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Abstract

The aim of this study is to investigate the innovative capacity of high-tech zones
in China. To this end, we have developed an evaluation index system and established a
solid theoretical basis for it. Our evaluation system includes four first-level indicators,
eight second-level indicators and 28 third-level indicators, whose weights were
determined using the entropy weight method. In addition, we applied the catastrophe
progression method to comprehensively assess the innovative capacity of high-tech
zones, capture innovation dynamics and identify areas for improvement. The novelty of
this study lies in the construction of a multi-level index system based on the framework
of cybernetics and information theory. By combining the entropy weighting method and
the catastrophe progression method, we provide for the first time a scientific and
comprehensive method for assessing innovation capability. Our research not only reveals
the strengths and weaknesses of the innovation capability of high-tech zones, but also
provides practical assessment tools and theoretical support for their further
development. The results show that the systematic index system and scientific
assessment methods can effectively evaluate the innovation capability of high-tech
zones and provide deep insights and suggestions for improvement. Overall, our study
provides valuable insights and practical guidance for the continuous innovation and

development of high-tech zones in China.

Keywords : Evaluation index system, Evaluation model, Innovation capability, High-tech

zone Industry
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Introduction
The National High- tech Industrial
Development Zone (hereinafter referred
to as the “High-tech Zone” leads China's
innovation- driven development in each
its

directly determines the innovation level

region, and innovation capability
of the region. In addition to implementing
the strategy of “ innovative country”
building a regional innovation system with
local characteristics and advantages is the
focus and core of local governments'
development strategy in the new period.
The high- tech industry is an emerging
with

development potential. The level and

pillar industry excellent
scale of the high-tech industry reflect a
country's comprehensive national power,
development  potential and  core
competitiveness. The importance of high-
tech enterprises as pioneers for the
development of strategic emerging and
high-tech industries in China is obvious.
The

(1982)[1] were the first to start researching

scholars  Bruno and Tyebjee
the valuation index system of science and
technology parks and constructed the
corresponding valuation index system
with 12 factors that significantly influence
the companies. Makecki (1987, 1988)[2, 3]
evaluated the innovation ability of high
and new technology zones from eight
aspects: the strength of government
support, the speed of capital flow, and
the degree of personnel mobility —

innovation in high technology zones.

Chung (2004)[4] used the AHP method to
evaluate the companies in Taiwan's
He

concluded that seven factors, such as

science and technology parks.

consumption effect, industry relevance,
and government, are closely related to
the high-tech industry. Zeng (2010)[ 5]
argued that the innovation capability of
high-tech zones can be evaluated based
on three aspects: Innovation environment,
innovation promotion and innovation
organization.

The Chinese Ministry of Science and
Technology has improved the National
Indicator System for the Evaluation of
High-tech Zones four times since 1993,
and these four versions have integrated
different innovation directions in the high-
tech zones in different periods[6]. On this
basis, Xu Guanhua (2006)[7] believed that
six factors such as innovation environment,
technological ~ innovation  and  risk
investment are closely related to the
innovation ability of high- tech zones.
Zhao Daping (2007) [8] developed an
index system to evaluate the innovation
ability of high-tech zones to analyze the
impact of specialized division of labor on
independent innovation ability in high-
Wang Feng ( 2010) [ 9]

interpreted the development path of PIH

tech zones.

innovation capability based on the study
of the driving and development mode of
independent innovation in high- tech
zones. Hu Shuhua (2010)[10] proposed a

three- level index system to evaluate the
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autonomous innovation capability based
on the study of the concept, construction
of the
autonomous innovation capability of high-
tech zones. Fang Yumei et al. (2014)[11]

designed a four- dimensional theoretical

basis and  characteristics

model of environmental support, innovation

output, organizational process and
innovation input based on theoretical
analysis and practical research. In
addition, Zhang Jixin (2022)[12] used the
entropy value and disaster progression
method to measure the ability of national
high- tech zones to cultivate innovative
industrial clusters. Zhang Lin (2022)[13]
used the effectiveness coefficient method
to measure the innovation ability of
national high- tech zones in Shandong
Province. Guo Yanqing (2022)[14] used the
factor analysis method to measure 44
national high-tech zones in six central
Ren Fei (2020)[ 15]

empirically investigated the innovation

regions of China.

evaluation ability of 25 enterprises in
Zhengzhou high- tech
DEMATEL- ANP analysis, Ding Qingging
(2019)[16] applied the DEA Malquist index
method to dynamically measure the
54

and Su

zone  using

innovation efficiency of China's
high- tech
Chenging (2018)[17] used the disaster

progression method to measure the

national zones,

innovation efficiency of the 14 national
high-tech zones in the city cluster on the
middle reaches of the Yangtze River and

conducted an empirical study.

Volume 12 / Number 2 / July — December 2024

To summarize, research on high-tech

zones initially focused on system
structure and functional mechanisms. As
research deepened, attention gradually
shifted to the development of index
systems and evaluation methods. Despite
the extensive literature on high- tech
First,

there is no consensus on a valuation

zones, several problems remain:

index system for high-tech zones, and
research on unique indices is limited.
Second, most existing comprehensive
valuation methods are based on linear
which

analyzing empirical objects with nonlinear

models, are unsuitable for
relationships. Therefore, this study aims to
develop a novel evaluation index system
to evaluate the innovation ability of high-
tech zones and select a suitable evaluation
model to solve these problems.

The novelty of this study lies in the
integration of cybernetic and information
theory approaches with the entropy
weight method and the catastrophe
method

multilevel index system for assessing

progression to develop a
innovation capability. This comprehensive
and scientific approach not only reveals
the strengths and weaknesses of the
innovation capability of high-tech zones,
but also provides practical assessment
tools and theoretical support for their
further development. The main research
tasks include designing a multi-level index
system, determining the indicator weights,

applying the catastrophe progression



nsmsIvnaaluladenamnssy : un InerdgTIviaIgin

U7 12 avuil 2 iiounsngiru - 51IAu 2567

method for comprehensive assessment,
and finally providing a thorough assessment
of the innovation capability of high-tech

zones.

Principles of indicator system
construction

When assessing the innovative capacity
of high-tech zones, it is crucial that the
indicators are scientific, complete, and
practicable. Therefore, the development
of a set of scientific and practical index
systems for assessing innovation capability is
an essential part of the research in this
paper. The design of an index system to
evaluate the innovation capability of high-
tech zones should follow the principles of
the available data source, and indicators
at all

system can be operated, but it must also

levels can be considered. The

follow the principles of expediency,
objectivity, systematic principle, and the
combination of qualitative and quantitative

principles.

Theoretical basis for the construction
of indicator system
that

system,

in the
the

innovation system is connected to the

Cybernetics  assumes

regional innovation
outside world through the control of
inputs and outputs and that there is a
black box in this process that does not
allow the intenal operation to be
recognized intuitively. Information theory
of

states that there are processes

identification, processing, transformation,
transmission, storage and display in the
information flow of the system. There are
positive and negative feedback effects in
the whole process of information flow
transmission. In the regional innovation
system, the source of information flow
transmission is talent, capital and
technology entering the black box from
the innovation subsystem. It carries out
the
innovation subject in the black box and
the the

subsystem. The output is fed back into

innovation  activities  through

outputs  from innovation
the innovation input subsystem. The
whole process is the structure of the
regional innovation system under the
guidance of cybernetic theory and
information technology theory, as shown

in Figure 1 below.

external environment

Black Box Operation

Innovation

inputs Subjects of Innovation

Innovation Content

Innovation
Output

1 |

Feedback

Fig. 1 The structure of regional
innovation systems in consideration of

cybernetic information theory[17]

Indicator design and screening
Based on the structure of the regional
innovation system within the framework

of  cybernetic information  theory,

combined with the high-tech zone's own

characteristics of innovation system,
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focusing on the goal of evaluating the
innovation capability of the high- tech
zone and drawing on the successful
experience of previous similar index
systems, the high- tech zone should
improve its innovation capability from the
four aspects of increasing innovation
input, optimizing the organizational and

operational level, increasing innovation

output, and appropriately allocating
resources and environment. Therefore,
this paper is based on the four
organizational aspects of innovation

capability. Therefore, this paper develops
an indicator system for the innovation
capability of high-tech zones, which is
composed of four dimensions: Innovation
input capability, organizational operational
capability, innovation output capability
and environmental support, as shown in
Figure 2.

Referring to the framework of high-
tech zone innovation capability indicator
system, according to the high-frequency
principle of classical literature indicators
of authoritative institutions and based on
the principles of expediency, objectivity
and systematic, this paper selects four
first- level indexes, eight second- level
indexes and 28 third- level indexes to
establish the national high- tech zone
innovation capability assessment index
system, as shown in Table 1.

The innovation input index is used to
measure the strength of resource input for

innovation in high-tech zones. It mainly

Volume 12 / Number 2 / July — December 2024

includes two aspects: intellectual input
and financial input, and four indicators are
selected for intellectual input, such as
R&D personnel, personnel for scientific
and technological activities, the full-time
equivalent of R&D personnel and the
density of personnel with middle and
higher titles, etc. In contrast, the financial
scientific  and
R&D funding,
scientific and

input  for financing

technological activities,
intensity of financing
technological activities and R&D funding
intensity are selected. R&D expenditure
of  S&T R&D
expenditure intensity of S&T activities and
R&D expenditure intensity of S&T activities.
The

indicator measures the output capability

intensity activities,

innovation output capability
of high-tech zones according to the use of
resources, including output scale and
efficiency. Three indicators are selected
for output scale: the scale of technology
income, the annual growth of high-tech
enterprises, the scale of export foreign
exchange, etc. Output efficiency specifies
three indicators: profitability, return on
R&D

income per unit of R&D personnel.

investment and  technological

The environment support capability
indicator measures the supportive effect
of a high-tech zone's environment on
innovation capability, including the soft
the

environment. Four indicators are selected

environment  and complicated

for the difficult environment: Company

size, number of employees, capital
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investment status and the total number of
science and technology incubators, etc. In
comparison, the soft environment selects
four indicators: the strength of policy
support, the innovation of institutional
mechanisms, the essential supporting
environment and financial support.

The organizational and operational
capability indicators are used to measure
the comprehensive capability of high-tech
zones to transform resource inputs into
outputs, including the capability of the

innovation unit and the organizational

Intellectual
Input

hard
environment

Environmenta
| Support

soft
environment

Scale of
output

Innovation
Input

High-tech Zone
Innovation
Capability

Innovation
Output

coordination capability. Three indicators
were selected for innovation capability,
of high- tech
enterprises, the number of universities
and R&D

innovation service facilities, etc., and

such as the number

institutes, the number of

three indicators were selected for

organizational coordination capability,
such as the number of national college
the

number of innovative industry clusters,

science and technology parks,
the number of productivity promotion

centers, etc. Three indicators.

