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Editorial Message

Congratulations to all researchers whose articles have passed the peer review and were published
in the Journal of Engineering and Digital Technology (JEDT), Vol.12 No.1. All articles published in this issue
have been reviewed and advised for modification by academic experts so that to have best quality contents
and are extremely useful. They can be used for development of innovation.

The journal's policy remains the same, accepting articles in both Thai and English under the
accreditation of TCI (Thai-Journal Citation Index Centre). Therefore, JEDT received more attention from both
national and international researchers.

JEDT has been certified to be in the TCI 1 continuously until the present. The editorial team will
maintain this standard forever.

The editorial team hope that all articles that were published in this journal will be beneficial to all

readers for citation to their research and development.

Assoc.Prof. Dr.Ruttikorn Varakulsiripunth
Editor-in-Chief
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Abstract

This research implemented a web application that employed text mining to extract skill requirements from
online IT job announcements, and association rule mining to discover the co-occurrence of hard skills (technical
abilities) and soft skills (personal competencies) specified by the jobs. The matching score of each job was
calculated by comparing hard skills extracted from the job announcement with a user’s current hard skills. Jobs
were recommended to the user based on their matching scores. In addition, the discovered association rules were
used to recommend new skills as follows: (1) based on the user’s current hard skills as antecedents, new hard
skills as consequences would be recommended; and (2) based on the user’s current hard skills or soft skills as
antecedents, new soft skills as consequences would be recommended. Online training courses to obtain such new
skills were also recommended. The application was evaluated by 40 users, and received high satisfaction scores

on both job recommendation and skill recommendation.

Keywords: Association rules, Hard skills, Jobs, Soft skills, Text mining
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. INTRODUCTION

It has been common for job seekers these days to
search for job announcements on the Internet. But it is
not easy to go through all search results to find jobs
whose skill requirements match their skills. Moreover,
if unable to identify sets of skills essential for the jobs,
they may not know which skills they lack and should
further acquire. For information technology (IT) jobs,
sets of required technical skills often include specific
technologies or tools, which can be different across
different companies. For example, Data Analyst jobs in
some companies require {Machine Learning, Python,
TensorFlow}, whereas similar jobs in other companies
require {Machine Learning, Cloud Computing, Microsoft
Azure}. These requirements also change constantly in
response to new technology development. In addition
to technical or hard skills, different sets of soft skills are
desirable for different IT jobs. For example, Critical
Thinking and Presentation skills are advantageous for
Data Analysts, whereas Conflict Management and
Leadership skills are primarily desirable for Software
Project Managers. Therefore, if we can extract all skills
specified in numerous IT job announcements, we are
likely to see frequent co-occurrence of certain hard and
soft skills. By comparing skills that they already have
with sets of skills frequently required together, the job
seekers can pursue suitable skill training in order to
prepare themselves for the job market.

The above can be formulated as an association rule
mining problem. Itemsets in our context are skill sets.
Our transactions or market baskets contain skills specified
in the job announcements. This transactional dataset
can be obtained from text mining. To realize the ideas,
our research developed a web application WorkWork
that retrieved online job announcements, performed
text mining and association rule mining, and recommended

jobs as well as skill training to users.

The rest of this paper is organized in the following
sections. Section Il reviews related research. Section Il
presents an overview of WorkWork, and elaborates on
our job and skill recommendations. Section IV reports
the results of association rule mining that were utilized
by WorkWork, followed by the user evaluation of
WorkWork. Finally, Section V concludes the paper.

II. LITERATURE REVIEW

This section reviews research on skill requirement
analysis, followed by job and skill recommendations.
First, we categorize skills into 2 main groups:

1) Hard skills: They are technical knowledge and
abilities that are essential to perform specific jobs.

2) Soft skills: They are personal competencies that
enable us to handle human and social aspects of the
jobs, in order to accomplish the jobs [1], [2].

Wowczko [3] employed K-nearest neighbors (KNN)
to classify IT job advertisements into 7 classes, which
are: Administrator, Analyst, Developer, Engineer, Lead,
Support, and Tester. Then, skills extracted from the
advertisements in each class were simply displayed as
word clouds.

From job advertisements in the Job section of
StackOverflow.com, Papoutsoglou et al. [4] constructed
3 datasets of explicit hard skills (skills to use specific
technologies such as Python), implicit hard skills (areas
of expertise such as Machine Learning), and soft skills.
After that, they applied exploratory factor analysis (EFA)
to each dataset to find latent factors in the data. Each
of these factors consisted of correlating skills or skills
simultaneously needed in the job advertisements. But
when all types of skills were analyzed together, they
found significant correlation only between the explicit
and implicit hard skills. Detecting soft skills in the
advertisements was difficult because words describing
them were general and vague. Hence, the soft skills

were too sparse to yield any significant correlation.



Hiranrat and Harnchamnchai [5] followed the skill
categorization in [4] to analyze skill requirements for
Software Development jobs posted on 2 popular job
portals: Indeed.com and Jobsdb.com. Only English posts
were collected and divided into 8 groups, which are:
Business Analyst, System Analyst, Data Analyst, Software
Architect, Designer, Developer, Tester, and Project Manager.
They reported the top 5 of explicit hard skills, implicit
hard skills, and soft skills needed for each group. They
also used KH Coder [6] to build co-occurrence networks
of skills found in the job posts.

Instead of detecting skills by comparing extracted
words with lists of predefined skills (as in [4], [5]), Fareri
et al. [2] adapted supervised named entity recognition
(NER) to determine whether extracted entities referred
to soft skills. Although their paper emphasized on soft
skills, their published tool SkillNER was able to identify
both soft and hard skills from text.

Regarding recommendation methods, there are 2
main approaches to recommending items to users. The
content-based approach compares item attributes with
the users’ own profiles, while the collaborative filtering
approach relies on ratings from other users who rate
previous items similarly. In the context of job
recommendation, individual users tend to have very
few ratings on previous jobs and individual jobs are
usually taken by single persons. So, the content-based
approach would be better suited to our purpose. For
example, Almalis et al. [7] built job profiles containing
a number of skills for IT jobs. Each skill for each job was
assigned a required numerical competency level. They
also built job candidate profiles containing the candidates’
skills and skill competency levels. Then, matching scores
between the jobs and the candidates were calculated
based on Manhattan and Euclidean distances. These
scores could be used to recommend best matching

candidates to jobs, or vice versa. Their method had one

limitation that it needed numerical skill competency
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values, and the values determined by different job
recruiters and candidates were rather subjective.

Upadhyay et al. [8] constructed a knowledge graph
where users and jobs were graph nodes. Each node was
associated with a document that was either user profile
or job description. Edges between nodes were based
on document similarity. From this g¢raph, they
recommended jobs to a user by retrieving jobs that
were both connected to that user (via user-job edges)
and to similar users (via user-user-job paths).

As for skill recommendation research, an example
is Gugnani et al. [9]. After extracting hard skills from a
user profile, they calculated the user’s proficiency of
each skill by considering the number of job roles in
which the skill was used, along with the duration and
the recency of each role. They retrieved related skills
from IT skill ontology and created a skill graph for that
user. From the skill graph, the user was recommended
paths to acquire more advanced skills. Their method,
however, required very detailed user profiles and a
comprehensive skill ontology.

Some other works [10]-[12] employed collaborative
filtering methods to recommend training courses to
users, but their recommendations differed from ours.
Our research aims to recommend new skills based on

the job requirements in the job market, rather than on

ratings of other users.

Il. RESEARCH METHODOLOGY

Our web application WorkWork consisted of a front-
end client, a back-end server, and a database. The front-
end web client, interacting with users, was developed
by using AngularJS framework (opensource) for JavaScript,
HTML, and CSS. The back-end server, executing data
collection, text mining, and association rule mining was
developed by using Django framework (opensource) for
Python. PostgreSQL (opensource) was used as the

relational database engine.
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Figure 1: System diagram of WorkWork

Figure 1 illustrates the system diagram of WorkWork.
After signing up, users could update their hard skills and
soft skills in the User Profile Page. WorkWork offered 2
types of recommendations to the users.

1) Job recommendation. Job announcements, in both
Thai and English, containing required hard skills that
matched the users’ hard skills were recommended
together with their matching scores. This will be explained
in Subsection B.

2) Skill recommendation. New skills and online courses

on Udemy.com were recommended based on the

users’ skills and association rules discovered from skill

datasets. This will be explained in Subsection C.

A. Data Preparation by Text Mining Process

Our research emphasized on recent IT jobs being
offered in Bangkok, Thailand. First, we established lists
of in-demand skills and constructed skill datasets from
which association rules could be discovered. This was
done by steps 1-5 in the system diagram:

1) IT jobs advertised on Indeed website during July
2019 and March 2023 were collected. We used 31

common [T job names from Skills Framework for the



Information Age (SFIA) [13] as keywords to search for
the jobs. Scrapy and Beautiful Soup packages were
used to scrape and clean the data, respectively. This
step yielded a set of 1980 job announcements. Note
that the web scrapping was employed because Indeed
APl we initially planned to use was unavailable during
our project implementation.

2) Job announcements in Thai were translated into
English by using Googletrans package, in order to
consolidate the same skills written in different languages.

3) Hard skills and soft skills were extracted by using
SKIlINER package. SkiUNER did stemming and lemmatization
internally, in order to map the extracted skills to
normalized skill words in all uppercase letters. For
example, skills related to statistics that were written
differently were all mapped to STATISTICAL skill. The
outputs of this step were a list of 151 hard skills and a
list of 80 soft skills. They would be displayed in the

User Profile Page for the users to select skills they had.
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4) For each job announcement, its original text (as
retrieved in step 1), job title, company name, and the
extracted hard skills and soft skills (in normalized skill
words) were stored in the database.

5) As summarized in Table 1, three transactional skill
datasets were created. Each transaction represented a
job announcement, and items were skills found in that
announcement. Note that SoftSkills and MixedSkills
had only 1669 transactions as some job announcements

did not specify any soft skill.

Table 1: Transactional skill datasets

Dataset Types of Items in the Number of
Transaction Transactions
HardSkills | Only hard skills 1980
SoftSki lls | Only soft skills 1669
MixedSkills| Both hard and soft skills 1669
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B. Job Recommendation

Job recommendation was done by step 6 in the
system diagram. An example of recommended jobs is
shown in Figure 2. The left pane of the user’s Job
Seeking Page listed brief job announcements (with job
titles and companies) whose hard skill requirements
matched the user’s. They were sorted decreasingly by
matching scores. The user could also click a brief
announcement to read its details which would be
shown on the right pane. The top of the right pane
listed all skills found in the announcement, with
highlighted ones being the skills that the user had.

Figure 3 shows another job that required {AJAX, CSS,
HTML, JAVA, XML} for hard skills and {COOPERATE,
CREATIVITY, PATIENCE} for soft skills. Among them, {CSS,
HTML, CREATIVITY} were highlighted as they matched
the user’s skills. We calculated the matching score as

follows.

Matchi Number of matched hard skills 100 (1)
= X
atching score Number of required hard skills

Only hard skills were considered because they were

crucial for the job. Hence, the matching score for the
job in Figure 3 was (2/5 x 100) = 40%.

Besides recommended jobs, the users could search
others by using job title or company name, or both, as
keywords. Skill matching and matching scores would

also be reported for retrieved job announcements.

C. Skill Recommendation by Association Rule Mining
Skill recommendation was done by steps 7-9 in the
system diagram. An example of recommended skills is
shown in Figure 4. We used Apyori package for Apriori
association rule mining. Let the rules obtained from
their respective datasets be called HardSkills-rules,
SoftSkills-rules, and MixedSkills-rules. In the case of
MixedSkills-rules, we selected only the ones with hard

skills as antecedents and soft skills as consequences.

Top Picks for YOU: HTML

and CSS

website for your portfoliol Includes flexbox and €SS Grid

Build Responsive Real-World
Websites with HTML and CSS

Learn modarn HTML3, CSS3 and wob design by
building a stunning website for your portfolict
Inctudes Nexbox and €SS Grid

s ins . e o €5 $———_ HMT] js recommended because the user already has CSS skill

Build Responsive Real-World Websites with HTML

< Learn medern HTMLS, €553 and web design by building a stunning

The Complete 2023 Web
Development Bootcamp 2023

Bocome a Full-Stack wob Doveloper with just ONE
course HTML, €SS, Javascript, Node, React
MongoDB, Webl and DApps

<4——— Recommended new skills

The Web Developer Bootcamp

10 Hours of React just added Become a Developar
With ONE course - HTML, €SS, Javascript, React
Node, MongoDB and More!

Figure 4: Skills and training courses recommended to a user in Training Courses Page



##%# Number of HardSkills-rules ###

df_hardskill_asso_pass.shape

(39, 5)

### HardSkills-rules listing ###

df_hardskill_asso_pass

Antecedent Consequence Support Confidence Lift

0 [C55] [HTML] 0.091414 0766943 6345514
1 [HTML] [CS5] 0.091414 0.780172  6.545514
2 [Cs5] [JAVASCRIPT] 0.086364 0724576 4207217
3 [JAVASCRIPT] [CS5] 0.086364 0.501466  4.207217
4 [HTML] [DAVASCRIPT] 0.081818 06598276 40545035
5 [PYTHON] [SQU 0.079293 0.526846  2.173238
6 [CS5] [JAVASCRIPT, HTML] 0.069697 0.584746  7.146893
7 [HTML] [LAVASCRIPT, C55] 0.069697 0.594828  6.887477
8 [CS5, HTML] [JAVASCRIPT] 0.069697 0.762431 4427013
9 [JAVASCRIPT, C55] [HTML] 0.069697 0807018  6.887477
10 [AVASCRIPT, HTML] [CS5] 0.069697 0851852 7.146393
1 [SCRUM] [AGILE] 0.057071 0.849624 4659938
12 [PHF] [JAVASCRIPT] 0.056566 0.562814  3.267953
13 [JQUERY] [JAVASCRIPT] 0.045455 0.750000 4.354339
14 [ANGULAR] [JAVASCRIPT] 0042424 0636364 3695015
15 [JQUERY] [CS5] 0.039899 0658333  5.523305

Figure 5: Top 15 HardSkills-rules by Support

Figure 5 shows some HardSkills-rules. They can be
interpreted as follows.

The first rule (Rule 0) tells us that if a job required
CSS skill (Antecedent), it would also require HTML skill
(Consequence), with 0.766949 or 76.69% Confidence.
The Support value indicates the rule coverage, which is
about 9.14% of job announcements in the dataset. The
Lift value greater than 1 confirms that both sides of the

rule are positively correlated.

IT Skills €SS PYTHON

Language Skills THAI

Other Skills COMMUNICATION SKILLS  PROBLEM SOLVE

Figure 6: User’s skills in User Profile Page

Skill recommendation can be illustrated as follows.
Suppose that a user profile is as Figure 6.

1. Sets of the user's skills were identified as:

UserHardSkills = {CSS, PYTHON}

UserSoftSkills = {THAI, COMMUNICATION SKILLS,
PROBLEM SOLVE}
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2. HardSkills-rules with antecedents being subsets
of UserHardSkills were selected. For example, Rules {0,
2, 5, 6} in Figure 5 would be selected for this user.
According to each rule, consequence skills not yet
earned by the user would be recommended, with the
such
in Figure 4, {HTML,
JAVASCRIPT, SQL} were recommended hard skills. The

antecedent  being the reason  for

recommendation. As shown
reason for recommending HTML (displayed upon
clicking it) was because the user already had CSS skill
according to Rules 0 and 6.

3. Soft skill recommendation was done in the same
manner as the above. SoftSkills-rules with antecedents
being subsets of UserSoftSkills and MixedSkills-rules
with antecedents being subsets of UserHardSkills were
selected. Soft skills appearing in the consequences of
these rules, that were not yet earned by the user,
would be recommended.

Furthermore, the recommended skills were used
as keywords to search relevant courses on Udemy, a
popular online skill training platform. Alternatively, the
users could search other training courses by using skills
or course names as keywords. Course searching and

retrieval were done via Udemy API.

IV. RESULTS AND DISCUSSION

A. Results of Association Rule Mining

This Subsection reports the results of association
rule mining. Rules that satisfied minimum Support,
minimum Confidence, and minimum Lift thresholds
were derived by Apriori. There were 3 conditions for
setting Support and Confidence thresholds for each
dataset, as summarized in Table 2, in order to obtain
sufficient rules for skill recommendation. Rules with
lower Support, representing rarer cases, were expected
to have higher Confidence to ensure their usefulness.
Lift threshold was set to 1 in all cases to ensure that

only positively correlating rules were discovered.
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Table 2: Apriori parameters

Minimum Support Minimum
(i.e., Transaction Coverage) | Confidence

HardSkills

- Condition (1) 6.06% (120 transactions) 50%

- Condition (2) 4.04% (80 transactions) 60%

- Condition (3) 3.03% (60 transactions) 70%
SoftSkills

- Condition (1) 6.00% (100 transactions) 50%

- Condition (2) 4.50% (75 transactions) 60%

- Condition (3) 3.00% (50 transactions) 70%
MixedSkills

- Condition (1) 6.00% (100 transactions) 50%

- Condition (2) 4.50% (75 transactions) 60%

- Condition (3) 3.00% (50 transactions) 70%

There were 39 HardSkills-rules, 18 SoftSkills-rules,
and 9 MixedSkills-rules being discovered in total. In this
Subsection, we discuss top rules in each category.

Among the top 15 HardSkills-rules in Figure 5, we
found that most of them contained skills related to
web applications such as {CSS, HTML, JAVASCRIPT, PHP,
JQUERY, ANGULAR}. They were explicit hard skills to use
specific languages or frameworks. This enabled us to
recommend precise skill training to the users. There
was also a rule indicating the requirement for SCRUM
and AGILE project management skills.

The obtained HardSkills-rules were dominated by
only a few obvious skills. To see some other rules, we
lowered Support threshold to 1.05% (20 transactions)
and Confidence threshold to 50%. Rules containing
{CSS, HTML, JAVASCRIPT, PHP, WEB} were filtered out.
Figure 7 shows additional rules being discovered. We
found rules about software deployment that required
skills to use DOCKER and KUBERNETES. Although both

of them could run on any operating system, a few jobs

preferred LINUX. We also found a rule that required
JENKINS for continuous software integration along with
GIT for version control. Unfortunately, these rules had
too low Support and Confidence, and thus were not
used for skill recommendation. In the future, if more
data are collected, these rules may be frequent enough

to pass the thresholds and be utilized.

### HardSkills-rules with too Low supperts (mot passing thresholds) ###
pd.set_option( 'display.max_co
df_hardskill asso_lowsupport.

A dent Cor

Support Confidence Lift

76 [MACHINE LEARNING] [STATISTICAL] 0.027273 0.556701 8478985

29 [R] [STATISTICAL] 0.025253 0561798  8.556612

119 [JENKINE] [GIT] 0024242

0.631579 8173373

163 [PYTHON, MACHINE LEARNING] [STATISTICAL] 0.022727 0671642 10.229621

167 [R, PYTHON] [STATISTICAL] 0.022727 0633803  9.553304
168 [STATISTICAL, PYTHON] [R]1 0.022727 0.642857 14.301768
174 [KUBERNETES] [LINUX] 0.022222 0511628  6.708782
214 [ARTIFICIAL INTELLIGENCE] [PROFESSIONAL SERVICE] 0.021212 0.636364  9.473684
225 [ASP NET] [C#] 0020707 0719298  8.092105
226 [BOOTSTRAP] [JQUERY] 0.020707 0.577465  9.5281689
239 [JENKINS] [DEVOPS] 0.020202 0.526316  7.776905
242 [AGILE, DOCKER] [KUBERNETES] 0.020202 0.625000 14.389535
318 [KUBERNETES, DOCKER] [LINUX] 0.018687 0544118 7.134788
319 [LINUX, DOCKER] [KUBERNETES] 0.018687 0.637931 14.687243

358 [PYTHON, MACHINE LEARNING] 0.537313  11.853715

Rl 0.018182

Figure 7: HardSkills-rules with too low Support

##% Number of SoftSkills-rules #4#
df_softskill_asso_pass.shape

(18, 5)

### SoftSkills-rules listing ###
df_softskill asso_pass

A dent C Suppert Confidence Lift
0 [THAI] [ENGLISH] 0.112626 0.638968 1.833562
1 [PROBLEM SOLVE] [ANALYTICS] 0.097475 0.634868 2.479363
2 [COMMUNICATION SKILLS] [ENGLISH] 0.090909 0.524416 1.677012
3 [ANALYTICAL SKILL] [ANALYTICS] 0.050000 1.000000 3.905325
4 [PROBLEM SOLVE, ENGLISH] [AMALYTICS] 0.0456970 0.624161 2.437552
5 [THAI, ANALYTICS] [ENGLISH] 0.042929 0.833333  2.391304

6 [COMMUNICATION SKILLS, ANALYTICS] [ENGLISH] 0.039839 0.642276 1.843054

T [CONSULTING, THAI] [ENGLISH] 0.038384 0.873563 2.506747
8 [PROBLEM SOLVE, CONSULTING] [ANALYTICS] 0033338 0.705263 2.754282
9 [PROBLEM SOLVE, INTEGRITY] [ANALYTICS] 0031818 0724138  2.827994

Figure 8: Top 10 SoftSkills-rules by Support



#4# Number of MixedSkills-rules ###
df_mixedskill asso_pass.shape

(2, 5)

### MixedSkills-rules Listing ##%#

df_mixedskill asso_pass

Antecedent Consequence Support Confidence Lift

0 [PROJECT MANAGEMENT] [ENGLISH] 0.070202 0.538760 1.546006

1 [SUSTAINABLE] [INNOVATIVE] 0.061616 0.659459 3.248084

2 [PROFESSIONAL SERVICE] [CONSULTING] 0.061111

3 [PYTHON, SQL] [ANALYTICS] 0.047475 0.598726 2.338220
4 [STATISTICAL] [ANALYTICS] 0.046970 0715385 2.793810
5 [MACHINE LEARNING] [ANALYTICS] 0.036869 0.752577 2.939059
6 [R] [ANALYTICS] 0.034343 0.764045 2.983844

7 [PYTHON, STATISTICAL] [ANALYTICS] 0.031313

8 [PYTHON, R] [ANALYTICS] 0.030303 0.845070 3.300275

Figure 9: MixedSkills-rules by Support

Among the top 10 SoftSkills-rules in Figure 8, we
found that many jobs required ANALYTICS and ENGLISH
skills together. There was some redundancy such as on
both sides of Rule 3, as SkillNER did not consolidate
ANALYTICAL SKILL and ANALYTICS into the same skill.
Finally, among MixedSkills-rules in Figure 9, we found
that hard skills related to data analysis (antecedents)
were often required along with ANALYTICS soft skill.

We reckon that while the users could easily claim
and prove that they had certain hard skills, they may
struggle to do so for soft skills. Recommending new soft
skills based on both the current soft skills (according to
SoftSkills-rules) and current hard skills (according to
MixedSkills-rules) helped alleviate a problem of lack of

soft skills in the user profiles.

B. User Evaluation of WorkWork

We deployed WorkWork on Heroku.com cloud
platform during April and May 2023. Third-year and
fourth-year students in I[T-related fields including:
Computer Engineering, Computer Science, Information
Technology, Industrial Design, and Robotics Engineering
were invited to test and evaluate the application. Forty

of them submitted their evaluations via Google Form.

Journal of Engineering and Digital Technology (JEDT)
Vol.12 No.1 January - June 2024

Two aspects of the application were evaluated: the
user interface design and the usability of various
modules. This Subsection reports the user evaluations
on Job Recommendation (Job Seeking Page) and Skill
Recommendation (Training Courses Page). Evaluation
criteria and rating scores in five-point Likert scale are
displayed in Table 3. Let the rating score 5 be strong
satisfaction and 1 be weak satisfaction, the average

score for each criterion was calculated as follows.

. Ziatingﬂ(rating X number of raters)
Average rating score = 2)
Total raters

Table 3: User evaluation results

Evaluation Criterion Average
Score
Job Seeking Page
1. Jobs are recommended according to your skills. 4.50

2. Jobs retrieved by keyword searching match your 4.65

expectation.

3. Job announcements shown in the page have 4.40

sufficient details and are organized appropriately.

4. Checking the skill requirements of each job is 4.65
easy.
5. The overall satisfaction of this page 4.60

Training Courses Page

6. Recommended new skills are appropriate and 4.525
related to your current skills.

7. You agree with recommended courses. 4.15
8. You are interested in recommended courses. 3.75
9. Courses retrieved by keyword searching match 4.525
your expectation.

10. Courses shown in the page have sufficient 4.10
details.

11. The overall satisfaction of this page 4.425

In summary, the users were very satisfied with the
Job Seeking Page, and slightly less satisfied with the
Training Courses Page. Job recommendation (Criterion
1) and skill requirement analysis (Criterion 4) functions
received high rating scores. Although the users agreed

with recommended new skills (Criterion 6), they were
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not much interested in recommended training courses
(Criterion 8). Their criticism was that the courses were
only in English. In fact, there were a lot of Udemy
courses in Thai. But when using skills in English words
as keywords, the API returned only courses in English.
It should be noted that the above survey results
were from nearly-graduated students who had not yet
entered the job market. Hence, their expectation and
satisfaction on job and skill recommendations may

differ from those of mid-career workers.

C. Comparison with Other Works

This Subsection compares our work with the others
that were reviewed in Section 2. First, the others [3]-[9]
processed only English text, but we processed both
English and Thai text. By translating Thai text into
English, we could extract skills in normalized English
words and create consolidated datasets for further
analysis. But as reported previously, skills in English
words could retrieve only Udemy courses in English.

Our job recommendation was based on the
matching between users’ skills and skills required by
jobs, as in Almalis et al. [7] and Upadhyay et al. [8]. But
unlike [7], we did not take skill competency into
account because most job announcements did not
explicitly specify them, and the users’ self-evaluated
skill competency would be subjective. Our similarity
calculation was applied to skills already extracted from
the user profiles and job announcements, not on full
text documents as in [8]. Hence, we believe that our
matching would be more precise and incur less
computation overhead in real time. Nevertheless, our
method still had a limitation that it was based on the
exact matching of skill words. If the user had {PYTHON,
WEB PROGRAMMING} skills and a job required DJANGO
or FLASK, the application could not infer that PYTHON
and WEB PROGRAMMING would also be required for this

job. To enable this ability, we need to know the
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hierarchy and relationship between skills. Skill ontology
proposed by Gugnani et al. [9] can be helpful for this
task.

Our skill recommendation was based on the
association rules discovered from skill datasets. The
other works also discovered skills frequently required
together, but in other forms such as word clouds [3],
factors [4], clusters [2], [5], and co-occurrence networks
[2], [5], [6]. Our association rules were well-organized
and easily interpretable. We could use antecedent
items (i.e., the users’ current skills) to predict or
recommend consequence items (i.e., new skills). But
without the skill ontology, we could recommend only

individual skills, not skill acquisition paths as in [9].

V. CONCLUSION

This research employed text mining to extract skill
requirements from online IT job announcements, and
association rule mining to discover the co-occurrence
of hard and soft skills. Results from these methods
were used to recommend jobs, new skills, and training
courses to the users. This allows the users to not only
find their best-matched jobs easily, but also to pursue
suitable skill training to increase the chance of being
employed.

One improvement to our application is to collect
online job announcements via APIs instead of web
scrapping. But to avoid high overhead of real-time text
processing, we propose that this should be done by the
back-end server periodically. The processed text and
extracted skills can be stored in our database and
transactional skill datasets as before. With continuously
updated datasets, association rules with more diverse
skills or even emerging skills may be discovered.

Other potential extensions are as follows. First, we
can use user profiles on social networks or technical
platforms to determine skill competency of the users.

For example, skills of LinkedIn users can be endorsed



by their colleagues and experts. StackOverflow user
profiles contain metrics such as Badges, Upvotes, and
Downvotes for their questions and answers about
programming. GitHub user profiles contain software
contribution metrics such as Followers, Contributions,
Repositories, and Stars. From these technical platforms,
we can also analyze trends about hard skills that are
commonly used in [T tasks, and recommend them to

the users.
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Abstract

This research focuses on improving the inbound logistics process in coconut manufacturing by employing
simulation techniques using the FlexSim software tool. Data of the processes were collected and validated to
generate the simulation model. Multiple scenarios were proposed, analyzed, and assessed against the key
performance metrics, including throughput, work in process (WIP), stay time, and resource utilization. All scenarios
were generated depending on the number of work centers for each process. The findings indicated that Scenario
3, Scenario 4, and Scenario 7 offered higher average throughput with 384.73, 384.60, and 384.73 units, respectively,
and Scenario 7 provided the most efficient average WIP with 53.01 units and average stay time with 1263.7 seconds.
Resource utilization was moderate across all scenarios. It is recommended to adopt strategies similar to Scenario
7 for optimizing inbound logistic case study. Nevertheless, real-world validation is necessary to ensure the
implementation. The study contributes valuable insights to decision-makers in the coconut manufacturers. It serves
as a basis for future research in logistics optimization, utilizing simulation techniques to enhance manufacturing

performance and competitiveness.

Keywords: Coconut manufacturing, FlexSim, Inbound logistics process, Simulation
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. INTRODUCTION

Inbound logistics is an essential part of the
production process and plays an important role in the
efficient flow of information and resources into the
production process. Optimizing inbound logistics for the
coconut industry in Thailand, the world’s third exporter
in 2021 [1], is important to improve cost-effectiveness
and competitiveness as well as to meet market
demands. Traditional methods for logistics development
are limited in capturing complex processes and
interactions. However, advances in simulation technology
provide powerful tools for comprehensive modeling
and analysis of logistics processes.

