIaY
Suaqs;qqmq (noen13/luneenis) laun Taduau
Usznnsuazdenn (gilana Sanda walegends S1uay
aundnluaiafeu anunmnisegendeluaiaFou e
91 A0TUNTWALTA SILIUYAT YARET
Lﬂungmanﬁagawﬁa) Jadenumsiine @udmsine
g9gaiiau nseueanuazdeula) JadunuAsusia
warnsve (01@nlusenang 12 Woufiniuun uras
melafiddiiaalunsisedn melamnynunasade
nod Amuisanevessigla n1sesy aewildu
\AT¥FNA) ’Jﬁ]ﬁ“}’amqummw (@uamsnanieluszming
7 i) Tauavan 20 fauUsBeasy S 3
3.4 fUUUNEINTAIANMAABINTTINUYBNEERY

NANTTATNAIRUUNINTA AIIUA DINTTHINY
(moan15/luneinis) mamyqqmq LAnIFIANT199 4
Tnglonsineginisannosasdaiin aefulsdass
18 /2 (sniausauds NHN1A LAZANUTAINIAIENI
\ATugAa) 7 anuduius es i doddyiuaiy
myaamsw"wmuLLazﬁllm'ﬁﬁiymmmé’mﬁ’uﬁ‘@mﬁu
Wit (Multicollinearity) (Cramer’s V statistics < 0.50 )
G'hLLUUﬁmmmmmhmiwsnﬂiajgﬂﬁTm stz 92.3
il

P (ﬂ'ﬂ’]ll(ﬂ@ﬂﬂ?iﬁ?ﬁ?u%@ﬂ@iﬁﬂ@?&!)

—P(Y=1)= e

1+ e~ %

Z=-4.808+6.587 X,

Y Ao Auneen1svinau (0 = lumesnis, 1 = neens)
X, A9 91TNIUTENIN 12 WWounni1udn (0 = Tuvhaw,

1= ¥1197%)

o o

PNA1TN9 4 Audsnddediagdilylunisneinsu

ANUABINITINNL (Y) VBsrat0Ny Aie adnluszmin

12 LHUNKNIULN
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S, 0 v v o LA v
715197 3 91U (F0E02) VoG TuunaumeyaTllredygieny