Financial
input

Main body of
innovation

Organisation

Organzational
coordination

Output
efficiency

Fig. 2 Framework of the indicator system for the innovative capacity of the high-tech zone
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Table 1 Evaluation Indicators System of Innovation Capability of Hi-tech Zone [18-27]

Fraluation  Level 1 Level 2 Level 3 Indicat Indicator Descripti Unit
— evel 3 Indicators ndicator Description ni
objectives  |ndicators Indicators P
R&D personnel Number of R&D Personnel Persons
Scientific and technological Number of technologically active
. Persons
activity personnel personnel
Intellectual ~ R&D Personnel Full-time Full-time equivalent of R&D
] ) Persons/year
input Equivalent personnel
) ) Number of middle and senior title
The density of middle and
o personnel/number of employees %
senior title personnel
Innovation at the end of the year
Input Funds for scientific and Internal Expenditure on S&T Thousands
Capability technological activities Activities of Yuan
Thousands
R&D Expend Internal Expenditure on R&D
of Yuan
Financial
) The intensity of )
input ) o Internal Expenditure on S&T
Expenditure on Scientific o %
) L Activities/Total Income
and Technological Activities
) ) Internal Expenditure of R&D
R&D Expenditure Intensity %
Funds/Total Income
The scale of technology ) Thousands
) Amount of technology income
income of Yuan
Scale of Annual Increase of High- ) ) )
High-tech . Growth of high-tech enterprises per unit
. output tech Enterprises
Zone Innovation
The scale of export ) Thousands
Innovation Output ) Export earnings amount
earnings of Yuan
Capability Capability — - —
Profitability Enterprise net profit ratio %
Output Return rate of R&D investment  Technology Income/R&D Expenditure %
efficiency Technology Income Creation Technology Income/R&D Thousand
per Unit of R&D Personnel Personnel Yuan/person
o Total revenue/number of Thousand
Enterprise size )
enterprises Yuan/Each
) Number of employees at the end
Hard Employee Size persons
) of the year
environment
Capital Operation Status Year-end assets/year-end liabilities %
Total number of technology ) .
] . Number of incubators per unit
) business incubators
Environmen
) Measured according to the policy
tal Support Policy Support ) ] ) Level
- introduction of each high-tech zone
Capability )
Measured according to the
Institutional Mechanism .
) operation and management of Level
Soft Innovation )
) each high-tech zone
environment
Basic Supporting Measured by the infrastructure of Level
eve
Environment each high-tech zone
) ) Measured by financial services of
Financial Support Level

each hi-tech zone




nsgImavaluladgnanssy : un1IneIaeTIvINaIGIUN
U7 12 avuil 2 iieunsngIeru - 51IAu 2567

Evaluation

Level 1 Level 2 Level 3 Indicat Indicator Descripti Unit
— evel 3 Indicators ndicator Description ni
objectives  |ndicators Indicators P
The scale of high-tech ) ) .
) Number of high-tech enterprises per unit
. enterprises
Innovation
) Number of Universities and Number of universities and R&D .
main body o o per unit
. R&D Institutions institutions
o capability ) ) )
Organizatio Number of Innovation Number of Innovation Service .
) o o per unit
n Service Organizations Organizations

Operation Number of National Number of National University "
er uni

Capability Organization  University Science Parks Science Parks P
and Number of Innovative Number of Innovative Industrial 't
er uni

coordination  Industrial Clusters Clusters P
capability Number of Productivity Number of Productivity Promotion "
per uni

Promotion Centers Centers

Table 2 Mutation level system model and diagrams[24]

Spike mutation Swallowtail mutation

Type Butterfly mutation system
system system
System model f(x) = x* +ax? +bx f(x):1x5+gax3+£bxz+cx f(x):£x5+£ax"+1bx3+£cxz+dx
Y 50 37 "2 6 4 3 2
Control variable a, b a, b, c a,b,cd
Divergence point a=-10x%, b=20x>, C=—15X4,
s ) P a=-6x, b=8x> a=-6x%, b=8x%, c=-3x*
equation d=5x
Normalization
x, =~a,%, =3b x, =va,x, =3, x =4 x, =~la,x, =3b,x, =4, x, =d
formula
X X X
Diagram |—|—| |—,—\ I |
a b a b c ab c d

Remark: Using the diagrams, we can determine the type of each mutation, i.e. “one change two” for
the spike mutation, “one change three” for the swallowtail mutation and “one change four”

for the butterfly mutation.

Evaluation Model

1. Indicator weighting: Entropy weight
method

The Entropy Weight Method (EWM) is
a widely used multi- criteria decision-
making technique that helps to determine
the weighting or importance of different
criteria in decision- making. It was first

proposed by J.W. Doyle in 1978 and has

since been applied in various fields such
as engineering, management, and economics.

The EWM is based on the concept of
information entropy from information
theory. It aims to measure the degree of
uncertainty or variability in a set of criteria
and assign a weighting to each criterion
its

reducing overall uncertainty. The basic

based on relative importance in
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idea is that criteria with higher entropy (i.e.
higher variability) are considered more
critical and receive a higher weighting
[28,29].

The steps of the entropy- weight
method usually include:

Step 1: To determine the valuation
matrix to be used. Assuming that the
number of evaluation indicators and
objects corresponds to i and j in this
order,

the following specific matrix

formula results.

X11 X1z X1j

X X Xa i

x=|tm e 2
Xi1 Xio Xij (1)
Step 2: Data- based dimensionless

processing is performed. The formula for

processing positive indicators is as follows.

(L))~ Xmin (L))

u Xmax(LJ)=Xmin (L))

r

2

The formula for the reverse indicator
is also referenced as follows.
Xmax (1,] )_x ("UJT)

u Xrmax (L) —Xmin (i.7)

r

+1
(3)

The dimensionless processed judgment

matrix is then derived as follows.

1 1
X11 X12 X1
1 1 r
X = X21 X992 Xoj
-f r I
Xi1 X2 Xij 1 (q)

Volume 12 / Number 2 / July — December 2024
where: i = 1,23, m;j = 1,2,3,n, and
H represents the panning magnitude.
Step 3: The weighting of the indicators
is carried out.

Y
m I
i=17%j

Yii = (5)

Step 4: Calculate the specific first

value of the indicator.

_ 1 m
€ = ——Xinm YijIn Yij

(6)

Where: i = 1,23+, m;j = 1,2,3,n, &
is the first value of the j indicator match.
Step 5: Complete the derivation of

the coefficient of variation.
gi=1—¢g

Where: i = 1,2,3-, m
Step 6: The indicators at each level

are fully weighted.

g
ff Ji

I, 9;

(8)

Where: j = 1,2,3+, n

The Entropy Weight Method provides
a systematic approach for dealing with
multiple criteria  and their relative
importance in decision problems. It helps
decision makers to identify the most
criteria. and  make

important more

informed and objective decisions.
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2. Evaluation of Innovation Capacity:
Catastrophe progression method

The theoretical basis of the
Catastrophe Progression Method (CPM) is
one of the three new theories of the
system, the mutation theory (catastrophe
theory). Catastrophe theory was founded
in 1972 by the French mathematician
Thom through  the
development  of stable

topological concepts, and built on the

Rene mainly

structurally

basis of topological dynamics, singularity
theory and other theories, which can be
used for state evaluation and change
trend analysis, and is known as “ calculus
after a revolution in mathematics” The
CPM derived from the mutation model of
mutation theory is often used in multi-
decision

criteria problems. Its

comprehensive  evaluation of the
objective is first to decompose the overall
objective of the system evaluation at
multiple levels, and then use the
mutation fuzzy membership function
generated by the combination of
mutation theory and fuzzy mathematics,
and then perform the comprehensive
through  the

formula, and

guantitative  operation

normalization finally
normalize it to one parameter, that is,
seek the overall membership function to
arrive at the comprehensive evaluation
results —the
results[30].
Step 1

system for mutation evaluation.

complete evaluation

Determine the index

When determining the mutation
based on the
guided by the

intrinsic mechanism of the mutation level,

evaluation indexes

evaluation purpose,

starting from the evaluation of the overall
of the

decomposed step by step, that is, one

index, each level index is
index is decomposed into two or two or
more indexes, with the aim of obtaining
the subdivided indexes that can better
express the actual evaluation object.
Since the mutation system does not
contain more than four control variables
circumstances, the

under  normal

corresponding decomposition of
indicators at each level is also no more
than four. At most, each indicator is
decomposed into the next level of
indicators, which can only deteriorate
from four.

Step 2: Determine the weights of
the indicators --EWM.

Catastrophe progression method
in the calculation process: although the
weight of each indicator does not need to
be used, in the construction of the
mutation level indicator system needs to
be the weight of each indicator, the use
of weight to determine the relative
importance of each indicator, the weight
of the larger is ranked in the front, the
weight of the smaller is classified in the
back, the role of the indicator before and
after the order of the different formulas
used to reflect the operation is other. To

overcome the subjective factors in index

_10_
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sorting, this paper adopts the entropy
weight method to calculate the weight of
each index when assigning weights to the
indexes. The entropy weight method is a
relatively objective method of
assignment. The original data need to be
standardized before starting the entropy

weight method to calculate the weight.

Yy Indicates which indicates the J
sample of the ! indicator. All of them are
standardized data.

Firstly, the weight of the J sample of
the | indicator is ™ :y"'/zlzly”

(i=12,---,m; j=1,2,---,n) /

Secondly, the entropy value of the i
:7]/“’1 nz:‘zl(pij In pij) .
7
Finally, according to the utility value
of the indicator 9 =178 the weight of
the | indicator is obtained “":d‘/zimzld'.

If the evaluation index system is a

o g
indicator

multi- layer structure, then according to
the additivity of entropy, the utility value
of the indicators of the lower structure
can be summed up to get the utility value
of each type of indicator in the upper
D Thus, the weight of the

corresponding upper indicator can be

layer

obtained W= Dk/Zi:lD“ (k=125

Step 3: Determine the type of
mutation.

In general, the mutation system
will have no more than four control
variables, so there will be at most seven
forms of mutation, namely the seven
dovetail

types of cusp mutation,

Volume 12 / Number 2 / July — December 2024

mutation, butterfly mutation, fold
mutation, hyperbolic umbilical point
mutation, elliptical umbilical  point

mutation, and parabolic umbilical point
mutation. When using the catastrophe
progression method, only three types are
generally expected, as shown in Table 2.
Table 2 models the potential function
of a state variable x of the mutation
system. The coefficients of x, a, b, ¢ and
d denote the control variables of the
state variable. The state variable and the
control variable of the potential function
of the system are two opposing aspects.
If an indicator is decomposed into two
sub- indicators, the system can be
regarded as a hump mutation system,; if
an indicator is decomposed into three
sub- indicators, the system can be
regarded as a dovetail mutation system; if
an indicator is decomposed into four sub-
indicators, the system can be regarded as
a butterfly mutation system.
Step 4: Derive the normalization
formula from the divergence equation.
According to the mutation theory,
divergence point set equations cannot be
directly analyzed and evaluated because
the range of values of the state and
control variables is not uniform, nor can it
be consistent with the range of values of
fuzzy affiliation numbers 0 to 1. Thus,
limiting the range of state and control
variable values in each mutation model
to 0 to 1, i.e., normalization is necessary.