This study aims to improve inbound logistics
management in coconut production using simulation
techniques. A case study of a coconut manufacturer
located in Southern Thailand. In particular, the FlexSim
simulation software tool, which is well-known for its
efficiency and ability to model the production process,
was applied in this research. Simulating various scenarios
supports the overall performance improvement of the
production process by providing insight into the
performance of the system, identifying potential
bottlenecks, and evaluating different strategies.

The study highligshted the potential improvement
scenarios for the inbound logistics process of coconut
production via simulation-based analysis. The analysis
was employed by assessing against key performance
indicators such as access, Work-In-Process (WIP), waiting
time, and resource utilization, our goal is to optimize
the number of work centers for the system. Insights
from this study can guide decision-makers in the
coconut manufacturer to use insights from data to
improve the overall profitability and competitiveness
of their manufacturing processes.

This paper is organized as follows: The next section
presents a literature review, discussing prior research

applying the FlexSim simulation software tool in the
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manufacturing industry. Subsequently, the methodology
section details the simulation model setup, data
collection, and the scenarios tested. The results and
discussion section reports the simulation outcome
analysis and the study findings in the context of coconut
manufacturing. Finally, the conclusion summarizes the
key insights and outlines future directions for research

and implementation.

Il. LITERATURE REVIEW

This section presents an overview of various
research studies that have utilized the FlexSim
simulation software tool which is widely applied to
optimize and enhance manufacturing processes across
different industries. By utilizing simulation and
mathematical techniques, the studies address various
challenges, such as bottleneck identification, layout
improvement, and efficiency enhancement. Chawla
and Singari [2] simulated two-wheeler crankcase cover
manufacturing, identifying Scenario 2 as the most
effective, optimizing Die-Casting Machines and Vertical
Milling Centers. Kumar et al. [3] analyzed a complex
Flexible Manufacturing System (FMS) using FlexSim,
demonstrating its cost-effective and resource-efficient
approach. According to Jidong et al. [4], the improvement
scenario of a furniture production line was suggested
and assessed with FlexSim, achieving a 34.7% increase
in production balance rate.

Other studies focused on logistics and layout
optimization. Liu et al. [5] applied 3D modeling technology
to logistics engineering, enhancing transportation efficiency.
Wang et al. [6] optimized logistics distribution centers,
showcasing the suitability of the FlexSim for system
analysis. Kumar and Narayan [7] optimized the Upvc
windows manufacturing layout, resulting in improved
product quality and productivity. Similarly, Liu and Lin

[8] transformed China's coastal manufacturing industry,

achieving production line balance in Company Z. The
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experimental results indicated the effectiveness of
FlexSim simulation.

Simulation proved effective in goods and services
provision organizations [9], printing machine product
quality improvement [10], and tapioca powder packaging
enhancement [11]. The simulation also provided several
benefits in both the production and inventory stages.
For instance, Lucinski and Iwanov [12] evaluated
manufacturing system flexibility, while Medan [13]
reduced production costs and implementation time.
Zhang [14] balanced an automobile coating production
line, while Krynke [15] assessed the production flow
scenarios' impact. Poloczek and Oleksiak [16] optimized
the steel industry's production process, and Asante et
al. [17] used FlexSim to model and simulate a fruit pack
house, identifying idle resources and bottlenecks,
leading to adjustments that improved overall fruit cold
chain performance.

Additionally, studies focused on traditional practices,
such as shea nut processing [18] and production
logistics in enterprises [19]. According to Yuan and
Zhang [20] applied optimization methods to JKL's
cooler manufacturing system, leading to significant
improvements.

These literature reviews offer valuable insights into
the extensive applicability and effectiveness of the
FlexSim simulation software tool for optimizing
manufacturing processes. The findings emphasize the
potential of simulation-based approaches in cost-
effective process optimization and informed decision-
making for manufacturing enterprises, leading to
enhanced productivity, product quality, and resource
utilization. The knowledge gained from these studies
forms the basis for our current research, which aims to
enhance the inbound logistics process in the coconut
manufacturing leveraging  FlexSim's

industry. By
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capabilities, this research aims to improve overall

efficiency and competitiveness in the coconut

manufacturing sector.

[ll. RESEARCH METHODOLOGY

This section provides an overview of the inbound
logistics process in coconut manufacturing using the
FlexSim simulation software tool and a case study of
coconut manufacturing. The analysis included the
following detailed steps:

Step 1: Data Collection. The first phase involved
collecting detailed data related to the inbound logistics
process of coconut manufacturing. The information
includes incoming coconut, shipping times, loading and
inspection times, stock levels, and other errors.
Accurate and detailed data collection is essential for
effective simulation analysis.

Step 2: Model Development. In this step, the simulation
model is created using the FlexSim software tool. The
software tool provides a user-friendly interface that
allows the creation and customization of the models.

Step 3: Model Verification. This includes comparing
the model output with real-world data and running
tests to make sure that the model can represent the
system.

Step 4: Creating Scenarios. Different improvement
scenarios are proposed to simulate various operation
options in the inbound logistics process.

Step 5: Performance Evaluation. Analyze the efficiency
of the inbound logistics process using simulation
models and designed scenarios. Measure and compare
the key performance indicators as mentioned in topic
1. In addition, the details related to the coconut

manufacturer case study and the simulation modeling

are explained as follows:
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Figure 1: Inbound logistics process of coconut manufacturing case study

A. Inbound Logistics Process of Coconut Manufacturing:
A Case Study

The case study coconut manufacturer is located in
Prachuap Khiri Khan province. Based on the current
operational data, one of the critical problems is
inbound logistics. Therefore, this research aims to
address this issue by studying the entire inbound
logistic process, starting from coconut receiving to
coconut preparation (before production) process as
shown in Figure 1.

The operational process of the study is as follows:

1. Coconut Arrival and Reception: Coconuts are
transported from suppliers and farms to the factory.
Coconuts will be collected from reception on arrival.

2. Inspection: The coconut quality inspection
includes inspecting the condition of the coconuts,
checking for damage or rot, and making sure they meet
the appropriate standards for processing.

3. Weighing: Coconut is weighed and incoming
products are recorded. This information is essential for
inventory control and tracking of incoming coconuts.

4. Sorting: After inspection, coconuts are sorted and

graded according to size, maturity, and quality. The
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separated coconuts were used for different purposes
for different final products.

5. Storage in the holding area: The extracted
coconuts are temporarily stored in the storage area
near the factory. This provides better organizing and
makes it easier for the next process.

The inbound process of the factory consists of 11
employees (an employee per workstation) to operate
each process. The present operation process has 3
workstations for reception, 3 workstations for inspection,
2 workstations for weighing, and 3 workstations for
sorting. For the current issue, a high average WIP
occurred (65.26 units per runtime). There were
bottlenecks in the production process, leading to
slowdowns.

lacked

production inefficiencies and Hence,

the production process smoothness and
effectiveness as it should have been. The potential root
causes of the problems might be the factory constraints
and/or the limitation of production lines balancing, i.e.,
the number of employees or workstations cannot be
increased or decreased. Consequently, optimizing the
number of employees in each workstation based on
becomes a

production line balancing principles

challenge in finding the most optimal approach.
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B. The Simulation Modeling Using FlexSim Simulation
Software tool

The simulation model was carried out via the
FlexSim running simulator version 2019. The inbound

logistics process of the coconut manufacture was

The three best distribution models that were carried
out for the automated dataset. The best one of the
analyses has been selected to set in the model.

All parameters used in this model were carried out

in Table 1.

analyzed regarding the collected data related to the

process movement and employees’ operations. The Table 1: Operation time setting (seconds)

. . . . Process Values
unit of operation time for the model was set in seconds.
Reception Weibull (0.642, 3.653, 2.000)
The statistical validation for the parameter setting of
Inspection Weibull (5.368, 4.428, 2.000)
the simulation model was applied by the ExpertFit Weighting Beta (6.735, 13,320, 0834, 0.872)
Function as depicted in Figure 2 [21]. Sorting Johnson SB (14.690, 25.369, -0.033, 0.688)

Figure 2 shows the example of validation for

operation time of sorting process that use in this research.

Relative Evaluation of Candidate Models

Medel Relative Score | Parameters

1-Johnson SB | 94.35 Lower endpoint 14.69083
Upper endpoint 25.36942
Shape#1 -0.03392
Shape#?2 0.68842

2-Beta 6274 Lower endpoint 14.84969
Upper endpoint 25.16281
Shape#1 1.18306
Shape#2 1.13087

3-Rayleish(E) | 87.90 Location 14.22095
Scale 6.55783

32 models are defined with scores between 0.00 and 94.35

Absclute Evaluation informative of Model 1 -Johnson SB
Evaluation: Good

Sugsestion: Additional evaluations using Comparisons Tab
might be informative.

See Help for more information.

Additional Information about Model 1 -Johnson SB

“Error” in the model means

0.00881= 0.04%

relative to the sample mean

Figure 2: The data validation of the sorting operation using ExpertFit function

16



Journal of Engineering and Digital Technology (JEDT)
Vol.12 No.1 January - June 2024

Inspectiind
7

Coconuts Holding Area

Figure 3: The simulation model of the inbound logistics process of the coconut manufacturer

Table 2: Details of the model

Object Description
1 Coconut arrival at the manufacturing
2,6,10,13 | Waiting queue to be processed for the next
operations
3-5 Workstation of coconut reception
7-9 Workstation of coconut inspection
11-12 Workstation of coconut weighting
14-16 Workstation of coconut sorting
17 Coconut holding area to be processed in the
next process

The simulation model of inbound logistics coconut
manufacturing is illustrated in Figure 3. The details of

the model in Figure 3 are described in Table 2.

C. The Model Verification

To validate to simulation model, 30 results of
average throughput from the model and the current
situation are compared by using a paired t-test
hypothesis analysis with an alpha is 0.05. If the p-value
is greater than 0.05, it indicates that there is no
difference between the current process and the model.

The hypothesis testing is carried out by Minitab 2019

which hypotheses are equations (1) and (2) as follows.
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(1)
2)

when Ugctuar 1S the average throughput of the current

Ho: Uactual = Mmodel

Hl: Hactual * HUmodel

situation and Umoder i the average throughput of a
model.

As a result, the p-value of this case is 0.077 greater
than 0.05. Therefore, this simulation model can

represent the actual system of the study [22].

D. Scenarios of the experiment

To optimize the number of workstations (employees),
multiple scenarios were generated in the experimenter
function in FlexSim based on four objectives: a) average
throughput, b) average work in process, c) average stay
times, and d) average utilization of the workstation. The
assumption for the experiment is that each employee
has similar abilities to work in each process. This
research proposes 7 scenarios using the trial-error
method that represents the number of workstations for
each process based on the constraints and limitations
of the manufacturer mentioned in the previous section.

The details are demonstrated in Table 3.
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Table 3: Number of workstations for all scenarios in the

FlexSim simulation experimenter

Process Scenario
1 2 3 4 5 6 7
Reception 3 2 2 2 1 1 1
Inspection 3 3 3 4 4 4 4
Weighting 2 3 4 3 3 2 4
Sorting 3 3 2 2 3 a4 2

Table 3 illustrates the number of workstations for
each process for each scenario. Scenario 1 is the current
process. The others represented the alternative
approaches to assigning employees (or workstations) to
each process. For example, scenario 1 represented the
production line consisting of 3 workstations for
reception, 3 workstations for inspection, 2 workstations

for weighting, and 3 workstations for sorting.

IV. RESULTS AND DISCUSSION

In this section, the performance of the model was
investigated. Thirty replications were conducted and
evaluated with four key performance indicators.
Computational time was four hours (08.00 AM to 12.00
AM as a real-case study). The experimental results were
designated as the 90% confidence interval for the
studied phenomenon [23]. The experimental results
are reported as follows.
A. Results Analysis

1) Throughput: The throughput analysis provides
valuable insights into the system's process capacity and
efficiency. The experimental results are illustrated in

Figure 4 and Table 4.
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Figure 4: Replication plot of average throughput

Table 4: The experimental summarize of average throughput

(units)
Scenario Mean (90% Sample Std Min | Max
Confidence) Dev
1 372.63 2.25 368 | 377
2 374.53 493 370 | 390
3 384.73 2.49 379 | 389
a4 384.60 1.89 382 | 389
5 375.03 5.52 369 | 390
6 378.40 1.99 375 | 382
7 384.73 2.07 380 | 388

Among the tested seven scenarios, Scenario 3 and
Scenario 7 exhibited the highest mean throughput
values of 384.73 units, followed by Scenario 4 with
384.60 units. Therefore, these three scenarios have the
potential to achieve higher production rates compared
to the other scenarios. On the other hand, Scenario 1
demonstrated the lowest mean throughput of 372.63
units, indicating a comparatively lower processing rate.

2) Work in process: WIP analysis (in Figure 5 and
Table 5) provides insights into the level of congestion
and inventory of the system.

Scenario 1 had the highest mean WIP of 65.26 units,
indicating a higher accumulation of materials in the

process.
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Table 5: The experimental summarize of average WIP (units)

Scenario Mean (90% Sample Std Min | Max
Confidence) Dev

1 65.26 0.82 63 67
2 62.16 1.09 60 64
3 60.37 0.84 59 62
4 60.40 1.04 58 62
5 54.86 1.33 52 57
6 54.30 0.84 52 56
7 53.01 0.79 51 55
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In contrast, Scenario 7 demonstrated the lowest mean
WIP of 53.01 units, suggesting a less congested system.
The WIP values of all scenarios fell within relatively
narrow confidence intervals, indicating robustness in
the results.

3) Stay Time: In Figure 6 and Table 6, stay time
analysis represents the average time a unit spends in
the system (in seconds) and indicates the overall
efficiency and flow of units.

Scenario 1 exhibited the highest mean stay time of
1489.0 seconds, indicating that units spent more time
in the system. Conversely, Scenario 7 had the lowest
mean stay time of 1263.7 seconds, implying a more
efficient flow of units through the system.

4) Utilization: Utilization analysis reflects the effective
utilization of resources and facilities within each

scenario. All scenarios resulted in Figure 7 and Table 7.
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Figure 6: Replication plot of average stay time

Table 6: The experimental summarize of average stay time (seconds)

Scenario Mean (90% Sample Std Min Max
Confidence) Dev
1 1489.00 22.20 1449 1529
2 1425.90 30.00 1332 1471
3 1370.50 23.30 1321 1407
4 1373.90 20.40 1323 1405
5 1319.40 34.90 1238 1371
6 1304.10 18.70 1248 1339
7 1263.70 18.30 1231 1295
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Table 7: The experimental summarize of average utilization

Scenario Mean (90% Sample Min Max
Confidence) | Std Dev
1 0.1284 0.0007 0.1265 0.1295
2 0.1272 0.0016 0.1245 0.1304
3 0.1284 0.0011 0.1266 0.1304
a4 0.1283 0.0008 0.1268 0.1302
5 0.1262 0.0012 0.1244 0.1285
6 0.1268 0.0005 0.1257 0.1283
7 0.1273 0.0007 0.1262 0.1291
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All scenarios demonstrated moderate utilization
levels, with mean values ranging from 0.126 to 0.128.
Scenario 1 had the highest mean utilization of 0.1284,
while Scenario 5 had the lowest mean utilization of

0.1262.

B. Discussion

The results obtained from the simulation study offer
valuable insights into the performance of different
scenarios in the inbound logistics process for coconut
manufacturing. Scenarios 3, 4, and 7 demonstrated the
highest throughput, indicating their potential as efficient
approaches with higher production rates. However,
Scenario 1 had the lowest throughput, suggesting a
need for further investigation to identify and address
possible bottlenecks.

The analysis of WIP revealed that Scenario 1 had the
highest mean WIP, indicating a higher level of
congestion and potentially excessive inventory. In
contrast, Scenario 7 exhibited the lowest mean WIP,
implying a more streamlined and efficient flow of
materials through the system. This finding highlights the
importance of managing WIP to optimize the
manufacturing process.

For stay time analysis, scenario 1 had the highest
mean stay time. This indicated that units spent more
time in the system in this scenario. On the other hand,
scenario 7 had the lowest mean stay time, suggesting a
more efficient flow of units through the system.
Efficient stay times are crucial in improving overall
production efficiency and reducing lead times.

The analysis of resource utilization indicated that all
scenarios showed moderate utilization levels, with no
significant deviations. This finding sugeests that resource
allocation across different scenarios is relatively
balanced, but further optimization opportunities may

exist to improve overall resource efficiency.
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In conclusion, the simulation results provide
valuable insights into the performance of different
scenarios for the inbound logistics process in coconut
manufacturing. Scenario 7 was a potentially efficient
approach, with lower WIP, minimum stay time, and
moderate utilization. However, further optimization
and real-world validation are necessary to confirm the
findings' implementation. The research outcomes support
decision-making in enhancing the inbound logistics
process and optimizing manufacturing operations for
improving performance and competitiveness in the
coconut industry.

Overall, this research provides a foundation for
future studies in inbound logistics and/or coconut
manufacturing optimization by demonstrating the
implementation of the simulation model and evidencing
its benefit in the area. This can serve as a basis for
implementing efficient inbound logistics strategies in
other industries as well. However, it is essential to
consider other factors such as cost analysis and
sustainability implications when making decisions

based on the simulation results.

V. CONCLUSION

This research focuses on improving inbound logistics
in coconut manufacturing through the FlexSim simulation
software tool. The analysis of various improvement
scenarios revealed that Scenario 3, Scenario 4, and
Scenario 7 offered higher throughput. Scenario 7
demonstrated the lowest work in process and stay time,
indicating its efficiency. Resource utilization was found
to be moderate across all scenarios. The study
recommends adopting strategies similar to those in
Scenario 7 to enhance the inbound logistics process.
However, real-world validation is essential to confirm
the implementation of the findings. Overall, the research
provides valuable insights for coconut manufacturers

and serves as a stepping stone for future studies in



logistics optimization. By leveraging simulation techniques,
manufacturers can make data-driven decisions to

improve overall manufacturing performance and

competitiveness in the market.
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Abstract

Aluminum alloy is a lightweight material that fractures often occur during stretch forming, especially in the
hole-flanging parts. However, the stretch formability of aluminum alloy increased by improving a smooth-sheared
surface. The resistance of materials to edge fracture in complex shape forming is typically measured using the hole
expansion ratio (HER). This paper presents the concave piercing punch design to increase smooth sheared surface
which induces the increasing stretch formability of aluminum alloy. The effect of a smooth-sheared surface on
stretch formability was examined via a hole expansion test (HET). The aluminum alloy grade AA1100, and AA5052
of 1.2 mm of thickness with three levels of clearance 5%t, 10%t, and 15%t were used in the experiments. The HER
of aluminum alloy is influenced by a smooth sheared surface from conventional and concave piercing punch with
varied clearances. In the experimental aspect, the clearance level and shape of the piercing punch, which are
factors for the stretch formability of aluminum alloy, were observed by hole HER. The concave piercing punch
design improves the hole expansion ratio more than a conventional piercing because a smooth sheared surface

around the hole edge increases the hole expansion ratio.

Keywords: Aluminum alloy, Clearance, Hole expansion ratio, Piercing punch, Sheared surface
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. INTRODUCTION

Aluminum alloys offer a combination of low density
and high strength, making them an excellent choice for
vehicle body construction. Compared to traditional
steel, aluminum alloys have approximately one-third
the density, which translates into a considerable reduction
in weight. Aluminum has several advantages that make
it suitable for EV battery enclosures. Firstly, it has a low
density, which means it is lighter than many other
metals. This helps to reduce the weight of the vehicle,
which in turn improves energy efficiency and extends
the driving range. However, edge failure is one of the
significant problems associated with forming operations,
as shown in Fig.1. Thus, a new technique to increase
stretch formability is essential. Some of the relevant
research studies are summarized below.

Based on the findings of Gang et al. [1], it can be
concluded that using ample clearance in the blanking
process has a detrimental effect on forming quality. To
ensure better quality outcomes, selecting an optimal
clearance value that balances the desired level of
material deformation, dimensional accuracy, and surface
finish is advisable. Mori et al. [2] focused on understanding
the relationship between the quality of the sheared edge
and the stretch flange ability of high-strength steel
sheets. By enhancing the sheared edge quality, they
aimed to increase the material's formability and reduce
the likelihood of failure during forming processes. Zhou [3]
proposed expanding holes on the pulsed electromagnetic
force using an electromagnetic cold-expansion process.
Choi et al. [4] demonstrated that increasing the
clearance and utilizing a negative inclined angle can
benefit both the trimming load and the sheared edge
quality when working with DP980 material. These
findings provide valuable insights for optimizing the
trimming process in manufacturing DP980 components.
Tekiner et al. [5] studied the effect of different clearances

on the quality of sheared edges on aluminum sheets.
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They observed the clearance decreasing with the
smooth-sheared and punch force increases. While the
clearance increases, the die roll increases; on the
contrary, sheared surface decreases. The study
conducted by Sasada and Togashi [6] focused on
investigating the influence of clearance on the rollover
behavior of aluminum A1100P-O using image processing
techniques. The rollover phenomenon refers to the
folding or buckling of material during a metal-forming
process. Adnan et al. [7] investigated the effect of
clearance on the burr on the mild steel, brass, and
aluminum in the blanking process. However, the effect
of the clearance and burr height achieved by their
report is beneficial solely for single-sheet blanking.
Komgrit and Pongsakorn [8] revealed that the inclined
trimmed punch could improve the quality of the
sheared surface. Won et al. [9] introduced a new design
for two-stage blanking to enhance the edge stretch ability
of third-generation advanced high-strength steels (AHSS).
The proposed design has undergone experimental
validation using sheared edge tensioning, sheared edge
quality, and microhardness tests. Park et al. [10] studied
analyzing the effect of the hole-edge condition on the
hole-expansion ratio (HER) of ferrite-bainite (FB) dual-
phase steel. They confirmed that the damage caused
by punching is critical to the formability of dual-phase
steel. Prasad et al. [11] focused on investigating the
influence of temper conditions on the edge formability
of AA7075 alloy sheets using hole expansion tests. The
researchers examined different tempers, including W-
temper conditions, and employed punching and drilling
techniques for hole preparation. Hance et al. [12]
focused on investigating the impact of pre-hole
shearing methods, such as punching, milling, wire-EDM
cutting, laser cutting, and others, on the resulting damage
at the edge of the hole. They aimed to assess the different

levels of damage caused by these methods. In essence,

several researchers have found that the specific technique



employed to prepare a hole affects the quality or
characteristics of the central hole's edge. Since the HER
parameter is sensitive to the condition of this edge,
selecting the hole preparation method becomes crucial
in determining the value or behaviour of HER [13]-[15].
From the literature review, stretch formability is an
interesting topic for research papers. However, the
increase in stretch formability on hole-flanging parts
based on a smooth sheared surface from simple and
quick die setups has yet to be reported. This research
paper presents an alternative pre-hole shearing process
designed to address the challenges faced by the
industry in terms of setup complexity. A piercing punch
with a concave shape is proposed for pre-hole shearing
before the hole expansion test to increase the smooth
sheared surface. The mechanism of the increase in hole
expansion ratio is discussed with experiments on

AA1100 and AA5052 sheets.

(a) Original shape (b) Final shape

(c) Hole flanging application

Figure 1: Hole flanging application
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I. EXPERIMENTAL SETUP
The overview of hole flanging operation

The following hole flanging experiment (as schema-
tically illustrated in Fig. 2) was conducted: (a) pre-hole
shearing, (b) hole flanging test, (C) measurement and
analysis, and finally, (d) obtained hole flanging workpiece.
To improve the quality of the hole surface that induces
the increasing hole flanging ability, we provided two
types of punch, a conventional punch and the concave
punch design, as shown in Fig. 3. For the pre-hole piercing
process, tool steel with high carbon and high chromium
grade JIS SKD11 was used to make a punch and die.

The pre-hole shearing apparatus is also shown in
Fig. 3. Three levels of piercing clearance (5%, 10%, and
15% of thickness) were applied to this experiment. In
this work, the pre-hole shearing was performed dry
conditions. For guidelines of the hole expansion test,
we followed according to 1SO/T16630-2009 [16]. The
diameter of the hole was 10 mm. The increasing hole
expansion ratio can be calculated by equation 1. An
aluminum AA1100, and AA5052 sheets (thickness 1.2
mm) with dimensions of 100x100 mm were employed
as workpiece material in the pre-hole shearing

experiments.

Punch@10mm

Workpiece

(a) Pre-hole shearing (b) Hole flanging test

d;

—
h
Final workpiece

do
 —

Initial workpiece

(c) Measurement & analysis (d) Hole flanging workpiece

Figure 2: Schematic illustrations of hole flanging operation
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d; -d
% HER = [M] x100
do
where d, = Diameter of the initial hole (10 mm)
d, = Diameter after rupture: mm (Average value)
The mechanical properties of the workpiece materials
are listed in Table 1. To robust experimental data, every

experiment was repeated five times for each material

workpiece.

Table 1: Mechanical properties

Materials workpiece

Mechanical properties

AA1100 AA5052
Yield strength (MPa) 105 165
Tensile strength (MPa) 122 220
Elongation (%) 17.58 20.22

Enlarged view of cutting edge

on concave punch

\

Piercing die set

Piercing punch

Figure 3: Pre-hole shearing apparatus
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Hole flanging apparatus

Hole expansion tests were conducted according to 1SO
16630-2009 on the universal testing machine (ERICHSEN
Model 134), as shown in Fig. 4. A punch diameter of 50
mm with a conical head and an angle of 60° was used.
The driving speed of the conical punch was 10 mm/min.
The testing would be stopped when a crack propagation
across the edge of the deformed sample workpiece

occurred.

Punch

Blank holder

Universal testing machine

Figure 4: Hole flanging apparatus

IIl. Finite Element Preparation

There are still many problems in sheet metal
forming to be addressed in the real stamping industry.
The finite element method will lead the way in
advanced solutions that give you an understanding of
the die design concept. To obtain the true stress-strain
for the finite element analysis, the uniaxial tensile test
according to JIS 13B standards with Shimadzu
extensometer and width sensor was placed on the

specimen as shown in Fig. 5.



To investigate the mechanism of cutting edge during
piercing, an FE simulation (code DEFORM 2D) was
conducted. The detail of the finite element setup is
given in Table 2. The finite element model with a two-
dimensional model (axis symmetry) was used to
observe and investigate the deformation of a workpiece
during piercing as shown in Fig.6. The solution algorithm
employed in these Finite Element Model (FEM)
simulations relies on the iterative Newton-Raphson
method. Large plastic deformation would have
occurred in the cutting edge of the workpiece therefore
elastic calculation behavior will be discarded in this
material model. The rectangular type with four-node
elements (3,000 elements) was used for the finite
element model. A fine element region is created in the
cutting zone, followed by the application of adaptive
remeshing. The automatic remeshing function was
determined every three steps to control the excessive
deformation on the workpiece during simulation.
It prevents issues of element distortion, mesh tangling,
or element size mismatch, which can affect the
accuracy and stability of the simulation results. The
plastic properties of workpiece materials are assumed
isotropic and described by the Von Mises yield function.
The number of simulation steps 120 with a punch
displacement of 0.05 mm per step was applied to finite
element simulation control. Tooling and workpiece
material contact is ensured with a kinematic contact
condition established through master-slave surface
pairs in the initial step. In accordance with preceding
research findings [8], an appropriate friction coefficient
for the contact surface model falls within the range of
0.10 to 0.12, as defined by the classical Coulomb

friction law.
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(a) Universal testing machine for tensile test

Final cauge

Initial gauge length

(b) Sample workpiece

Figure 5: Uniaxial tensile test
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Figure 6: Finite element model for conventional piercing
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Table 2: Finite element set up

Detail of finite element

Tooling Rigid body
workpiece Elasto-Plastic
AA1100 O = 168€°*
Flow curve _
AA5052 O = 388g"%
Mesh 3,000
Friction coefficient 0.12
Tip radius 0.02 mm

IV. RESULTS AND DISCUSSION
A. Performance of a concave punch on quality of the
cutting-edge workpiece.

As well known, the piercing die can produce a large
number of workpieces in a short time. Before the piercing
process, the cutting edge of the workpiece should be
present. Figure 7 shows the details of cutting zones on a
sheared edge of a workpiece. The characteristics zone on
a sheared edge consisted of four points: die roll, sheared

surface, fracture surface, and (@) tearing angle.

heared surface]

SSUNOIY) 19245

Fractured surface

Tearing ang[e;\g/

Figure 7: Characteristic zones on a workpiece obtained

v

from piercing die

Figure 8 displays photos of cutting edges workpiece
aluminum grade AA1100 and AA5052 corresponding
with the experimental results of conventional punch
and concave punch. For the case of conventional
punch, the quality of the hole surface was poor (small
sheared surface. Meanwhile, we obtained a large
sheared surface from the new design, as shown in the

concave punch condition.
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From these results, we ensure that the concave
punch can generate a large sheared surface by

responding with all piercing clearance.

Imm

=

1 mm

=
(a) Cutting edge of AA1100 from conventional punch

BN 20

SRS ot FS+CHEN
Imm 1 mm
— —

(c) Cutting edge of AA5052 from conventional punch

Ry

Imm 1 mm

— —
(d) Cutting edge of AA5052 from concave punch

Remark: SS: Sheared surface, FS: Fracture surface

Figure 8: Cutting edge of workpiece obtained

from various piercing clearances

Generally, it is known that the quality of cutting-
edge obtained from the piercing process depends on
clearance levels [1-3]. Although, a narrow clearance can
generate a large sheared surface. However, a problem
with a high wear rate on a punch will occur. In addition,
the die setup is complicated and needs labour-high
skills. Therefore, a piercing process with large clearance
is better than a narrow clearance.