voyariill AMLADINTYINU ket

VOIFIDY lidaans #o9n13

10. yamaiduanvesiiogedy

P-value = 0.000

o

mbqumqu.aw?a@;ama 5,566 (54.5) 4,651 (45.5) 10,217(85.2)
uns 1,012 (79.2) 266 (20.8) 1,278(10.7)
g 178 (36.1) 315 (63.9) 493(4.1)
11. fudnsinwgegaiiou P-value = 0.000
TailasumsAnen 753 (70.0) 323 (30.0) 1,076(9.0)
Uszoudnen wiasndn 4,544 (54.8) 3,750 (45.2) 8,294 (69.2)
dseufnen wiagend 1,459 (55.7) 1,159 (44.3) 2,618(21.8)
12. miémaaml,axﬁmulm" P-value = 0.000
8 5613 (53.8) 4,818 (46.2) 10,431(87.0)
Tailet 1,143 (73.9) 414 (26.6) 1,557(13.0)
13. e13wluszung 12 ieufiniun P-value = 0.000
Taivingnu 5,881 (99.2) 48 0.8) 5,929(49.5)
91197 875 (14.9) 5,184 (85.6) 6,059(50.5)
14. uaselafidditgalumsdsen P-value = 0.000
Laifisngld 4 (100) 0 (0.0) 4(0.03)
fisglaannnisiney 602 (11.3) 4,710 (88.7) 5,312(44.31)
fseldanunasdu q 6,150 (92.2) 522 (7.8 6,672(55.66)
(unilia/ gy nesusseadssdn/
Usziudenu
Unsadafinisuviedy)
15. iwalhymﬂﬁqmméua?{maﬂ P-value = 0.000
Taigisele 4 (100) 0 (0.0) 4(0.03)
#1191 10,000 UM 758 (89.8) 86 (10.2) 844(7.04)
10,000 - 29,999 UM 2,028 (79.5) 524 (20.5) 2,552(21.29)
30,000 - 49,999 UM 1,439 (63.7) 820 (36.3) 2,259(18.85)
Haud 50,000 Tl 2,527 (39.9) 3,802 (60.1) 6,329(52.79)
16. ﬂ’J'WJJLﬁENWEJ‘UENiWEJlV; P-value = 0.000
fwndaiiu 318 (54.0) 271 (46.0) 589(4.9)
L awe 4,293 (65.2) 2,295 (34.8) 6,588(55.0)
sewaunendylifiama 2,145 (44.6) 2,666 (55.4) 4,811(40.1)
17. N1589Y P-value = 0.000
i 3,550 (63.8) 2,016 (36.2) 5,566(46.4)
q 3,206 (39.9) 3,216 (50.1) 6,422(53.6)
18. Amzwiiau P-value = 0.000
auiaediviy 466 (26.5) 1,291 (73.5) 1,757(14.7)
andniundrFeuiivi 1,792 (64.8) 972 (35.2) 2,764(23.0)
aupsuazandnluaiaSoudivil a12 (34.4) 786 (65.6) 1,198(10.0)
aga3eulaisiui 4,086 (65.2) 2,183 (34.8) 6,269(52.3)
19. g9 7 Fuinuan P-value = 0.000
f 2,821 (aa.8) 3472 (55.2) 6,293(52.5)
Jrunang 2,940 (64.3) 1,630 (35.7) 4,570(38.1)
laid 995 (88.4) 130 (11.6) 1,125(9.4)
20. ANUVAINVIANENIUATYFND P-value = 0.000
viaeiign-os 4,637 (55.2) 3,765 (44.8) 8,402 (70.1)
YJunane-uin 2,119 (59.1) 1,467 (40.9) 3,586(29.9)
i’JiJLLGiﬁS‘JE] 6,756 (56.4) 5,232 (43.6) 11,988(100)
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9915997 5 F20819K g8 T TIuIL 11,988 AU
WU HANTTNEINTUAINABINITVINUTDIFI0g I
e 039399094 90y A lunsansviieu S1uan
6,756 Au unilolyaunisazanusaneInsailagnaes
5,881 AU BuAonensnignAsssesay 87.0 Tuved
ciqamqﬁﬁuaamiﬁwmﬁahmu 5,232 au undlely
aun1saznensailagnaes 5,184 au Hufensinsn
gneessesay 99.1 agulngnmaamaunisnensala
QnResTaLaY 92.3

15N TALALEINTINGINTUNINT IV
wuuladnuesansesay 92.3 Wusesay 93.0 AI8N13
iudhuUsvuneitiledfaluinuuy 4 faudseed &
wlsdantn 01y unasseladiddyiiaalunsissdn
AUAMTNMETENNA 7 Fudinuin seslsfuiiuuy
fanamagdiudutoutunudiuudusfidiui

o

AMTUAIMUIANUNAINVANENILATEEND WaLe?

v W

wUspiinna Wiududsndenuduiiusesafiduddnyiv

AUADINITVINNUYBINEI018 LAETEAUAIUTUWUS
UENAMUTIIIR waziTym AnuduiusITsau
1] (Multicollinearity) AuduUsTania Feluiun

AITUUNNTIATIEVNITONDDYABIARN

3.5 Aauvuwensalpaudean15veIuYesggeaiy
TuunA181g (Nnaundeaiary 55-59 U uaznas
inFgaiare 60 TIulY) Tnelvnisinsizvaniadn
LAnIFInNTNT 6 - 9 FeiuusiuneiifidediAyde

a ! a a
2NTINLUTENIY 12 LHDUNHIULN

3.5.1 AIUUUNINTAIAUABINTINU VB
noulndeaey (55-59 U) 91u3u 3,223 Au 4
mmmmmiumiw&mﬂim‘quﬂmyaamwmu
SeA% 90.3 LARIKINNTIN 6 uaY 7 aunseed

P (mmmmﬂﬁiﬁﬁqqumanggnaﬁqﬂaum@ammq 55-59 )

1 o
=P (Y=1)=—"""—""7"118
( ) 1+ e~ %1

Zq =-3.383 +5.458X;
Y A9 Aua0en19119u 0=lunenis ,1=no3n13)
X1 AB 21TNIUTENING 12 LAauri N1uu (0=lusiay,

1=911971)

Tnglunauy geo1y(55-59 ) Aluneanisiay
anursawensailagnaessosas 655 (gnAes 560 Ay
Tu 855 au) Tuvazdinguyaseny (55-59 1) finosnis
Y1970 AUN1INEINTAINABITOBAY 99.2 (RNABY
2,309 A Tu 2,368 Au) IngnImsImaNNINe TG