The divergence point equations are

_11_
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taking  the
function's first-order derivatives, and the

obtained by potential
mutation system's set of singularities is
obtained by taking the second- order
derivatives f'(0=0_py f'x)=0 F"(x)=0
eliminating x, the divergence point set
equation of the mutation system s
obtained, i. e., the equilibrium surface
formed by the set of all critical points.
The divergence point set equation
indicates that the system mutates when
each control variable satisfies this
equation. The normalization formula can
be derived by decomposing the form of

the divergence point set equation. The

normalization formula indicates
x(=abcd) wo umber of mutation
levels corresponding to the control

variable i. The normalization formula is a
multidimensional fuzzy affiliation function
in the mutation-level system.

Step 5: Comprehensive evaluation
using the normalization formula

The normalization formula
transforms the different qualitative states
of each control variable in the system into
the same qualitative state, i.e., the control
variables are unified into the qualitative
state expressed by the state variables.
Control variables in the use of the
normalization formula to calculate the
value of each state variable, if there is no
apparent correlation between the control
variables of the system, the object of the
control scalar for the “non-complementary,”

following the principle of “ taking the

smallest out of the big , 7 let

MIN {1 X1 X1 X, | to be the x value of the

If there s

between the control

entire  system; evident
interrelatedness
variables of the system, then the control
called

variables of the object are

1
“complementary,” and let E;Xi to be
the x value of the entire system; which is
the only way to meet the requirement of
qualitative change of the divergence
equation. Finally, the evaluation objects
are ranked according to their total
evaluation index scores regarding their

advantages and disadvantages.

Conclusion
This study summarizes the national
and international research on the

evaluation indexes of innovation

capability in  high- tech zones and
constructs an evaluation index system for
high- tech zones. The entropy weight
method is used to determine the weights
of each index level, and the total value is
calculated by the catastrophe progression.

The practical significance of this
research lies in providing a rigorous and
comprehensive framework for assessing
the innovation capability of high- tech
zones. Using a scientifically grounded and
multidimensional assessment system, this
study identifies the strengths and
weaknesses of innovation capability, thus
providing valuable insights for policy

makers and stakeholders to improve the

_12_
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innovation ecosystem in high-tech zones.

This comprehensive approach not only

contributes to a deeper understanding of

innovation dynamics, but also serves as a

guide for strategic decisions that promote

sustainable development and enhance

the competitive advantages of high-tech

industries.
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Abstract

Working in an environment with vibration from machinery is increasing the risk
for the hand arm vibration syndrome, especially among stone mortar informal workers.
The objective of this study was to measure the vibration, evaluate the hazard, and
prevalence from exposure to vibration in the arms and hands in 75 stone mortar informal
workers from August and September 2023. The tools used to collect data included a
general questionnaire and hand arm vibration meters. There were three machines;
drilling the stone mortar, stone cutting machine, and decorating both the inside and
outside of the stone mortar were measured the hand arm vibration. The results showed
that the acceleration values from hand arm vibration of all subjects exceeded the
vibration exposure limits including vibration values that informal workers received in one
day (8 hours) were also exceeded the vibration exposure limit. These findings would be
useful information for further preventing and controlling measure occupational health
and safety for working on exposure to vibration including policies and strategies to

mitigate the risks for informal stone mortar workers.

Keywords : Hand Arm Vibration, Informal Workers, Stone Mortar
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Abstract

Working in an environment contaminated with silica dust is increasing the risk
for the development silicosis for stone carvers in Nakhon Ratchasima province, Thailand.
This study aimed to develop an Artificial Neural Network (ANN) model to predict silicosis
risk scores among 243 stone carvers who exposed to silica at work from August and
October 2023 in Nakhon Ratchasima, Thailand. Regression analysis was performed in
order to find the factors significantly associated with silicosis risk scores. Only 4 influ-
enced variables were tested by using regression analysis. Regression analysis and ANN
were run to predict silicosis risk scores from 4 influential variables. These influential
variables included the concentration of silica dust exposure (mg/m?), working hours per
day (hour), congenital disorder, and separation of residence from a workplace. ANN
model was constructed as 4-3-2-1 by comprising of 4 input variables, 3 and 2 hidden
nodes, 1 output variable, momentum was 0.05, learning rate was 0.5, and learning time
was 100,000 epochs. The findings showed that the least error with the Mean Absolute
Percentage Error (MAPE) was 4.58. Predictive accuracy was assessed by MAPE value. ANN
model showed the least value of MAPE when comparing an error value of less than 10%.
Therefore, the ANN model is accurate and valid for silicosis risk scores prediction in indi-
viduals in order to plan for solving problems according to the factors influencing the
silicosis risk scores before starting to work. Further research is recommended to improve

to model by large-sample-size research.

Keywords : Silicosis risk scores, Stone Carvers, Artificial Neural Network
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Agency : US-EPA) [12] ASaun1s7 2

__ (CairXINhRXETXEFXED)

ADD
(BWXAT)
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o ADD = AedsUTnadudanmildsulu
wiaz iy (me/kg-day)

Cor = AU U uFan luaniudl
MU (mg/m?)

InhR = a5 nsgla (m*/hour)

ET = 522wa1n35Uduiia (hours/day)

EF = arwdnissududa (ud)

ED = smnulfisududa @)

B = Yawedngnanie (ko)

AT = szezianadesiod (Fu)

3.5 doyanuidesnnnnisiududardy
Fanm

UspilumanAziuuA s B sauam
NNTTUFUR AR WTAN1m1035n15 wen.
2535-2555 [13]

4. Faszrtadsnidnsnanionzuuuady

WHE9INNISSUAUREAUGEN

v

Fwnsesiteyanaly Teyanisvinau

Y
v

waguamilosiu doyanginssuguam
waAw3 viruad wagn1sufuRtunisiih
seirlesiulsndaladalaonisiinsgsinnnes
Badunmgauiiomniadefiivinadens uuu
audssnmsiuduiadudan

q

il

5. msasndlassneyssamidisnlumsiinue
AzuULAMUELIINNTTURNRAHUTEN

TasseUszanmigudunisinass
SEUUMSUTTIIANATEY AR AND Y YETs
anunsalelunisyinuiea1dauwdsle Taed
BmsUszalanadaunsi 3 uwasdinisdsenn
Foyanuilantugnueass (Sigmoid function)
Faaunisi 4

X=AW, + AW, + .. + AW, + W, (3)

1
1-e*

flx) =

(@)

dlo X = Arvnnisuszananaluudaslnun
(Node)
An = ndayatndn (Input)
W, = ambinluustasinn (Weights)
W, = A1 Threshold

failfosvhmsduutsdeyatadeng
(Input) Fl4lun1sTiaszsiooniiu 2 ya fe
Yadoyaiseus (Train set) Souay 70 vangy
Mg Yadeyanaaau (Test set) Soeaz 30
yoanguiaege ntuthyadeyadousun
andunisadialasangussamiienlunis
Muee 28U sUn Ty Waikato Environment
for Knowledge Analysis 138 WEKA version
3.9 Garmunguailasiaiannensauves
syuuliiifudeu (Hidden layers) S1uau 2
Fu (Layer) lnguSumlnuna (Node) uaag u
Faug 1 TUauils 10 UsuardnsiniaFeds
(Leaning rate) H9ud 0.05- 0.5 ANuUAA"
Tuimss (Momentum) i1 0.05 UagimuaLian
lunsiSeu; (Leaming time) Wity 100,000
soU Wl aduvlasarsUsza I BN T 60
AuAAALAGBUDETIEN

%
i

6. mvadauANAaIALAd aulun1sTiue
AzuLUAMUEE NN TUR NI LTENT
VPABUATLUAT LA INNSIWE A8
lassyeUszamiiiey (Awhwne) Auatazu
Anudeeais (A1939) Freyndeyanaaou
LA AIUIMMNANHATINYRIA LA YR S aaY
mwmmmmﬁ'auﬁ’mgsd (Mean absolute
percentage error : MAPE) Gﬁ'&ammiﬁ 5

At — F¢
At

MAPE = ~¥7., x100 (5
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'
Saa

dlo A = AAzuuuALEs (A1939) nan15IATIEnUadeN s nanenz Y
Fe = ArAzLUUANMLEES (Avhuie) aadss nudn 8 4 J93e eud Jadeanny
n = PIWIUNFUAIBEN Wudus udannluaaiui viau (mg/m’)
Srunulusnsieusetu (@ lue) msillse
NAN15398 Uszand waznsiinnendousnanniiviiey
1. Yesedifidvddenzuuuanadeain  Fanised 1
NSSUFURERUTANY

9

A15197 1 UadeniidnSroaziuunInuLd@es

Unstandardized Co-

Uade efficients t p-value*
B Std.Error

ﬂ"m&‘ﬁ 9.481 1.771 5.353 <0.001
aududuudanluaauiivha 317.267 25308  12.536  <0.001
(mg/m’): X

Srnutalusmsvheusot @lue): X 0.712 0.141 5.035 <0.001
nsiilsAUszasa: Xs -2.863 8.220 -3.485  0.001
msiifinefauenandivinau: X 1.374 0.478 2.875 0.005

R=0.822 R°=0.675 Std.Error=2.442 F=53.521 p-value=0.000

NNMITFUAURAHUTANT (n=243)
* p-value <0.05

2. lassneuszamiisalumsinneasuuuanudsinnssududadudant

L

Han1sugateyaiTeuives 4 Uadedvinaseanudeninnssudulanudany wasns

q
a '

Tassrguszamisnlunsyhuneazuuunudssanassvdudadudang wuit laseng
Ustamidieniiflanninenssu 4-3-2-1 faedsmnuaainindeuvewasiisduysallunissinne
Houfian eusznouludeduunings 4 i nuadudoutuil 1 wae 2 Wiy 3 waz 2
mua1au laedidauusdiesn 1 67 Tumuduindu 0.05 dnsnmsiseusivindu 0.5 uwaziianly
M3Seusiviaiy 100,000 oU LLamﬁagUﬁ 1
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A1 = Auidvdutjudam
TuanuArivU (mg/m3)

A2 = '\huaugfaTuo
nsrivucaIu @luo)

A3 = mishlsAUs:=ed
(0=Tud1=0)

. - T

A4 = psdnwne FENanaN ‘
Aru (1 = Td 2 = Tuild) [

|
|
|
|

Input Layer

Hidden Layer

Output Layer

5UN 1 lassheuszamifienilantevewanduysaldosign

lassgUsganniisndinisusuanihninlusdaginuadiolildafiuiudggn nsvinneg
AZLULANULEEIRIINNTTUANNAR UTENT wudn Fuddnamue 4 nue lnsudazinunied
WninAIn15199 2 Tudintudouty 1 was 2 3 3 uag 2 Wuasuadu lnedanninusiag
LAUAFIANTIN 3 Uagn5Ien 4

A15199 2 enntinlutuidda (nput layer)

Al (Weights)

Input Node
Node 1 Node 2 Node 3
Al -15.20 -36.45 2.61
A2 -0.10 -5.86 -44.66
A3 -0.01 0.03 0.16
Ad 0.01 0.03 1.32
Threshold -9.28 -5.96 6.50

A15°99 3 A uinlutugeu (Hidden layer) 9ud 1

ATUMLN (Weights)

Node
Node 4 Node 5
N1 -16.95 -5.04
N2 5.81 -3.14
N3 1.98 -2.09
Threshold -6.53 2.96
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A15199 4 enntinlututou (Hidden layer) uil 2