Figure 9 shows the sheared surface results of the

AA1100, obtained from

and AA5052  workpieces
conventional and concave punches with various piercing
clearances. On the cutting edge of AA1100 material with

conventional punch, a sheared surface rapidly decreases



with the clearance increasing at 15%t. Meanwhile,
a sheared surface obtained from the concave punch
slightly decreased (see Fig.9 (a)). Figure 9(b) shows the
tendency sheared surface of AA5052 obtained from
conventional and concave punches. The results showed
that a sheared surface pieced from a concave punch was
more significant than a conventional punch. When the
clearance increases, the sheared surface would be slightly
decreased.

From the experimental results, we confirmed that the
concave punch can generate a large of the sheared
surfaces of all workpieces. Moreover, the concave punch
can produce cutting-edge high-quality from a large
clearance. This is a good advantage of the concave punch

design over the conventional punch.

500

400

300

200

Sheared surface (um)

100

(a) AA1100 material

500

400

300

200

Sheared surface (um)

100

1 2 3
(b) AA5052 material

Figure 9: Summarized of sheared surface obtained from

conventional punch and concave punch
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B. Cutting edge analysis by FEM

Figure 10 shows the experimental results on the
AA1100 sheets of clearance cross-section 10%t with
similar depth penetration of conventional punch and
concave punch designs.

The crack propagation occurred on the cross-section
of the workpiece from the conventional punch, as
shown in Fig. 9 (@)). In contrast, the concave punch
designs can proceed with a deep stroke without
cracking (see Fig. 9 (b)). We can keep a large sheared
surface from these results since the concave punch
designs did not generate quick crack propagation, so

sheared surface would be increased.

(a) Conventional punch

(b) Concave punch

Fig. 10: Cracking during deformation of AA1100 with a constant

piercing clearance of 15%t

The stress distribution during piercing of the AA1100
workpiece pieced by conventional punch and the
concave punch designs with a constant piercing
clearance of 10%t is given in Fig. 11. In the case of
pieced by conventional punch, both materials, the
tensile stress appeared under the stripper plate thus
the large die roll becomes large. In addition, we found
that the intensity of tensile stress expanded from the
punch to the die at the shallow stroke (see Fig.11 (a)).
For this reason, the crack propagation on cutting the
workpiece from the conventional punch would occur
faster than the new designs. For the concave punch
designs, the expansion of intensity tensile stress

occurred at the deep stroke (see Fig.11 (b)). When the
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crack propagation is delayed, the sheared surface will be
increased. From the above mention, we can generate a
small die roll, a large sheared surface, and a fine surface
texture with no narrow piercing clearance. That is a good

advantage of this technology over the other processes.

Stripper
Punch

Die

(a) AA1100-Conventional punch  (b) AA1100-Concave punch

Punch

Stripper

(c) AA5052-Conventional punch

100 75 50 25 0 25
Stress-Mean (MPa)

(d) AA5052-Concave punch

50 -75 -100

Fig. 11: Mean stress distribution during piercing of the AA1100
workpiece pieced by a conventional punch and the concave

punch design with a constant piercing clearance of 15%t

C. Effect of concave punch on stretch flanging ability

Stretch flanging ability is commonly quantified by hole
expansion ratio (HER). It is a simple method to understand
edge fracture on materials. Fig.12 shows the HER obtained
from the conventional and concave punches with AA1100
and AA5052 workpiece materials. The 9%HER can be
calculated by equation 1, as shown in the previous
discussion.

Considering the results from conventional punch
(see Fig.12 (a)), it was found that AA1100 has a
high %HER. When increasing a piercing clearance, the
percentage of the hole expansion ratio was slightly

decreased.
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Table 3: Increasing of %HER obtained from the concave punch

with various materials

Clearances AA1100 AA5052

5%t 10.34% 54.54%

10%t 26.47% 45.65%

15%t 271.72% 27.72%

160

140

Series2
102

120 116

100

80

60

Percent of hole expansion

40

20

1 2 3

(a) Conventional punch

160

Eg Seriesl

140

129 129

128

Series2

120 -

100 -

80

60 -

Percent of hole expansion

40 -

20 -

1 2 3
(b) Concave punch

Figure 12: Summary of HER obtained from conventional

punch and concave punch

In the case of AA5052, we found the HER increased
with increasing clearance. It corresponds to the cutting
edge of the workpiece in Fig.8 (c). A large sheared
surface can furnish a high percentage of the HER more
than a small sheared surface workpiece. The results of

Fig.12(b) show that the %HER obtained from the



concave punch has an almost similar trend to the
results from the conventional punch. However,
the %HER obtained from the concave punch has higher
than a conventional punch. The increasing of %HER
with AA1100, and AA5052 obtained from clearance 5%,
10%, and 15% are summarized as the table 3:

It should be noted that the concave punch can
keep the HER of AA1100 and AA5052 with all clearance
levels. Figure 13 shows a sample workpiece from the
hole expansion test when pre-hole piercing by
conventional punch and concave punch designs with a
clearance of 10%. The hole size obtained from the
concave punch was more significant than that pierced

by a conventional punch. It is seen that a concave

punch can increase hole-flanging ability.

HET by conventional
BN

(b) Sample of hole expansion of AA5052

Figure 13: Hole flanging parts obtained from HET

D. The cracking on hole a flanging part

Figure 14 (a) — (b) shows a crack observation on the
hole edge of AA1100 and AA5052 after the hole
expansion test when using the conventional and
concave punches, respectively. In the case of pre-hole
by conventional punch, it was observed that a severe
crack appeared on the hole edge of the workpiece. On
the other hand, the concave punch has a high potential

for crack protection on the hole edge of three types of
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aluminum sheet. The hole edge without crack leads to
an increase in the hole flanging ability. Although an
advantage of using the concave punch over the

conventional punch has a slight increase in this work, it

is necessary to develop this subject in the future.

By concave punch i
Y punc 500m By conventional punch

500 dm
— B

(a) Cracking on AA1100 workpiece

By concave punch 500Lim
—

By conventional punch 509Hm

(b) Cracking on AA5052 workpiece

Figure 14: Comparison of crack on hole edge after hole

expansion when using concave punch and conventional punch

V. CONCLUSION

An alternative piercing punch shape has been
proposed to increase the hole expansion ability of high-
strength steel sheets. The research paper findings are
concluded as follows:
(1) The concave shape of the punch creates a gradual
and controlled deformation on the material being
punched, which helps to delay the propagation of
cracks on the cutting edge.
(2) Increasing the smooth sheared surface could
increase the hole expansion ratio. The hole expansion
ratio measures the ductility of a material, indicating its
ability to undergo plastic deformation without fracture.
(3) To enhance hole expansion ability in the aluminum
alloy sheet stamping industry, we suggest utilizing a

concave punch profile.
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Abstract

Global warming and climate change can cause water scarcity and drought for agricultural areas. Automatic
irrigation can be one of the possible solutions for optimum water usage but has to cooperate with soil moisture
measurement. However, the devices for soil moisture measurement at present are relatively expansive and require
high technical setup and test skills; especially, for multi-depth soil moisture measurement. This paper proposes an
alternatively low cost, simple soil moisture profile measurement using the multi-level capacitive technique. The
proposed measurement technique was developed and tested by observing the moisture and water absorption
capacity of sand, loam and clay soils at a depth up to 30 cm from the ground surface. It is found that the proposed
measuring prototype could clearly classify levels of water infiltration, distribution and storage for particular different
levels of the soil samples (The uncertainty values: RMSE from soils sandy, loam and clay by less than 8.50, 10.72,
and 16.19 VMC%). The results also showed feasibility of the technique that could be used to study behavior of
plants and crops in order to achieve the optimum water and moisture supply profile for different types of their

roots in particular different soil depths for the best growth rate or quality.

Keywords: Automatic irrigation, Moisture measurement system, Precise farming, Simple real-time loT-based, Soil

water infiltration
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. INTRODUCTION

Agricultural industry is one of the most essential parts
for country development for many countries, including
Thailand [1]. Agricultural industry and agro-product
export play an important role for the development of
Thailand [2]-{4]. It is generally known that water is the
important factor for agricultural cultivation, but
problems related to water shortage and drought are
still existing in Thailand because of global warming and
climate change [5], [6]. It makes a water shortage for
farmers to cultivate. When dehydrated plants result in
the quality and productivity of agriculture will decline,
the product is more expensive affecting the domestic
economy. Precise farming with automatic irrigation
technology could be used for optimum water usage for
crops and saving water [7]-[9]. It also helps the plants
to grow properly and get quality agricultural
productivity [10].

To install the automatic irrigation system, soil
moisture measurement devices with capability of real-
time monitoring and multi-depth soil moisture profile
measurement are needed [10], [11]. Unfortunately,
these devices that are currently available in marketplace
inherently have high prices, which would be difficult for

the local farmers to effort.

Il. LITERATURE REVIEW
A. Importance of Soil Moisture and Measurement
Techniques
Soil moisture is the water that is in the gaps of soil.
Soil moisture plays an important role for crops and
plants, as well as, chemical, biological and physical of
soil. This presents indirect soil moisture measurement
using mainly the electrical-conductivity techniques [12],
which are the well-known and commonly used technique
for precise farming worldwide [13]. Measuring soil moisture

to determine automatic irrigation not only helps farmers

conserve water resources for their cultivation, but it
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also helps to achieve higher quality yields by controlling
the soil moisture according to plant needs. In addition,
maintaining optimum soil moisture and structure will
increase the soil's water retention capacity, which is an
important part of preventing and managing flood risks
[14]. Estimation of transpiration (ET) and soil moisture
(SMQ) It is important in food security research, water
resource management, wildfire detection etc. [15].

Soil moisture measurement can be by direct method
or indirect method. The direct methods such the
gravimetric water content, but this method would take
long testing time, destroy the soil, and not be possible
for real-time monitoring. The indirect methods could
be one of the following methods: heat-plus, remote
sensing, hygrometric, EMI, capacitive, resistive [16].
Alternatively, Soil moisture measurement could be also
divided by the output signals, which are Time Domain
(TDR), Domain  (FD),

Reflectometry Frequency

Reflectometry and Capacitance, Time Domain
Transmission (TDT), Amplitude Domain Reflectometry
(ADR) and Phase Transmission sensor [17].

From the literature review on the estimation
methods of soil moisture and their operation time
could be summarized that the direct measurement
method such as gravimetric water content has high
accuracy, low cost, but destroy soil and take long time.
On the other hands, the indirect measurement method
such Time Domain Reflectometry (TDR) and Ground
Penetrating Radar (GPR) would be suitable for large area
but could not be the cost-effective method and
difficult for the forests compared to TDR method [18].
The criteria for the selection of the indirect soil
measurement types are dependent on the types of soil

and method to calibrate the measuring tools.

B. Capacitive Soil Moisture Sensor Theory
Capacitive soil moisture sensor has low price and

plenty in the Thailand marketplaces.
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Figure 1: Capacitive soil moisture sensor probe V1.2 (a) structure [20]; (b) Percent moisture-voltage characteristic curves of the probe

These probes utilize the change of dielectric value
when indirect contact with different amounts of
moisture (water). In this way, the proposed device using
capacitive technique offers advantages over the
resistive technique as it prevents rusting. [19]; having a
simple structure as shown in Figure 1 These probe
types are rough, robust, precise and allowable for
providing analogue output signal with voltage range

between 3.3-5.0 V and thus easy to operate with a

microcontroller.

C. Design and Development of a Multi-Level Soil Moisture
Measurement

It is suggested in [20] that to measure soil moisture,
the probe should be placed about 15 cm from the
ground surface, and it would be better to use the multi-
depth soil moisture measurement since different types
of crops would require different amount of water for
their roots. The research results of [21] showed that the
traditional resistive probe would have some problem
when contacting soil for a long time due to the
corrosions; especially, when using in the deep soil
ground. The research results in [22] also supported that
the capacitive probe with 12 serial peripheral interfaces
had higher efficiency and less cost than a single serial
interface. In [23], the capacitive with the wireless data
sensing based the Zigbee configuration for their

designed fringing electric field probe could effectively
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measure the soil moisture in the range of 1-80% but
would work well only near surface soil ground
measurement. The researchers [24] also developed a
fast real-time  soil moisture

response, precise

measurement using loT with time multiplexing
technique, which claimed that they achieved low cost
and high accuracy measurement with the error less
than 1.35%. Similarly, the capacitive based loT module
(SKU: SEN0193) was developed by [25], which provided
creditable data, as well as, helped for precise moisture
control for the investigated greenhouse. The research
proposed in [26] employed solar power for a large,
measured data storage system as the additional system
for soil moisture tests, which helped for water
prediction and management.

However, there are some concerns regarding the
use of capacitive probes as follows. The research
results in [27] suggested that preparation of soil in
terms of cavity of soil affected the creditable measured

results of soil moisture.

Ill. RESEARCH METHODOLOGY
In this research, we utilized low-cost and simple
capacitive moisture sensors V1.2 in conjunction with a
microcontroller board. The microcontroller board not
only facilitated recording, analysis, and display of the
real-time

measured data but also incorporated

functionality through an loT application.
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A. Design System and Construction of Prototype

The data Centre for agricultural information [28]
Thailand uses over 238,803 square kilometers of
agricultural land, which accounts for 46% of the total
area of the country. Therefore, we have designed a
simple, inexpensive soil moisture meter to replace
expensive equipment with complex applications as
well as causing widespread use among local farmers to
take advantage of the soil moisture measurements.
Figure 2a shows the design concept of the multi-level
capacitive soil moisture measurement under this
research. Simple commercial capacitive soil moisture
sensors are inserted into the target soil levels. The
measured data will be then sent to microcontroller

board and then transmitted via the wireless module to

N

the end receivers (users). For greenhouses, several sets
of measuring devices could also possibly be set up as
shown in Figure 2b, and display screen (Looker studio
of Google App) are shown in Figure 5 and 6.

We have applied Probe capacitive soil moisture
sensor V.1.2 combined with module Wi-Fi (Table 1)
which such equipment can be purchased in the country
It is economical and farmers can search for how to use
it from the Internet widely. The operation flowchart of

the proposed device is shown in Figure 3, Electrical
equipment connections are shown in Figure 4, while
the transmitted data on the Google sheet (receiver) and
the display screen (Looker studio of Google App) are

shown in Figure 5 and Figure 6, respectively.

()

(b)

Figure 2: Design concept: (a) field implementation; (b) possible multi-measurement

Table 1: The total cost of the developed low-cost and simple capacitive soil moisture multi-level system

Component Applied for Units | Cost (B) | Subtotal (B)
Capacitive Soil Moisture Sensor | Measure soil moisture.

5 50 250
v1.2
ESP32 (DevKitC-32UE) Process soil moisture values and send data to Google

1 350 350

Sheet.
Other components Equipment for system and infiltration tests in laboratory 1 1,500 1,500
Total (THB in 2023) 2,100
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Figure 5: Example of transmitted data in the Google sheet receive

Figure 3: Operation flowchart of the proposed soil moisture
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Figure 7: (a) Infiltration testing the proposed multi-level soil moisture measurement; (b) sandy soil; (c) loam soil; (d) clay soil
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V. RESULTS AND DISCUSSION Table 2: Approximate ranges in soil particle, water and nutrient
Figure 8-10 show the experimental test results holding capacities for soils of differing textures [29]
. . . Available Water
obtained from the tests for sandy soil, loam soil and Soil Particle
Soil Texture ) Holding Capacity
clay soil when placing the capacitive sensor at the Diameter (mm) (in/ft)
depth of 10-30 cm with different amounts of supplying Sand or
<0.6
water of 150, 250, and 350 ml for 60 minutes. Regarding loamy sand 0.050 - 2.000
soil theory, it is generally known that the investigated Sandy loam 0.6-1.0
soil types have the properties as shown in Table 2 [29]. Loam or silt 10-15
loam 0.002 - 0.050
Clay loam 1.5-2.0
Clay < 0.002 > 20
: Sand at depth 10 cm
g2 s
&) =l
2 g
8
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Figure 8. Test results and analysis of moisture values of sandy soil in different irrigation
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Figure 9. Test results and analysis of moisture values of loam soil in different irrigations
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Figure 10. Test results and analysis of moisture values of clay soil in different irrigation

It can be seen from the test results that:

1) The proposed multi-depth soil moisture
measurement device could be used to predict the
behavior of the water absorption in different soil types
correctly. For example, in Figure 8, for small amount of
supply water of 150 ml, the top sensors could be
measuring the moisture but the bottom sensors could
not due to there was no water available to get down
to the bottom. In turn, when the amount of water
increased, the bottom sensors started to have some
moisture appeared. Similar results would be found for
the tests with the loam soil and clay soil in Figure 9 and
Figure 10, respectively.

2) The proposed soil moisture measurement device
could be used to predict the absorption rate of the soil
in terms of the water and nutrient holding as shown in
Table 2. It can be seen in Figure 8 that the sandy soil
has low capacity of water holding capacity, which could

be noticed from the rapid decrease of the tailing edge

of the graphs. On the other hands, the loam soil and
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clay soil would hold the amount of water well, which
could be noticed from the nearly stable tailing edge of
the graphs for both sample loam and clay soils as
shown in Figure 9 and Figure 10.

3) The different of the graphs could be seen among
the tests even with the same amount of water
supplying and testing time (see Figure 8, 9 and 10). This
reveals that the absorbing path of the water through
the same soil type could be totally different. Therefore,
only few moisture soil profiles would not be precisely
predicting the water behavior of the soil, in fact, several
measured profiles could be used for the more precise
and accurate soil moisture profile measurement.

4) For field applied, sensor circuits need to be
protected from environmental conditions (e.g., resin
molding) for longer sensor life, including the use of
signal interference-proof cables (e.g., Fuel Shield). In
addition, Wi-Fi has a small coverage. In practice, the

node might be too far from the Wi-Fi.
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Table 3: Parameters of prediction of water absorption behavior of different types of soils and uncertainty of measuring systems

y=a+b?+cx+d
Soil Depth Water content R? RMSE
a b c d

150 ml -0.0009 0.0559 0.1455 41.005 0.86 579

10 cm 250 ml 0.0004 -0.0617 2.0956 39.227 0.54 7.56

350 ml 0.0008 -0.1014 3.1068 36.182 0.77 6.21

150 ml -0.0005 0.0588 -1.1802 34.493 0.90 5.33

-,% 20 cm 250 ml -0.0014 0.1153 -1.3642 39.523 0.85 791
" 350 ml 0.0001 -0.0349 1.7842 37.719 0.52 6.91
150 ml 9.00E-05 -0.0036 0.0036 48.507 0.97 0.31

30 cm 250 ml -0.001 0.1044 -2.145 44.273 0.82 7.10

350 ml -0.0021 0.1931 -3.5496 48.267 0.87 8.50

150 ml -0.0014 0.1216 -1.8585 53.797 0.95 3.90

10 cm 250 ml -0.001 0.0691 0.1942 41.946 0.89 6.94

350 ml 7.00E-05 -0.0343 2.3783 48.159 0.80 6.38

150 ml -0.0008 0.0819 -1.5754 52.524 0.91 a7

% 20 cm 250 ml -0.0019 0.1664 -2.4529 43.223 0.92 7.20
- 350 ml -0.0019 0.144 -1.3278 33.441 0.84 10.72
150 ml 0.0003 -0.0203 0.4089 52.185 0.95 1.04

30 cm 250 ml 0.0001 0.0165 -0.5792 51.374 0.88 6.02

350 ml -0.0016 0.1516 -2.7567 52.121 0.87 7.99

150 ml -0.0016 0.0915 1.7876 -14.109 0.86 16.19

10 cm 250 ml -0.0019 0.1307 0.5094 -8.5757 0.94 10.10

350 ml 0.0008 -0.1427 7.649 -27.913 0.85 15.13

150 ml -0.0023 0.2288 -4.1569 12.832 0.92 10.52

L:‘f 20 cm 250 ml -0.0025 0.2079 -2.1762 10.147 0.89 13.30
350 ml -0.0011 0.0376 3.271 -17.464 0.91 13.24

150 ml 2.00E-05 -0.0016 0.0719 6.8064 0.83 0.32

30 cm 250 ml -0.0003 0.0366 -0.7063 12.338 0.92 4.07

350 ml -0.0019 0.192 -3.4855 24.162 0.93 8.73

To achieve high resolution of curve fitting, the 3¢

order polynomial function was utilized for the
measured results, which revealed that for sandy soils,
the prediction coefficient ranged from 0.52 to 0.97, with
an uncertainty range of 0.31 to 8.50 VMC%. Notably,
the minimum and maximum values were obtained
from the sensor at a depth of 30 cm. For loamy soils,
the results showed that the prediction coefficient
ranged from 0.80 to 0.95, with the highest values

observed at sensors 10 and 30 cm. The corresponding
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uncertainty ranged from 3.90 to 10.72 VMC%. Based on
the test results, it can be concluded that sandy and
loam soils exhibit increasing uncertainty values as the
amount of irrigation increases. In the case of clay soils,
the results indicated that the prediction coefficient
ranged from 0.83 to 0.94. However, most uncertainty
values exceeded +10 VMC% (ranging from 0.32 to
16.19), This is due to the density and gaps between

soils, resulting in the observed variability.



It could be summarized from the results of the
analysis according to table 3 that the proposed multi-
depth soil mois-ture measurement using multi-level
capacitive technique under this research could be used
to predict the behavior of the soil water movement of
different soil types among sandy soil, loam soil and clay
soil. In contrast, unknown soil samples can also be
tested and printed using the proposed soil moisture
measurement technique as well. This multi-depth soil
profile can be used for further studies to reduce
uncertainty. This includes determining the appropriate
or proper amount of water necessary for proper growth

or optimal quality of agricultural products, and so on.

V. CONCLUSIONS

This paper proposes the new low-cost device to
measure soil moisture for the multi-depth soil using
multi-level capacitive moisture sensors V.1.2. The
proposed device could be used to observe behavior of
water absorption and water hold in the different types
of soil and, in turn, could be used to test and identify
the type of the soil sample. There were 3 types of soils
used to examine and evaluate the proposed device in
this research, which were the sandy soil, the loam soil
and the clay soil. The test results showed that the
proposed device could be able to produce the correct
soil moisture profile, could be used to observe the
capacity of water holding for the soil, proof that the
water absorption by the same soil type can be totally
different, and eventually, used to identify the type
of the soil sample. These results facilitate the
comprehension of the uncertainty associated with soil
moisture measurement for each soil type. Consequently,
it is advisable to perform calibration in areas requiring
measurements to optimize efficiency.

This multi-depth soil profile could then be used for
the further study on the suitable or optimum amount

of water that would be required for the best growth or
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the best quality of the agricultural products and so on.
This is also to achieve the best utilization of the water
for the cultivation during the shortage of water or

during the drought season.
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Abstract

The disc brake production is coupled with a defect detection process to control quality. The current
manufacturing quality is high. However, detection relies on visuals by the operator, posing challenges in terms of
accuracy and time. In a high-quality production, using human labor for detection is time-consuming and labor-
intensive. This research is aiming at exploring the possibility of applying object recognition using deep learning
approach for the in-line defects detection on disc brake pads. Faster R-CNN, Scaled YOLOv4, and YOLOv5s were
compared for the detection of two major commonly defective brake pads of brake pad model A. The main criteria
for the detection are (a) the detection time must be shorter than residence time of brake pads on the detection
station on the conveyor, at 498 milliseconds, and (b) the precision must be higher than 70%. The detection time
and precision of YOLOvV5s, Scaled YOLOv4, and Faster R-CNN are at 13.9 ms and 83%, 20.0 ms and 83%, and 20.2
ms and 92%, respectively. The detection time of all algorithms investigated in this study is far shorter than the
residence time at the checking station with the precision exceeding the criteria. The training time for Faster R-CNN,
220 mis, is five times longer than that of YOLOvV5s (49 ms) and Scaled YOLOv4 (41 ms). All three algorithms are
capable of real-time detection and yield a consistent result on both splits and poorly consolidated friction material

workpieces. Faster R-CNN is chosen because it has the highest precision.

Keywords: Brake pad, Deep learning, Defective brake pad detection, Real-time detection
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l. INTRODUCTION

Disc brake pads are a key component of a disc brake
system when the driver presses on the brake pedal, the
pressure is transmitted through the brake fluid. This
pressure pushes the brake caliper, causing the brake
pads to clamp onto the brake rotor. This creates a
friction force between the brake pads and the rotor,
the friction material from the brake pad is transferred
to the rotor surface. This transfer of friction material
creates a frictional force known as adherent friction.
Adherent friction is the frictional force generated when
certain layers of the brake lining adhere to the rotor
surface. This increased friction force helps to slow
down and stop the vehicle. The brake pads are made
of a friction material consisting of filler, binder, abrasive,
lubricant, and fiber that is designed to be less stiff than
the rotor and to wear down over time. These raw
materials are blended using a high-speed mixer to
create a homogeneous mixture. The mixture is placed
in a mold and undergoes curing. Finally, the decoration,
where the surface is smoothened, grooves are carved
and painted prior to attaching accessories to achieve an
attractive appearance.

The quality control and reliability of the brake pads
are very important because it means the safety of the
driver. Currently, defect detections for brake pads rely
on visual inspection by operators, which is time-
consuming and low-efficiency. The accuracy is uncertain
and dependent on the experience and fatisue of the
workers. Additionally, the small size of defects makes
them difficult to detect.

The total number of defects in all models was
around 2% of total production. They originated from
various sources including 0.04% from mixing process,
0.6% from curing process, and 1.3% from decorating
process. Brake pads model A were produced during the
research period and found defects. In the process of

decorating, the number of defects in Model A s
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relatively low to generate a dataset, but the critical
issue with Model A lies in the vulnerability arising from
the lack of defects in other brake pad models. Indicates
that the production is of high quality whereas the
method of detector is labor-intensive and time-
consuming, even though the defects are few. This
results in labor inefficiency. This led to the selection of
Brake Pad Model A for research purposes.

In object detection, convolutional neural networks
inside deep learning algorithms have enhanced
precision and speed. There are two categories of object
detection algorithms: one-stage detectors and two-
stage detectors. Input image features are features
extracted in the Backbone by the feature extractor and
sent to the Neck and Head to detect objects inside the
image. Neck aggregate features are blended and
combined feature from the Backbone to be ready for
detection in the Head. The Head serves to detect
objects, detection includes classification and localization
for each bounding box. The two-stage detector
separates the functionality of feature aggregation,
localization, and classification and then combines
results later, called Sparse detection. However, single-
stage detectors perform all steps simultaneously,
referred to as Dense Detection. An example of a two-
stage detector is the Faster R-CNN which is high
precision, but it is a low speed because of the deep
network structure. While one-stage detectors (YOLO)
have rapid processing capabilities. Object detection
based on deep learning has been applied in many
fields such as road surface crack detection using the
YOLOVS [1], detection and classification of plant
pathology using the YOLO series and Faster R-CNN [2],
finding the landing area of the plane [3], pest detection

using old and new versions of the YOLO detector [4],

identifying the disc brake pad model, etc.
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Figure 1: Research workflow in this study.

This study aims to explore deep learning techniques
for detecting defective brake discs composed of splits
and poorly Consolidated friction material, using
YOLOV5s, Scaled YOLOv4, and Faster R-CNN algorithms.
The study refers to the ISO/PAS 22574:2007 standard
for referencing the characteristics of defective with the

research process as shown in Figure 1.

Il. LITERATURE REVIEW

This section explains three algorithms used in this
study and applications for defect detection are
reviewed.

Faster R-CNN is a 2 stage object detection algorithm
[5]. The structure of Faster R-CNN consists of a region
proposal network (RPN) and a detection network (Fast
R-CNN). The working methodology of Faster R-CNN is
shown in Figure 2. The RPN generates a set of region
proposals, which are then fed into the detection
network to classify and refine the proposals [6]. The
processing of the region proposals to output class
labels and bounding boxes for each proposal is done
by Fast R-CNN network which is part of the detection
network in Faster R-CNN.
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Figure 2: Faster R-CNN structure diagram.

Scaled YOLOvV4 is a variant of the YOLOv4 object
detection algorithm that has been modified to run on
multiple GPUs and to scale to larger input image sizes
[7]. Scaled YOLOv4's structure consists of an input layer
and feature extraction. The first layer in the network is
the input layer, which receives the input image and
then forwards it to the feature extraction component.
The feature extractor extracts features from the input
image, which are then forwarded to the network made
up of several convolutional and fully connected layers.
The output of the network is a set of bounding boxes
and class scores corresponding to the objects present
in the image. Although Scaled YOLOV4 is an algorithm
modified from an obsolete YOLOv4. Studies have
shown that the performance of Scaled YOLOv4 is
nearly equal to that of YOLOV5 [8]. Therefore, Scaled
YOLOv4 was chosen in this study.

YOLOVS is a one-stage detector that includes
preprocessing and feature extraction. Preprocessing is
taken to prepare an input image for processing that
includes resizing, normalization, data augmentation,
and noise reduction. The feature extraction process
consists of several layers of convolutional and pooling
operations. The features are extracted from the input
image through the application of convolutional layers.
The pooling layer reduces the size of the feature map
produced by the convolutional layers, improving the

model's generalization ability by decreasing the sample



size. The Fully connected layer gets extracted features
combines the feature maps and makes predictions
about the presence and location of objects in the

image as shown in Figure 3.