Kg9018 (55-59 T) lagnaesanasdusesas 90.3

3.5.2 AUUUNEINTAIANABINTINNUVBEE DY
naensneng (Haud 60 FFUIU) 1wy 8,765 AU &
mmmmmlumswmﬂszﬁgﬂﬁyaqmwsamyaaaz 93.1
WERIFINNTIaT 8 Uag 9 aunsdall

p (mmé’{aamiﬁmu‘uaquqqmqm@ammq 60 Tl

1
=P (Y=1) :1+e__22 1)

2, =-5212+6.799 X,

Y A9 A IUABINITVINNU

0 = lumaenns, 1 = MBIAS)

X1 A9 21TNWIUTEUING 12 LHDUNRILUN

(0=lavay, 1=911911)

Taelugaseny ( 60 9) Ailunvsnisvieuaunnsg
wensnlagnaessosay 90.2 (nAes 5321 AY
Tu 5,901 aw) Tuvazdinguyaseny(: 60 9) inaanis
¥ AuMINeINIaigNABITEEaY 9.0 (gNRBd 2,835
au Ty 2,864 AL) TAYNINTINANNITNEINTRING &

159018 (- 60 T) lagnmeaiiuduidusesas 93.1

3.6 AuvuneINIalnIUAaINITNINIUYBIE I8¢
FuunA1u)dnia (AFUNWLNIUAT NI1ANA -
nzdueen-aziunn nianzeanideunie niamie
uazn1ald) wun endwluszsnng 12 Woudnuan 1y
Fuusinedfidoddygeanlusiuuy aunsaviune
arudesnisvinaulagnaesgedn Ao nauie
(508a% 99.7) 504 9 a1 A1ANaN - Az Tuaen -
nzunn (s08a¢ 96.0) ﬂsqﬁmwmmum(;aaas 95.7)
avale (so8ay 94.1) waznande n1A
nyfussnidsanile (sovay 87.8) muddy TwaziBen

Fam15797 10 - 11
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a ! a ‘< ! o aa, & o ! M . o w ¢ o
AT 4 ATNITILABTHALTAIAINUARIALARDUNIATFIU ADANATIU WAy EXp(B) 30N 1d@IUDend (Odds Ratio) dmsuniswensayuieloniananu

MDINTTUTBIEIDY

Variable B S.E. P-value Exp(B)
andnluseva 12 Woufinaun
¥ 6.587 0.149 0.000 727.258
Ty reference
Constant -4.808 0.145 0.000 0.008
Hosmer P-value = 1, Cox & Snell = 0.596, Negelkerke = 0.799
el 5 NamiﬁwmUmwe?aﬂmw‘hmwaaﬁgqamq
Observed data of the elderly Prediction
AMURBINTTINIY % of correct prediction
laidfaenis faens
AABA 3maanns 5,881 875 87.0
s AOIN3 ag 5,184 99.1
Overall percentage of correct prediction 92.3

S N a < ! § aa o ' ¢ . o . u “ ¥ o
a9l 6 MMTTRDTUATAIANNATIAAEDUINASEIY diAVRaRy waz Exp(B) viiednsiaueend (Odds Ratio) dmsumsnennsalenianinunesnisrinau

VouFIDY TuNAeY (Noundemeny 55-59 1)

Variable B S.E. P-value Exp(B)
21TWlusEe 12 Waudinun
Y 5.458 0.241 0.000 234.690
Ty reference
Constant -3.383 0.233 0.000 0.034
Hosmer P-value = 1, Cox & Snell = 0.412, Negelkerke = 0.601
anedt 7 Namiﬁwmamwﬁ;aﬂmiv‘hmu‘llaﬂﬁgqaaw FunAUDNY (ﬁaum@amaw 55-59 )
Observed data Prediction
of the elderly AMUABINTTHNUY % of correct prediction
laidfaenis fiaens
AURDY Lunesns 560 295 65.5
A19YINY A99N3 19 2,349 99.2
Overall percentage of correct prediction 90.3

A15197 8 AnTiilesuarAIMLARIALAADINASEIY ddnnadeu waz Exp(B) wiedhsndusand (Odds Ratio) dwmsunmswetnsalenaniuaesnisyinieu

VoIFI01Y Swunameny (maundisneny deun 60 July)