Anvinwiin (Weights)

Node
Y
N4 1.68
N5 212
Threshold -1.01

3. anwamandeulunimiuneazuuuanudsinnsfududadudan

wansihgateyanadeusiuiu 73 yadeya uinisadeuaziuLALEdE: 9100NS
vhineselaseiglsramifisniuamazuuuaudsnte wui laseisdssamiiiouiinasy
yosrRdvesiorarAmIRaRLARaudysal (MAPE) wiviufesas 4.58 fawnnsneil 5

M54 5 mMinegeuanueaandeulunsiugaziuLAIEsINNsSUdUREuBEN

o AZHULALEYS

. e AuUs D . AZLUUAINY
a1au (Avunean ANN: A MAPE

a9 (A1939)

Xy Xy X3 X4 4-3-2-1)

1 0.02 8.00 1.00 2.00 11.44 20.00 0.18
2 0.03 8.00 1.00 2.00 21.08 25.00 0.06
3 0.03 5.00 0.00 2.00 21.21 20.00 0.02
q 0.02 8.00 0.00 2.00 11.42 20.00 0.18
5 0.03 8.00 1.00 2.00 21.21 25.00 0.06
72 0.05 7.00 0.00 1.00 21.43 20.00 0.03
73 0.05 6.00 1.00 1.00 21.25 20.00 0.03
374 4,58

dsduazaiusena

Aududud udaniluanui e
(mg/m®) Sruudlusnsvianusety @lue)
msiilsnuszsi uwazn1sifinnerfeuenain
Aviuanansaranadelassieussam
dienlunsineaziuuanudsninnissu
GHIAGRPTRRY

At utud udanluanud ey
(mg/m’) fidvnalauindeaudesinnig
Sududas ugdantaenndeifunalgna

sAnwIL2, 14-18] wWu fUFTRWAT U
Au8an1u1nnin 1.0 mg/m’ siatilaslainingi
10 ¥ asflanudsdunisiialsadaladauinn
1 30 wih WerSsuiteufuuftRnuisu
duadugdnnieandt 0.1 mg/m’ Tunaes
A1 5 U[19] wazdiinasuisedinuinnissu
dudas ugdn1u1nn31 3 mg/m’ weodd
AMUFURUS TUAILE Beveen1sE 8T
1 0991n15AF8TAGa[20] 8 n¥eiinanis
Anu3Teiisneanuinsiviudaluanisineuy
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a a

AU (T2109) TBNTnaLTaulinsanINuLE o

PINNTTUFURANUTANT LU AUVULAZERN
Fululszmasufivhauunndt 60 Flussie
FUansidimnudsafiudude 3 wirlunisiin
Tsn@aveniuiiunse ilewfivuiueudiviam
Yoanin 50 Faluaradun1ii21] ateilade
AU ud & n1luaniud ey
szaziianlun1synuilAugennd 9In
1J33mﬁmuafaﬁmmazﬁ:mmmmeuﬁ
MvualitdadAnALNdunIsSududau
FanImasnszozIaINITIemy 8 4319 lde
FoclaiAu 0.025 me/m’4] Wail a1nwa
AIANINUIINTHLIAUTETIAT DN NALTS
auseAIAsIInmsfududadudang su
\esnangidlsauszdrdaringAnssy
guamwlumstestulsafisnnnitauund el
mmaamﬂa”anﬁumamuﬁﬁsﬁwmﬂﬁﬁﬂasm‘]u
Falspazdiaudssfiazdiosielsndalada
m"’mdwsﬁviﬂlﬁﬂwlﬂui’mimm’ﬁaaaz
30[22] wen9nil nsiffnendousnaandi
FeufiBvsnaldauinseanudssainnisiu
duaudani deuaennaoaiunIsAnY
Aeunthifinuinanudswenisiinlsada
Tndavzanasniussoyrineifiug usyning
anuiivhaufuiinende Tnofufoaaui
wnenduognelufed 1 Alawnsainaniud
Wauazdiaudsainlsadaladauinni
Jeuay 40 LﬁaLﬁsuﬁuﬁﬁmﬁaagjmﬂaaﬂlu
11nn71 5 Alawns(23]
wuus1asslaseyreUszarmdoud o
aotlnenssy 4-3-2-1 dA1Aunatned ou
tfosfian lnednasiuvesradsvesiosas
mmmamﬂﬁ'auﬁmgizﬁ (MAPE) 1infiuieg
av 4.58 Faflmlndidsstunanisane3Tens
Mugnginssunsdesiudunsigany

ar009v8annululsluiu[9] laeiile

WS HULUAIRNNLNETI VB Lewis (1982)
WU31A1 MAPE aeni15esas 10 da1aanu
usiugrlumsviuneegluszduiunni2a) 3s
annsaduldlunisvhweanuidesinnis
Fuduimsuganug

anAnssuUsznA
n1sfnuiilasuyuaivayun1siden

?ﬁ“LJﬂﬁ?ﬂﬂ@ﬂﬂUﬁUUﬁHﬂﬂ’]iﬁi’NLﬁ%ﬂJE‘jEUﬂTW
(a@d.) waui 000705/64

3U555UNN5IY
nsfnwiilasueydinasesssulunis
ANTUNNSANYININAULATIUNITISUTIIUANS

TWHUY IV INGIFUFITUAIENT LaTN
061/2566 Li93uf 5 WeeAn U w.A. 2566
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Abstract

The objective of this research is to develop, build and determine the efficiency
of the Solar Collector dryer by comparing the percentage of moisture and weight of the
products obtained from the Solar Collector dryer with the solar drying cabinet and drying
by natural method The product used in the experiment was Nam-wa banana.

From the experimental results It can be concluded that the Solar Collector's
solar dryer has an average hourly radiation that hits perpendicularly on an inclined plane
at 633.06 W/m’. The efficiency of the solar collector panel at any time is between 18.18
- 47.75 %. The solar collector has transmits high solar radiation absorption values and

prevents heat loss well. The efficiency of the solar collector panels that were created
was 99%. The results of comparing the moisture percentage of the products from drying
Nam-wa bananas, tested for 1 day and 5 days, calculated according to wet food
standards, found that the average moisture percentage of Nam-wa bananas from The
Solar Collector solar dryer can reduce humidity better than Nam-wa bananas from solar
drying cabinets and from natural drying methods. Represented as 58.22, 56.02, 55.64 and
74.29, 72.99, 71.94 percent, respectively. The weight of Nam-wa bananas from drying 5
times, 5 days each time. The Solar Collector dryer was able to reduce the weight of
Nam-wa bananas the most. From solar drying cabinets and from natural drying methods.
The weight of Nam-wa bananas decreased on average to 0.35 kg, 0.37 kg and 0. 39 kg,
respectively and when there is a production capacity of 20 kg/time Will be able to
payback the investment with in approximately 9 days, with a net income of 52,459. 68

per year.

Keywords : Drying, Solar Collector, Solar energy, Solar Drying Cabinet
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2. TUNBUNITMARD

2.1 MIMAaBIUTEANSAMLAS BIBULT
winuuaefindlasagyinsingumgiil 1)
vieuddiusedeniing (Ten), 2) viothean
fufusedionfing (Tro), 3) gaumgiduwndon
(Tom) W82 @) AAdaftusiou (Tr,) ndalus
Fausinan 8.00 u-17.00 u. Yo Tuinaes
[6,9] warinAnSadsansedalusiinnnszny
HluslumheTndronnauns uanafiniag
7l 1 doyandoildanmsta

2.2 Wofinsandufuisdorfingiany
A3 (Steady State) Alvagla 9 axnuinen
Yadfignganduiiauinfuaisamauieud
thlliusslonismiuasanaudouiignyde
NNRATIAD-12] Faannsil (1) waw (2)

QSOlar = Qsc + QlOSS ............................. (1)

Tae?

(T I Asc = MCo(Tro -Te)+ Ui Asc(Tp-

FasnsanewmausaunlasuaInNdAUSIE
a ¢ a v 2 W a
ondanunsadeuladussaunisn (3)

Qsc = (TOe It Asc - ULAsc(Tp-Tamb)-......(3)
do Q= saanudeudilaanduiused
21%me (W)

(TOe = UseanSnmidauasvasiiiused
21%ing
= Sssmediluafinnnsznuseain
UUTLUULBE (W/m?)
Asc= Wuflvasinifivdsdonsing (m?)

U, = Andudsedvdnisgapdeanufousu
MNgATIERg (W/m’-K)

Tp = gaumgiifaduiuiadending (°C)

T = QOUMQIAWINGDN (°C)

m; = saslnavesiuhudaufuisdeniing
(kg/s)

Cp = ANAUYAIIUSDUTUNZBIN
(J/kg-K)

Ty = guvindvesindrdfuisdersing
(°0)

Tro= qm%qﬁmamf’mamamﬁ’uﬁu%’ﬁ
91#ne (°C)

2.3 TumsuJUReamgidadiusd

o

D

[ SR |

919ag (T,) Talamaudi9e1n MILuIUTUAI
AUNITAINAIALAINUA ANFIUTENBUNITAS
A21150U (Heat Removal Factor, FR) ERIGY
Auduiusvesn g ivniidadaLiused
9find [11-12] sauandluaunisi (@)

Qsc =Fr(T)e I+ Asc - Fr ULASC(TﬁI “Tamb)-..(4)

dlo Fr Arsausznaunisieaudewdu
dadauvesnnudoud laassandanfused
mﬁms]‘aiawé’amumm%auﬁqﬂ@mﬂﬁuiméh
ViuSedenfing AN Fr danwazaagnuan
Useavsnavossiussdeniing Weosanduen
BNINEIUVBINAIIIUAINUS DUDS IF ONH 19U
anufougeaaiidululdandivssdeniing
FauUszans amfiudadoniing (Collector
Efficiency, Nso) Tuni1suiaa1us oululy
Uselemd fsaunisi (5)

Nsc=Qsc/It Asc=F(TOL)e — [Fr UL(Ttj -Tamp)/N.......