Input Extract Features Feature

(image) | (CNN & Pooling) " Maps
Class
Labels
Output
(image) -
Bounding
Box

Figure 3: YOLOV5 structure diagram.

The family of YOLOV5 (s, m, |, and x) is designed to
trade off accuracy and speed, with larger models
tending to be more accurate but slower, and smaller
models being less accurate but faster. According to
research studies related to the YOLOV5 family. The
members' detection accuracy was fairly similar,
however, the speed of detection varied greatly [9].
Thus, YOLOvV5s was chosen due to its fast detection to
be applied to fast-moving brake pads on the conveyor.

YOLOV5 detector has four variants s, m, |, and x to
detect defects on particleboard surfaces [10]. The
particleboard defects that we aim to detect come in
five different types. Training the detector took 300
epochs. YOLOv5s was trained in 9.6 hours while
YOLOv5x took 6 days to complete. All four detectors
demonstrated a detection precision of over 90%.
YOLOvV5s had the fastest detection time at only 0.047
seconds, while YOLOv5x had the slowest at 0.069
seconds.

The YOLOV5 was used to identify different types of
mold on food surfaces [11]. The dataset was enhanced
through data augmentation before training. YOLOV5
was compared to YOLOv3 and YOLOv4 and achieved a
precision rate of 98.1%, and had the highest recall rate

of 100%.
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The YOLO detector was used to detect traffic signs
for application in autonomous vehicles [12]. All four
versions of YOLOvS detectors are trained with 50
epochs. The detection precision of the four models is
over 80%, YOLOv5x minimum precision is 83% while
YOLOvV5m and YOLOVSL precision is 87%. The fastest
model to detect road marking signs is YOLOv5s, which
is only 24.6 FPS. The processing of YOLOv5x is 1.7 FPS
which is the slowest among the four detectors.

The YOLOV5 model was compared with Faster R-
CNN and YOLOv3 models in detecting spot knots on
saw timbers [13]. The training datasets were reduced
from 80% to 50% during the training session. As the
number of training datasets decreases, the mAP also
decreases. YOLOv3 has the largest weight file size,
while Faster R-CNN has the longest training time.

YOLOV5 YOLOV5s,
YOLOv5m, YOLOV5L, and YOLOv5x inspect helmets

series  models, including
[14]. The mAP of all YOLOV5s series is over 90%. The
YOLOv5s processing peaks at 110 FPS, which is the
highest among other series. YOLOv5x is the slowest
processing at 21 FPS, but it has a high mAP of 93.6%.
Faster R-CNN detects leaves in complex natural
environments to develop smart agriculture [15]. The
model was applied to identify sweet potato leaves and
the dataset consisted of 8,086 images with varying leaf
densities. The model training is set for 50 epochs. In the
testing session, the superiority of Faster R-CNN over
YOLOVS is shown in terms of precision and recall.
Faster R-CNN and YOLOv3 were used to detect
people wearing face masks during the Coronavirus
disease outbreak [16]. The dataset consists of both
masked and non-masked people. The mean precision
of Faster R-CNN is slightly better than YOLOv3 by only
7%. The processing time of YOLOv3 was almost 3.5
times of Faster R-CNN. In general places, CCTV cameras

are used. Therefore, speed is more important, and

YOLOV3 is suitable for face mask detection.
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The CNN models include YOLOv3, YOLOv4, and
YOLOVS. estimate white grape yields [17]. The YOLOv3
and YOLOv4 models require more than 15 hours of
training time, whereas the YOLOv5s and YOLOv5x
models require 4.6 and 7 hours, respectively, to
complete the training process. The models YOLOv4,
YOLOV5s, and YOLOvV5x have a mAP of over 70%, with
YOLOvV5s able to process 61 FPS.

YOLOvV5s, YOLOv5Sm, and YOLOVSL are applied to
the grasping robot [18]. The dataset contains letter
wooden blocks, shape wooden blocks, punctuation
wooden blocks, and blank wooden blocks. The test
results show that the precision and recall of the three
detectors are over 98%. The training time of YOLOv5s
is the shortest, only 18 hours, while the longest training
time of YOLOvV5L is 21 hours. The YOLOv5s processing
time is the shortest, only 35 milliseconds. The
YOLOV5U's computation time takes the longest to 77
milliseconds.

The YOLOV5 detector family detects the flight of
birds [19]. All detector is trained with 20 epochs. The
mAP of YOLOv5s, YOLOvEmM, and YOLOVSL is above
809%. Except for YOLOV5x, the mAP is 79%. The trend
of mAP is like with recall. YOLOv5s, YOLOv5m, and
YOLOV5L have a recall rate of over 85%, while YOLOv5x
has a recall rate of 83%.

The YOLOvV5s and YOLOv3 detectors are used to
identify houses damaged by an earthquake [20]. The
YOLOvV5s take the shortest training time of only 1.4
hours, but YOLOvV3 takes up to 5.6 hours. The YOLOV5's
average precision is up to 89%, as well as its computing
time is up to 100 FPS. The YOLOv3's average precision
is only 81% and its processing time is 27 FPS.

The YOLOV5 and Scaled YOLOv4 detectors are used
for malaria diagnosis because traditional methods were
time-consuming and human error [21]. The YOLOv5
takes 52 minutes to train while the Scaled YOLOv4
takes 206 minutes. The Scaled YOLOv4 archived a mAP
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of 83% and a recall of 93% while the YOLOV5 had a
mMAP of 78% and a recall of 79%. YOLOVS5 is superior to

Scaled YOLOv4 in diagnosing malaria.

IIl. RESEARCH METHODOLOGY

In this work, three deep leamning algorithms for
defective brake pads, consisting of YOLOv5s, Scaled
YOLOv4, and Faster R-CNN were compared. The
algorithm was mainstream during the research period
with a wide range of applications and stability. The
research process includes a brake pad production
study, dataset acquisition, data  preparation,
experimental environment, and model testing. The
process of brake pad production is a one-piece flow
process where the defect is detected at the end of the
production line before delivering the products to the
customers.

The data acquisition involves the process of
collecting defective and good brake pads and

photographing images to create a dataset.
Photographing the brake pad is carried out using the
setting shown in Figure 2. The brake pad samples were
photographed from different angles. An example of the
image photographing angle is shown in Figure 3. Photos
were taken with a simple background to maintain a
similar environment to the production line. The images
were captured using the camera of the iPhone 13 Pro

in a studio environment with a black background.

LED light Box studio

Tripod Brake pad

Camera : iPhon

Figure 2: The brake pad photography setting



@ Side surface

Figure 3: Side of the surface of the brake pad

Data preparation involves 3 steps which are
annotation, data augmentation, and split data set.
Annotation is a process of labeling the data on images
to make algorithms recognize them. In this study,
annotation was performed on the Roboflow platform,
a software for deep learning tasks established by
Joseph Nelson (lowa, United States). Figure 4 shows an
example of data annotation. Three classes of brake
pads are selected for this study including split, poorly
consolidated friction material, and good brake pads.
The classes of defective brake pads are referenced
according to the characteristics specified in the ISO/PAS
22574 standard.

Poorly consolidate

Figure 4: An example of annotations of brake pads on Roboflow:

(a) poorly consolidated, (b) splits, and (c) good brake pad

Journal of Engineering and Digital Technology (JEDT)
Vol.12 No.1 January - June 2024

Due to the limited number of raw datasets, data
augmentation was performed on the brake pad images
after undergoing annotation. The enhancement of
brake pads including flip left and right, changes the hue,
brightness, saturation, exposure, and grayscale as
shown in Figure 5. The annotated images were
automatically augmented through the use of the
Roboflow platform.

The split dataset is the process of dividing the data
to separate into subsets for training and testing
purposes. The model training utilizes the training
dataset, while the model testing employs the testing
dataset. The data splitting process takes place after
completing the data preparation.

The experimental environment consists of experiment
preparation and algorithm training.  Experiment
preparation is the process of embedding the object
detection framework in the training and testing
platform. YOLOv5s, Scaled YOLOv4, and Faster R-CNN
were imported from Roboflow and installed on Google
Colab. This process runs on a Windows 10 computer
with an Intel Core i7-4750HQ CPU at 2.00GHz.
Algorithms training is a process of training object
detection models which is a learning process of the
detector to recognize patterns and make predictions
based on the input data provided. The three algorithms
train on Google Colab. The training process of three
object detection models utilized GPU and the number
of epochs was determined by the best precision

obtained from three algorithms after training. The next

step is model testing.
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L

Flip left

Exposure +25%

) (h)

Brightness -50%
(9]

Saturation +50%

Flip right

Exposure -25%

Saturation -50%

Original

Figure 5: Example of an image using the data augmented technique: (a) flip left, (b) flip right, (c) grey scale, (d) and (e) adjust

exposure, (f) and (g) adjust brightness, (h) and (i) adjust saturation, (j) and (k) adjust hue

Model Testing is the process of evaluating the
performance and accuracy of a deep learning model
on a previously unseen dataset called the testing
dataset. The model predictions are compared to the
ground truth labels to calculate performance metrics
such as precision, recall, F1 score, and detection time.
The accuracy in this study is measured by mean
average precision (MAP) with the score ranging from 0
to 1. For this study, mAP at an IOU threshold of 0.5 was
chosen to measure the accuracy of each class. High
mAP indicates that the model can detect and classify
different types of defective and good disc brake pads.
Recall is the ability of the model to detect objects
within an image. The value of recall ranges from 0 to 1.
A high recall value indicates that the model is able to
detect the objects of interest within the image

effectively. The F1 score is a metric used to evaluate
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the performance of a model by balancing precision and
recall rate. The detection time is the time that the

model uses for processing.

IV. RESULTS AND DISCUSSION

The defect detection point was chosen to be after
the grinding process because defective brake pads
found can be recovered for rework. At this step, the
conveyor speed is 6.9 meters per second, the area of
the conveyor that visualizes the brake pads on all sides
is approximately 40 centimeters wide. The brake pads
traverse the area in a time frame of 498 to 1790
milliseconds from one edge to the other. Brake pad
detectors require less than 498 milliseconds to detect
which is set as the main criteria for the brake pad defect

detection parameter for this studly.



A

The total number of defects in all models was
around 2% of total production. They originated from
various sources including 0.04% from mixing process,
0.6% from curing process, and 1.3% from decorating
process. The number of defects from model A were the
higshest in number compared to other models;
therefore, it was chosen for this study.

The observed defect for the brake pad from all
models was 0.7%. Two major types of defects, “splits”
(23% of total defect) and “poorly consolidated (10% of
total defect) friction material”, was chosen for this
investigation.

The brake pad model A was selected to represent
the defect investigation because they were found with
the highest number in the brake pads grinding process.
The 80 defective samples consist of splits and poorly
consolidated friction material.

Both defects represent the most common problems
found in disc brake production failures. Splits can cause

the brake pad surface disintegration where a small

fragment of friction material could fall off quickly,
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causing noise formation during brake and increasing the
braking distance. The cause for brake pads splitting are
many parameters such as raw material storage, design,
and production [22]. A brake pad with a poorly
consolidated friction material can cause noise and
uneven wear. Causes for poorly consolidated friction
material in brake pad include, foreign matter in
chemical mixed, and water dripping into a mixer. The
rubber does not dissociate due to clumping in the
mixing etc.

Appearance for defect brake pads investigated in
this study were shown in Figure 6. Figure 6a shows
splits, it has at least one crack with about 1 cm long on
the side of the brake pad. Using split brake pads may
cause some surface brake pads to slip off and be
unable to stop the car. Figure 6b shows poorly
consolidated friction material where the presence of
foreign material or poor mixing on the upper brake pad
surface causes the defect. Figure 6c shows a good
brake, the top surface is free of impurities, the edge is

not broken, the side surface is smooth.

(ﬁ)

Figure 6: Examples of brake pads in the dataset: (a) splits; (b) poorly consolidate friction material; (c) good brake pad
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All 120 images of brake pads were annotated by
labeling specific features of the friction material area
due to defects appearing on the worn-out area.

Annotated images will undergo augmentation. The
image of brake pad that has been annotated and
augmentation have been divided into 288 training
datasets and 12 testing datasets (ratio 96 to 4) [8]. The
detail of datasets is as in Table 1. All characteristics are
divided equally, sood brake pad calls OK. Datasets were
saved as TXT files in YOLO series, XML files in PASCAL
VOC for Faster R-CNN.

Table 1: Summary of dataset

Characteristic Training | Testing
Splits 96 4
Poorly consolidated friction material 96 4
Good brake pad 96 4

A. Result of Model Testing

Table 2 shows the training time of each model.
Scaled YOLOV4 has the shortest training time, which is
41 minutes, followed by YOLOv5s (49 minutes), and
Faster R-CNN (220 minutes) in that order. Scaled
YOLOv4 and YOLOv5s have similar training times as
they are both one-stage detectors with strengths in
speed. However, YOLOvV5s take longer to train than
Scaled YOLOv4 due to its high-performance architecture
and deeper CNN compared to Scaled YOLOv4. The
model with the longest training time is Faster R-CNN,
which takes 220 minutes to train, which is significantly

longer than the fastest models, which take approximately

5 times less time to train. Faster R-CNN has a complex
architecture and a deep CNN, which results in longer
training time compared to other models.
B. Performance comparison

The detection of defective and good brake pads by
the model includes bounding boxes and labeling. An

example of detection is shown in Figure 7.

Figure 7: Bounding box and object localization in disk brake

detection: (a) and (b) poorly consolidate and (c) splits.

The confusion matrix is shown in Table 3. The results
indicate that all models have a similar ability in detecting
objects with high proximity. All models can detect
defective brake pads that have splits and poorly
consolidated friction material, but they still confuse
good brake pads with poorly consolidated friction

material.

Table 2: Performance of three detector models

Model Training Time (minute) mAP Recall rate F1 Score Detection time (ms)
YOLOvV5Ss 49 83.3% 100% 091 13.9
Scaled YOLOv4 41 83.3% 100% 0.91 20.0
Faster R-CNN 220 91.7% 100% 0.96 20.2

52



Table 3: The confusion matrix of YOLOV5s, Scaled YOLOv4, and
Faster R-CNN

Predicted | Splits Poorly Good
consolidated brake

True friction material pad
Splits 1
Poorly 1
consolidated
friction material
Good brake pad 0.5 0.5

The results of brake detection showed that good
brake pads were detected as defective brake pads of
the poorly consolidated friction material. The misclassified
image was compared to the image of a brake pad with
poorly consolidated friction material.

Although the disc brake pad with poorly consolidated
friction material indicators has a distinct feature that is
clearly visible, which is the prominent color spots that
differ from the color of the friction material, the color
of the friction material surface in other areas is similar
to that of the good brake pad. This includes black, gray,
and white colors, as well as some parts of the surface
texture that are reflective. The images captured from
both poorly consolidated friction material and good
brake pads are presented above, the light from the
studio reflected off the areas with shadows, causing
those areas to appear white in the captured images.

Table 2 shows the mAP values for all models in
detection brake pads. The mAP indicates the ability to
detect objects in an image. Faster R-CNN achieved the
highest mAP value of 91.7%. In comparison, other
models had an accuracy of 83.3%, indicating that Faster
R-CNN has an average ability to detect brake pads with
a 91.7% precision rate. YOLOv5s and Scaled YOLOv4
have an average precision of 83.3% in detecting brake
pads. The average precision of Faster R-CNN is higher
than YOLOv5s and Scaled YOLOv4 because Faster R-

CNN performs region proposal before object detection,
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which helps to reduce false positives and can lead to
better precision in terms of mAP. On the other hand,
YOLOvV5s and Scaled YOLOv4 perform object detection
and region proposal simultaneously, which increases
the chance of false positives and results in lower
precision compared to Faster R-CNN.

The recall rate values of all models are shown in
Table 2. All models have a recall rate of 100%,
indicating that the models can detect all positive
objects. Therefore, all models have high precision in
object detection with no False Negatives, meaning the
models detect all positive objects. Al models can
detect all brake pads due to the fact that the brake
pads within the image are not complex as it only
consists of a single object.

When the recall rate of all models is 100%, it
indicates that the F1 scores of all models tend to have
a similar trend as the average precision values. The F1
score ranges from 0 to 1, where a value close to 1
indicates high model precision, while a value close to
0 indicates low model precision. Table 2 shows the F1
scores of all Faster R-CNN models, with the highest
score being 0.96 for Faster R-CNN and the other models
having an accuracy of 0.91, indicating that Faster R-CNN
has the highest accuracy.

The detection time of three models for detecting
brake pads in the testing dataset is shown in Table 2.
YOLOv5s has the lowest detection time at 5
milliseconds, which is the shortest time, while Scaled
YOLOV4 has a detection time of 20 milliseconds, and
Faster R-CNN has a detection time of 20.17
milliseconds. YOLOvV5s has a faster detection time than
Scaled YOLOv4 because YOLOv5s is a model
developed from the architecture of YOLOv4 with
several improvements, such as the use of Feature
Pyramid Networks to assist in detecting small objects
and SPP-block to reduce the number of parameters,

resulting in faster detection. Faster R-CNN has the
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longest detection time because it uses a region
proposal network to locate the regions of interest
before performing object detection, which is a complex
and time-consuming process. The detection time of
YOLOv5s and Scaled YOLOv4 is lower than that of
Faster R-CNN because the YOLO detection algorithm is
a one-stage detector that does not require the use of
a Region Proposal Network, resulting in faster bounding

box generation.

V. CONCLUSION

Deep learning principle was applied to brake pads
defect detection. Based on a recognition model which
included brake pad model A, two defects
characteristics and good brake pads. All three object
detectors were compared for the performance in terms
of training time, mean average precision, and detection
time. Scaled YOLOv4 showed the shortest training time
at 41 minutes, followed by YOLOvV5s (49 minutes), and
Faster R-CNN (220 minutes), respectively. Faster R-CNN
performs the best in detecting disc brake pads, with a
mAP of 91.7%, highest precision. The two detectors
have a mAP of 83.3%. Although all detectors have mAP
of over 80%, there is still confusion in detecting disc
brake pads that needs improvement. All models were
able to recognize and detect all disk brake shapes in
the images with 100% recall. In terms of object
detection speed, YOLOv5s takes only 13.92
milliseconds to detect disc brake pads within an image,
followed by Scaled YOLOv4 (20 milliseconds), and
Faster R-CNN (20.17 milliseconds). The three algorithms
have the potential to detect and process brake pads
due to their detection time of less than 498
milliseconds.

The brake pad manufacturing environment comprises
high-speed conveyor belts and lighting directions. The
essential equipment for implementation consists of five

high-speed cameras equipped with vibration reduction
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systems, lights capable of illuminating the brake pad
surface clearly, and a system for eliminating defective
brake pads on the conveyor belt. Moreover, the data
transmission equipment must be fast to ensure timely
processing by the algorithms.

In this research, there are few samples of defects on
Brake Pad Model A due to the high-quality production
process, resulting in a limited dataset. For
comprehensive and effective utilization of deep
learning principles in detecting defective brake pads,
the dataset must encompass brake pad models from
every car model and all types of defects across all
models. Furthermore, each car model undergoes
constant changes, both major and minor, directly
impacting the shape of the brake pads. Therefore, there

must be regular updates to the dataset.
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Abstract

Blood clotting ability is a vital function of life forms, aiding survival when the body sustains cuts or wounds.
Frequently, patients lacking this ability, or those on blood-thinning medications, can suffer from excessive bleeding,
posing challenges for medical treatment. This is particularly relevant for dentists, as excessive bleeding may occur
during tooth extractions or other dental procedures. Hence, there is a need for real-time blood coagulation
detection. We propose using the quartz crystal microbalance (QCM) as a sensor. Its ability to detect mass loading
and viscosity makes it feasible for coagulation testing in dental clinics. However, conventional equations like
Sauerbrey’s and Kanazawa’s do not account for the dissipation factor, which plays a crucial role in determining
liquid viscosity. We suggest using the Mason equivalent circuit model for interpreting blood viscosity and its clotting
on the QCM surface. Observations show that film thickness increases with viscosity. Different samples exhibited
varying viscosity changes, while the increase in film thickness was relatively comparable. This demonstrates the
potential of the Mason equivalent Circuit model to differentiate results and estimate the underlying physical

properties of blood coagulation.

Keywords: Blood clotting, Mason equivalent circuit model, POCT, Quartz crystal microbalance
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[. INTRODUCTION

Coagulation tests are essential in clinical diagnostics
and treatment management. Their uses include diagnosing
bleeding disorders, monitoring anticoagulant therapy,
monitoring vitamin level, assessing vascular disease,
and pre-surgical screening. In various coagulation assays,
the time taken for viscosity changes is measured after
adding an activator, using mechanical or optical methods.
However, the complexity of preparing blood samples
and activator agents is not conducive to on-site
measurement or point of care testing (POCT). Since
blood can be drawn directly from patients and
coagulation can occur spontaneously from surface
activation or certain pathways, the sensor required for
this phenomenon can be simplified to a typical sensor.

Numerous biosensors have been developed for
blood coagulation based on various principles, such as
optical, surface plasmon resonance, magnetoelastic, or
acoustic sensors. However, acoustic sensors like surface
acoustic wave (SAW), film bulk acoustic resonator
(FBAR), or quartz crystal microbalance (QCM) have the
advantage of being able to measure viscosity changes
during coasulation if the measurement circuit can
extract loss or dissipation factors from the sensor [1].

The QCM sensor itself lacks affinity for specific
molecules unless those molecules have an affinity for
the metal electrode. Typically, QCM sensors require a
sensitivity coating to achieve selectivity towards target
molecules. These coatings can be polymers or biomaterials
such as antibodies, enzymes, leptin, DNA, etc. Many of
these coatings are viscous, rendering the conventional
Sauerbrey equation for detecting rigid mass on QCM
less accurate [2]. Coated QCMs have a wide range of
applications as chemicals and biosensors. These
applications include blood group identification [3],
detection of cells, bacteria, and small molecules, gas

sensing, and DNA analysis [4]-[6].
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We propose using the QCM sensor to monitor
coagulation due to its robustness and ability to detect
viscosity. However, meaningful data interpretation is
required. We applied the Mason equivalent circuit,
initially proposed for use with viscous films in our
previous investigation [7]. The Mason equivalent circuit
Model is based on the coupling of acoustic impedance
to electrical impedance. In this work, we further applied
the model to data from human blood coagulation
samples dropped directly onto a bare QCM electrode.
Our focus is on explaining blood coagulation behavior
in terms of film thickness and viscosity, as obtained

from our model.

Il. LITERATURE REVIEW

Measuring coasgulation using whole blood samples
offers a significant advantage over routine clinical tests
such as prothrombin time (PT), activated partial
thromboplastin time (aPTT), and platelet count. Whole
blood coagulation assessment provides a comprehensive
evaluation of hemostasis. It enables the measurement
of fibrin formation and extends to clot retraction and
fibrinolysis. This process facilitates the interaction of the
plasma coagulation system with blood cells, including
platelets.

Various biosensors have been developed as alternatives
to traditional clinical tests. Munawar et al. utilized a
QCM sensor to estimate PT, achieving significant reduction
in plasma requirement compared to a standard
mechanical coagulometer, with promising results (R2
value of 0.99) [8]. Maji and team also introduced a
sensor based on dielectric measurement to detect
abnormalities in hemostasis, both non-cellular and
cellular [9]. Cakmak et al. proposed a sophisticated
microfluidic lab-on-chip (LoC) with nickel microcantilevers,
actuated by a magnetic coil and measured using a laser
doppler vibrometer (LDV), demonstrating reliable viscosity

measurement with low coefficients of variation for PT
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and aPTT [10]. Chen further advanced this field with the
development of a very high frequency acoustic sensor,
the FBAR, which showed excellent correlation and
consistency in measuring prothrombin times when
compared with commercial coagulometers [11].

Viscoelastic hemostasis assays, notably thrombo-
elastography (TEG) and rotational thromboelastometry
(ROTEM), stand out in the field for their ability to
assess the viscoelastic properties of blood during clot
formation and dissolution, offering a comprehensive
perspective on the hemostatic process [12]. TEG utilizes
a rotating cup with a torsion pin immersed in the blood
sample to detect the torsional force from blood
viscosity as coagulation progresses, while ROTEM follows
a similar principle but with the pin itself rotating. These
methods are advantageous for their ability to detect
clot formation and dissolution, aiding in identifying
clotting abnormalities. However, their use is limited due
to the large volume of sample required and the
potential for the rotation process to delay clot
formation, which can distort the actual viscoelasticity
of polymerization.

The QCM sensor operates on the piezoelectric
principle, comprising an AT-cut quartz plate coupled
with metal electrodes. When mass attaches to these
electrodes, it leads to a decrease in the resonance
frequency. Moreover, if the attached mass is non-rigid
(or liquid), it causes additional damping or loss in the
system. With its gravimetric effect and the ability to
detect both mass and viscosity loading, combined with
its relatively low cost, the QCM sensor becomes an
attractive choice for detecting blood coagulation.

There is a wealth of publications on using the QCM
sensor as a coagulation sensor, with studies focusing on
measuring PT [8], [13], [14], aPTT [13], [15], [16], and
thrombin time (TT) [17]. However, most of these studies
did not aim to extract underlying parameters such as

viscosity, density, or thickness of the coagulation aggregates.
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To cain a deeper understanding of the behavior during
coagulation, it's important to consider a model that
represents this process more comprehensively.

A precise model, such as the one proposed by
Lucklum and Hauptmann in 2000, centers on the complex
shear modulus G, = G’ + jG”’, which defines both the
elastic (G’, elastic modulus) and viscous (G, loss modulus)
properties of blood [18]. This work involved simulating
the Mason equivalent circuit under various conditions,
including both lossy and lossless films in bulk liquid.
The findings indicated that frequency changes were
predominantly influenced by the film in contact with
the QCM. Interestingly, the lossless film sometimes
exhibited an unusual positive frequency change. While
these studies may not have immediate real-world
applications, they extensively explore the parameters
of the Mason model, yielding significant insights from
their simulations.

Bandey et al. analyzed the behavior of non-coagulating
whole blood, erythrocyte sedimentation, and coagulation,
discovering that non-coagulated whole blood acts as a
viscous liquid primarily determined by plasma viscosity
[19]. They noted that the penetration depth of liquid in
plasma is approximately 300 nm, smaller than the size
of RBCs, which must attach to the surface for QCM
response observation. During sedimentation and coagulation,
the attachment of elastic materials (RBC membranes
and fibrin networks) interprets as an increase in G’ and
real (Zs) being greater than imag (Zs). Bandey had
previously proposed a multi-layer analysis model [20],
considering samples as consisting of two or more layers
with distinct characteristics. Evans-Nguyen and Schoenfisch
found that surface treatments (hydrophobic, hydrophilic,
positively charged, negatively charged) significantly
influence frequency response, particularly on hydrophilic
surfaces [21]. They observed that fibrin filaments attach
rigidly, behaving like mass loading as per the Sauerbrey
equation [2].



Unfortunately, most literature simplifies the model
to rigid mass [22], or like Muramatsu et al. [23], treats it
as purely viscous semi-infinite material, lacking information
on coagulation forming thickness and viscoelastic
properties (G).

Our work also aims to utilize the Mason equivalent
circuit model, simplifying it by reducing the parameters
to a single-layer film. This approach is a preliminary step
before delving into more complex parameters. We are
attempting to determine the underlying viscosity and
thickness of coagulated blood, achieving simplified yet

reasonably accurate approximations.

IIl. RESEARCH METHODOLOGY
A. QCM Mason Equivalent Circuit
Typically, QCM as a sensor has a vastly used model
near its resonant frequency called Butterworth-Van
Dyke model (BVD) as shown in figure 1. We can analyze
its equivalent impedance in terms of admittance, and

it can be expressed as:
1

(1

R1+ij1+ﬁ+ZeL

The BVD model integrates a series and parallel
resonance circuit (motional branch), which includes L;,
C;, and R, The electrodes on either side of the crystal
plate add an extra parallel capacitance, C,, resulting in
the formation of a parallel circuit. Where Z,; is the
loading from the deposited viscous film. We usually
simplify the model to film deposition which is useful
for various conditions. Figure 2 shows a one-dimensional
viscous model for the calculation. We consider the case
of a viscous thin film, where w is the angular frequency,
m is the shear modulus, and v,; is the shear wave
velocity. The particle displacement u; and the shear

stress Ty are given by:

Ts = S5 = gt = Jomn (_Ae_j(i)’% + Be"(i)ﬂ @)

Va1
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Since A and B are constant, consider the stress free
at film surface (x3 =t + h, Ts—y). The ratio of A to B
can be written as:

A

e j<"27w:t)(t+h) (3)

Substitute (3) into (2), The solution of the piezoelectric

stress equation yields the acoustic impedance Z;.

u 1—el(0/v41)

Ts . wh
— = = Vg1 tan (—) 4
1+ei@w/va1) JPLVa1 Vas ( )

ZL=__

jwuy

x3=t Va1

Where p; represents the density of the film and h
denotes its thickness, the shear wave in the viscous film
was determined through a different method by
replacing the shear wave with velocity in the stress

equation, leading to the following result:

62u1 _ %
L gtz ™ 9x, ©)
T5 =j(l)77L55 (6)

And where 1, is the film viscosity. Applying equation
(6) into (5) yield the wave velocity of the film

vy = [ %)
PL
Then, applying equation (7) to equation (4) we
obtain
Z;, = jjpinLw tan( /ﬁ) (8)
Electrical impedance Z,; is expressed as
_ tZZL
eL — 4'33?55A, 9)

where t is the quartz thickness, ez5 is the piezoelectric
constant, and S, is the QCM electrode area.