Variable B S.E. P-value Exp(B)
017WlusEe 12 Weufinumn
Y1914 6.799 0.192 0.000 896.851
Tavienu reference
Constant -5.212 0.186 0.000 0.005
Hosmer P-value = 1, Cox & Snell = 0.580, Negelkerke = 0.809
anTedt 9 Nafﬂi‘WEﬂﬂiﬂlﬂﬂw;@Qmiﬁ?ﬁu“ﬂaﬂ%@ﬂaw Iuunaeny undeneny Faun 60 TFulY)
Observed data Prediction
of the elderly AMUABINTIY % of correct prediction
Tuposns fiaens
AR l3n9snns 5,321 580 90.2
N15v9U A89n13 29 2,835 99.0
Overall percentage of correct prediction 93.1
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a ! a < N d aa o ) ¢ . o < o ¥
715197 10 MTEimeTUALAIATINAIAATEUNIASTEIL afAvAdeU Lag Exp(B) viodnsadueend (Odds Ratio) dimsumisnensaiunelenianinumednis

NUYRIEINY uunamiiana

Modell (NFUNNUNIUAT)

Aauds: B S.E. P-value Exp(B)
ainlusenig 12 ioufiniun
99U 6.255 0.310 <.001 520.550
Taivinanu reference
Constant -3.763 0.253 <.001 0.023
Hosmer P-value=1, Cox & Snell=0.624, Negelkerke=0.851
Model2 (nMAnang-aan-mn)
awluszving 12 Weuiiniuan
919U 7.408 0.294 <.001 1649.649+
Taivinanu reference
Constant -4.932 0.278 <.001 0.007
Hosmer P-value=1, Cox & Snell=0.657, Negelkerke=0.881
Model3 (nmany Tussniduunile)
ainlusenia 12 ioufiniun
9 7.102+BT:E10 0.451 <001
Taiviheu reference
Constant -5.778 0.448 <.001 0.003
Hosmer P-value=1, Cox & Snell=0.537, Negelkerke=0.718
Modeld (nawnile)
awluszving 12 Weuiiniuan
99U 6.502 0.344 <.001 666.243
Taivinanu reference
Constant -4.846 0.335 <.001 0.008
Hosmer P-value=1, Cox & Snell=0.583, Negelkerke=0.783
Models (nala)
awluszving 12 deuiiniuan
9y 6.769 0.398 <.001 870.057
Taiviheu reference
Constant -4.655 0.380 <.001 0.010
Hosmer P-value=1, Cox & Snell=0.625, Negelkerke=0.836
el 11 manshuneauRssIIUYBINgeeNY Suunasgiiaie
Model Observed data Prediction
of the elderly AMUARDINTTHNUY % of correct prediction
lideenis fioens
nganw D lusoants 689 34 95.3
UNIUAT YU ABIN3 16 411 96.3
Overall percentage of correct prediction 95.7
MANaN- IO Tupoans 1,803 123 93.6
ATIUBDN-AZIUAN YU ABIN3 13 1,463 99.1
Overall percentage of correct prediction 96.0
Maaziusen IO Tupoans 1,615 458 858
Weundle 159U ABIN3 5 1,722 77.9
Overall percentage of correct prediction 87.8
Mawile IO Tupoans 1,145 190 99.1
599U ABIN3 9 995 915
Overall percentage of correct prediction 99.7
aald AURes Tuneenns 736 80 90.2
599U ABIN3 7 662 99.0
Overall percentage of correct prediction 94.1

10
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4. M3AUTIgLaz LU
4.1 AUABINTITVINIUYDIE I8

49919M1081991UU 11,988 AUYNFUINNEEIDY

e

Waswonndnslned 2564 Mifongdudaun 55 4
(National Statistical Office, 2024) (Department of
Provincial Administration, 2024) ﬂix%ﬁaﬂiaUﬂquﬁa
nnniiniavesUsemdlnelu 18 Smiadossiidaany
MAINNAIENILATYEATLL 3 AU (N1SANLIANYLA
sela wazmsdnw)

wyaﬁmsmu’;aa"m fA1un09n13Y9 5,232 Ay
(Aardusesay 43, 6) Imawmmmaﬂaumwm (GREEI
55-59 ) Mmmmaamimﬁm (iﬂﬂau 73.5) 110N
Qqqmqi’amﬁammq (18468 > 60 0) (s08a% 32.7)
aenafifuddeyneadn (Chi-squared P-value < 0.001)
wan13Anuidanaidlnaldsaindunis@nuives
(Urawong et al., 2024) & 4%11n13@N©¥1AILABINS
vi’wq’]wuaw;qqmqs[u 2 Yentaii darunainuane
wiswghvlnaifiostu Aedminaswauarimiaveuuny
Tneasulmggeongluaesimindinaniaumesnis
¥4 (5e8ay 43.0) LLazrz;qqmqi’aﬂ'amﬂ@ammq
ﬁmm&?aﬂmsv‘hmumﬂﬂiwrﬁqqmq"j’wé’am@ammq
aunefifudfy é’m%"um@lwaﬁ'ﬁﬂﬁ@?@amqgamﬁ
yamundandon (Kasemsoet, 2019) 917 198186
anansnvhau/gunmi/nedsesla aesnismasle
w¥unSomeng lumesnaduniszvosanaduludsem
IuqumqsdymmyaqmaﬁvLa,iGTmm'ﬁvi’wmw{aﬁyaswmwa