Al NNRITUNANNFUNUSN P AAERS
35319A1 Nsc Wae (T -Tare) / I W0ENTIAIIZY
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mMsannauifaduaziiuladianudunus
AenadeglugUaunisaussoustdunse Y = -
aX + b lngAn -a = -Fr UL Aip At way b
= FA(TOL. A8 A1RAFIALNY Nsc

2.4 Yradsanudusasefindluldas
Flue (r n50 G) wrAwrandurndaau
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12] fyaunnsi (6)

= (G*3600) / 10° oo, (6)
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TneAnadsauduLafindAoaieatua
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1881 (Iy)

| = Amdsnuasefindsedalug
(MJ/m?)
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2.6 FuaAYeraY AL UYDIHAR 0]
PMNATBULKIIAZRULIUY 1 Julay 5 Tuld)]

2.7 FunamnUe WAAS U a1nN1g
puLiasuu 5 A [4]

NAN133Y
1. naiAsesiUsEans nLA3 ese UL
NHIULEI19ing Solar Collector AR
Usunannudeuiilulduselovd (Qx) way

AUINMIUsEaNS AMnvediAusidening
(Nso) NnNan1TInRUNYN Tri Tro, Trw, Tamo
warAadssEsnsedalusiinnnseudsann
VUSEUULBLY () nﬂﬁi‘f’ﬂm Faudiaan 8.00 .
9 17.00 u. veanniuiinaaesiui 14-18
WOUAAL N.A.2566 11U 5 Fu Fam1979di 1
LA YA Nsc Wag (To-Toms) / Ir v099n Uil
NAABINTILATILNNITONDDULTUEY NABANTIN
arlnsmifiuansuseanSanveauresaiused
onfindiadnan

Pnesd 1 wudndleraana 8.00 . 154
AuedesEunsaTnALad U uuasefing
() 19 208.4 W/m?* Auaumiusununinuseu
FulldUselevdldaesiafiusadensing (Qsx)
1% 253.38 W uwazA1UsEanSnnvesdAvsed
97nd (Nsd) 55%, F29387 12.00 1. Tnetade
Anadaaseingganla 922 W/m’ Amuaan
Usinapudeuiivhluldusslonilduesiiiu
Sedofindle 1,032.9 W waza1Usz@nsain
VIR AUSTIE D1 NE 56.02% wara19L3a0
14,00 u. Fudutrsandlngvosgungiivs
Aumsiiiintugegaaenndasiuaaudy
Laaeing mungud Taaiad sadnaudy
waseindla 878 W/m” Anuiuniusuiu
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M19°99 1 Yeyan15vnaeuadednuiu 5 Tu A Tui 14-18 wounaL W.A.2566

parw) HW/m?) T (O Tie(CO)  Tiw®0)  Tams (°C)  Qsc (W) Nsc (%)

8.00 208.4 32.5 32.6 32.6 28.6 253.38 55
9.00 428.6 39.5 39.9 37.9 31.6 544.36 63.5
10.00 7178 45.2 46.2 42.5 33 898.32 62.6
11.00 847.8 50.3 51.6 46.9 34.8 1,038.4 61.24
12.00 922 56.5 57.78 52.2 35 1,032.9 56.02
13.00 952 58.9 59.9 53.7 35 1,031.31 54.16
14.00 878 58.6 59.4 53.6 34.2 902.25 51.38
15.00 631 57.7 58.1 51.9 33 499.84 39.61
16.00 492.6 53.9 54.6 49 314 323.48 32.83
17.00 252.4 49.2 50.4 45.8 30 6 1.19
Aade 633.06 50.22 51.01 46.6 32.66 653.02 47.75
S.D. 261.78 8.42 8.60 6.74 2.11 357.83 18.18
A1 Nsc WA (T -Tams) / Ir 909937 91n3U7 5 nud daAvssdenindiien

NAADINUIILATIENNITONDDULTIUEY WEDA  FR(TO)e bMIAY 79.65 976U LaAAII1N1T
szl nsNTnansUssans A Tnunauresh dauA1naniusderfingvedanivsed
Audadoniingfiadeidy @W;;Uﬁ 6 laglden It e1findfiAnAautiege dauan -Fr Ul winfu
fiflanunnndn 700 SaRsen1samns -1016.8 m/s” fiauansindaiussdeniing

Jostuanusouandelanuaziinsgrinig

navluansysz@rEnnanzla | vesdaius@uaceniing ﬂﬂﬂaﬁlL%QLé{uﬁqﬂiﬁaﬂgﬂq‘v\l‘sﬂ@\‘lLLNQ(;IJ’JLﬁU
™ Fedonfindnassvula 99%

60 B T - P - ~ o

5 $ g 2. wan1saAsieiUSsuisuseuas

b y = 016,65+ 79,650 ANUTULAZUIMTNTDINENTNI (NA81137)

R? = 0.9981 av v o v o a ¢

“ [4] 71AINLAT BIDULAINS I ULEIRNE

0 Aedafiusduasenfinddugounwiandanu

0.015 0.017 0.019 0.021 0.023 0.025 0.027 0.029 - ¢ o Ao -

Ty Tamol I WEIDI AT LALAITAINLAILAEIFFITUYR
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A151991 2 ANSBYAYAIINTUYBINANNINIINNITOUINAILEIIN NRasauIu 1 Ju kag 5 Ju
ZapazAnuTUYeINAeiaInnnsauLie

NAABIUIY 1 TU NAABIUIY 5 TU

LASDIDULAY N1SANLIAG LASDIDULIAY

fouuie fauuie n13AN
adedi WA WA Tne3ss5unA WA WA wits Tnaids
udseinddaena  udseniing udefindfae  uasendind  s3INYR
Wused fafused
wese1iing wage1find
1 58.82 55.45 56.92 74.07 70.53 70.53
2 59.17 56.92 56.28 74.63 72.57 71.53
3 58.48 56.28 53.20 74.63 72.57 71.94
4 56.50 56.92 56.28 74.07 73.63 72.88
5 58.14 57.25 55.97 74.07 74.18 72.57
i' 58.22 56.56 55.73 74.29 72.70 71.89
S.D. 1.04 0.72 1.46 0.31 1.40 0.92

PNENTNN 2 NUIINTNNRBBAIBIBUA  UIadbnso8ay 74.29, Se8ay 72.99 way

NHINULERITNRSA i AUTIE uasefing
ﬁmmummgmmmﬂﬂaﬂmm‘mammm%u
Iganinnmsihndreihiiduawidude
1 Alandy yweaeIu 1 5u annsaanmy
Tundrotiniraslddenas 58.22 dmiuday
WA M ULETIngSoay 56.02 Lagd1msu
AIANWAILALIDSTTUV IR SoEaY 55.64 uag
nedauwIL 5 Yuanunsaanauiulundae

Souay 71.94 auaaU
thAnhnnendietiainnseuuse
$nu 5 A% adsay 5 fu INNINAGDIGBY
WANA S ULEIDITI RS LAY NISANALAILAEIT
sssumRLUSsuisuiuAnuesndae
¥rAanmseuntesiuau 5 ad adiay 5 fu
FlEMaanIwo A3 EULTINE 1 ULEID T
FreffuSduateniing femsned 3

A15797 3 YN URINAIEUIINRINAITOULANIIUIU 5 ASI ASIAY 5 U

¥ o oy ¥y o
UIMUNNABUIIRINATITAULNY (kg)

'3

IASBIBULINA sULERing
fadafvSeduasaniing

YUntin

AsmnuitelagASsssuvni
g o (ko)
AR

Founasiuuasaing

o A P o A o A P P P | P | o o P |

fuil il udl Sui Twd o Wi T i il i Wi fuil Tud i i
1 2 3 4 5 1 2 3 4 5 1 2 3 q 5

1 1 0.7 05 039 035 035 08 072 062 056 042 076 06 052 044 042
2 1 0.69 0.58 0.4 036 034 0.76 0.6 048 042 038 0.78 0.6 0.5 0.42 0.4
3 1 0.71 0.5 041 037 034 078 061 05 042 038 079 062 053 044 0.39
4 1 0.77  0.51 0.4 0.37 035 0.76 059 049 0.4 0.36  0.78 0.6 0.51 042 037
5 1 0.72 0.53 0.4 036 035 075 059 048 0.4 035 0.79 0.61 0.5 0.42 0.38
X 1 0.72 0.52 0.4 036 035 0.7 062 057 044 037 0.78 0.6 0.51 042 0.39
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NTIATIBAANUANAIMIUATUFANERS
yaandremndunisnigeduvulunisnda
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aunAgrud fvund uwenidusnefuuay
1098 Fefirwanonded

1. 185U 419INN15VIENE AN LAY
Al

1.1 dmsanrsudnnaqenindu 20
Alansusiomsnan 1 ads 14inan 3 fu

1.2 59A1918n&3801N 150 U/
Alansu

1.3 tarlumsndn n A

aguladn meldainnisuendienin

R=(n ﬂ%ﬂ) (150 vw/nn.) (20 ﬂﬂ/ﬂ%\‘l) =
3,000 n

2. 918918 Wusunulunisudnndienin
Fusndusumuasiiuasfunuuusiu fd
2.1 fuyuasiidudunulunisinde
\3estans tasAnluiusan 1,500 v Lidn
Fuvuied esouIndsuuLaIe1ind ded
ivsedeniing
2.2 funuUIHY Usenausieaingay
A UNTNEANEIBAN LAZALTNY
2.2.1 n&reu3vuatiunans
S1AVIEdIIaE 25-30 UIN a1 lglunISHER
n&wnn 20 Alanu axl¥ndrethiusyana
40 ¥ 52uds Andudu 1,200 v
2.2.2 QIWAFYAINAYUIA 20x25
112U 100 Tu 591 500 U sauds alalu
nsuanndlenin 20 Alansuaglydnda
gayey e 20 Tu Anluidu 100 v
2.2.3 @innesnaleain $1A1 700
umld 1,000 A3 sauAeenkuY Tddngs
A&28AIN 20 A9 ARLTWEY 14 Um

2.2.4 A1u5997U 1 Aaulunisude
N&8mn 1 A% 520 3 YU Wiy 1,089 U™
2.2.5 Amdsaulnii Judhaunn

350 ¥ast 1 &1 Deld 24 Faluswaziniseu
NALYINAU 350 TaA x 1 A2 + 1,000 x 24
Falus iy 8.4 miae/ada uaziaTesdags
geyayna 110 ¢ LianlunnsPanaayayinie
3 §lug 110 396 x 1 62 = 1,000 x 3 97l
Wiy 0.33 mine/ads Anlusnsaadldlii
ldy 4 vindenyiy Faduuszuanisly
i Tunisudandreminandy 8.4+0.33
—8.73 whe/ads Andunluiit 34.92 vw/eds

ayunansinszidnsiuandliiug

1) AdngAu HaTITe 2.2.1,2.2.2,2.2.3,
2.24 =1,200 +100+14+1,089

2) il 90 2.2.5 = 36.92 vn/eds
FumuiUsii = (n A%y [ 120.15 vin/
Alan3u) x (20 Alandi/ade)+(34.92 v/
A% = n (2,437.92) v

FwAuuwUsiuAnduGEy 121.89 um
monlansy

M3z RARuN LD 03U ansan
ANANUYIAUYDITIYTULALIIYTIY A
aumseolul

3183V = 5189785
= AUNUAI + AU
3,000 n =1500+2,437.92n (1)

i (1) AINIOATIIINYAALYIY
I8lneldnsunuan n Audsasaus 0 auis
Usvann 365 Ju wie 1 Unde 96 ads fivh
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M54 4 ATUATIERTITU-T18919909N1THARNAIBAN