R

1 1

| M

|
| Viscous load

0 elL

Figure 1: The equivalent circuit of the QCM, the Butterworth-

Van Dyke model with viscous loading

The Vector Network Analyzer (VNWA) is used for
extracting the QCM sensor's equivalent circuit components

by measuring its conductance near the resonant frequency.
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Impedance data across the frequency sweep range were
analyzed and curve-fitted to determine Ry, Ly, and Cy,
as depicted in Figure 1. This approach differs from the
traditional motional admittance method, which only acm
assesses the frequency at peak conductance. Our technique
employs the entire data set for fitting to equation 1,
aiming to minimize the mean square error for accurate X
circuit component determination. This method proves
to be more reliable and less affected by noise compared

. . h
to the standard motional admittance method. Xb_t,_$+_. X,

Figure 2: Model of the viscous film

4 Blood Coagulation
—

Blood (n)
/ BlOOd(n') Coagulated blood (l]z) / M
I h>> h,l hz>
o I t ocm I t

} l Approximated to

¢ Blood

Thin Liquid 1 (nw) / Coagulated blood Thin Liquid 2 (n,)
# h\ # h2
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Figure 3: Model approximation blood coagulation from a single layer of viscous film with viscosity (1)1) and film thickness (h;)

into a fitlm with different viscosity (1) and film thickness (h,)

USBi

a) b)

& Coaxial cable Network
[0} connector] Analyzer
a) Image of QCM during experimentation b) Block diagram of QCM measurement system

Figure 4: Experimental setup for measurement for blood coagulation test



B. Blood Coagulation Response Approximation to Mason
Equivalent Circuit

Figure 3 illustrates the approximation of the blood
coagulation process as a single film layer, which changes
in both thickness and viscosity. This representation differs
from the actual bulk liquid of blood and the coagulation
that occurs, potentially creating a film layer directly on
the QCM surface. While this approximation may seem
drastically inaccurate, it can be conceptualized that the
bulk liquid is represented by a viscous film with a
known thickness and viscosity. This simplification aids
in interpreting the model and should adequately explain
the experimental data according to the Mason circuit

model of the single-layer film.

C. Measurement System

The QCM was specifically designed to resonate at
12.1 MHz. For measuring the S11 parameter of the QCM,
a compact network analyzer (DG8AQ VNWA from SDR-Kits)
connected through a coaxial cable was employed. The
MATLAB software by MathWorks was used to facilitate
these measurements. We scanned a frequency range from
12.115 MHz to 12.131 MHz, encompassing a 16 kHz span,
each measured in 1.33 milliseconds. The selection of
these parameters was an optimization from our earlier
experiment [24]. The conductance curve, obtained from
the S11 parameter through frequency scanning, utilized
a 16 kHz range—twice the bandwidth of the curve for
a Quartz Crystal Microbalance (QCM) in a 50% (w/w)
aqueous glycerol solution. Measurements indicated that
for this scanning range, the standard deviation was kept
below 3 Hz, allowing quick sampling without much loss
in precision. We collected 1000 data points within the
scanning range, each at 1.33 milliseconds, amounting to
a total of 1.33 seconds. Combined with the 16 kHz scanning
range, this approach kept the scan time under 2 seconds,
suitable for real-time applications. The configuration of

our measurement system is illustrated in Figure 4.
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IV. RESULTS AND DISCUSSION
A. aPTT Assay with Standard Serum, Coagulation
Measurement Using QCM Sensor and Its Interpretation
Using Mason Equivalent Circuit.

To perform the aPTT assay, we used platelet-poor
plasma (PPP), reagents (including phospholipid and a
contact activator specific to the aPTT), and calcium. We
added 15 pL of the reagent to an equal volume of
standard PPP (15 pL). Following this, we introduced 15 uL
of 0.025 M calcium chloride (CaCl,), initiating the clotting
reaction. Subsequently, 15 uL of the resulting solution
was carefully placed at the center of a QCM, ensuring full
coverage of the electrode. This procedure was replicated
five times. The raw data from the QCM experiments are
presented in Figure 5. To clean the data of outliers, we
employed the MATLAB function filloutliers, utilizing the
median absolute deviation (MAD) method to identify
outliers at three times its scale. Outliers were replaced
using linear interpolation based on neighboring values,
with the MAD window size set at 50 data points.

It's normal for the base frequency of each QCM to
vary, due to manufacturing process tolerances. Our
measurement system employs a vector network analyzer
to extract the QCM's impedance. This method allows
us to represent the motional impedance parts of the
QCM through both resonant frequency and resistance,
offering a more comprehensive analysis than merely
reading the resonant frequency alone, as done in an
oscillator circuit. Typically, we interpret the QCM's
response through frequency changes. Around 100 seconds
mark the point when the solution is deposited onto the
QCM sensor, with the actual deposition time showing
slight deviations due to the manual process. A significant
drop in frequency and an increase in resistance were
observed. Figure 6 displays shifts in both QCM frequency

and resistance.
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Figure 7 converts the frequency and resistance shifts
into a contour plot, mapping all data points collected
up to 600 seconds after deposition onto a graph of
viscosity and film thickness. The results indicate that as
time progresses, the film's thickness increases from
approximately 175 nm to 300 nm, and the viscosity
changes from around 1 cP to 2.5 cP. These findings
demonstrate the viability of our method for approximating
changes in film thickness and plasma viscosity. The data
from all five samples align closely within the contour
plot, showcasing the method's repeatability. Furthermore,
presenting the data in a plot of viscosity and film

thickness facilitates easier interpretation of the results.

B. Whole Blood Coagulation Measurement Using QCM
Sensor and Its Interpretation Using Mason Equivalent
Circuit

We conducted an experiment focusing on blood
deposition to study how blood coagulation affects the
QCM. A micro pipette was used to precisely apply a 10
puL sample of whole blood directly onto the QCM
electrode. These samples originated from two different
human blood sources. Figure 8 illustrates the QCM's
response over time, where notable changes in frequency
and resistance are observed due to the deposition.

Immediately after the blood is deposited, a negative
frequency shift occurs, indicative of a typical response
to viscous loading. Over time, the resistance continues
to increase, while the frequency shift gradually
decreases. Eventually, the trend in frequency changes:
it starts to increase, reversing its initial behavior, and
eventually shifts to a positive value.

Interpreting this response solely using the Sauerbrey
equation and Kanazawa theory proves insufficient. This
is because we also have resistance data, and the
specific condition of coagulating blood doesn't align
with the mass loading conditions assumed in the

Sauerbrey equation or the bulk liquid conditions of the
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Kanazawa equation. Furthermore, the coagulated blood
may form a film-like layer at the electrode, suggesting
that this scenario should be analyzed using the Mason
equivalent circuit model.

We collected data every 30 seconds over a period
of 600 seconds (10 minutes) post-deposition. These
data points were then plotted on the contour using a
minimum numerical solver (fminsearch) in the applied
equations, enabling us to deduce viscosity and film
thickness, while assuming a constant density.

The contour plot showing changes in frequency and
resistance for a whole blood sample is depicted in
Figure 9. The results obtained from the fminsearch are
represented as circular points. However, mapped data
points are available only for the first three instances
following blood deposition (the first three circles from
the left in Figure 8). This limitation stems from the
equation solver's difficulty in identifying local minima
with an acceptable mean square error (less than 107).
A detailed analysis of the contour plot highlights its
constraints: it does not reflect the slight increase in
frequency while resistance increases significantly, and
as the film thickness grows, the contour lines for
frequency and resistance shifts become almost parallel.
The occurrence of frequency increase alongside resistance
increase is not observed at greater film thicknesses. This
observation implies that film thickness has a minimal
effect on the changes in frequency and resistance, with
viscosity playing a more significant role. Additionally,
the plot does not account for positive frequency
changes. Introducing complex viscosity into the Mason
equivalent circuit model could explain these positive
frequency shifts, but this complicates the equation's
understanding and interpretation, warranting further

study.
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when blood is deposited onto QCM of blood sample 1

Despite these limitations, the interpretation remains
useful for thin film layers, with the first three data
points indicating that as coagulation progresses, both
film thickness and viscosity increase. Yet, beyond a
certain point, the frequency increases so much that it
no longer fits the model meaningfully, suggesting a
need to explore the concept of complex viscosity to
rationalize the positive frequency shifts. Instances of
increasing frequency upon deposition have been
observed, such as in [18]. Their study, involving a Mason
equivalent circuit model with a viscous film layer
immersed in a bulk liquid, showed that under specific
conditions (a 500 nm film thickness, with real and

imaginary parts of the acoustic load Z; at 2,721 and
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17,697 Pa s m-1, respectively, immersed in a 10 cp
viscosity liquid), a positive frequency shift is possible.
Their simulation implies that in a high viscosity liquid
with a low loss film, such positive frequency changes

may OCCur.

V. CONCLUSION

In conclusion, the enhanced Mason equivalent
circuit model, incorporating a viscous film boundary
condition, has proven to be a highly effective tool for
monitoring coagulation progress. Its strength is its ability
to provide more definitive results than those obtained
solely through cutoff values of frequency and
resistance shifts. Our model offers a more intuitive and
comparative analysis of coagulation by translating
frequency and resistance data into viscosity and film
thickness. This could make it comparable to other
viscoelastic hemostasis assays.

Moreover, our model presents a faster approach to
coagulation testing, eliminating the need for activators
and potentially estimating coagulation times in under a
minute without reagents. This significantly reduces both
the operational costs and the time required for testing.
This model can be a part of a point-of-care testing
device for various applications, including preoperative
screening before dental procedures and the result from
the blood coagulation test can provide guidance on
adjusting dietary habits to increase the intake of vitamin
K from food sources.

It is also evident that focusing on thinner films,
where the model remains effective, should be a
priority. We have established its feasibility for film
thicknesses up to approximately 400 nm. Initially, we
overlooked the potential impact of bulk liquid on top
of forming blood clots. Our current efforts are aimed at
further validating the model with a larger sample size
and incorporating a bulk liquid layer above the viscous

layer to improve accuracy. Additionally, considering the



incorporation of the elastic modulus (G') to account for

the viscoelastic properties of the film is an area for

future improvement.

ACKNOWLEDGEMENT

This research was funded by grants for development

of new faculty staff, Ratchadaphiseksomphot Endowment
Fund.

(1]

REFERENCES
A. Mujahid, A. Afzal, and F. L. Dickert, “An overview of high
frequency acoustic sensors—QCMs, SAWs and FBARs—
chemical and biochemical applications,” Sensors, vol. 19,
no. 20, p. 4395, Oct. 2019.
G. Sauerbrey, “Verwendung von Schwingquarzen zur Wagung
dunner Schichten und zur Mikrow&gung,” (in German),
Zeitschrift fdr Physik, vol. 155, no. 2, pp. 206-222. Apr. 1959.
A. Seifner, P. Lieberzeit, C. Jungbauer, and F. L. Dickert,
“Synthetic receptors for selectively detecting erythrocyte
ABO subgroups,” Analytica Chimica Acta, vol. 651, no. 2,
pp. 215-219, Oct. 2009.
P. J. Jandas, K. Prabakaran, J. Luo, and M. G. D. Holaday,
“Effective utilization of quartz crystal microbalance as a
tool for biosensing applications,” Sensors and Actuators A:
Physical, vol. 331, Nov. 2021, Art. no. 113020.
M. Jenik, A. Seifner, P. Lieberzeit, and F. L. Dickert, “Pollen-
imprinted polyurethanes for QCM allergen sensors,” Anal.
Bioanal. Chem., vol. 394, no. 2, pp. 523-528, Mar. 2009.
M. Jenik et al., “Sensing picornaviruses using molecular
imprinting techniques on a quartz crystal microbalance,”
Anal. Chem., vol. 81, no. 13, pp. 5320-5326, Jul. 2009.
S. N. Songkhla and T. Nakamoto, “Interpretation of quartz
crystal microbalance behavior with viscous film using a
mason equivalent circuit,” Chemosensors, vol. 9, no. 1,
p. 9, Jan. 2021.
M. Hussain, “Prothrombin Time (PT) for human plasma on
QCM-D platform: A better alternative to 'Gold Standard',”
Pharmaceutical Biosci. J., vol. 3, no. 6, pp. 1-8, Sep. 2015.
D. Maji et al., “Assessment of whole blood coagulation with
a microfluidic dielectric sensor,” J. Thrombosis Haemostasis,

vol. 16, no. 10, pp. 2050-2056, Oct. 2018.

65

[10]

[11]

[16]

[20]

Journal of Engineering and Digital Technology (JEDT)
Vol.12 No.1 January - June 2024

O. Cakmak et al., “A cartridge based sensor array platform
for multiple coagulation measurements from plasma,” Lab
Chip, vol. 15, no. 1, pp. 113-120, Oct. 2015.

D. Chen et al., “Micro-electromechanical film bulk acoustic
sensor for plasma and whole blood coagulation
monitoring,” Biosensors Bioelectron., vol. 91, pp. 465-471,
May 2017, doi: 10.1016/j.bi0s.2016.12.063.

S. D. Sahli, J. Rdssler, D. W. Tscholl, J. D. Studt, D. R. Spahn,
and A. Kaserer, “Point-of-care diagnostics in coagulation
management,” Sensors, vol. 20, p. 4254, Jul. 2020.

J. Yao et al, “Blood coagulation testing smartphone
platform using quartz crystal microbalance dissipation
method,” Sensors, vol. 18, no. 9, p. 3073, Sep. 2018.

L. Muller et al., “Investigation of prothrombin time in human
whole-blood samples with a quartz crystal biosensor,”
Anal. Chem., vol. 82, no. 2, pp. 658-663, Jan. 2010.

M. Hussain, “Ultra-sensitive detection of heparin via aPTT
using plastic antibodies on QCM-D platform,” RSC Adv.,
vol. 5, no. 68, pp. 54963-54970, Jun. 2015.

Y. Yang et al., “Stability enhanced, repeatability improved
Parylene-C passivated on QCM sensor for aPTT measurement,”
Biosensors Bioelectron., vol. 98, pp. 41-46, Dec. 2017, doi:
10.1016/j.bi0s.2017.06.021.

W. Pan et al., “Applicability of a sensitivity-enhanced
quartz crystal microbalance in analyzing blood plasma
viscosity and coagulation,” Sensors Mater., vol. 34, no. 4,
pp. 1515-1525, Apr. 2022.

R. Lucklum and P. Hauptmann, “The Af~AR QCM technique:
An approach to an advanced sensor signal interpretation,”
Electrochim. Acta, vol. 45, no. 22-23, pp. 3907-3916, Jul.
2000.

H. L. Bandey, R. W. Cernosek, W. E. Lee Ill, and L. E. Ondrovic,
“Blood rheological characterization using the thickness-
shear mode resonator,” Biosensors Bioelectron., vol. 19,
no. 12, pp. 1657-1665, Jul. 2004.

H. L. Bandey, S. J. Martin, R. W. Cernosek, and A. R. Hillman,
“Modeling the responses of thickness-shear mode resonators
under various loading conditions,” Anal. Chem., vol. 71,
no. 11, pp. 2205-2214, Jun. 1999.

K. M. Evans-Nguyen and M. H. Schoenfisch, “Fibrin
proliferation at model surfaces: Influence of surface

properties,” Langmuir., vol. 21, no. 5, pp. 1691-1694, Mar.
2005.



Journal of Engineering and Digital Technology (JEDT)
Vol.12 No.1 January - June 2024

[22] B. C. Heinze and J.-Y. Yoon, “Real-time monitoring of
fibrinogen cross-linking on model biomaterial surfaces with
quartz crystal microbalance,” Open Biotechnol. J., vol. 2,
no. 1, Nov. 2008.

[23] H.Muramatsu, J. Kim, and S. Chang, “Quartz-crystal sensors
for biosensing and chemical analysis,” Anal. Bioanal.
Chem., vol. 372, no. 2, pp. 314-321, Jan. 2002.

[24] S. N. Songkhla and T. Nakamoto, “Signal processing of
vector network analyzer measurement for quartz crystal
microbalance with viscous damping,” IEEE Sens. J., vol. 19,

no. 22, pp. 10386-10392, Nov. 2019.

66




Journal of Engineering and Digital Technology (JEDT)
Vol.12 No.1 January - June 2024

t:l' 'Y % a

msaamwuﬁqmuqu PIDA fiiunzauiignfieaanaaiiy

9

nlasuuseiunnalanindneniy dusualrualaumnaiivasszuum i

9q R )

o

nTel 1Ry’ AnAANG 9w

" paugAavmansuay mermans un)Imeragiaaiisy, myauys, Ussmalve

*UseRusUTIUAT Blua : kitisak lu@western.ac.th

Sudualtu : 20 fueeu 2566; Suunanuatuwily @ 26 gaiAu 2566; AoUTUUNAIY : 15 WeARNIEY 2566

weunseoulai: 28 Tguieu 2567

unAnea
wuummuﬁgmmﬁmmaaul%lﬁmﬁuwuué’uﬁuaadﬁﬁmiﬂifjmm (Second-Order System Plus Time Delay:
sospD) ldfusgaunsvanslunsmuaunszuaunslugaaimnssy tnsunfazddunisaeliguamuaulounduuuy
PID wiioeidlsfinny fanauau PIDA Silinanauaussiiiniidamunu PID dwfulsseiifididugenin Tuidetasduaue
N1598NLUUFIAIUAN PIDA Alsnzandigadmiussuunmuauanmuniiveaailiin eaduuiunnsiiudseansainwd
viuasis fodanedriudléiuusaiunalaaindeam (BA) Fadunildumadansifassansamundiiadin mudsznng

ivsydnsamunigagninluldierumniilinesves PIDA Mivsngay wlsuidsnluniseanuuu PIDA fieenuuulay BA

P o d.

Mausiodulymmsusulimuzauniidodina nisnevausswesszuuilasuainmeulnsaiass PIDA fieonuuulag BA

azgninlUSeuigunun1sneuauastasuannAsulnsaass PIDA Ag 91NNANISIFENUIN PIDA Na8nwuunlg BA

Y

AUNIORARNNLLATAIVANNMINBUAUDIVBITEUUAIUANEUMA T LT milendn PIDA ldegeimelaegnwin

AE1AgY : nsmuANgagleliiil nsiinUsEanSamuengdtain dnuauiilefie

67



Journal of Engineering and Digital Technology (JEDT)
Vol.12 No.1 January - June 2024

Optimized PIDA Controller Design with Bat-inspired Algorithm for

Temperature Control of Electric Furnace System

Chulaphorn Muangdit! Kittisak Lurang”

Y Faculty of Liberal Arts and Science, Western University, Kanchanaburi, Thailand

*Corresponding Author. E-mail address: kitisak.lu@western.ac.th

Received: 20 September 2023; Revised: 26 October 2023; Accepted: 15 November 2023
Published online: 28 June 2024

Abstract

The electric furnace temperature control system is one of the real-world second-order systems plus time
delay (SOSPD) widely used as the process control in industries. It is normally operated under the PID feedback
control loop. The PIDA controller, however, performed better response than the PID controller for higher order
plant. In this paper, an optimal PIDA controller design for the electric furnace temperature control system is
presented. Regarding to modern optimization context, the Bat-inspired Algorithm (BA) which is one of the most
efficient population-based metaheuristic optimization techniques is applied to search for the appropriate PIDA’s
parameters. The proposed BA-based PIDA design framework is considered as the constrained optimization
problem. System responses obtained by the PIDA controller designed by the BA will be compared with those
obtained by the PIDA controller also designed by the BA. As results, it was found that the PIDA can provides the
very satisfactory tracking and regulating responses of the electric furnace temperature control system superior to

the PIDA, significantly.

Keywords: Electric furnace temperature control, Metaheuristic optimization, PIDA controller
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AruAulEd-PID [5] aeelsAniu N13AIUANDUNYTLAN
vaoulnlfidhednugy PID Wuuwmedildsuanuien
uazfisuuuuineiian

TuuFumesmsvAmngigauunlyel Jymmsesnuuy
AaAduAx PID d1msussuuwvasuliinaiuisafiansan
T dulgmmsmawnngigauuuiideuls (constrained
optimization problem) dsa1u1sauddynaldedad
Uszansnnlagldisnsiuangisainainn1sdisnanuide
Afgrteamuin I6insuszgndiBnsiumdisainiens
ponuUU PID dmduszuummasylih Wy Funeuitid
WUGNI34 (Genetic Algorithm: GA) [6], LavtuneuiELUY
A19A17 (Bat Algorithm: BA) [7]

Tl a.f. 1996 Jung uag Dorf [8] dlauslvisaaiuns PIDA
(proportional-integral-derivative-accelerated  controller)
dwunanmduduaulaeianie faruay PIDA Usenaus e

a‘ o

e (pole) NYANMLEATIUIU

q

AUE (zero) IMIUANUAT Az
wilsdf FalFsunisfigariudiinfivszansanmniend é
AIUAL PID Mevdsaniidneiuau PIDA lé¥unisidiaue
TafimstennaiiansAumuummtafnuUssenaly
ilon1500NIUTBEIUNIIAY 19U NTEBNLUUFIAIUAL
PIDA 938 GA [9], N1590NLUURAIAIUAL PIDA A38N1SMIAT
mmsﬁqmmumjuaqmﬂ (Particle Swarm Optimization:
PSO) [10], N1508NLUUAIAIUAL PIDA AIENITAUNILUY
nszua (Current Search: CuR) [11], Wudu

N1 TAIUINIT (evolutionary algorithm) [6], [7],

[12] DudsldnguusznnadugruiielddmsuAummadng
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veslgmiifinnududeu Finnddauinisegldnalnnis
mwndildsuusatumalanainm s fannismedyine
g nisduitug msnaneiiuguaznisuanivdsudu unns
dndontagldmmeuilalunsutlalomussneuiivng
fign 19y MsfwndadiuveansiaiiiteWldedusznou

'
= a

Y89E15NNUSLANTAIN N15USMISNSNENSIUNISHAR AL

o

UsgAvBam Bnsvnadwsiiafian Jymdn iy
A ETa AN VNIE Kb CRVATBEY -

FTmad D Tunnsiivansuwuuisd uaedsildsuunsuas
fio funewIsidaitugnasy (Genetic Algorithm: GA) [6] waw
Fidagtuduiivensululssavsnmuasimailuuszgns
Tegrnirsundlumsuilgmnsmengauiian

¥ A, 2010 TunEUIRUUUAIAT (Bat Algorithm: BA)
113] l8sumstauedunadiusnain Yang Tngdsnisuan

a

F13annuwuudalssrng (population-based metaheuristics)

Funouds BA BounuungAnssumssryfumisne o
agviou (echolocation) ¥esdnsavuIALaN avilianunse
Aunindeuazszymnuuaniwosmbeuas ingdulely
auiln 9nmsd1snuAdeiiiates wui BA lisuns
iludszgndldifieuftymmidanssuegiaunivany
1ty MseenuuuATIToN [14], mIeeniuuszuulilin
Mas [15], mswndgmnmsinelnanmaslnihegrsusendn
[16] 4agN150RAKUUTEUUAIUAL [17]
uATsidnaueniseonuuuianIuAL PIDA 8819
wingaudmiuszuuaIvangungiivvasulndiy BA
ilosan BA Wunilsludane3iiu Gleorithm) 7idlval wae
landuldaesdudou awnsaduiawidels §idedadn
BA wwhenddeluadadl waranddeilldinsiieude
NafiufIAIUAY PID fleaniuuusie BA fauAy PIDA wag
§2A2UAN PIDA floanuuusiig GA dwfuszuunaIun

gamgilvasuliiih nseuuNITERNLUY MIATUAN PIDA

3

]

799NLUUAIY BA N159AUTIENANTOONLUY LLﬁ%EﬁqU

2) sxuuviaaluliin
szuummaaulnfinluzun 1 [18], [19] Usznausiewmn
waoulidimuaumesluduilanazinIewinuiau

diearuAngamgluwlii r Aousadulniihuda, U fe
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wsadulnieenusadulninaindiniuny y Asuseiuen

ponnwasludlila wag R Wusmiertanusiuniu
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—

Controller

Electric Fumace
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2
o
=)
<]
Q
<]
£

E

A=

U7 1 : nspununIseRnUUUITTUUM AN h

Handunisang S Teulawmuvasszuumliy gndni

B (18] mufiseyluaunisd (1) arwmmiana (oA
artnnsas) Tuaunisd (1) Wudrussualuaunisd )
nduilefdunisans s Teulawuvesszuumnluiiily
aunsfi (1) ansadeulvlldaufinandiluaunsd (3)

sUuuuluaunsf (3) agldduaunisauauiwanslugud 1

B 0.15e 715 (1)
Go(8)= s?+1.1s+0.2
gtss _1-0.758 )
1+0.75s
—0.1125s+0.15

G,(s)= (3)

0.75s® +1.825s% +1.255+0.2

3) NseRNLUURIAIUAN PIDA
3.1) damavruilledie (PIDA)
N1588ALUUAIAIUALN PIDA d1%TUAIUANTEUUIAN
viaesilwih fieenuuusng BA uanafasuil 2 Taedisauau
PIDA WAAIFIANNTTT (4) WATATAUNIAN Kp, Ki, Kd wag

v o

Ka n1eluusginisAuinmunluaunisy (6) aaen1svinli

(5) fiAtieeiign
K.