a

(Phenphong, 2019) (Phokapunt et al, 2018) 81w

Tadauguniw sesnsitnuey g iusniaasugien
issmeuan Tuazmnlunsiiunig

fiansnlu 18 Saniada0e1e wurR gy id
a‘”malaummmyaqmw"wmmv"wa“mqliuﬁ]”qm”m
aunsUsIn13 (308a% 32.9) LAy NTUANUNIUAT
(s088% 37.0) Aud1y F9 2 Fanfadanarieglunqy
FanTad TAIUMAINNAIINILATYER ATEA U
Urunans-11n lunianansvesdsendlne aonaaes
sLu‘zTaﬂqﬂ‘um (Chaemchan & Charasit, 2020) @115

o

Jarianddnaiuninuneinisinauggaegludwia

1NAMT (SeEag 59.0) Uag siaen (Seway 51.0) Fedn

sglunquisninfidauvainraieniaasegiasenu

11

U ian - uoe LLavazﬂ,‘u 2 9ilne (nxfusenileunie

d

wazaiale) AHdnauAIINA0IN139197Ug 127
giinnAdu
4.2 tadyiidnaudunusaonarudanisineuya
Hg9a1g il

Jadeaulsernsuardeny (pina Smin 1w
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ABSTRACT

This study aims to construct the appropriate forecasting model for the export values of fresh or chilled fish in
Thailand via statistical methods. The monthly average data gathered from the Office of Agricultural Economics website from
January 2011 to December 2021, 132 months, were divided into 2 datasets. The first dataset, which consisted of 120 months
from January 2011 to December 2020, was used for constructing the forecasting models via the use of 7 statistical methods,
namely, Box-Jenkins method, Holt’s exponential smoothing method, Brown’s exponential smoothing method, damped trend
exponential smoothing method, simple seasonal exponential smoothing method, Winters’ additive exponential smoothing
method, and Winters” multiplicative exponential smoothing method. The second dataset, which consisted of 12 months from
January to December 2021, was used to compare the accuracy of the forecasting model via the lowest mean absolute
percentage error and root mean square error. The results indicated the most accurate method was the damped trend

exponential smoothing method.

KEYWORDS: Fish, Export, Forecast, Box-jenkins, Exponential smoothing
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5 ggMABEIY Y +§ Hiiteaggnia
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®,(B')=1-0B -d,B* - .. -b,B” unun 2
sudiunsannesludidusiuil p nsdifiggnia (seasonal
autoregressive operator of order P: SAR(P))
0,(B)=1-6B-0,B> -

q

-0,B UNUAALTUNNS
lAsideuiisusiuil q nsdlludiggnia (non-seasonal
moving average operator of order g: MA(Q))
0,(B*)=1-6,B~6,B* ~ .. -O,B® LN UM 3
fLdun151aa oiad oudl suduf Q nsalfigenia
( seasonal moving average operator of order Q:

SMA(Q))



Journal of Applied Science and Emerging Technology (JASET) Vol. 24, No. 1 [2025]: e254679

t wnuranaan deiadeun 1 89 nl Taed nl
LLWHR?WU?U%E]H@IUE]WHNL’Ja’léqﬂﬁl 1(n, = 120)