$ruaunds W (um)

e 85U funuudsiiu - dunuesit  duusin Tedugns
0 0 0 1,500.00 1,500.00 -1,500.00
1 3,000.00 2,437.92 1,500.00 3,937.92 -937.92
2 6,000.00 4,875.84 1,500.00 6,375.84 -375.84
3 9,000.00 7,313.76 1,500.00 8,813.76 186.24
4 12,000.00 9,751.68 1,500.00 11,251.68 748.32
8 24,000.00 19,503.36 1,500.00 21,003.36 2,996.64
16 48,000.00 39,006.72 1,500.00 40,506.72 7,493.28
24 72,000.00 58,510.08 1,500.00 60,010.08 11,989.92
32 96,000.00 78,013.44 1,500.00 79,513.44 16,486.56
40 120,000.00 97,516.80 1,500.00 99,016.80 20,983.20
48 144,000.00 117,020.16 1,500.00 118,520.16 25,479.84
56 168,000.00 136,523.52 1,500.00 138,023.52 29,976.48
64 192,000.00 156,026.88 1,500.00 157,526.88 34,473.12
72 216,000.00 175,530.24 1,500.00 177,030.24 38,969.76
80 240,000.00 195,033.60 1,500.00 196,533.60 43,466.40
88 264,000.00 214,536.96 1,500.00 216,036.96 47,963.04
96 288,000.00 234,040.32 1,500.00 235,540.32 52,459.68

NAN5T 4 asUlaimaeniiainisuan AnRnssuusznA

T183UTANEININTIEIBUUTHY 562.08U WD
ﬂ%ﬂ (11371 3,000 - 2,437.92) LazainGn
udldedunudosuienisnanadedl 3 way
defimdsnisudnd 20 Alanfu/ade vy
anansofunulaneluszesasennm 9 Tu
f5183uans 52,459.68 siol fifm&insuand
20 Alan¥u/ass azanunsadunuldnielu
sgyziianUszunn 9 Tu d95185uand
52,459.68 siol

HA8veveUAN {YIeMmans1R13euse
A Qausn uaziYismans1ansdsivde
aouauy Mnguliduugihinwinaonau
Uuvsauiladeaunnsoswine q faed

dsluazanusena
nuan1snnass asuldineieseuus
WA LA IR AR uAUS @ e ingdl
£e8smsetalusiinnnsenussanuussuy
Lﬁw,aadlaaq'ﬁ' 633.06 TAAABAITIUNAT
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Usgdnsnmunsdniuidoniinduala o oy
S¥MI195PuAY 18.18 — 47.75 fALAUSed
afindiinsdeiuagandusideindgs uax
Jostupnuieuagdelad Usedninmues
e RUSdenfindiadduldtesas 99 na
mMsssuifisurfosasmuture Wan S
MnMseuLTIndret i maansunu 1 Su ua
5 Ju Ansuunesgiuvemnsilen wuinseuas
AT ULRABYeINEI8T3NNLAT DIe UL
NHINULERTNEA LA UTE wasefing
anunsaanauduldAnindethiaingeu
WINASNULEI TR OLAZINAITAIN WA LAY
3355598 Animinvesndletiiiainnns
QULTRISIUIY 5 A% Afas 5 U LASetaULs
NHNULER17RE AredAuaduaseiing
ausaantiinuesndreinfldniigada
INGOUUNNAIN LA TINdUazINN1TAIN
wiislnedTsssund wazile
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Abstract

Noise is a problem encountered in industries worldwide and directly affects
hearing. Hearing loss creates a communication barrier, causes errors in work, and affects
daily life. This analytic research aimed to study the prevalence of hearing loss, the prev-
alence of hearing impairment, and the factors associated with hearing loss among 186
workers in the paper plant industry. The audiometry records available for the period of
2015-2022 were analyzed using frequency, percentage, means, S.D., Independent pair t-
test and Chi-square test. The statistical significance was set at P<0.05. The results re-
vealed that the mean noise level in working environment was 87.15 dBA. Prevalence of
hearing loss was 36.0% with the means of hearing threshold levels in one or both ears
were more than 40 dB at 4000-6000 Hertz. Prevalence of hearing impairment was 79.0%.
Among the workers with hearing impairment, 67.8% had slight to moderate hearing im-
pairment at better ears and 87.4% at worse ears. The factors associated with hearing
loss were age (p-value=0.010) and year of works (p-value=0.009). Since hearing loss is
preventable, continuous management to reduce noise in the working environment, to-
gether with managing and encouraging employees' awareness of self- protection, must

be implemented.

Keywords : Hearing Loss, Hearing Impairment, Audiometric test, Paper Industry
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Fracture analysis of the high-speed railway wheel
due to changes in microstructure caused

by the heat treatment process.
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Abstract

This study investigates the fatigue crack propagation in high-speed railway wheel
material, grade ER8, used in the Airport Rail Link in Thailand. Two case studies were
conducted to examine the structure of railway wheel steel. First is conventional steel
structure or the original structure of high-speed railway wheel, consisting of ferrite and
pearlite phases. Second is the structure of high-speed railway wheel materials after heat
treatment processes to simulate actual operating conditions. Changes in the
microstructure of high-speed railway wheel occur, with an increase in ferrite phase and
a decrease in pearlite phase. Mechanical properties were tested using ASTM E8 tensile
testing standards and fatigue crack propagation resistance testing was conducted using
Universal testing machine with a load of 5 kN at a frequency of 10 Hz following ASTM
E647 standards. The results showed that the increase in ferrite phase led to higher
elongation but lower tensile strength of the railway wheel material. Additionally, it

decreased the ability to resist fatisue crack propagation.

Keywords : Wheel steel, Fatigue crack propagation, Ferrite, Pearlite
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Abstract

This research aimed to 1) design and construct a shell fine grinding machine for
the Ban Nam-Chiew community tourism enterprise in Trat Province and 2) assess the
machine's efficiency. The research methodology starts with the study on the shell from
members of the Ban Nam-Chiew community tourism enterprise group by interviewing 3
specific sample groups. The interview topics include how to make the fine powders of
mussel shells for shell clay activity, production volume, and community demand for
shell grinding machines. Next, 50 ¢ of bleached mussel shell grinding test via a mortar
and repeated 5 times. Next, a prototype grinding machine was designed and built using
the principles of anatomy and a gyratory crusher that uses conical grinding gears to adjust
the size of the shell powder. The interview results showed that the community used
stone mortars to grind shells into powder and sieve the shell powders through a 40
mash sieve, grinding ~50 grams each time. In addition, it was found that the community
uses shell powder~ 1-2 kilograms per month. Thus, there is a need for a shell fine
grinding machine that is not expensive, easy to move, can be used by the elderly, safe,
and easy to maintain. The efficiency test results regarding the percentage of ground shell
weight of the mortar and shell fine grinding machine were 92.63% and 95.66%,
respectively. The actual working efficiency of the human using a mortar and fine grinding
machine grinding were 1.58 and 8.59 ¢/min, respectively. Moreover, the shell fine grinding
machine that was built can work continuously with no sieving method, reducing the loss
of shell powder and reducing the time spent preparing shell powder in the community.
Therefore, it can be applied to crush shells for production at the community enterprise

level.

Keywords : Fine grinding machine, Mussel shell, Shell clay, Efficiency
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Abstract

In Thailand, the transportation sector is the main source of carbon dioxide
emissions, with fuel combustion in engines being a significant contributor to greenhouse
gas emissions and global warming. This study aims to examine the carbon dioxide
emissions generated by the driving behaviors of sample companies during goods delivery.
The data were collected using a GPS tracker installed on the delivery vehicles of these
companies. Then, the data were analyzed by multiple linear regression analysis with
backward elimination to examine the relationship between driving behaviors and CO2
emissions and the equation for the carbon dioxide emissions quantities. The results show
that the quantity of carbon dioxide emissions increases with engine running time, abrupt
accelerations, abrupt decelerations, and instances exceeding the speed limit as follows:
0.004418 KgCoreq/ min, 0.04067 KgCozeq/ time, 0.2531 KgCoseg/time, and 0.02024
KeCozeq/ time, respectively. This study also proposed guidelines for controlling driving
behavior to reduce carbon dioxide emissions and reduce the risks caused by driving

behavior.

Keywords : Driving Behavior, Vehicle Emission Analysis, Carbon Dioxide Emissions,

Backward Elimination, Regression Analysis
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Source DF SS MS F-Value P-Value

Regression 8 824429 103054 113052.95 0.000
d (km) 1 138856 138856 152329.24 0.000
t (minute) 1 88 88 96.32 0.000
ra (time) 1 188 188 206.00 0.000
shd (time) 1 14 14 15.22 0.000
sht (time) 1 0 0 0.02 0.891
os (time) 1 199 199 218.35 0.000
ms (km/h) 1 30 30 32.54 0.000
avg s (km/h) 1 17 17 19.15 0.000

Residual 12919 11776 1

Total 12927 836205

A151991 2 HANNTIATIERANLLUTUTINVBISInAIAUA1vBIUSINGIa819 (Jdaulansingen
ALYIUR)

Source DF SS MS F-Value P-Value

Regression 7 824429 117776 129213.18 0.000
d (km) 1 143374 143374 157297.90 0.000
t (minute) 1 88 88 96.38 0.000
ra (time) 1 192 192 211.07 0.000
shd (time) 1 14 14 15.21 0.000
os (time) 1 199 199 218.50 0.000
ms (km/h) 1 30 30 32.68 0.000
avg s (km/h) 1 18 18 19.27 0.000

Residual 12920 11776 1

Total 12927 836205
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Abstract

This article presents the design and development of an automatic egg incubator
for controlling temperature, humidity, and automatic egg turning every two hours to
improve the incubation system and the hatch rate of eggs over a 22- to 25-day incubation
period. This research consists of: 1) maintaining a stable temperature inside the incubator
between 37 and 38 degrees Celsius and humidity between 55 and 75 percent using the
Wi- Fi ESP8266 module combined with the DS18B20 and DHT22 sensors; 2) the system
will notify users of the operational status of the incubator through the Blynk server on
the internet and the Line application on smartphones; and 3) It presents a technique for
using light from high-intensity LED bulbs via multimode fiber optics to check fertilized
and unfertilized eggs, instead of traditional inspection techniques such as floating tests
or using tungsten bulbs. This approach reduces the impact of sudden temperature
changes in the eggs and minimizes bacterial contamination due to handling, resulting in
an increase in hatch rates by approximately 30 percent compared to natural brooding

by hens.
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UNANED
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flutiueu Tnsnuideiliiinguszasdifioanduyuamudsvesuidnnsdfnynasaunsoudle
Yoy sadestudedidasie 4 Fsusznaudae n1sfmuanseuianlunisuuas (Time
Windows) n15WUsd 9@ uA 1 (Split Demand Delivery) kagUTu1uA1ULUBITAUTTNN
(Capacitated) ImsJm%lmmmimﬁwmwmuwummumﬂuaqm 2 735 laun n1sle Routing uay
n151% Clustering and Routing Imamaawa‘vﬂ,m'«mmsﬂuuamuﬂﬂwﬂuaﬂm 117 578 Va3 2
3% L:uawnamﬂum{LGUUMUmimﬂuaqwummﬂumﬂiumsmLuummLaumqmumwmw Al
Routing ﬁﬂﬁﬁunuﬁwua{uﬁmﬁu 2.5 U Andudesag 0.006 d2un1sld Clustering and
Routing ansnsavhlidunuAvudsanas 1,535.5 v Anfuiosas 3.43
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Abstract

This study presented a method for solving the Vehicle Routing Problem (VRP).
In the case of having only one warehouse. There were many customers, each with a
different demand for products but knew the quantity of products that customers need
in advance and the exact time period for receiving the customers’s products. The
objective of the study was to reduce transportation costs of the cases study companies
and to be able to solve problems related to various limitations, which included: Time
Windows, Split Demand Delivery and Capacitated. The researcher has compared
transportation costs of the 2 methods: Using routing. Using Clustering and Routing. The
results obtained from transporting goods to 117 customers using both methods were
compared with using the experience of drivers in planning the route, it was found that
the first method made transportation costs to increase by 2.5 baht, equivalent to 0.006%
and the other method could reduce transportation costs by 1,535.5 baht, equivalent to
3.43%.