=K, +—+K;5+K,s*
s

HanduingUszasd J luaunisi
(s+a)(s+b)(s+2)
s

N
Minimize J =’ (r -c,)?

i=1

GC(S)‘PIDA =K. @

(5)
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r

pr Ki, Kdy Ka

D(s)

C(s)
c(t)

u(t)

fnIWAN PIDA szunmvaon T

JUT 2 : m3venuUUfAIUAY PIDA ¢y BA

3.2) TumevFEnISF UYL 9A T2

FunewisuuuAean vise BA l§unsiiauslag Yane
108 A.e. 2010 [13], [14] Se3snsuandasann Alasunse
funalaainnismesvesininn Junewds BA ldgn
fdensannggauaf 3 deselui

1. K19mamndlivdnnsasfiouiionsiatnszezma
(echolocation) kagfuFfeALLANANTENINNDIMT (M50
i) wardaninuang

2. feanazduuuuduiininmda v, o fumia x, e
mm?{fmm MnuazSunUsmNLETIAaY (wavelength) A
warALss (loudness) A, efunivie dwausauiu A

(139D f €10, f,r0d) W008N980TULR 209198981750

5%
o

USusnsnsdsad r €10, 1] fidutuszezinsveande (r
= 0 Aelufin1sdeiad way r = 1 Aefin1sdaadalednsn
n5degean)

3. audsanansaUsunslamansuuim Tudunouds
BA fzfimualinuds A, fianduuinuin o wazanasgden

ANUAIIER A, lBANAIATOUNIIMED

min

TUABUTTUUU BA aunsauaniigsiatieunsgua 3
ANATILAAEAIEIAMUFURUSAUANNET v, wazduwALs
x o 181 ¢ lud3Qin1sAumEif d 1le x* Ao nalaay

Ao

(Funia) Nangadagiu Tuseninmisdun Aauday



@

FEYNAMUALUUNITURIUNANUALUYI (1, frood) 919

A oA

ADANENTIINITUANLAY

q

wansluaunisii (7) e B €10, 1]
WUULBNAN AAHLET v, UB9AIAILARE a1 AN
IFanaunisii (8) sumnus x, (MSenaiaas) aunsaduI
Ifanaunsi (9) anuss A, uazdnsinsdaiad r azgn
Usumuiiuansluaunisd (10) waraunisi (11) Janudn
AInAILUzIe4 Yang [13], [14] Tunsdvialy o = y €
[0.90, 0.98]

Objective function f{x), x=(x1,...,xz)"
Initialize the bat population xi=(i=1,2,...,n) and v;
Define pulse frequency f; at x;
Define initial best x”
Initialize pulse rates 7; and the loudness A4;
While (/<Max _Iteration)
-Generate new solutions by adjusting frequency in (7)
-Updating velocities in (8) and locations/solutions in (9)
if (rand>r;)
-Select a solution among the best solution
-Generate a local solution around the selected best solution
end if
-Generate a new solution by flying randomly
if (rand<A; & fix)<fix)
-Accept the new solutions
-Reduce 4; in (10) and increase 7; in (11)
end if
-Rank the bats and find the current best x”
end while
Report the best solution found

JUT 3 : siaAiguvetuneuis BA

Ji = Jain ¥ Jnax = Soi) B

v =+ (xT - xS, (8)
xi=x"+v 9)

A" =ad!, O<a<l (10)
K =r’(-e™), y>0 (11)

4) ansvnasdlazaivanana
MSOBNKUUMAIUAN PIDA dMFUAIUANTEUUANYABY
Tl Neanuuudie BA wanaisgun 2 feiduingusease J

nivua i dunasuimdwdesssninsdygrand rt) uay

)

Ne &

wuean ct) Auansluannisi (5) 1ls N Aed1ulu

Toya 31n3UN 2 Heiduinguszasd J asgnleoulviiu BA

o

wevilidd1desan nneldteulveaunisiimunain
YOMNUAFUTTOULNNIUTLAIAMINITEDALUY VDULIAVDS

dyayraunuaslunseuinmaiugu azd3giinisaum s

Landluann15a (6)
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N1588NLUUAIAIUAN PIDA d1mSuAIuANTEUUIAN
vaoslwih floanuuudae BA Sunous BA azgnimundy
TUsunsuNIsAUNIAElUIUNTI MATLAB Ussananauy
wesmaniiames Intel(R) Core(TM) i7-10510U CPU@2.30GHz,
8GB RAM 21ntudiun1svaaouanssauzn1sAunING
\Wwagves BA Aulyminisesnwuudiniuny PIDA dusu
sruumaau it Areni1siinuald n = 25, ¢ = 0.90
uay ¥ = 098 WleAumAMNTnesues BA fmsnzay
fign dndunisianun 50 afs (trial) delunsagzads
fvualifinasiginisdum (TC) e uiusounisium
(Iter) FANVINAUIIVIUTOUNITAUMIANER (Max_Iter = 400)
wldl K = 5.56, K= 0.48, K;=8.11 UazK,= 3.22 LAAIEAT

g malagluun 4

JUN 4 dunsmidanmsgmnaanagves BA Andunsviaiin 50 A9

91n3U7 4 unanseenuuuminuay PIDA flsenuuy
#e BA Wodudunisimun 50 afs Snsnsdudmna
1RagYae BA WU dunsIMTImIU 50 dukanen1sgiinm
Annunziign lnsgaduduvesudagiduasianldmifu
\esanAwalaasiFusu (initial solution) AlsannszuIy
1544 (random process) AAMULANAIAY woilonas
Aunes BA suunisluaufisu (generation) 71 400 &4
\WuieulvgAnisdum awnudn BA anunsodunwalaas
wagfian (optimal solution) Téynass wansliifiuds

A

AUNY (robustness) Yaenalnn1sAUNIVes BA Nllsens
\asuduiwanmety

Famuax PIDA fsnzaudmiussuuimvasslii
Lanad a5 (12) wagfanuau PIDA Musngaudmiy

SEUUNaaU NN NeanuuUnIe BA LanInsaunisi (13)
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FenslSeuiiunanauausatsr U aau i el
fiAuAN PID Nieenuuunig BA, Lilailfinluau PIDA u
aun139 (12) uazidledidiAiunu PIDA Nisanuuusie BA Tu

aun1si (13) uanenagui 5 uazagulanansed 1

GC(S)\P]DA=5.13+E+6.78s+3.22s2 (12)
S

Gl =565+ 811543028 (19
N

[ e}

NANTNN 1 wagguN 5 wudi ileszuuiudya o

1 o

FuUNRNIUNN 0 szuuwmaeulnil Waldddiniuay g

q

(YY)

Tinansvauesfidoudieddn wazilosruuiudyyi
SUMUATWITA 60 spvumasliii Welifidaaiuau
lanunsonuAmanavauesdinduAule dmsussuuinn
viaeuliii 15lefifaniuAu PID LAy PIDA NARBUALEILUY

wlsaudeyayraudune Tugiaduniii 0-60 #Na15041910A

M, Wag t, HIAIUAN PIDA floenuuusae GA aylw
NARDUAUBITIANIAIUAL PID flsanuuudie BA wazs
A PIDA Tuvazifaauay PIDA fleanuuusie BA 1z
Tinaneuaussiiinifarunu PID fesnuuusiey BA 6
AIUAL PIDA LATFHIAIUAL PIDA f99ALUUAIY GA
AINFIFU AIUHARDUAUDILUUANAINITTUNIL Tugiiund
fl 60-120 #aA2UAN PIDA eenuuuday BA 9
NARBUAUDITIANIIFIAIUAL PIDA fl88niuusie GA i
AIUAY PIDA WAz MIATUAL PID fleanuuudie BA Jeagy
16731 faAuAu PIDA fieenuuusie BA fUszansaiwly
nsruRuszUUAmasylih Amionindinuau PIDA 1
9ONLUUAIY GA, fA2UAN PIDA LAy §IAUAL PID 7

ONLUUAIY BA AIUATGU

Normalized output temperatures

-0.2 ! :

¢ === Unit-step input -
" =====+ Unit-step disturbane

== == Qutput response without controller
=== Qutput response with PID (BA) |-
=== = Qutput response with PIDA

== == Qutput response with PIDA (GA)
m Qutput response with PIDA (BA) |_|

Time(sec)

JUN 5 : maUeuilsuranauauesvesssuunmasuliih Welldiaiuau PID fieenuuudme BA, Wellfmiuau PIDA uazilelidimunu PIDA

fioanuuunIy BA

N3N 1 : HareUAuRweIsEUUMVaalni dellfemunu PID Mieenuuusiae BA, Weilfaiuau PIDA waxdlafifemuns PIDA Tleenikuusie BA

NARDUALDY
famuAu | HARBUFUBIMUULUTAURYQINBUNR | NARBUALDILUUANAINIITUNIY
tr(sec) M, (%) t(se) ey (%) | teg(se0) M, e (%) e (%)
Laifigheaueu | 7.00 000 2600  0.00 AylanunsoruAInIssumu-
PID-BA 4.35 14 20.1 0.00 85 232 0.00
PIDA 4.4 6.5 16 0.00 105 16.5 0.00
PIDA-GA 4.5 3.4 15.6 0.00 105.5 15.35 0.00
PIDA-BA 4.3 3.01 10.5 0.00 105.5 14.6 0.00




5) @3Una

n1500NLUUAILAY PIDA flsanuuusiy BA iileauay
gaunpfivesszuunnliih Tuumanudidiiaus o
nsifiuUseavsaindidifaiinisliduneuds Ba iiloan
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AUAN PID fB0NLUUFMIY BA #2A2UAY PIDA LAz M2
AIUAN PIDA flaenluusieg GA 2InNan153dumnudn PIDA
fleonuuUse BA a13130ANRINLAYAIUANNITABUALDY
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wag PIDA_GA laagsliuszdniamlunisaiuguszuuian
vaou i
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Abstract

This research presents the application of a Programmable logic controller to control the operation of an automatic
drinking water filling machine. The PLC is used to control the operation of the DC motor and control the stepper motor
of the automatic drinking water filling machine. The working principle is as follows: 1) When a water bottle is placed
on the conveyor belt, a conveyor belt delivers the bottles to the water-filling point. 2) When the water is filled to
the right volume, the water bottle will be moved from the water-filling point to the capping point using the stepper
motor rotation. 3) The process of capping the bottle cap tightening by direct current electric motor and air cylinder
with a sensor to order the air cylinder to push down to close the lid, and the DC electric motor rotates to close
the lid to the screw, and 4) When the lid is closed, the stepping motor rotates to bring the closed water bottle to
the leg conveyor. The operation of the automatic drinking water filling machine was tested using statistical analysis
standards with a total of 30 tests consisting of 3 values: finding the average value of the bottled drinking water
volume at 597.27 milliliters and the standard deviation is 2.87 and the root mean square error (RMSE) is 1.95,
meaning the water filling machine has an error of + 1.95. The test results to find the optimum production cycle
time of 12 minutes and the water filling rate found that it could fill an average of 8 bottles of water per minute.
The energy consumption was found to use a maximum power of 32.1 W with an energy of 0.6 Wh per bottle. The
automatic drinking water filling machine that has been created has an Availability% is at 99%, a Performance% is
at 100%, a quality rate is at 88.89% and an overall equipment effectiveness is at 88.00%. Compared to industrial
machines, automatic drinking water filling machines are generally considered to have good overall performance at

a lower cost than the market price.

Keywords: Drinking water filling machine, Overall equipment effectiveness, Production costs, Programmable logic

controller, Water filling rate

76



1) umin

Pagtulunszuauntsndslulssnugnamnssuiadn
wazlvg) Snswannluegesings sdunszuruntsnan
Msadesdudn msdafvaud warlinudenisfiazan
Funumsnanuasfisnanan fou Jddimnietusunsy
widaasinAealnsataesitiuvszendldlunisaiugu
nszvrumsiaululanugeamngsu lieannsldnelu
mifﬁ’m‘qﬂmﬂﬂumﬁﬁwﬂﬂﬁiw,wiazdaﬂumiﬁwm Ly
MMIIMUNEUAT NSIEATIUIL AsTRAVAUAT NSdREs
duf wagdnuinuie [1], [2]

TUsunsuilaseinmealnsalass (Programmable Logic
Control: PLC) iugunsaimuaummhaueseiesinsvie
nsrUAUNISYIUANg 9 Taenieludl Microprocessor 1u
Tuanesdan1sfiddey IWsunsuidanednaealvsamesay

a 14

| & X ' > %
drunidudunauaziandnaiauisasessnluldanuls

pmid }

v A W o

Wuil fansiaiavseaindsg o agdaid1ivdunm diu

14

w1annagldsionanliuaiuaunisvineuvesgunsainie
in3esdnsiidudivane Feanunsoaiinsasvieuuuyes
nseuauldlasnistoudulusunsuddadlululusunsa
siaaedneoalnsaiaed vennidanusalinusiudy
gUn3nidu 19U LA3ees1uu1$ldn (Barcode Reader)
\3eafiut (Printer) lutlagtiuuenainlusunsuidaasin
aoalvsaiansarldaruuuuifen (Stand-alone) udads
ansarelusunsuidaasdnaealnsaaasnany o fadn
feiu (Network) tiltoaaugun1svinaIure sz u Ul
UsgAnsnmanndatudeaziiulddinisldaulsuns
Daneinaoalnsaiaesiinnudangumindadululssau
gRamnIIuAg 9 Saddsunnld Wsunsuidaaeinaea
Tnsawaedinntu (3], [4]
Fifusuitedfeaulaiinisenuuunasiiesed
UsrArBnmaosussquindlusfiilelidunusiian Tagld
TUsunsuiiaaainaAsulnsatassnIuANNIYNUISUL
aeny uazvinsiisuidfisusuyunisaiaesesiusian

YIYUUYIBINAN

7

Journal of Engineering and Digital Technology (JEDT)
Vol.12 No.1 January - June 2024

2) NUNIUITIUNTTY

nsldaulusunsuudaaeinaoalnsaiaedizuiay
fougstueisdoidodliiianugnaivnssneusud
9AEMNTIUBMNT gnanvnIsuBIdnnsefinddu q 15
geamnsINa1e o ladlusunsuuidaaeinaeulvsalaes
snlddmiumuauedosing iy wrunaduiununades
AnLenIngaImaIeny (5], [6] kagn130nwUULATAII
\w3esUasdudalusd [7) Inswnidenguuildlfosnuuy
waTNUITEUUARKENTUIAUA SR lLTALAEN1TILAT IS
foganmanndedinlenmlanilvammuanemiuazity
sruvUsznanalilodasginianuevesiavatudaly
Wisuiisuanueniudeyalugdeya FaduFusy
YesTTUUNNAManiiassauenuuiaUateenainfule
93¢ svuvilagtheuiuusyansamlviiugnanvnssulsya
nnstiussnuayudlunssuiunisanuenvuindal lag
Tanemiaviolsiussiaindallenaiionainliie (8] uas
Snauitenilainiduléfinisadraaiosfausnninmu
gnludflaea1denanni19nsiadudveIninalianis
Uszananan nluszuunIn HSV Hiussuvaienua e
9ntu lulasreulnsaians MCS-51 asaupuaLdaLen
Trwsnvnulvaasgrosmuiiimun [91 Insanunsathszuy
fsnanluuszgndldfuanuiiiedos ieussndanaiuay
Aldineidenfumusanuld ssvuidausaduduwuude
luiamnseseniuanamnssusely

Tuduanermuandesdaludfuenvesslufanelusunsy
wilaaednasulvsaaes uewesnszuansdlddmsuauing
as1vangniuaniesacludaslefa ssuulsenaudae
aenuadesasndudmivateinguasnaenaznalnnig
Foulsznoudisdnduazinedmivaandes areniu
Sudeniingfieglndiwuweiuardomgifedininauls
aodnd iy Wsunsuuiaaeinaerlnsaiaes Tasuniads
TUsunsudmsunisisesadunisiukagnisdouresing
sEUUUsENOUMELTUwesE M Udsdy N5 UUTng wag

N15M5297UNNIBIVBIlansm B UDs [10], [11]
Tufleuidedd@nyiAsafunisuivdseuas.iia

UsgAnBamnszuauntsndmirfuussguinlaeldndnnis

ECRS Wwagndnnis SWiH tietiisszansnmlagsaniunis

AR Lazslaturdnnnugauawnuia imsduiindeya



Journal of Engineering and Digital Technology (JEDT)
Vol.12 No.1 January - June 2024

JURBUNITHNAN T2ELLIATUNITHANVDILARLTUNDULALI

s A

LIANINTTIY Mnduuiiesgfifiomianssuiilidiia
yan (NVA) wagsiliiinanugaiuaideimaianise
A1073 SW1H ULageanuuuluIn1ensuuusenseuiung
wARAMMEN ECRS Mnuan1sine eilSoulfisunouuas
n¥ansUulsdunounsnEamUI ansoandureunis
KANAIINAL 14 Tunou e 11 Tunou Ssanasiosay
21.43 LAgANNIINANTLOLIAINITHAATIALUTIVINTIN
B 247.77 Auniidonisudmingu 12 190 anasuinde
207.79 Aundidenswantiy 12 1ia anasiosay 16.14

[12]

3) /AIUNTIAY

ﬂ’]ﬁa@ﬂLL‘U‘ULLa%Vlﬁ]ﬁE]‘U‘Uﬁ%ﬁ‘Vl%ﬂTWLﬂ%@ﬂUﬁiﬁJ‘ﬁ’laM
anlugdfniuaunsvinumelsunsuundasednaeulnsa-
waef fduneunssuiunisideudld 2 shie Ussnoudie
n1seeNLUUNTFUILNINITwDosiureaiausTy
ihausaluiifaruaunisieudelysunsuandaasdn
poulnsaLaed uasmvaaoulsyAvEnmATesusIid
gnludfniugunisvineualelisunsuiaidaasin
rovlnsaians Inefiwazdoadsil
3.1) mseenuvulnsainveansosussqurien T

vhmsoenuutlassaiaedesussathiudalusfiaunm
nsvihaumessuulUsunsusidassinaeulnsaiass lay
141Usunsu Shapr3D wuusassvestusudesiumymd 1
uansieUTl 1 uaznuvrestunudosiusmd 2 uansdsgy
7l 2 wazsremsgunsalilduasimmalunsidentfuanad

A15197 1

JUN 1 : wuwreunulossiugud 1

78

JUN 2 : wuwresdunuUasiugui 2

mﬂgﬂﬁ 1uag 2 LLUUﬂJaa"?iyumuLﬁaaﬁuaguﬁ 1 uaguuu
vostunudosiunuii 2 efueladd

wneail 1 uewes (motor) vuthitduindeuanemng
AUsEUUNYLaT UL e UG oR YRt LI UL SEUY
qmﬁwﬁmﬁﬂﬁ%Nwmiﬁauuusaimuﬂ’lsﬁwm

wieLaTl 2 e suiniuyseq (capacitive sensor)
v‘iwﬂwﬁmiaﬁlfﬁ’ui’mqmmmzuuﬁwé’qﬁwml,ﬁaslﬁmiﬁ’mu
auysal \Wulunaduneumsvinuresssuy

wanewaad 3 vednasnivimihiiadeahdlugwan
dhaunsanueesssuy

v
' I o A °

MNeEvd ¢ datniuidisdareriodaseiin

NULATN 5 @18NIUANREIUINUIVDUATOIUTIRUINY

Y1952 UY

2
o A

yaneiavil 6 wIntinfisen1sussgig

yaneiavil 7 adenussphwantihiisomssidediudige
Unrhauielvislanvaaviiny

MBLavil 8 adennyunITUIINAE NG NG
mmﬁﬂﬁvﬁ@ﬁ’na%auuﬁﬁ NYUAUAUMUIUR TR
Haagyinaumuaay

vanetail 9 filndendhuasiliaysol

vaneLavdl 10 ’néaL“‘L‘Jm-%ﬂf’]Lﬁ@ﬁﬂﬂ’limiﬁ;ﬁﬂﬁazmm

ANV



15199 1 : en1sgunsailiuazivmmualunisifonldau

318013 wianalunisidenldau 3701
qunsaliild (um)
1. gunsal lesangunsalyndalunisyhanld 950
gy wsasulninszuanssii 24 Taaduazen
AszuEnse 24 | Tdhnseuansslaiiy 10 A
Ve s el amnrausonsidny
2. uaLmes Wlosndeuidiseudildaneniy | 1700
nsvuanss 26 | ddesvaniedeuiilidanndaily
Ve A5 mrﬂL‘Ua'n'ﬁ'sj'qlﬂiﬁussagfwﬁulﬂﬁmms
50U 20 rpm | @ndesdsmnzauiunslaauandes
TRt
3. Jand esantnhiiiansnsagaiild 1800
AMLLEINTS u1R 4500 Haddns/undl usenn
Uii@ﬂfwﬁuaq wa'ﬁazu3i@ﬁwﬁmaamaﬂﬁnﬁmuwm 600
99 4500 Hadans
faddns/ui
4. gy dlosnaiivuewesldawsevien | 1174
yaimes way | 3nvesareulnsaaeslnensala J9l
19359 rastuaivtewes TB6560 wiawdu
afivuawes | msdinsiuedeuliiuasivuomes
TB6560 warmsUSuAmaz B avase i
1Hluauass awfuaildsed
91N Step 1 Step = 1.8 83/
1.8/ 32 = 0.05625 03Asi0 1 Step
5. fueadiu | d3Uuuun1s@eulusunsuiieniv 1200
FX3U-2aMT | Ladder melusunsu Gx-developer
Wi Gxwork2 definulndieiu
wuuaasmuAulni vilvigldaui
Anunlalalienn Jamungdmsu
luszendldluauemunulng
anansaLiusSevens 1/0, Analog /O
1 iilesesduszuumunuiisesld
U3 input %39 output I1UIUUIA
6. Bu 9 gunsaiUsznoudu wulnseaie 1000
$1A1594 7,824

3.2) M3AIVANNITINIUYOUATOIUTTPUIANEH IUiFmIUAL

13RSy uUlUsunsudaaednneulnsaaes

nanNsNuAIIUTIRausaludAEunnsnady
annsnanenuYR NVLas YA NaR TN INAINIUIE
dgndgavanuanluduasuieasnsiaduvinuisiag 1 Lile

wuweshauiueaddslidudiheumdunssuiunmsussy

79

Journal of Engineering and Digital Technology (JEDT)
Vol.12 No.1 January - June 2024

v
o

Undunan 8 i minwuwesldvihawluna 2 3und
AILATDIVENYANTVINUTUTADIINTLUIUNITUTTYUN
SUe v @ < o = & @ o
woaddslvianvusmasvinnuienyuadonludugadusl
WalwuesngaduvIndiin 2 nuiweaddslvewes

19 ° A ) D2 o
Turwaznszuanauaie dunisdudlvikiuaile

wesviudnuilsasadunsdseanvinludsaeniugnd 2

'
=

vhealaazuwnsunsinnuvesaIosussgihiusnluifuans

AN 3

ARt Start

!

aenIuinau |

Taivihau

U E0 NI UAT 1
(A7930 2 Aund)

| uTIPh |

| sl ma |

uamatiulaznszuanauiiau

! !
adanuyy @

JUN 3 : mahanuaIesussgausnluli@

Ll

3U7 4 uansgunsalnnglugdaoulnsaresniesussgun

AugnluTARIUANNITINIUAIETEUY PLC Jdiudsenau

g
v

anpadl

=

- wuneaYy 1 Power Supply 24 Vpe

- KUYV 2 Breaker 2 Pole 15 A

- wuneeY 3 PLC FX-3U-24 MT

- U8 4 Drive Stepper Motor TB6560
- MUY 5 Relay MY2N 24 Vi

- KUYLaY 6 Connector



Journal of Engineering and Digital Technology (JEDT)
Vol.12 No.1 January - June 2024

P
o A o

JUT 4 : gunsalnelugdreulnsaveesesussaunnudnluda

\3DIUTIPANSRLudRNlAINseRNLUULAZaS1aTY

=~ v X < ¢ ' Y dl
lliﬂi\?ﬁi']ﬂ‘l]ul,ﬁiﬂﬁﬂuimLLaSﬁ'Ju‘U53ﬂ@ULLﬁﬂQﬂQEU‘VI 5

3. wamestusn

-
2. 1adle - Yo

1. ladtha

8. UBLAS

A RVRRIGEY 9. awfiunaimas
e @ Wagumunantn

5,

3.3) msnaaeuIanasulnihveuniasussuhausn uds

nnsvhnureneiesusTythdaluRfinsldansua
Tiihuazddslniilaenisldindesinlulilt (power meter)
waz (clamp meter) Tun1sinAmnalulfingidevinisinen

[

anganseanlitu (ihnssuaadu) wandssun 6

Y
v

mﬂgﬂﬁ 6 Lﬂ‘%aaﬁLLaa%vT’Imamuqmama%ﬁmm 4 ¢,
fusnuowmesaeniududsaanivanduazoenussyin,
Jaddn, UOLMBSNYUVIAILALRBNANAINY LarUoInas
dusuduevan laesinnisinamsliinusenauaie A

nszuabiin wssulnin wagafdslain

80

N (=
i Power meter
CB
U PV, D
L N
Gver
Supply
prn g
sl /7653 - l—@ el
wolvlvd  yalva +] - A+
PLC e e TB6560
Cw-| [CLK-
@
"l'_ 22 fe2xq
| on | o2 | [ YD
o0 Bc Q;\
ﬁ? 53‘""“’ afivuaned uawnes -
wasui it | sevududse s

JUT 6 : lnegunsunmsiauuazmsiadmdlnihvesnisviauves

Y

LATDIUTIUANSALUITR

3.4) MIIAYSEANEN NN TIIILYEUATIUTTIU AU AILTH
N1SNAADUNITYINNIUVDUATIUTTYUIANSA LUTHLY

WINTFIUNTIATIZINGEERA (@nalytical statistics) Usenau
¢e 3 @ fio navnAiade (Mean: X) Adeauusasgiu
(Standard Deviation: SD) LagA151nTidaasvedA1AIY
AaALARDUARI&3a04 (Root Mean Squared Error: RMSE)
[13]-[15]

v
o A W

ANRAYDINITUTTIUIANSALLIAAIL1TDAIUININ

aumsii (@)

¥ =in

N
ALTEUUNINTFIU (Standard Deviation) ¥84N15UTTY

@)

v

A

A o

AUM I ULTRF1UNTOAIWIMAINFNNTN (5)
_ [Eei-0?
SD = /—(N_l) (5)
LALANSINNABIVBIAIAINUARIALARBUNIFBY (Root
Mean Squared Error: RMSE) ¥89013U359UTu1041 A
P9l uTRaUITOAIWIINANNITN (6)
1 ~
RMSE = 1/; A AL (6)
TunisiaarAuwdugIvednIsiiuUsuadIANan
35151 nsuUanaradsrn RMSE Aladiatosutandinliing

fAuusiugnann [15]



3.5) N15InUszansaalngTIvaun3aeing
N3inUseavidnalneTIUUeAT89INS (Overall Equipment
Effectiveness) 1uiSnsiiviliiuseansanuas shsanime

Y9NTaade (loss) MARTUlUsTUVYRUATEIINT A1H1T0

o § v a

wenMsgadeuassieazidenvedanngiu ilraiunsad

¥ v
a = [ YR Y

sxUulgauily annsgaidediinduligndes fedy
MAeisadenldnnsiansanaUssansranisyhauwes
\dosussghindalusifdiolimsuussdnsnmmsrine
vouAIas [16]-[18] Ineiiseadondal

(5)

NTINTAULATDY (Availability) AoUsz@nsn AR5

OEE= Availability x Performance x Quality

AnuwFeunan sndiegan1svgadivinli Availability anas
LU qumLﬂ%‘laﬁﬂﬂmahﬂﬁmum mMsvdereuedesdng
MsdeaInnsindaniesdns masRanaInnMsHUASes
Wudy aunseuinnana (6)

Operating Time (6)

Load Time

Availability = x100

=

UsgAvBnmnsiiuia3es (Performance Efficiency) e
AUsEAvE MR s NS uLTRalE e ufuTe
AuaansalunsHanvaaedas A1 Performance Efficiency
avvenldindnemmlunsranveassesingiu 9 @UNTONER
Idurduseldl fualdsaunisi (7)
Good Piece+ Bad Piece
Specification's Capacity Piece

Peformance Eff = )

8n 1AM (Quality Rate) fip AUsEAVEAMARIITAN
INTIUIUTUNUNLAIINNTTHES TALRIITAUNIINTUINUN

HUN15959aUIN T uT UL sUfUIIILTUIY

1w =

anuafindale (Actual output) A1EATIAMAINITUBNT

Uixﬁw%mﬂuﬁm@mmwmanﬂﬁmam%umu’hmmmwam
Funulalagldfiduaudizadene (Defect) auniseuin

UAAIAIANATTN (8)
__ (Actual output — Defects)

Quality Rate (8)

Actual output
1mefl Actual output Ae IIUIUTUNUNINATNEA LG

Defects AD UIUTUNUNLEY

Aoy

309N sNAGauduAT TN MTUnTuLIwaIINUle

pegafulsEanSnm WuaTaslaluiidianualunse

81

Journal of Engineering and Digital Technology (JEDT)
Vol.12 No.1 January - June 2024

4) naN1INARRIALBAUTIENANITNARET
4.1) HANITNAAOUN T NILYOUA TOIUTTIUIANER 11aTF

NINAADULTNAINNITATOULIAN (cycle time) Mlnsnzay

¥ v
o

vouadosussgnAusnluiRifiadietu nsmseuaniug
ANdIAYResEUUNSHARSAlwTAL T ueE19n MNLSIRIAN
sounansuAuly Aenvaevilinandndmnnuaanaden
g¢ Mnisseunandlufonaazdmalildnananlaldng

FNUNFBINTT AIULNUIBRIBINTINTBUIAVNTEY

'
P

YDUATBILALTBUNAIMINIZAUTBIAT DIUTIRUIRNTALLLIA

NASVUBENIAINNT1N 2

#1597 2 : s9UNa (Cycle Time) Munzau

danug waniiFlunisiey Gundl)
nalunssidesvantign 2
naﬂumwﬁﬁw 8
narlunseidesanionn 2
52U50ULIAIN15H1U 12

' v
S Y =

Nnuanegeulunsan 2 Jasulainieanasnetu

¥
o

1118111557 (cycle time) 8g# 12 Juni ﬁaﬁﬁ%uasﬂi Y
SEYENINITANALIVIALILALDDNWITEHENIUINAIL Y
TnaunnIumulume dauatunmsussantuluey
v W < Y 8 Ao %] Y o o < <
fudnsusivesduihimhunldmadutvungnsnigeiaz
blignsnsussglasauuaduninfaelisnangadusiag
UM 7 wanradTumInisussydilagiin1snadey
71U 30 VIN NUTNATBIAUTAUTITUIANUALTURNUIN

lomsuTesay 100 wavAUSunsiadeeyi 597.27 daddns

Wnnaniiussle
Wnnasinisasms

fladdns)

(

L)
FUIBTUIVILTTI

o3

123456 7 8 % 101112131415 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

Fumnn (1a)

JUT 7 : MA@eUmMsUTIIUITeNATeIdILIL 30 U0

N1SNAABUNITYIIIUYDUATEIUTIIUIANSALULRLY

UINTFIUNITVATILINEDA Inevinn1svaaauianun 30



Journal of Engineering and Digital Technology (JEDT)
Vol.12 No.1 January - June 2024

A9 Usenausie 3 A1 Ae N1SuIARasealSuIutnaun
155909 ALTBUNNIATFIULAL AT INNABIVBIAIAIY

AANALARDUNAIFDILARNIRINITIN 3

= a a & Y wa
191N 3 ¢ wmaauﬂazamamwmaqmiaquaiﬁgmmmam‘lum
SD | RMSE

X

I18N13

UsEAVBNNU04ATIUTIUAY

597.27 | 287 | 1.95

SRlusTR

v
°

PNAITNT 3 NMINAFDUAITNIIUTDUATOIUTIIUN

q

AUBRLURLTNI9351UNTAATILINNEDH WU Aedy

v
o w =

maslnfirgeanvennasosilogin 32.1

@

MA INNTLUIUNNS

U55911

4.3) Han17iavszansaalnesavennsoaussgufuenluda

NATBUlAININIAUIUANUSEANSHALAYSILUD AT B

'
P

UTTURUSRLETR Inevhnsiuasaaiislineilss@vsnm
AT AUAIRIIEINSALRUATalALALA1dIANNAILNSE

1150 L LERINANITAIUINAINNGIN 5

P Y a a & Y wa
A9 5 ¢ mimﬂiaamma‘lmaﬂmaqm’iawiiﬁgmﬂmam‘[um

. . ! , 5185 doya e
Yo9UsuaUAuNUIIYlaegN 597.27 Haddns Lay A1 .