s WnuIIUIU9NIA %”qaumunmgamﬁma
éaaaﬂﬂmamw’%aLLﬁLﬁuLﬁuﬁagaiwaLaau oty s = 12

d  uay D unuEFUTveINISMIHARILATHARIS
HANNA MUY

B UNUMIAILTUNITODEUNEA 9 (backward
operator) Towil

a, LAY b, WAUAIUTTUIMTZEEAALAY Y WAz
auduvosuslua & 1an t AuEu

o, 7, b uay 8 wuAAsiansYlnseu Taed

O<a<l, O<y<l, O0<od<l1 oy 0<d<1

2.3 N13959950UT0aNYA

mmaaumyaamﬁ (assumption) U6 LU U
WeINI Ao aqnsmaawamﬁﬂmmmﬁlammmi
wensaIEnswaNUassnd asavaeulnglynisneaou
aoalulnsev-adsue (Kolmogorov-Smirnov test: KS
test) dnsirdeulnaududassiu nsrvaeulnelynis
NAFOUIUA (runs test) TANLRABNAUALY ATI9F0U
Tnglynsnaaout (ttest) uazfiauuususaumafiu
‘vmﬂzhmm asavaeulnglonismaaeuvenaiunisle
mﬂ%ﬁ'ﬁagm (Levene’s test based on median) 1N
wuwoauyAvelavendsluiiuaisazaguinduuy
wornsallumnzan warluaumsilulsluniswennsel
moly
2.4 msifseutiisuaaisiuyasauuwensal

W3 B UL suALLL U IR IL UUNENT 8 1ABNTS
WisuiisuyaamsaseenUananvieunifuesoya
yofl 2 Raunidouunsiaufafiousunau 2564 S1umu
12 1hou (n2 = 12) Fummennsal oA uIaIA1 MAPE
waz RMSE Tagfuuumennsaifilnan MAPE uay RMSE
ﬁwﬁqm 5@1Lﬂuc-ﬁ"m,muﬁﬁmmLLﬁuNWﬂﬁqm \esanlu
fhwEnﬂiajﬁﬁmmLmﬂ@{’mﬁ’u%ayjaﬁqﬁaaﬁqm ans

MAPE wag RMSE wanasail (Ket-iam, 2005)

n

ugy RMSE = LZeZ

t

MaPE =120 3| &

nz t=1

t 2 j=1

Wo e, =Y, - Y, WIUAIAIALAZDUAINATTNEINTU

ANt

Y, uay \Aﬂ LNUBUNTULIATLASATNYINT Y

t

24 1387 t MUAIAU

3. HAANS
3.1 Wan15ATIFoUToyauasn1saTINAIUVY
wensal
an1sasandnyaznsindeulmusseynsuna
yarn1saseandaranuieusifuyail 1 dsumiieu
UNTIAY 2554 fapieutulAu 2563 31U 120 LHoU
wum yamnsaseonUaanviounifudinulumiindy
\isadnuesuaziiviwavesggnia (5UT 1) lasyaan
n1saseenazgslurnuuazdansd ansfinarsdesd
;ﬂammiaﬁaaﬂsﬁ"w (gﬂﬁ' 2) mam'ﬁmaauaw&gﬂmﬁa
m’gﬁlaauLLuﬂﬁmLaxawﬁwamquma WU LaAIs
aseeniinnfisegiuluunay Junnmaneduiisefuluddny
0.05 (= 29.974, p-value = 0.0004) Tiufio aynTHIA

Tuwiluy uazyann1saseannaaInidauulluud

S P - .

AlsegulumasifouwnnaaiuseauludAey 0.05

o A =

( =47.066, p-value < 0.0001) WUAD dUNTNLIAN

q

LY V)
v

sviwavesqgnia Fen1sdnuwiassdleisnisidn
LLmT:JaJEJaﬂmy’wmimit,ﬁ'mmﬂaqmuL’Jmﬁmi
wasulmnseinsunisiluadidlenanudsundasiy
na1afe Tuwaed 2561 - 2563 Qaﬂ"]miéﬂaaﬂﬁms
usasnavsd 2554 - 2560 (U 1)
wamsﬂmsmé’ﬂwmxmsm?ﬁlauimmmagﬂimam

yanInIsaseanUataavsenudunnuln aynsuand

Y 9
o
o

‘mLLuﬂﬁmLazé‘wﬁwamamama Fethiasnanensa
fanumunzay do 35 Tong-LauAudAddnuy
SARIMA(p, d, q)(P, D, Q); 33nslniseunieiand
fdmeiumesiuuuan uardimehlndsunsiand
fdswesiumesuuugn oondlsiniy eRansnan
MAPE wag RMSE ‘uaq{agaﬂgmﬁ 1 w21 380159y
Sumsiavdidsiidggnasenate Favangauiy
oynsunandianzdvinavesngnia A1 MAPE uas
RMSE siniga (MAPE = 14.9950, RMSE = 20,897,637)
(m137971 2) Fefunmsfnwndsdasinnsanisnisass
FauuuneInsalfimunzauiuoynsuaIn UL