Keywords : Vehicle Routing Problem, K-means clustering, VRP Spreadsheet Solver
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A5l38n19139823aRnduazunidlsannd
(Heuristics and Meta Heuristics)[2] Forssaunssu
Petoedisd

UnIdenquusnlatiauamaiiauuuniy
AIEMTUNILAUYM VRPTW 19U J. F. Bard
(2002) T¥wnAsla Branch and Cut[3], M.
Desrochers (1992) 14 tnaw A Column
Generation[4],N. Az, (2010) 1¥wnaila
Branch and Price[5] o 19lsAn1u 35013
ma'wﬁymmmm’ﬂmﬁzym VRPTW laagns
R ﬂszﬁﬁzgmﬁsummimgﬁuﬁaﬁmm
FudounndwWuonalianunsameneuld
og1efiUszAnS 0w Mevniliinidediulng
efivunndeynn VRPTW f835n15u391um180
Fafnd 11U W.-C. Chiang (1996) 1dinadia

Simulated Annealing; (SA)[6], J. F.
Cordeau (2001) 19waila Tabu Search;
(TS)[7], G. B. Alvarenga (2007) l#naila
Genetic Algorithm; (GA)[8] 19991033
daunnda Safndiduiinisfimunzay
ieanediazgniluldlunsl §Uals
agslsfmu Weflazdiuuszansnmly
nrsmneulRA g 1y nswaunaiy
SEUINUAGIIARNdAUIMATANI8IBNTS
3u 1 Faudunidusumaiiunzanly
nsufdami egnslsfnuludaqgiuds
Lifagnslafsuduinduisnsiaian

v
o

dusunisud Ugnn VRPTW a9d'unis
FonliiTwmsn Safnduazedesdioty ¢
suidonmudmiinuuazanvaulaves
usiazyAna

1Usunsu (VRP Spreadsheet Solver;
VRPSS) gﬂﬁﬁum%ﬂm Gunes Erdogan(9]
fagmiudureanswaniluadsiinan
arudeenisuilad gt VRP § iy
Jymnsiinlsyansamnisuuds Tng
TUsunsu VRPSS iU munglunisan
AUNUNITANTUNUVUAINIUNITTANT
L@ uUN19YesgIunIue laslusunsy
FINANYINIIUNIUL Microsoft Excel way
19385 ImaansA1838 Local Search
FuduisiBaunndsafndisudduns
AMUISEEENITENI a0 LN Bing
Maps @ 1928l Aunduniafimungau
dmsverunivug Taparunsauntym
VRP ﬁﬁﬁmauqﬂﬁwqﬂqm 200 518 et
TUsunsu VRPSS gnirtuusvgndleluy
NUITHREUNIVAY LU ANTIT BeA
Tnlsad (2565) launlusunss VRPSS w1
TgTunrsdmdunianisiiusa Tagdl
Wanunelunisasduilidugnainiy
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nsounAITifnue Fenadnsiils ndnaudu
saansadsdudliiugndildmiunaii
fmun SnianuisaanszesnslaSosay 38
wazanUsinanslidindudemacdenay 39
AoLfaul10] wazwasylndu windiu (2565) 14
whlusunsu VRPSS anlglunisdaldunienis
wiuse Wnediidmunglunmsandununisvuds
Aufn Fenadnsiildanunsnanszeznslunis
YudsTIn 3 Weuldfesay 54.10 uaransunuy
MsvUEsTI 3 Weulasosay 54.89[11] [Hudu

MsuUanganeTsiatiu (K-means clustering)
Aodsnsiildlunmsdanauuuuliidudunou
(non-hierarchical cluster analysis) Lﬂu%umau
FBrnsdnngy (clustering) Aldlumsudstoya
Junquees 9 Wnawdunismyagudnaiaves
nqULARZNAY Feiidunoumsvianu fenns
\dengarudnansiudiu nsimundeyaly

\dunquanugaguénatsiilndiian uas
MsU3uUsRaguinasnudoyalmifls
nmsimuangalud aunseislifinng
Wa sundastesalunismunngs
uddy Tupeudsnisiangnldlunis
ns1eiideyauaznisiangutoyaly
MANMABUT FBIN1INTTANG LT T
ANUATIEAFITY LgnskuInaunleld
iy griluyszgneldluauide
AENUNIHAY L Wl U7 (2558) 14
dmiunmsdangugnaivesui¥nlal
annd[12] wavdaas) Yuna(2563) 14
dmdumsdangugnAitodaidunisnis
Y13 1Tusiu

Mn3Bnavamndindiantnafui
asUliduseazifendoyaduansly
3971 1

A19197 1 WS eUEUITNNTINBHUI AEUNIINSHAUTAVBING 3 F5NS

Uszandns Exact Method

Routing (VRPSS) Clustering and Routing

1 v v caaa
UBR lmwaawwwqmaua

Womdud 1 dalusduly
(nganglulymiifivnelna)
uIALEn, Yrunang

(flownd1 50 9m, 50-200 90)

i Fowdlvmugasadamans)

nanlunsUszanana
yunvestamiuile

M . o
mmawquiumsﬂsml,m

fog193Isns Branch and Bound, Branch
and Cut
Fadrin Tdnaunlulymuunlng

IinadnslndiAeananianlu Iinadnsnisuuangugnén

P e va o
nandu AmnalndiAesiu
Tdnanlifuniias 1 $alus Tdnanlaifuniias 1 $alus
Yunlng)

(nndn 200 90)

ge (idludesnsudengy

Yunnans, ng)

(50-200 9, 311NN 200 90)
g4 (Usumnafiwedld
NANTAE) 4agn15¥ Routing)
Genetic Algorithm, K-means + Genetic
Simulated Annealing Algorithm, Sweep
Algorithm + Tabu Search
analiimunadnsTiaTian nadwsTuagfuns
wUangy

iesnnilagiuuisnnsdifinudfensau
nsrudsdudndusiviuannuasidoulva
wanidunislunisAuInAIruds il 33y
ladrdademenanid ia1sunsiuaie a1n
ns@nwmguilunsnedl 1 §3de3siarsan
feanumzanluN AR AUNUATUES

Tnswuseandu 2 35 laun msld Routing
wagn15hy Clustering and Routing Wi
Wisuifsuunuanudsests 2 i
nslgUszaunisalussntnaudusalu
AMTINHUTALEUNILAUTD
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nUsTaIAYaINITIVY

9
ax a

Anw1ismsimanzanlun1sdadunis
W oAnAUY UNSUUAELAUBIUS VNTAIANW

s2leuinive
1. NM39AN5Y0LATDNIRY
TupousududitevinsAnwuaniiv
57Uy AnNsTRdIF uA 1v0UT U
nsel@nyr InguTenaIna1dlaf @ uA e
WeuaziiduiugnAvateenugn (Node)
$i9 9) Metdumanisvuasluusiayseunsis

I a

zdsduALanIEuingamne Inglsunuain

o o o [

wiinuTusatusausmnneasdualuds
Auddagnén Tnsfinsrusumisiinasing
v99g NATlULAAEIA NIIVUTUIUFUAT
srmthuardinalunsiududvesgndni
wiyeu Fennnudusnazisudedudliii
gnénfianuiiusniaan 08:00 u. Wlewdnay
Fusndsdudasunniiudamiinaudusaasdu
sausTYNdUITndsAufineurian 18:30 w.
\losngnindulngjazsnsuaudmdsia
16:30 u. FssAdedfnunlfszeziainig
THuinsanAiad s 40 urii/ands uas
Avualisavudaisnsniuade 60 nu. /vy,
Tnssaussynitusvlddmiurudsdudli
anémiu iusaussnussian 4 de Sruau
20 fu AifinuguessausTNIIiL Filans

Tumsnan 2

A1999 2 S18azI8ATaTINNYINF VLA
fuUIEN

Usziansavuds anuEnse Sruduseiidly
Tumsussyn nsvudeldqiu
(nn./Aw) (F)
S0UTINNGTIU 4 do 2,700 20

Tuau893FN1TAIUIUA U AN
udaasusEnduisnsAnaArvudsniu
deyyrdnsvesuiennsadnel lag
Usznaude 4 dhulsitiendos §ail

AN5199 3 NSATUIUALNEN
FuugAds

oo
ALY (UN)

1-3 1,665
4-6 1,875
7-8 2,105
9-10 2,155

1) Ao Auamanduaugadsi
winudusadadus e1edindoyalu
AN3197 3

2) iy duwaendun
sovudeuIIYNIAY 1,500 Alansu awgn
AnAnhmniAuRAlansuas 0.5 Um Wy
sovudsussyniiminld 1,700 Alan3u
AnthminiAuAusEnde gl nem
FUsRALWIAU 100 U tTuduy

3) ANQALAY AN IWILAES
fidsduduAu 10 90 lnegadsdaluazan
AqaiuTigndiay 200 U 1y wilnaw
Fusndsdudld 11 90 AgaiuTiuTEm
fosdngldininaudusnagivany 200
U Wudu

4) ANAUBNLEUNIY ATUIAIN
F1uugedsiiminaudusadedudidig
Mt Tnsmnninaudusadsdudagiy
ﬁuﬁ%ﬁmmqmuaﬂLﬁumaﬁﬁ;mdaaz 200
UM 1wy weineudusadsdudnduitud
2.9 ﬁhﬂ;muamé’uwﬁﬁ@wﬁaﬁhEJI‘V’T
nInudusaaLinay 400 v 1Wudy
Tnefuiilunisvudswesuseniliamun 8

v
=~

Ui fauandlugui 1
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OO0 O 0 000

qan adodu uononUoe EWAD
Guuov wain Raouom

UAduKaU UWsn Unudu ewuuno syand
swenSyYsu= ns

Ragvau suys vnaningy Joudsudaswe
WSzUAS JUWUSIVA

20UNDY rfoAs uToyuIiou UToUA LTOUaU MBRSY
nu2vuUY

AA2VL0Y UTow Us=0A ws=luue Scuun asunaoo
A3aavaud Auuned vwn=l Jorfu Juys
Fonoonaw awiugo

2035ns asuilon U LB owsy swlnu
Kand

NS5 NS00 nudvIIN

JUN 1 Nuingaunwaniinsvudaveauieny

2. MIANTUY H37elauntoyad1adun1viing
foyaidodflunsindumdunsouds  neaemnduyuivudmesis 2 38 THun
i AeateduSowesnsandonsovudmar  n13l9 Routing waynsld Clustering and
saziBunvesgniivzsenidudluds Ins  Routing Ll elUTsuLinusuyuanvuds
fAseldvinnAununugadoyafiodnenis  vewts 2 38 funislduszaunisalves
yudeduAlidugnAn 117 578 989uTen  wilnoudusalun1snauwudnduni iy

nsaidnw teekanslunisnen 4 s

M1919% 4 YadeuadiegansvudsduA1ves
UItnsilAnw

AU ~o
o Py o 381 NWNA
agnAn ABINTT o - -
v Ua-Un ATAIN-7D9390
(nn.) ¢ ¢
anén 1 27 08:00- 13.7557917,
16:00 100.5113297
Qﬂv:ﬁ 2 236 08:00- 13.7760963,
16:00 100.5104141
anén 117 15 08:00- 13.7453766,
16:00 100.5190659
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2.1 Routing