. A . Shift Time (svasiaatlunensuin) 360 Wi
Jeauunnggu agi 2.87 wagA151N1d09994A1AY Break (i) p 7
AAIALARDUAIAIEDY dA1 1.95 DaindA1AINAAIALARDUY Ptanned Production Time (s 200 -
Ugy wARTlFwaUld)

Downtime 3 UM
4.2) wamsveaeuiamasndlnimeunsoswssaduenlud | Run Time (Lanfiiiunisuén) 297 i
PNMTIUYAATEIUTITUNERluTATINTIdAINTELE | Ideal Run Rate 5 | Buanidl
I wagmaslwilagnislaniesinlnin (power meter) Ideal Cycle Time (ATLI53500UN13 02 >
way (clamp meter) InAmsluidslaszunsugun 6 fe ¥haugege)
ot adisieNlIiinu NaN1SVAARULAAIRINNTIN 4 Total Count 911 UNARTINViLA 1,485 Bu
Net Run Time 297 9l
3197 4 : nedeurdsiniuasnszualnihams s hau Reject Count 91u3U Reject (NG) 165 T
Tunau useuludn | nszualvin | Aaslnin Good Parts 1,320 Fu
A15IN9Y v) (A) W) Availability 99.00 %
A AV GAIGIN Performance 100.00 %
, 220 0.142 153
WInUan Quality 88.89 %
ATTUIUNIT OEE 88.00 %
) 220 0.265 32.1
U35
ﬁLﬁ‘UﬁJ@LW@% = o I a' T A o vadl v v
o 290 0.205 250 21NA1519N AUl IATIUTIRURNS R LA LA
YU 1 PuilA1dn3115LAULATEY (Availability %) 889l 99% A1
AITUIUNT a a a = 'l
- 220 0.244 29.3 Usg@nsn1nniataulAIes (Performance %) o891 100%
VUNT
p ; gn31AaNIN (Quality Rate) 88.89% wazA1Usz@ndua
aAnluainas | .
vyl 2 220 0.189 214 1n839UUR9LAT099N5 (Overall Equipment Effectiveness)
aemuguEe 1M1 88.00% Wawisuiun3esinslugnamnssulaenily
Sa Y 220 0.159 17.3 A a Y wa al a a v o
LRy fo7uAseeUsTRRNEnlulRlUsEaAEHalae Tl lusEAUA

nn1snaassInanasulalionaassinusiulnii
waznsvualiilurasiiesesihnulivunnseualvagee

0.265 A ussaulninszuaaauaun 220 Ve fatiudonln

82

4.4) W3guilgusIANATeNUTTe AN AlUIARUUNITNTI97e
W18v1n153A5189USEANTAINNISHERNUD LA B

SeufesudfidedaldvinsiSeuiisusaduyunisuan



AULATBIN19978 UM BINAIANAT LA INNNITAN W LARIA S

A1519% 6

D

P ~ = v N & o d o wa
M1TNN 6 : LUiEJ‘UWIEJU'i’Wﬂ’W]UV!uﬂ’]iNaGlLﬂiaﬂUiiﬂu’mNa@qu@

wuuwiahang
Py $nsInsusTh 3701
Yojundnina -
(Van/uh) (um)

GIWTD 100-1000 ML
(13esusTqVRIMA 1 2 15-25 27,000
wuUiinga8usTa) [19]
P3DIUTIVDUNAWUY 1
318 U GIWY LIQUID 20 19,990
FILLING MACHINE [20]
GIWTD 500-5000 ML
(1nFesusIveIman 1 15-25 42,000
wuulingaeuse) [21]
\A3DIUTIPP ST LITR
meﬁqﬁaﬁhaﬁﬂmzﬁi%’a 8 7,824
a¥reu

1NN UTHUTEUTIAAUYUNITHENLATRIUTIUIAY

' v a Ya o

gnludRnuunilangenudl duuNSHEnveLATeINEITe

v
°

laviinsasisiulisnaeiian uazlsnsin1sussyuneyy 8

Y

WIARBUT NUTURTUTTIU 600 Hadans wazilanlSeuliiay

1A

8031159150559 NUIMAaz USRI 1N1TUTIUT

]
v

wane1eiuieliueg iuUsuInsvesiINfeenIsuTIInIn

USuwsunnfagylildianunntuaiulusae

5) @3una
N1390NLUULATBIUTIIUINNSAIURATUANNTTYINY
sglusunsuiuidaandnasulnsataasiinguseasniann

]

Auimaiuimnssulniuagdidnnsefindutesnuuy

o

Yanihu-llumehtunudeutiudause unsaagns
ponLUUIERaNIIgU wlgdmsuldAnuilasasienis
Mouvedusunsuuidaaeinmeulnsaiass
Lﬁ@ﬁﬁﬂﬁ%ﬁﬁaumiaaﬂLLUULﬂ%aQUiiQﬁWauﬁquﬁa
AUANNIITLTELATIf BN UL sUTU TN TY
widanednpoulnsaiaeiuiAIuANNITINIUTRINBLNRS
Inifhnszuansaazadiduemes lnefinnsawdiewivan

Waenud e zdwInlugigaini atfiuun

83

Journal of Engineering and Digital Technology (JEDT)
Vol.12 No.1 January - June 2024

auisUiuasfimuzanazdnevintilasldnsmguain
afvnawnasluriinszuiunistUanivinaleuaimeas i
nszuansIaznszuanay Inevheudloriauiiseziinnig
dilvinszuananawnndndounewmesliinnssuansaiie

nmsUnelidundendeUannade afiunewmesvyuiie

v
YR

ifrantn e lufiareniududesueen ded

annsnaguldinisihoulunnduneuiivseansamia
Tngweiiagldnuiuieiestasdiuaniiy 600 Sadans
wazdiundeivunUseana 20-30 JadlunsannnIvaaes
Tnenadeisnsnisnsonii 5 maadewit :nnmeaeunis
yhaumoneieussiaudnludflaglding 10 wift wedes
ansausTyhdlaiommn 27 via uazlidaufianats
oeffi¥oray 14.81 wawia3oausqunAusmludatidslui
geand 32.1 W faifu annsnindmdamilaiiadedenn
Wiy 0.6 Alatmddalus waznismaasunIsiLYes
\3pausspihiusaluiAldunsgrunisiinszsinieada
(analytical statistics)Imaﬁﬂmiwmaauﬁ”’wum 30 ﬂ%d
Usgnaude 3 A1 e MamAnadsvesUTinuhAuiiuIT
Istegil 597.27 faddns uar AndoauuanAsgIU(SD) oy
2.87 WageA131niaesresAIAINAAIALARBUANGIdDs
(RMSE) fi 1.95 wlanaiuedesussqinainindeusgi
1.95 upsiAdosusspinsudnluiAnldasiuiandnsns
[AuLA3eq (Availability %) 8¢l 99% A1UszANTAMATS
LfuLA3es (Performance %) 8¢#l 100% 8n31AMAM
(Quality Rate) 88.89% wagA1UszaNdualaysinwed
1389403 (Overall Equipment Effectiveness) fif1 88.00%
dewfisuiuiaiosinslugnamnssulaeilufodnaies

wva a

U35UANSnluiATiUseansualaesinluseaud waville

'
4

WSHULgUSIANAUNULATBANVIEAIUNBINAIANUIITIAN

q

AUYUAINTINBINAN

AnAnsTuUTENA
ANZEITEVRVBUNTEAMUVTINEGamAlUlaET1vIAR
137U H UMINYITUNTUNNEUYT wag UMINedy

WAlulags1vuanasaulnduns NUe81u38ANELAINIU

myieluasillidnsgaluied



Journal of Engineering and Digital Technology (JEDT)
Vol.12 No.1 January - June 2024

REFERENCES
A. Tarantino, “Introduction to Industry 4.0 and Smart
Manufacturing,” in Smart Manufacturing: The Lean Six
Sigma Way, New Jersey, NJ, USA: John Wiley & Sons, 2022,
ch. 1, pp. 1-19.
L. Zhou and Y. Cui, “The application of PLC control
technology in electric automation,” Int. J. Frontiers Eng.
Technol., vol. 4, no. 1, pp. 25-30, 2022.
X. Niu, “Application analysis of PLC technology in electrical
engineering automation control,” Foreign Sci. Technol.
Periodical Database (Abstract Edition) Eng. Technol.,
pp. 058-059, Aug. 2021, doi: 10.47939/et.v2i8.19.
N. Tanchiwawong, PLC System (Programmable Logic
Controller System). Bangkok, Thailand: Technology Promotion
Association (Thailand-Japan) (in Thai), 1998.
K. Prewthaisong, “Automatic color sorting machine on
conveyor systems controlled by arduino,” (in Thai), APHEIT
J. (Sci. Technol.), vol. 5, no. 1, pp. 15-21, 2016.
D. Tailor, V. Kamani, A. Ghetiya, and N. Bhatiya, “Object
sorting and stacking automation with PLC,” Int. J. Eng.
Technol., vol. 9, no. 3S, pp. 197-201, Jul. 2017.
N. Pipatpaiboon, C. Chaiyakhot, M. Raksamerwong, T.
Chiangkhwang, and A. Donmuang, “Design and construction
of lid automatic machine for SMEs,” (in Thai), Sakon Nakhon
Rajabhat Univ. J., vol. 5, no. 9, pp. 109-118, 2013.
S. Arsaipanich and T. Srinak, “Automatic fish size measurement
by image analysis,” (in Thai), in Proc. 1st Conf. Appl. Res.
and Develop., Bangkok, Thailand, May 2009, pp. 7-12.
S. Kongsintu, A. Singjan, S. Dumnui, and N. Suksong, “The
design of automatic color sorting machine on conveyor
systems by arduino color recognition sensor module,” (in
Thai), J. Res. Innov., Inst. Vocational Educ. Bangkok, vol. 1,
no. 2, pp. 56-68, 2018.
K. Chahine and B. Ghazal, “Automatic sorting of solid
wastes using sensor fusion,” Int. J. Eng. Technol., vol. 9,
no. 6, pp. 4408-4414, Dec. 2017.
K. Sasidhar, S. F. Hussain, S. A. Safdar, and M. A. Uddin,
“Design and development of a plc based automatic object
sorting,” Int. J. Res. Scientific Innov., vol. 4, no. 12, pp. 2321
2705, Dec. 2017.

[12]

(14]

C. Nopphonkrang and P. Tamapan, “Reducing time and
increasing the efficiency of bottled water production: Case
study of Yang Chum Noi Agricultural Cooperative Plant
Limited, Yang Chum Noi District Sisaket Province,” (in Thai),
Sci. Technol. J. Sisaket Rajabhat Univ., vol. 2, no. 2, pp. 32—
42, 2022.

C. Ruangraksa and P. Sanposh, “Design of automatic soup
filling machine,” (in Thai), Srinakharinwirot Univ. Eng. J.,
vol. 18, no. 2, pp. 17-30, 2023.

J. Phasadutharn, P. Dumrongchai, and C. Satirapod,
“Performance test of geodetic GNSS receiver with mems
and IMU sensors using network-based GNSS RTK method,”
(in Thai), in Proc. 27th Nat. Conv. Civil Eng., Chiang Rai,
Thailand, Aug. 2022, pp. 161-169.

P. Dawan et al., “Comparison of power output forecasting
on the photovoltaic system using adaptive neuro-fuzzy
inference systems and particle swarm optimization-
artificial neural network model,” Energies, vol. 13, no. 2,
p. 351, 2020, doi: 10.3390/en13020351.

T. Ouypornkochagorn, “Spy OEE: A novel method for
getting OEE by operating time characteristic,” (in Thai),
Romphruek J., vol. 30, no. 1, pp. 1-24, 2012.

L. C. Ng Corrales, M. P. Lamban, M. E. Hernandez Korner,
and J. Royo, “Overall equipment effectiveness: systematic
literature review and overview of different approaches,”
Appl. Sci., vol. 10, no. 18, p. 6469, 2020, doi: 10.3390/app
10186469.



Journal of Engineering and Digital Technology (JEDT)
Vol.12 No.1 January - June 2024

=b.
pmd)}

UlBUNBLAUANTENAIARIATIABIEINTUTTUUNLIANE THAAIAGINALUNALY

Ugyeyse U.Uu

"2 0IATYIIMINTINGAaINIT AR IAINTIUMANT UNTINGIFENYISAITNS, NFUNNUNIUAT, Uszinalney

*UseiusuTIna Blua : fengwsst@ku.ac.th

Sudualtu : 26 nanAu 2566; Suunanuatuile | 1 qUAUS 2567; noUsuunAIY : 18 NUAWWS 2567

weunsoaulal : 28 fiquiew 2567

unAnga

NuTeAnwInsiruauleusinfuianansinsufesdmsussuunidfanamdaulssinvanansaldnunauwnuiu

q

16 Yanpsndanavdienddunuainitanasaiunlinevauesguasdiiuinuaauuedianasndaidauyugnitmesnsaiu
nawnuiivue visviglusiaiyadiein nuidelddiaueIsnsAumdineuiiwuuniadineiansuuiluudass
anunsalueufaisla Jagnasrstuvuunannesuvedisunsululasgenvidniea uazilsiduleanesgniiundszendld

WamuunUsnanisiiuiutanaendunazUssinniivunzan TneflaunisingUszasdnonisifiuaimanismanilssiuves

spUU e inUszdnSamvesisnisiminaue Jyvimegeudiuau 120 Jgyvn gnduduainnisiiansandadeyariginaes
a

seau Laztadednsidrunaunuasssyau Inefidnuiunisiinga 30 Jym Aunazseiuasstads mneufilaainisnisd

an

YnauegnihldSeuidisuiu dneuiildainisnisinsezinalausslevidafinsanvinaduiuiutannndusas

Uszianiudasssiedu a1nuanisnageunudy 3Bnisidnauslidineuiifidiaianimaniilssiuvessyuugeninisnig

¥
v dAa a [ s

Tprzvinalauszlovivia 120 Jyyneaeu visininandnvesdafoyargnuazdadednadrumauny nasaesidus
ANULANAVBINANbITEIN IS s LEUaardITN1TInzvnalauselev Tneasidusnnuuwanaisesnanilsian

geuiszauivestadeaans

U o
o [ o

Aaag . Tymiandmidsdenind wevedudy nmsds@eniufer Janawmdmaunu

85



Journal of Engineering and Digital Technology (JEDT)
Vol.12 No.1 January - June 2024

Single Order Inventory Replenishment Policy for the System Having

Multiple Substitutable Inventory Items

Punyathat Porpan' Wisut Supithak®

I’Z*Depan‘ment of Industrial Engineering, Faculty of Engineering, Kasetsart University, Thailand

*Corresponding Author. E-mail address: fengwsst@ku.ac.th

Received: 26 October 2023; Revised: 1 February 2024; Accepted: 18 February 2024
Published online: 28 June 2024

Abstract

The research discusses the single order inventory replenishment policy for a system consisting of three inventory
items with substitutability. The leftovers of lower-cost inventory items can be either used to satisfy those demands
occurred from the shortage of higher-cost inventory items with a specified ratio or sold at their salvage value. In
order to determine the proper order quantity for each inventory item, the method based on the concept of
mathematical solving on a Monte Carlo simulation model is proposed. This can be done by modeling the system
on the Microsoft Excel platform and, with the objective function of maximizing the expected system profit, applying
the solver function to determine a good solution. For the performance evaluation, 120 experimental problems are
randomly generated considering two main factors, salvage value (2 levels) and substitution ratio (2 levels), with 30
replications for each treatment combination. The solution obtained from the proposed method is compared with
the solution yielded from the traditional benefit analysis method, which is to independently determine the single
order quantity of each inventory item without the consideration of substitution opportunity. According to the study
result, in comparison to the benefit analysis method, the proposed method provides a larger expected profit for
all 120 experimental problems. Moreover, the main influences of salvage value and substitution affect the
percentage difference in profit between the proposed method and the benefit analysis approach. Here, the

percentage difference in profit increases at the lower levels of both factors.

Keywords: Newsboy problem, Replenishment policy, Single order, Substitutable inventory

86



1) unin

Tuan1izlagtudadinsudeduniegsfags T1anausgn

'
a

Avuameduilnauasauds aadnsdndudesansiunu

v
@ ]

AgatpanunsHanduAiBMiNAn N WluNISWI e adl

o—

U

@

uilietesiuianssun1sandumNdAgyUsen1sntls
1) anAa

7
ARAUNUNITUIMITTANITTanasRaslussuy 15l
aaslusruvannifulyannsaneliineldinglunisiie
Asosfige nsunuanluszuuswaumn lumendudu
nsivTuadanardslussvuteeiuluananelminnis
vaunauianainds adenaliionssunisndavgavsin
wistAnnisgyidenisvisainnisiiszuuliaiuisa
novALeIgUaAvTeIgnA n1sumsTanasndsiiAagsil
spvuiivBinnutanaandsfianzan Aanssuene 9 a1unsn

anatdunistaegnesusu Tnedsunueildane s

Y 9

o

Tnlufuuuiunfuiagandsfivunzaudussuy 3

sUkuuuandiuduegiudnvuzvetsgUaAlussuutiy [1]
Tnen1sduundnvusrosguasaaiunsainlavainvane
1 o I3 [ a 1 U I3
FULUY LU nsatunguasaniuailusdsznoni 1
guasAndanududaseraiu (independent demand)
wazguasailifinnududaszranu (dependent demand)
n1s31nunguasAniuauseiiiosasnisiiadiu 1y
guasAniiausaLiies (continuous demand) wagaUasAi

Laifinusiaiiias (discreate demand) N15391kungUasa

oy v
o & o

a 9 1 = ¢l ~
AIUNITNAYIVOIANEITD LUUYUAIAN TEUVNNITEITDYN
(repeat order) wazgUasdiszuulifinsde@od (single

order) 1udu

v
o

Ghl,wuﬁugmﬁﬂmﬁa@mﬂﬁaﬂiajizwﬁmséﬁ%ﬁ]ﬂm
wazguasdraliles gnAnuilae Harrs (2] Faldinauedn
LL‘UUﬂ”niﬁLQ%a wuuUsEunda (Economic Order Quantity:
£0Q) TasifunsAnnuimnaiduiyanasndsiimngan
nnsdrsdiminseninsarldaeluninifnifuuas
Altanglunisfionsosianands nsnumulssunssud
Aendestusuuunsdsdouvulsenda anunsafinnsanld
210 [3] uae [4] Mavszgndldiuuunisdsdouuulsemdn

° @

dmfuszuutanuaneiig 1y seuunlidiuansininiy

YSuaudsde [51-[7] svuuidanasnseinisidesaninla
[8]-[10] 1Jusiu dwmsunsdinszuuiiguasdluseios [11]

Tadauasuuulysunsunwadn (dynamic programming)

87

Journal of Engineering and Digital Technology (JEDT)
Vol.12 No.1 January - June 2024

FaanusaAumAmauiangad msussuuniaunuian
PIARIAOMIIEY FUNUNITAITE LasAuUUNITIANU UANAN
AuluwdagAIual NseUINNITEIFaANd1mMTUNITANM
Anouffveslynininainielussesiaiivunzay
= ¥ o a <@ L%
a1unsafnulaann [12] nsimuauleuigiiuiiuianas
v o @ P cav 1 o & 9 & -
AasdmTusruungUasAnlidinisdetedn Wugduuud
syuulguatAifinduiiissniuianied nnUTuiwnséd
WuhutanaandsfindosningUasd azvibiszuugade
Tomdlunisvie TumanduiumndSunaianandsiasiy
windAunninguasd svdwmaliinianandinanioly
szuu nelmAneldiglun1siidnis viensuiedanas
AdswEeluTIATIanAs JULUUVBITEUUAINAIAINNTAYN
a Y1 &) =3 [ v A a I3
farsanladindudgniandamiedeniun (newsboy
problem) w3allgyin15v18AuATaANIE (christmas tree
problem) fawuun1sAuIMUTINUTanARdelusEUY

@ '

aananfneladann [13] uag [14] N15NUNIUITIUNTTU
dmdunmaiuiuiageandsadaferfinnsunldann [15
wag [16] luszuunaiufuedufefififanasadmans
Uszunnnauwnuiuldanansaduuntaluasguuuude nis
NAWNUNIWAYT (one-way substitution) Lazn1sNALNY
d099114 (two-way substitution) [171, [18] lavinn15Anwn
spuuiiinsdafuifiuedafendmivagaendaosssny
Tngnsvaunauianasndsussiamuils annsagnmauy
IesheTannandsdnuszinvmilsluguuuunsmaunuassmng
g lainauani1sfiasuIveUIAUULAZ U ULUAE 19D
U%mmé’q%ﬁa@ﬂmé’aLLm'amJizmmaﬂ%mﬁwaad

o @ '

A01UN5AINBURANS AN NS ANUS LU IR TanAIRA LAY

q

Usennilvangay

NATEINSANEITEUUNTINSALRUALAS LR aY

v
L

fi¥anaindmietudiuaruUszinnildaumaumiuldly
Sasdndiimun fegraguuvuamideannsaionsanls
NNHER uazdmeaouinnes Teliuvesnonfiumesi
fianuguenieanudidiseuansnafiuaiuguilu 4 GB
8 GB uay 16 GB Feneuinosifiimheauiidisessun
4 GB annsaldniianiieanudidisesun 4 GB 9wy
1 3u Aoufumesfiiviasamsd1zesuIn 8 GB @113
T¥nsamaganusidisesunn 8 GB S1uau 1 4u wle

ANSANUIBAUINFNTRIVUIA 4 GB 31UIU 2 TU d1nSU



Journal of Engineering and Digital Technology (JEDT)
Vol.12 No.1 January - June 2024

AoLIMDSTiTinuieALsId1s0s IR 16 GB aunsald
NSAmiEAUsIEISeIUIN 16 GB $11au 1 Tu aeld
A¥anaEAINsIEIS0IUUA 8 GB S 2 Tu wield
n$anheauddsesuug 4 GB S 4 Tu Fsguuuy

o

aenadudnvauznisldnunawnuiuresianaandesig
Usztan lnaddunuiluandiaiu ngussasdvesnuidede
mMamUsuudweanasndwiarUss inniluinauiive

WLNaf s INYRITEUURINSRLRLAS R e

2) TngusasAveanuiY
2.1) Aesurgatyanvealee
p AneduguasdTagawedsssinn i @) lned i =
1,23
W,  AnedvguasdTagasndalseian k sauduaiade

guasATanAIRdlsEinnIIAgendt k @) lned
k=23
o, dulssuunnsgiuguasaianninasseam i

oot i = 1,2,3

o dudsavunmsgiugUadiagandaUszian k
sufuAdudosuunsgiuianandsUseiam
sengan k aed k = 2,3

0 UnnudstanasndsUseiom i @ Tnefi = 1,2,3

€, uNUianAIFIuTEIanN i dadu (Um/au) laed

i=1,23

P, s1AnvglanAsRaeusean i sodu (Um/aw) Taodi
i=1,2,3

D,  Ulunguasdianasadelseian i Gu) laed i =
1,2,3

r;  SwuTanaeaeUssani @ @) Jgnldnevaues
TanARaUTEaNi j 31U 1 3w lee i >

X, 3usudanandalszian i @u) Fagnldui
1

©

v

novauesRUarvesianARdIsTINT j (1) lngh
i=1,23108 i >jNeilnsalil i =j A0 X;;
waReIUILTUYRITANAIARIUTANT | (30 j) N

anldifienevaussiannsnasuselani i (M3o j)

U q

° @

dmiunsdi i > j Awes X, LAMITILILTUT O
Fannandasziandl | Agnltiflonovaussianasads
‘Uizmwﬁj

v, yemeinfanasndsuszan i /) laedl i =
1,2,3

s Ysinufanaindalseiani | viaueaufounis
nawnu laedii = 1,2,3

SYT YFuaTanAendauTEiani i vInuaaunginis
nounu Toed i = 1,2,3

1P YianaufanasndaUszand i indoneunismauny
Toeili = 1,2,3

L JRunufanandsUssianil | indendanisnauny
Toeiti =1,2,3

E, sUnuuveavnmseii 1

PF  naflssiuvesssuy (Uin)

RE  719%UsI099958UU (UMW)

CO  $188TIVBITTUY (UMW)

QF  veuwnanUSuadTaRARdIUsTLAN | (W) laeh

i=123
QY  voulwmuuUTIuETTanAwRaIUsEIAN | (B) laen
i=123

E(x;) Amanisvesiiulsady
V(x) ANURUTUTINYRIRILUTHY
PF, wamlsyuvespiideya mlaefim =1,2,3,..,n
n o Sunugedeyaiitnisdy
a;  anudrazifuresnisviauaauiagasnduday
Uswonn i fnzan Taed i = 1,2, 3
Annasgufinmnhazfuvesnmsnauaautanns
AdusazUsEAY | vianzan Taefii = 1,2,3

B4 sinaud@eildnnnidinssinaldusslom
PFss  AIAIAMIIUBINAN TIN5 AUMAINBURILUUNIY
ARRAERTUUSIL UL a0 NSl
PFy, Ara1anivveananilsannisnisiiasisvinale

Useleyt

2.2) padanwalzvedyn
nATeRsanmsuiudufissefufsdmiussuui
TTanmendaudseinn lngguasdiananaausazUseiny
(D) Lﬂuﬁumi?juﬁmmmmﬁﬁLmai?uaﬂﬂ’lil,wﬂl,m 19
vaunrauianasdsUssinnuisannsaldianandsusziam
dunmawildlusasdruiiimun fnguszasdvesnuide
JunsinnsundmuaUiinudufundutanasndsusas
Usgianiimungay disifiunanilsvesssuu (profit

¥
v

maximization) lneilausfgnuvesanidy Al



v
I a [

.« AunuRTIueIianAInas (C;) 57A1U18A T (P)
wazyadndety (v, ) iuitnaiudami
. deflvesianmsAdegnivuaniuiuny (C;) wazsInl
78 (Pi)Tﬂa’;’a@mﬂﬁwizmwﬁ i=12uag 3ia"
FuyuuarsIneg fail
C3<C <C (1)
Py <P, <P 2
. lunsdfifinmsuaunauianasnds szuvannsaldianag

[

AdsiTsIAEnImauugUasATivIaLAaUYe s TAR A
adafifisingeninludnsndrudidmun yradlsyuulal
annsaldianasadsiifisingenimaunuglasdianas
adsfisiTaeinty iesanliaunsoutiges Tanasnds
fiflsageninlel

. lLifinsandlddeiionsesianainds ilesainaide
fnsangUasdianandaiissarunatied Inedannag

adspsndeannsagnilulinaunuiagandsussian

()8

UNIBYNIMUNYAILIIANYAAIYIN

'
LY v £% o

wnuvesdanAsAdemihumaLnuiliagandtaunuian

[ ]
SBe

Yo

AIARITIQNNALNY wanaduanuduiuslasail
ri,j Ci > C] (3)

Harduinguszasdvosanuddeidunisivunuiunmns

U
v A

Fewouiatiunanlssinveessuy Judeularaunisi 1
Maximize PF = RE — CO (4)
S185UTINBALIIHINYTINVRITEUUAU TR ARS
PN a o w
AUNIIN 5 LagdUNITN 6 HUANU
RE = P1X1‘1 + P2X2,2 + P3X3’3 +
Pl(X3,1 + XZ,l) + P2X3,2 + Vl(Ql -

X1,1) + Vz(Qz — X35 — T2,1X2,1) +
V3(Q3 — X33 —132X35 — 7'3,1X3,1)

(5)

fe1g0dunIsi 5 A1ves Py X141 PXp, 488 P3Xsg
Wusiesuannisviedanairdelaenss 31nTanaInds
Ussanniinils des wazany auddiu A P (X31+X51)
Wusieduainvetanaindainnisnaunuiannads
UszLaniinilsineTanandsuszsianiiaes wazans A1veq
P, X5, \Duse3uaineieTanaindsainn1suaunuianas

ATeUTELIANTNdaeReTanAIAaalsElaniany A1ved

V1(Q1 - X1,1) Vz(Qz — X3 — T2,1X2,1) bae V3(Q; —

Journal of Engineering and Digital Technology (JEDT)
Vol.12 No.1 January - June 2024

X33 — T32X3, — 131X3,1) us185UINN15UI8Y8AHIN
Guaﬁaﬂmﬂé’qﬂizmwﬁwﬁn A99 LAYaIl AIUaIaY
CO = C,Q; + C,Q, + (€304 (6)
f1501@UnI5T 6 A8 €0, C,0, waz C305 tHU
ﬁunuifaammé’wszmwﬁwﬁq @09 Layau AIuaIny
naunsil 4 5 wag 6 annsadsuilaiduingussasd

veauide i aunsi 7
Maximize PF = [P1X;, + P,X,, +
P3X33+ Py (X531 + X51) + P X3, +
Vi(Qu = X11) +V2(Q — X, — ()
7'2,1X2,1) +V3(Q3 — X33 —13,X3, —
131X31)] — [C1Q1 + C2Q,+ C30Q3]

2.3) faeehuansnalanvalzveslym
Anualiseuulsenausigianasndsaiudseinni
ansanaunuiuld Inefideyaiineitesiuianandaus

AvUITLANLARIRIAITNT 1

M5197 1 : Joyaiifeitesiuianandslussuy

fuds UsslnnueeianAInag

1 2 3
FladbvetgUad (Bu) 70 80 120
dudsauunasgiu 10 18 25
181 (UI9/50) 50 40 20
Fuv ) 18 15 10
yaA N (/) 105 9 6
FRTNEIUNAUNY Ta1 T3 T3

2 4 2

mvualidneuiaula @wenalilddmeuningn) fie

@ [

ﬂ%mm%’ﬁmaqﬂmawﬁzmmﬁwfja a09 wazay dandu
Q, = 68 o Q, =175 Fu uay Qs = 150 Fu Audu
wnfguasAwiaiavesianaindsssinndivils aeq uaz
a1y fidwdu D, = 66 Tu D, = 78 Fu uay D, = 132
Fu mudiu arlddnguasdtanasadsiiszuuaunn
novaueslalaglidnisnaunuiianiy X, , = 66 o
Xp2 =75 U way X35 = 132 Bu AWEU waginrsan

o

1991 neun1snaunuilguasiianaindanuinuaaue Jan

q

AandsUssaigosdtuau oo

= 3 YU uavilTanAend
Wdefaunawnufe Janaindsussianiviadiuiu

L5¥7°7 = 2 Ju wazanasadauszianiiaiusiuay



Journal of Engineering and Digital Technology (JEDT)
Vol.12 No.1 January - June 2024