\ielvAToUARLAILUUNINTUTFTIER



Journal of Applied Science and Emerging Technology (JASET) Vol. 24, No. 1 [2025]: e254679

250,000,000
s A A
£ 200,000,000
=
=
=3
-
=]
T 150,000,000 LA ’\,‘
&
=
=
=
=
H
2 A A A
_Z 100,000,000
= nu VW
=
=
i
==
50,000,000
0
T ox X oom o= s e b s = = o2 2 2 2 8 z = = oo = o
S 9 8 8 £ 85 £ £ 5 05 5 2 2 2 £ § £ 5 5F 5 & &g g F
g 8 8 &8 8 8 58 8 %8 8 8 9 2 5 2 9 8 9 9 48 85 8 85 5
& & & ¥ & 5 &£ £ & & &£ &£ &£ = T I 3 F £ £ &£ & & &
F w F F & & & & F &£ ¥ &£ F = & F & £ & & T £ 15 ©
M

3UT 1 mairFeubmveseunsuiayaninsaseentananiounifuiumiounnsiay 2554 fudteusunu 2563

yasmmsdeeanlaraansauidiv )

240,000,000
220,000,000
200,000,000
180,000,000
160,000,000
140,000,000
120,000,000
100,000,000

80,000,000

60,000,000

40,000,000

&
> & > > > > > & o o > >
Qﬁ@" & & §F »5@@ »@\%‘ <& & s & s N@"
S &5 A & S & R < e & <
§ § N ! ' a
53U 2 nsifeulmueseunsuianyannsaseanUatanvseundud 2554 - 2563 Wisuifisuseifiou
Fish Fish
icient O coefficiert
107 — Upper Confidence Limt 107 | — Upper Confidence Limt
o ne pilie
054 0.5
N0 ne n & fal
B ] |_||:| UUU un”nﬂﬂ ool = S 1AL oocllen - nuDD
- IRl L O
I i *
054 - -059
10 10
................
HER R R R R e g HER R R R R R e e
Lag Number Lag Number

3Uil 3 ACF uae PACF wasoynsunaiindaseyame d = 1 uaz D = 1

NAN3ATINABUTINUIN BynsUAIYaAINISATEaNUAY
anvounfuiiauuiluunaydvsnaresngnia Tuag
ﬁuyaziamyaamﬁmwamlwé’ﬁfﬁ’uﬁ' 1(d = 1)1 orindn
wwaluy uagyranggNIaEIRull 1 (0 = 1) flerhdn
SvSwavesnanIa uaastens s Fuandiuslui,

(autocorrelation function: ACF) wagns 1w an 94 u

anduwuslusui19aau (partial auto-correlation
function: PACF) 1l aas19dnuunensalaeisdens-
WUAYE WU BYNTUIAIMEIINNTTHUAsv By Al

Fnuauraed (SUN 3) Jarvussiuunensaumduly

Y

N o

Tal5unu Ao WILUU SARIMA(, 1,2)(1, 1, 2)n

NanNISARLABNA UL UA BLaNIENISITRBTT I



Journal of Applied Science and Emerging Technology (JASET) Vol. 24, No. 1 [2025]: e254679

1T 2 MAPE way RVISE wasvayayail 1

FBwensal MAPE RMSE
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Toan 19.3544 28,141,401
Us1I 214162 31,283,613
e 19.2017 28,001,718
gonanEnY 14.9950 20,897,637
JumesuuuuIN 15.0305 20,903,638
Juwesiuugn 15.7558 22,868,660
Favun vanefia AN MAPE uag RMSE il
Iﬂ']i'N'i?i 3 Nﬁﬂ']i?l;’]ﬂ(;f'JLLUUWEﬂﬂiﬂj
3 3Bwensal fauuuneInIal
! vang-launua Y, =0.68697(Y,_, - Y, ;) +0.31303(Y_, - Y_,)+Y,,, -0.83508¢,_,,
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€ in WUANAAIALARDLINATNENSD) B e t — 12
2 leam Y., =143,166,070.72835 +174,750.13313(m)
3 usu N 1
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0.46822
a4 uax A < i
Y, =141,418,959.50412 +10,476,480.90980 " (0.30040)
i=1
5 agNaRuINY V. =127,471,782.79413 + 8,
6 Aumesuuuun Y., = (128,586,498.69519 +202,622.60464m) + S,
7 Jumesuuugm Y. = (134,957,897.44357 +197,504.98813m)S,