Parameter

0.0ptional - GIS License Bing Maps Key

Value
Am1xQBDcFIcbLPZWd7TsWmihuP
TuiMkU32L5ALcitpMSIxcr2Qg9oH_8
uDVEYASp

Remarks

You can get a free trial key at https://www.bingmapsportal.com/

1.Locations Number of depots 1 [1,20]
Number of customers 117 [5,200]
2.Distances Distance / duration computation el L EREN gl s Sy o=C0 (i) Bl Recommendation: Use 'postcode, country' format for addresses
Bing Maps route type Fastest Recommendation: Use 'Fastest'
| Average vehicle speed 60 Not used for the 'Bing Maps driving distances' options
3.Vehicles Number of vehicle types Heterugeneuus VRP if greater than 1
4.Solution Vehicles must return to the depot? Yes Open VRP if no retumn
Time window type Hard
Backhauls? If activated, delivery locations must be vistted before pickup locations

5.0ptional - Visualizatiol Visualzation background
Location labels

6.Solver

Show progress on the status bar?
CPU time mit (seconds)

Bing Maps
Location IDs

Warm start? Yes

May slow down the optimization algorithm

Recommendation: At least 1020 seconds

31]17'; 2 TUsunsu VRP Spreadsheet Solver

Fupoudt 1 910307 2 uandlsiiude
wiirdeayaniuny VRPSS daiduniiiiivue
JUMUUN5YNIU ugaiuds sregan
N133tA1eYivey aveslusunsy Tneasdl
izazL’Jmsﬁgu@i"wﬁmmzamuzﬁwagﬂiﬁ’uﬁflmu
vosdaya aiidulihyndoyadiegians
yudsduimesuisnnsdiinw Ssuszneudie
FTIUIUGNAT ANUABINITVBIGNA WA
azfyn Nnraedgn szeviiale-Un J1uiu
savuds AINLS 04 BYRaTnIUAY UAt
ANNANNNTOIUNTUTIYNGaAvRssavuds Td
adlululusunsy VRPSS tileAuamduma
fmnzay

Tunoudl 2 §3dulddmadns
uymaildanmsdunveddusunun
FurndunuArud sl oulves
UIEnnsalinw

2.2 Clustering and Routing

Tunoudl 1 Sangudoyagné
fanualuilagturesusdnnsdifinw un
Fuunngufedsiaiiu Fsezldngueos
panu1 lagduiungueeeideivuali
Wiy 8 nau sﬁqmamqmﬁuﬁﬂgamm
Tnsagudumounisdnnguléfagud 3 uay
lenadndannmsdnngy fauanduguil 4
Mnsuihdeyaiildunszynduiuiilisy
Foyameendldamse 5
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dmuadnungueon (ko nga)

v

AnussesiuuugainTsnisand

v

danguuaazdayalilndrfanarsennian

lailw ¥

AnnuAtadsuwaziundiisnatslni

Anade
LiBsunlas

C B

Jupowdsiaiiu (K-means clustering)

Idandnunaznau

31]17'; 3

Nonthabun

Jo
2

‘e L e

® @

o

8 $ 4 | S
) )
(]
@

Samut Sakhon Samut Prakan

Bangkok Metropolis
U 4 JayagnaiigniangueneTBiaily

(K-means clustering)

M990 5 fegdeyalunisiangudes

Yagnn N153ANgUaNA
anen 1 nau 4
anA 2 nau 4
anen 117 & 6

\eFouiiisuseninagud 1 My
miLL‘U'aLﬁumﬁuﬁﬂ;qmwwaw%ﬁ’m fuguil a
nsudadildainnisdangugniidieisiaiiu
wuidinsdnngugndniiuandneiu iiesann
Fefuty Misfensdanguudasdoyals

Tndaniananaundian daufiudinganne
fifinsvudsvesuiemite 8 A udity
Fniedaamlufiuiingamma

Fupeud 2 DRETNGHEERPRERR
FoqnA1vosaniudi vudavesuiy
nsdAny aaTIdeUiunadnsTlian
N159ANaUgNA19INITIALTY wud1iy
AaNaNNgUVRRNAT 7 NNy 21N
fiavin 8 nautes laglinungu 1 A
uamslugud 5

aburi ®
- a
“e
@
Py ® ©
e
=N 3) S 8 ®
A ] 2
0 ‘.
khon

Samtit Prakan
[ ]

JUN 5 yadeyaseisgnAigninngy

AeABLALIY (K-means clustering)
Funeud 3 Junsihdeyaves
naugnA 7 ngudes Aldantumeud 2
IR UNITTALE UN19A 28T UTUA T
VRPSS flaznduitui

Funoudl 4 §aseldmadng
Wunsiildannismuiamedlusunsy
VRPSS w1mualaeldisnisaiua
Funuavudan1u eulyvvesui v
NSAANY

NAN1539Y
uideiiseuisunsnanaude
WWunuausnInNyadeyafleg19n1s
vudaduAlviiugnen 117 g YD 2
38 Taun 1914 Routing wagClustering

-114-



The Journal of Industrial Technology : Suan Sunandha Rajabhat University
Volume 12 / Number 2 / July — December 2024

and Routing Tnevhn1sviadeuuL HP ProBook  Uu Windows 11 & suagnsa1nnis
440 14 inch G10 Notebook PC Processor  Usg1IanakagAIuIniuny wansly
13th Gen Intel® Core™ i5-1335U 1.30 GHz #1947 6 WazA19199 7 AuaI6U

M990 6 HAAWSNSAWIUAUNUAIILERINNSIEIBNIS Routing

S Swau  dwiin i Swou S fi Aamiin A9 A1gauen  Anauda
0 ande  usIn iy QLI AUBN e iy iy umg (um)

vuds (nn.) (nn.) s () () (um) (um)
1 5 2,335 835 - 2 1,875 417.5 - 400 2,692.5
2 10 1,535 35 - 5 2,155 175 - 1,000 3,172.5
3 10 2,393 893 - 2 2,155 446.5 - 400 3,001.5
4 9 2,465 965 - 2 2,155 4825 - 400 3,037.5
5 10 2,330 830 - 4 2,155 415 - 800 3,370
6 8 860 - - - 2,105 - - - 2,105
7 4 2,248 748 - - 1,875 374 - - 2,249
8 6 1,323 - - 1 1,875 - - 200 2,075
9 9 2,552 1,052 - 4 2,155 526 - 800 3,481
10 8 2,498 998 - 3 2,105 499 - 600 3,204
11 8 2,582 1,082 - 4 2,105 541 - 800 3,446
12 9 1,979 479 - 6 2,155 239.5 - 1,200 3,594.5
13 7 2,197 697 - 4 2,105 348.5 - 800 3,253.5
14 9 2,659 1,159 - 3 2,155 579.5 - 600 3,334.5
15 5 2,390 890 - 2 1,875 445 - 400 2,720

M19199 7 NadwsnIsAwInsunuAIvLasn1nnisldisnis Clustering and Routing

Sy Swau  dwdn dwidn Swou Swau A Athutin - dga  Agauen  Auds
i nde  usIN iy REIG AuBN e iy Wiy e (U )
{UGA (nn.) (nn.) Wune (um) (um) (um) (um)
1 10 837 - 2 2 2,155 - - 400 2,555
2 9 2,346 846 5 5 2,155 423 - 1,000 3,578
3 9 2,368 868 2 2 2,155 434 - 400 2,989
4 3 2,600 1,100 - - 1,665 550 - 0 2,215
5 3 2,052 552 - - 1,665 276 - 0 1,941
6 2 2,520 1,020 - - 1,665 510 - 0 2,175
7 10 2,012 512 3 3 2,155 256 - 600 3,011
8 5 1,607 107 2 2 1,875 53.5 - 400 2,328.5
9 5 1,564 64 2 2 1,875 32 - 400 2,307
10 6 2,249 749 2 2 1,875 374.5 - 400 2,649.5
11 9 2,519 1,019 - 1 2,155 509.5 - 200 2,864.5
12 9 1,646 146 - 1 2,155 73 - 200 2,428
13 11 2,307 807 1 - 2,155 403.5 200 - 2,758.5
14 10 2,414 914 - 4 2,155 457 - 800 3,412
15 1,853 353 - 2 2,105 176.5 - 400 2,681.5
16 1,452 - - 6 2,105 - - 1,200 3,305
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9nm519it 8 ziuldsnte 238 e
Wigudunstsusraun1salvesninauduse
Tun19MRUTALEUNIBAYTaNUIT AT
Routing yilunuanvudsduduRnd Y 2.5

v Andusevay 0.006 d1un5ld
Clustering and Routing annsavilyisumu
AUdIAUAIanas 1,535.5 U ALy
Yovay 3.43 fauansluguil 6

M5199 8 WiguiigusuuAvudweia 2 35 Weweuiunsituszaunsalivesnidnnuduse

ABn1sauau FuUSH A1 Antiwtin A1 A1 A1 fouaz
Infumafuse vudesiu Wiga fiusu aufiy AN Yud Wigufiv
(A) 59 () 9 umesau T2 Uszaunsal
(U ) (v ) (v ) (v ) YDIWUNIY
Jusa
Uszaunsaives 16 31,840 4,694 2,200 6,000 44,734
wilnauduse
Routing 15 31,005 5331.5 8,400 44,736.5 WNUU 0.006
Clustering and 16 32,070 4,528.5 200 6,400 43,198.5 anag 3.43
Routing
B 50,000.00
B 4473400
=
=
=
z
-8
2
i
&

Usraunsalnoavinauiusa

Routing Clustering and Routing

TFEmsneunnuTamAU LIRS

JUN 6 WSsuiisudunumvudavens 2 38 Waisuiumslduszaunisalveamtdnauduse

dsduazanusena
H3delavinisiuTeuiisudunuatvuds

U
o

Y09 2 38 laun n15ld Routing wagnasla
Clustering and Routing Imawaé’wéﬁiﬁmnm
Tayaiieg1an1svudeduailinugnean 117
s v 2 33 Wlaleusumsldussaunsal
YOINENMUTUIATUNITINIUNUIALE UMY
sanudn n1519 Routing virlvinuvuaAvuds
Audiudy 2.5 v Andudesay 0.006
d2un15l4 Clustering and Routing @u15avi
TisunuAudduitanas 1,535.5 v Andu
Zowaz 3.43 fafuainmsAnwanuinnigle

Clustering and Routing Fuldnadns
dunuAudaiimngaunidefisuiu
1314 Routing & dulunuauiseves
§2037 guna Aldldnguiideadtudl
Ui Fadudmiuusemnsddne
T3 sugd1iinsdinanununsns
lduszaunisalveantnaudusalunisg
HUTALEUNS
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