Toef m = 1 unudteunnaau 2564 uae S, uanafiin1sen 4

o

S s oaq Yo ¥ o
A3 4 ﬂﬁ!uﬂ@ﬂ?ﬁ‘\]’]ﬂﬂlﬁﬂ?i%ﬂﬁlﬁﬂuﬂ’lﬂLa'?ﬂlﬂ'l

MaswesIumeLUUAM

Sa L am oq Yo ¥ Lo o = ¢ as oq Yo ¥ &
INUYANIRDYINY WarsilnSsumetavdimadwesiumesuuuuin wazismsilnseuneiady

ey S, vas3Bagniaetneing S, vesiFiumesuuuuan S, vesiEiumesuuugu
uNIIAY 44,011,308.07 45,125,728.07 1.37032
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ﬁqumu -19,388,637.26 -19,287,272.99 0.73615
N3NH1AN -20,074,720.72 -20,176,087.22 0.74315
BNGH] -24,217,559.92 -24,521,657.02 0.71556
fiugneu -16,969,796.55 -17,476,622.97 0.79601
fanAd -12,078,879.02 -12,788,430.05 0.85666
NeFANIEU -2,454,504.79 -3,366,762.35 0.92729
GiTPRH] 22,444,849.91 21,329,947.55 1.14687
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Levene

/N Awensal KS test p-value Runs test p-value t-test p-value p-value
statistic
1 ﬁanq}—wuﬁué 0.728 0.664 -0.485 0.628 0.275 0.784 0.714 0.723
2 Taaé 0.548 0.925 0.733 0.463 -0.159 0.874 1.115 0.358
3 Ui'\’]‘lj 0.665 0.768 0.000 1.000 0.331 0.741 1.089 0.379
[ WAL 0.621 0.835 0.733 0.463 -0.052 0.959 1.194 0.302
5 qqmaaﬂlwim 0.793 0.556 -1.283 0.199 0.035 0.972 1.272 0.252
6 E.mW|’E]%LL‘U‘U‘UZ]ﬂ 0.788 0.564 -1.283 0.199 -0.101 0.920 1.272 0.252
7 EJUM’EJ%LLUUFI“ZM 0.917 0.370 -3.117 0.002* -0.129 0.898 1.272 0.252
* yngds e fisedu 0.05
a5edi 6 NamiL‘U%EJ“ULﬁEJUﬂ’MlJLLliui‘umiwmﬂiiﬂ‘llua%a‘ljmﬁ 2
a1 Eémmi ﬁa:w?—‘ Toad usl TeH] qlﬂn'lm uonod
devan wuiud 28194 wuuuIn
1.A. 2564 154,471,058 170,379,290 143,340,821 149,639,267 144,566,130 171,483,091 173,914,849
.. 2564 148,740,462 142,199,999 143,515,571 156,391,150 145,511,550 142,499,332 144,931,407
fi.p. 2564 168,051,375 155,641,310 143,690,321 163,143,033 145,795,557 150,582,154 153,014,246
L.y, 2564 155,767,574 122,185,939 143,865,071 169,894,917 145,880,874 113,214,039 115,646,060
W.A. 2564 129,316,938 141,254,630 144,039,821 176,646,800 145,906,504 132,319,413 134,751,335
1.8, 2564 159,799,646 115,071,716 144,214,572 183,398,683 145,914,203 108,083,146 110,514,961
n.A. 2564 146,347,024 113,995,525 144,389,322 190,150,567 145,916,516 107,397,062 109,828,770
d.A. 2564 178,131,457 107,014,566 144,564,072 196,902,450 145,917,211 103,254,223 105,685,823
n.b. 2564 142,926,431 115,393,026 144,738,822 203,654,333 145,917,419 110,501,986 112,933,479
7.7, 2564 147,824,776 121,107,983 144,913,572 210,406,216 145,917,482 115,392,904 117,824,295
W.8. 2564 153,973,629 129,809,917 145,088,322 217,158,100 145,917,501 125,017,278 127,448,585
§.A. 2564 168,096,191 150,756,407 145,263,072 223,909,983 145,917,506 149,916,633 152,347,917
MAPE 17.1864 8.0639 22.5968 7.4899 19.2087 18.1996
RMSE 31,860,819 16,043.254 40,911,954 15,212,229 35,967,331 34,180,987

faviun vanefia A1 MAPE wag RMSE #nfign

Fovaula e A1 MAPE wag RMSE svdudusiuil 2
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