12¢7ore = 18 u anumgnisaifenann anunsalitanas
AdvspLamitanamaunuianandUssinviaedlusasnaiu
ry, = 2 fuiugUasivesianasndassinniiaesdeaningn
MaUAUDILAINNITNALMUTANMIAY X5, = 3 Fu wdams

NALNUTEUULTEAAIAFIUSLLANTNL L NEDI1UIU

q

o

LY = 2 Yy waziifagaandsussianiianumiediuau
LY = 12 3w 9nguuuudinanannsafuanaiils

28919 UlAHIN15199 2

A9 2 : MIAIUINTIBTU 518978 waznanilsvearnauiiaula

$18M135 yad (um)

185U

1. MsveianArddlaense (66x50)+(75x40)+(132x20)

8940 UM
2. maveTanangmaunuly 0um
i TanainasUsELanvis
3. My ianandmaunily (3x40)
i TanansIUsenniiaes 120 um
4. miveTananadtusian (2x10.5)+(12x6)
Yar1w N 93 UM
peHt 9153 UM

19318

1. fuyuianAIngs (68x18)+(75x15)+(150x10)

3849 U
71 3849 U
nanls 5304 UM

3) FoAuMTIvY
nAasnuarveslayiluaiidy mafintuveannisel

MRedesiummaunuanawrdenansadwunlaidu 8 nydl

De
=De

w130l 1 YagasedwiauussaniAnnsuinuaay
Falusuddsunumanisalfananadedydnval E, =
{0,0,0} Iuﬂsa'jﬁ%hiﬁﬂmﬁmmLmu"iaqmmé’q

wmnn150iT 2 Yanasadalseianiinds uazaouinnis
auaau nsfanasndsuszaniawliiianisuiaunau

Faluuidounungnisalfananaiedydnual E, =

90

(0,0, 1} lunsdlid mﬂ‘?a@mﬂé’wssmwﬁ'ammﬁa Use
aundefananotafinailivaunuiagaandsfivinuaay
(Wszlaniindauaz/miaUszianiians) vioveduyarign
punnTzialslevinefuiifniu

wAn150i 3 Yanasadalszianiinds uazanuiinnsg
aunau InsTannindasuaviiaedsiiiansuauaay B
Turdeunumgnisalfanansedydanual E; = {0,1,0}
Tunsditl mnfanaandaussaniiaoande Uinmnunie
Fnanenafinnilineunuianaedsiinauaay (Ussam
findla) videveidugadien munsiasesinalselovd
Tesuiiintu

inn15alil 4 ageandsssianiivilufanisviauaay
TnoYanasadauszinniians uazaniliinnisviauaay 49
Turddeunuvgnisalienaneiedydanual £, = {0,1,1}
Tunsditl mnTagaeadsuspaniiaos waranuvde Usna
aundefananotafinmailivaunuiagaindsfiviauaau
(WszLaniinile) vdevreifuyadiein aunisitasz
waUszlevdnesuiifniu

iwnn1salil 5 Yanasndsssiandiass uazanuinnns
auaau nsfanasndsusznninisldiinnsuaueau
Faluruddounumanisaidanaadedydneal Ey =
(1,0,0} lunsdlil mnfanasndsussianiivilando Uua
pandefenanvzeduyarien

iwnnnsalil 6 Yanasndsussianiiaeafinnisuiauaay
TnoYanasadadssnniinis wagauliiiansviaunay §9
Tuaruddeunungnisaldnaiisiedydnual Eg =
{1,0,1} ‘Luﬂizﬁﬁmﬂi’a@ﬂmé’wwmmﬁammﬁa Usuna
Aundesananotafinisilinaunuiagendsfivin uaay
(Wszianilasa) wievieiduyadisinniouianasnds
Ussiamiinils munsiasginausslevinefuiifniu

WAn150i 7 YagmandsUssianiianainnisviaunay
Tnoanasadauszinniinis wazasslsiinnisviaunay 49
Tuaruideunungnisaldenaiisiedydnwal E, =
(1,1,0} lunsald mﬂi’aamﬂé’wszmwﬁwﬁq LAZEDINAD
Usnmupsmdeninanazueduyadiyin

wgn13aiil 8 YanasadUszianiivie dos wagan
aandeldiinnisvinunay Fslusuidounuingnisol

Aana1niudyaneal Eg = (1,1, 1} lunsdlid winTagaq



AdeUTEANTINGS @09 uazaumds USunamandedina
szveluganen

demAmeufiuunzan Tusnudselddinsaumenou
FUUNNANIAAIENS UL LU 1A 0EnUNsalNauRATSla
Tnefisudsinaulafevsinadie Tansadusas Usziam
fidsualfmsuimsagasedsdinatlafiaty mandmey
zuiadu 2 g Ao dwnnsinassaaiunisalieuiaisla
vulusunsululasvensidniwa (Microsoft Excel) wagaiu
AIMANNBUFILUUNIANAAIEASULLNAANDSUATTADS

anunsalmeilendulyaias

3.1) msvIaesanIunsaluouiaIla
Aakuuditaesaniunisalgnimuialglusunsy
Lulasweridniga dduusdndulafievsunaddeianas

AdeuAazUszian (Q) YeyadrdnUsznaunie

Journal of Engineering and Digital Technology (JEDT)
Vol.12 No.1 January - June 2024

AmnsfiieiguatdTanaadauiaz Ussian dunusodu
(D) s1AeTY (P) gaﬁwm&ia%uu (V) wagdnsdiu
ALY (r; ;) Inedifudsneuanashormanisveaanils
ilumAduasyhmaduenguasdvesianasmdauiazUsziom

91U3U 1000 Yadeya (n = 1000)

'
a

sUn

Y

Fwundu 3 drulsenousiey dun 1

1 Juguduwuudiassaaiunisaiueufiaisla ds

[ o

UBUAU

Y

W91 @wn 2

Fulsdndulauaziulsnouaues uazdud 3 nadnsi
\Aintiuainnssnaesaniunizl

dauil 1 doyariiuszneuse Anaduguasdiana
ads drnudsauunnsguguasd fanasnds ﬁuﬂquﬁiasﬁumm
TARNAIAG Aoy yjaﬁwwnﬁia%u UALONTIEIUNAUNY

1R85 19azLDUALALANDSUNLLEAIAINITIN 3

A B T D E F G H I J K L M N o P Q R S T u \ w X Y
1
2
3 2AayAL2
Fanmg Fanag Fanmg wiia¥an | 2AUUA | HALLUG
4 adsnfiail | a2 | adsudiaris domlsdndula Mulsnauuay asado | aw | uu
5 Anadunydse 12 60 190 1mnadsiaaAdaaeEanl | 13 fmevivHadls] 9049.4 1 0 21
6 dwdnnnenasgu 3 10 10 mnaaianaadaiian? | 62 2 0 107 I
7 NeNY 150 110 70 Binadeidaavadezlions | 196 3 0 338
8 funu 75 60 40
9 yaenn 50 36 20
10 r21 2 '
n T3 4 TIUA 3
12 32 2
13
14
15
. atanal D, D, D; Xii | Xap | Xos G0 aTed| 1 Tuaeul | Tudauii2 safeerafter T xf::'lw auny | Harls)
. Prod.1 | Prod.2 | Prod.3 X1 | Xsq | X3z | Xo1 | X31 | X2 Prod.1 | Prod.2 | Prod.3
18 1 14 44 180 13 44 180 -1 18 16 4 1 0 0 0 0 0 0 16 16 |19540.0| 896.0 |12535.0| 7901.0
19 2 14 71 204 13 62 196 -1 -9 -8 1 0 0 0 0 0 0 0 0 0 [22490.0) 0.0 |12535.0] 9955.0
20 3 6 64 198 6 62 196 7 -2 -2 5 0 0 0 0 0 0 7 0 0 |21440.0] 350.0 |12535.0] 9255.0
21 4 10 69 184 10 62 184 3 -7 12 6 0 0 6 0 0 0 3 0 0 [21860.0) 150.0 |12535.0) 9475.0
22 5 14 59 199 13 59 196 -1 3 -3 3 1 0 0 0 0 0 0 1 0 [22310.0) 36.0 |12535.0| 9811.0
1015 : H H : H : H : H H : H H H H H H H : : : : H H
1016 998 9 61 176 9 61 176 4 1 20 8 0 0 0 0 0 0 4 1 20 120380.0] 636.0 [12535.0) 8481.0
1017 999 15 52 181 13 52 181 -2 10 15 4 2 0 0 0 0 0 0 15 |20640.0{ 516.0 |12535.0| 8621.0
1018 1000 6 50 184 6 50 184 7 12 12 8 0 0 0 0 0 0 7 12 12 19280.0] 1022.0 [12535.0 7767.0
e
JUT 1 : fuvudaesaaunsaiueuienslavulusunsululasgenidnea
A15°99 3 : MeasiBuauazAeSuIedN 1 Toyatiith
< . < s =
Lwan AULEAY Wandu AasUeY
D5:F5 | AladugUasd N/A | Auadenatifguasdianamaasiagyssinm
D6:F6 | dmndosuuinigiu NA | dridsaumnasgiuguadianeindaudasUssian
D7:F7 | 59An97e N/A | sienngsiefiuvesianaspialiazUssiny
D8:F8 | fiunu N/A | dunusieBuvedianmsndiuwsazUsslan
D9:F9 | yarwn N/A | sarensefiuvesianaspdalsazUseiny
D10 | 7,4 NA | dwwdagadssenni 2 Sgnlinevaussianmmasuseiani 1 91w 1 3y
DIl | 734 NA | dwudagandslsenni 3 Sagnlinevaussianmmasuseiani 1 91w 1 By
D12 | 13, NA | dudagaeedassinni 3 Sgnlinevaussianamdsuseiani 2 91U 1 Ju

91



Journal of Engineering and Digital Technology (JEDT)
Vol.12 No.1 January - June 2024

gl 2 fuusdindulauazduUsneuausssenauiag
ﬂ?mmﬁa%@iﬁmmﬁumasﬂﬁsLmn fuwlsnavauaspac
meavfaarlsfldannnsuimstagaeds ddldansedu
533 (HATIMTEMINTTUAINNTUNETANAIAGS LAz 585U
NnMsneiagaandsiimdslusiayaiein) ausiesng
ANBULUAGATY (QF) UazAuBuULYAUY (QF) VBITanAIARY
winzUsznv eazidauazAleantunIsAuInUDLaL

AR LARNIFINITIN 4

' ¥
a = o

AU 3 NAFNSTLANTUINNNITINRBIEDIUA5E] tag
anus B uansyadeya anus C @nua D waganus E wana

AgUasAdanAInaaUsELANTIvia @9 Larau muEau T

gnduannisuankatLuuUnAndadenazdndewuu

u1n3gIuvesgUasdianasndeudazUssianiidmualy
USinatanaindsusazUssianiiviesannd (aaud F s
anus ) aefidvifuguasduaglifuusadsde win
pUasdiiuiuUinuddeuinatagaendeiinneaund

[

U UTIUd@auarinn1sunLAauTEnAIRRY Lile

o

anAsndaniazUszianaevaussgUasiiasanas Tunsdi

o

anAsAdalTEINTIANgIaLAaualiTanAAdIUsEIAN

1A ININALNULA MU HSIFIWNANNUA FIRLNALNULID

'
v

JuluaudeulunsieszinaUselosd Tunsdlidfanas

ABAUTLLANTIANNININUINAINTIUTLN NN AU TOANA LN

o [

TanAIARIUTINNIIAGINUALAI VT TR ASATIUTELAN

q

'
o

sIA1AIN@sanaLnuiagasadeUszianTagela
unndmilsUssan szuvarlitanandsussianiling
Mlsgegaidudduusn uansianud M s aaud O any
sheuszavitliinamlssesasn uansdsanud P is anud R
pudIiy UsinatagasndaudasUssianiindeainnng
MOUAUBIUAIA UAZ(OINTNAUVULAAIRIARALS S Ans
T wavanus U lnguSunanandeninadnaggnimuigly
$1AYaA1%IN WAl (@aUA Y) ATIUINHAR1TENINg
$183UT uazFunuIanands @aud X) Je51e¥usan
Usgnousiy 5185uuiedanminds Lagsiesuvieen
T18a8LALARATATTHINTUNITAIUINAIVDILFRLLATLARN

fIMN5199 5

AN51991 4 : SngaviduauarA1eSuNedIud 2 sauUsinaulaLaziulsneuaues

wwag AR Weridu Fuanden
Ks | UsnadeTannndsvindi 1 N/A U%mm%%@i’aﬂﬂmé’wizmwﬁ 1 Alvienmemisvomarilsgap
K6 | Usnadsiannindsuiiad 2 N/A UsinndsiioYanpsadelssamil 2 AlsrimanTwesmarlsgean
K7 | UsnadsTannandsviadi 3 N/A U%uwmﬁ&%ai’ammé’&ﬂwmwﬁ 3 filenaan e snarilsgegn
Q5 | Ammaniwewanils N/A AeamiasailsiildannisreuaussyrgUasdduiu 1000 g
RS | weulwmansTanmsndsuindl 1 N/A FgeuindeUSE o YanasndsssLanii 1
R6 | weulwmansTaneeadsiing 2 N/A ﬁiwauwJmﬁwﬂ%mm%’a%ﬁaﬂﬂaﬂé’wizmmﬁ 2
R7 | weuwmansanmsndsaiing 3 N/A AveuinadsUinudite Yanasadessani 3
S5 | veuwnuuiagaendeiadl 1 | =D5+3*D6 ﬂ'waummuuﬂ%mmﬁ"a%ﬁaamﬂé’wizmwﬁ 1
s6 | veuwnuuiagaendeuiafl 2 | =ROUND((E5+D5)+3*(SQRT | Awauiwauuiunm {1 Tanpandasziani 2
(E6*E6+D10*D10*D6*D6)),
0)
7 | veunuutagaendesindl 3 | =ROUND(F5+E54D5)+3%S | AmaunuulinadteTanasndsssanii 3
QRT(F6*F6+D12*D12*E6*E
6+D11*D11*D6*D6)),0)

92



Journal of Engineering and Digital Technology (JEDT)
Vol.12 No.1 January - June 2024

M50 5 1 ANvauTASLUAIUNITUTINSUSINAITanAIRY wagmMsAnEaniilsvessEuY

wwad AUERAS Wi Aasuny
B18 | yntoya N/A yntoyngUuatdianardusasUsean
c18 | Dy =ROUND(NORMINV(RAND(),$D$5,5D$6),0) AudesmsTanasndsssanii 1
D18 | D, =ROUND(NORMINV(RAND(),$E$5,5E56),0) mwﬁaamﬁa@mﬂﬁaﬂizmwﬁ 2
E18 | D3 =ROUND(NORMINV(RAND(),5F$5,5F$6),0) AN anAsRd SN 3
F18 | X141 =MIN(C18,5K$4) Vinautanasndaszani 1 fineuaussauasdianas
adsUspamd 1
G18 | X22 =MIN(D18,$K$5) Usinutaneendaszinil 2 inovaussguasdianas
adssiamdt 2
H18 | X33 =MIN(E18,5K$6) Vinafanasndsssand 3 ineuaussauasdianms
adsspiamdt 3
118 | SPerere jpherere | =sksa-Cis Vinatanpendsszianil 1 fivaviemdensunauny
18 | sherore jpherore | —gk$5-D18 Vinaanpsndsssianil 2 fnaviemdeneunauny
Kig | sherorejpherore | —skse-E18 Vinutanpendsszianil 3 fvaviemdeneunauny
L18 | wnnsad =IF(AND($K$6<5E18,5K$5<5D18,5K$4<$C18),1, gﬂu:uwuaaLw;miiﬁﬁ?’iﬁm%ud@uﬁmimmm (?n 8
IF(AND($K$5<$D18,5K$4<$C18),2,IF(AND(SKS6 ngmsﬂiﬁgﬂﬂénli‘iumauéfuﬁuaaﬁwﬁ)
<S$E18,5K$4<5C18),3,IF($KS$4<$C18,4,IF(AND(S
K$6<SE18,5K$5<5D18),5,IF(SK$5<5D18,6,IF(SK
$6<$E18,7,8))))
M18 | Usunamaunulu =IF(AND(L18=3,5D57- Vinatanasndmauvulsziani 1 Aldainnisliyan
Seuiinilsves $D$10%$ES9>0),MAX(MIN(C18- AIARIUTELANT 2 ALY %dgﬂﬁmmmuﬂuﬁﬁuﬁ
X21 $K$4,ROUNDDOWN(($KS5- wila
D18)/$D$10,0)),0),IF(AND(L18=4,5D57-
$D$10*SES9>SDS7-SDS11*$F$9,5D57-
$D$10*SES9>0),MAX(MIN(C18-
$K$4,ROUNDDOWN(($K$5-D18)/$D$10,0)),0),0))
N18 | Usunamaunulu =IF(AND(L18=2,5D$7-SD$11*$F$9>SEST- Vinafanasndmaunutsziani 1 Aldainnisliyan
Seuiinilsves $D$12%$F$9,5DS7- AIARIUTELANT 3 ALY %agﬂﬁwmmmﬂuﬁﬁuﬁ
X34 $D$11*$F$9>0),MAX(MIN(C18- Wil
$K$4,ROUNDDOWN(($KS$6-
E18)/$D$11,0)),0),IF(AND(L18=4,$D$7-
SDS11%*$F$9>$DS7-SDS10*SES9,$DS7-
$D$11*SF$9>0), MAX(MIN(C18-
SK$4,ROUNDDOWN((SK$6-E18)/5D$11,0)),0),0))
018 | Ysunaumaunuly =IF(AND(L18=6,SE$7- Usinatanpendmaunuusziand 2 fldainmsliiag
Ssuiinilsves $D$12*$F$9>0),MAX(MIN(D 18- AIASIUTTLANT 3 ALY ?quﬂiﬁﬁwmmuﬂuéﬂﬁuﬁ
X35 $K$5,ROUNDDOWN(($K$6- e

E18)/$D$12,0)),0),IF(AND(L18=2,5ES$7-
$D$12%$F$9>$DST-SDS11*$F$9,SES7-
$D$12%$F$9>0),MAX(MIN(D18-
$K$5,ROUNDDOWN(($K$6-E18)/5D$12,0)),0),0))

93




Journal of Engineering and Digital Technology (JEDT)

Vol.12 No.1 January - June 2024

1599 5 : ANveuadludIun1sUIINSUSINaTanAIngs uazmsAnpaiilsvesszu ()

wwad AUERAS Wi Aasuny
P18 | Usmaumaumily =IF(AND(L18=4,5D$7-5D$11*5F$9>$DS - Usinafanasndmaunuussianii 1 Aldanmslitan
Suiiaosvos $D$10%$ES9,$DST- AIASIUTTLANT 2 ALY ?quﬂl%wmmuﬂuﬁwﬁuﬁam
X241 $D$10*$E$9>0) MAX(MIN(C18-$K$4-
N18,ROUNDDOWNI(($K$5-D18)/$D$10,0)),0),0)
Q18 | Usunaumaunuluy =IF(AND(L18=2,$E$7-$D$ 12*SF$9>$DS - Vinautanasndmauvulszioni 1 Aldainnislivan
dduiiaesues $D$11%$F$9,5D57- AsndaUszLanil 3 naunu Sagnlimaunuudiuiiaes
X34 $D$11*$F$9>0) MAX(MIN(C18-$K$4-
018,ROUNDDOWN(($KS$6-
E18)/$D$11,0)),0),IF(AND(L18=4,5D57-
$D$10*SES9>SDST-$DS11*$F$9,5DS7-
$DS11%$F$9>0),MAX(MIN(C18-$KS4-
M18,ROUNDDOWN(($K$6-E18)/5D$11,0)),0),0))
R18 | UYSunaumaunuly =IF(AND(L18=2,5D$7-SD$11*SF$9>SEST- Vinafanasndmaunulssiani 2 Alsainnislisan
Suiiaosvos SDS12¥$F$9,$EST- AIARIUTELANT 3 ALY ?jagﬂwwmmmﬁuéﬁuﬁaaq
X32 $DS$12%$F$9>0),MAX(MIN(D18-$K$5-
N18,ROUNDDOWN(($K$6-E18)/5D$12,0)),0),0)
S18 Sfft”/L‘;ft” =MAX($K$4-C18,0) Vinafanasndsssiand 1 Aneniemdendmauny
T18 | SEIET /LA | MAX($KS5-G18-(M18*$D$10M(P18*$D$10),0) | Unasanpsadeszianil 2 iviaveimievdmauny
Ut | Ssgfter jLarter =MAX($K$6-H18-(N18*$D$11)-(018*$D$12)- Vsinautaneendsszianil 3 fivaviemdevdmauny
(Q18*$DS$11)-(R18*$D$12),0)
V18 | 715U =$DST*(F18+M18+N18+P18+Q18}+SESTX(G18 | 1afusiuannsvieTanmsmda
+018+R18)+S$FS$7*(H18)
W18 | yafen =3D$9*S18+SE$9*T18+5F$9*U18 sefunmannsneianasedsivdslusiayadien
X18 | fiumnu =5D$8*SKSA+SKS5*SESB+SKS6*SF$8 FuuInanands
Y18 | warls =V18+W18-X18 a9zl TINAuAu TN

191391133 LA AN UAAIYB U AU UYDIUS U AT

o

PGIGN

3.2) MIAUMIAINOUYDIMUUUN NALAAITHT

fsan n Wudnnuyadeyaivihinisgu amaiilsves
Yndaya m unuie PF, aunmsuansdiaiavimanilsves
Youa n Toyauandldfaunisi 8

E(PF) = Hn=1ln (8)

v
1Y [ '

q’m’“g%’&Jﬁﬂmﬂ%mmﬁq%aaa@mﬂaamazﬂizLmnLﬁaLﬁu
maaniwesmailsiiilaiduingussasduansdsaunisd 9
Maximize E(PF) = Zn"ﬁ% 9
Lﬁaiﬁmsmﬁmauﬁﬁmmﬁ’sLLUUﬂajmmam%Qﬂvméﬂu
nafiminzan Nuideldsmunveunas (lower bound)
wazvaulnUY (upper bound) vosinusdndulauTuia
dedoTanasndsurazdssinn lnsaveuiunansesfanas

pdsisauyszimgnimuaduaug (QF = Q% = @4 =0)

94

adsUszianinis @dalldgnihlunaunuianasndassiam
du) faaunnsil 10
Qf =y + 30y (10)
dmiuTanasadaszianiiaes (@eannsailunauny
Fanasndsuszianiinis) ok muald u) war of 1Huen
WABazAd U TsNULINATE Y AT gUasA TanAInaY
UssinnilaosiugUasdfanasndsUssinniiviadlendsuan
\Huguasdianasndssziamiians nndnnisiignuanslag
[18] A984 1) wae o ausafualdfaunisy 11 uwas
12 ﬁﬁmiﬁwmmdamﬁmLuummgmaq'uuamagmmi
\AnguasdvasTanasadsUssaniiniuazass [Wudasesio

o

[\



Hy = Mo +Toai (11)

02, = \/V(Dz) + T22‘1V(D1)

NAUNTSN 11 kay 12 UIFYAAUAAIUDULIAUUVDS

(12)

YSunaudsreianaindsuseinniass daaun1si 13

Qf =up+rapm + 3JV(D2) + 14V (D) (13)

o (YY) [

mmmaaﬂmaqﬂigmwﬁa’m (@sanmnsoilunaunu
TanasadsUszianiinds wazaos) okvuali u) wag of
\urnadsuagadmdssuunnsgiuremasigUasd
Fanasndsszsianiiamiuglasdianasadalseinniinds
wazapadledsuanuguasdtagaandsssianiian 1
109 1} uae of annsadwalafeannns? 14 uay 15 Wi
msfnaddslULRs U ULAILAT UM ARgUaH
yosTannandalsziamiivils aee uazaunfudasydeu

U3 = Uz + T3pp + T3 10 (14)

o3 = \/V(Ds) + 7'32,2V(D2) + 7'32,1V(D1) (15)
NAUNIST 14 way 15 uIseimunsvauaULTes
U%mmﬁa%@i’a@mmé’qﬂismmﬁam Faaun1sl 16
QF =1z + 73,1, + 1341

+3\/V(D3) +1r,V(Dy) + 1 V(D)

(16)

Solver Parameters x

Set Objective: $085 +
Tox () Max | Mig () yalue OF

By Changng Vanable Cells: o

HITEKST daun 1 t
Subject bo the Canstraints:

Load/Save

2| Make Uncanstrained Variables Mon-Megatve

Sglect a Sohing
Method

Evoluionary Qptians

Sobving Mthod

Selact the GRG Monlinear engine for Sakver Problems that are smootig
engire for linear Solver Problems, and select the Evalutiznary angine fo
non-smooth

Clgse

e

JUT 2 : wihsailaiduleanes ntusunsululasvenviidniva

95

Journal of Engineering and Digital Technology (JEDT)
Vol.12 No.1 January - June 2024

U 2 Wumhensiladdulvaines Fsduundu 3 dou
Tngdauil 1 Uszneudie duvdsiwadidinune (set
objective) fiowwad 05 Faduarvesaadenanils n1s
fmuainguszasdliunisifiud (maximization) ¥84
wadimuneg wazduwnisiusdndulalauniead K5 s
K7 daudl 2 uansdoulvvesiuusdadula Tnsazfiansan
UnadidefanasndusazUssamdus sy uasdu
Afioglurasveuiunarsuazveulvnuuesianands
Usgiantiu dudl 3 uamanindenidnisdumdimeuidu

Evolutionary

4) Han13ANN

iU ANS A NYIIENISAUMAIRDUFILUUNIG
AdinAEANSULRILUUSaesEn UM saifitidue Araan s
vaanaflsiildainisdandragnminldivdsuifisuiue
AAIITRINamlsaINIon1sIeseviRalausylevi [1] 1ne
finsandiinadsdotanasedaudasUssinmidudasederiu
Falaiddafanamaun (egnslsfiniy iWevanuszyndld
futlgmenidds mnnisinturesvnmssianngndinig
naunufild szuvaziinisauny) Wiisnsinszsinale
Usgleviiuwmuanuinaziurenisvinunauianainds
uiazedafiiunzay (a;) LLamJ%mmé"ﬁLamLﬁui’a@mﬂé’q

usazviln (QP4) ladsaunisi 17 uaz 18
_ G-V
- Pi-V;

(17)

i
iBA = Y + O-iZa (18)

i
n1sfiruntdgyninagouiieinlszansainiaisan

a

avdnavesaesladenande Jadeyargnasssziu

o

(s¥mu

@

13 ! a1 & s 2 & v o
(24N gammnmmwu 40 LU@?L%UWU@QWUHU’JaﬂﬂﬂﬂaQ Lhe e

@ ' o

a0 [ § @ (3 L e
AU gammﬂumLUu 80 LUasmumamuﬂqmamm

q

o

ASY) wazdaTednINdIUNITNALNUADITEAU (FLAUAN:
Tp1 =2 T3 =2 T31 =4 UBLTEAUGL 1y, = 2 13, = 3
ry1 = 6) 1nnsadisilymmaaevogisgulagringa 30
Yoy vinlmAadgymineaaudiuiu 2 x 2 x 30 = 120

Yy Aol nmeaouLanIRInIsT N 6



Journal of Engineering and Digital Technology (JEDT)

Vol.12 No.1 January - June 2024

PTG 6 : AINIIIALRD

s o

SNMvuA
widinas Usennva9ianAInas
1 2 3

Aade 1 ~U[30,50] | pp~U[70,130] | ps~U[200,300]
du
Do ai~U[%,% ai~U[%,:.—; o,-~U[%,:.—;
INTFIY
39N P~U[1.6,18]C; | P,~U[1.4,1.6]C, | P,~U[1.2,14]C;
Y C,~U[L2,15]C, | C,~U[1.2,1.5]C; | C3~U[100,200]

, 40% x C; 40% X C, 40% X C3
YarA1wIN

80% x C; 80% x C, 80% x C3

dnsdu Ty1 =213, =213, =4
NALNY 1= 2, 32 = 3, 31 = 6

nan1slSeuLisuAIAa I aINanitsntaannisnis
AUYNAINBUF LLUUNATIAFNENS UURLUUI 188980 1UNN50]
faueiuIsTsineinalauselevd 3InnsnegeauLuY

Jug] (Paired T-Test) uanssiaguil 3

Estimation for Paired Difference

95% Cl for
Mean 5tDev SE Mean  p_difference
98,52 10297 940 (7991, 117.14)

w_difference: mean of {solverfsimulation - Benefit Analysis)

Test

MNull hypothesis
Alternative hypothesis

He: p_difference = 0
Hq: p_difference £ 0

T-Value P-Value
10.48 0.000

JUN 3 : HANMSVAARY Paired T-Test ¥84 PFg, Waw PFgg a0

TUsunsy Minitab18

#A130UN3UN 3 Nsedutedrdsy 0.05 AAanTmanils
INITNMSAUMAINDURAILUUN NAIAFENTULF I UUI1AB

A0NUNSAUNULAUDTANULANANINAIANNNIINAN b

o w =

TasuannismsisgiualauselovdogradidodAgy Ll
fisangrnndoresnnuuandsaianraiilsan
Bitaaes Fedianduvinaaontig annsaagulddnfisedy
adesiu 95 wWesidud 33nsidnauelidaavima
MlsaandtBnsiasevinalauselen

AT zidninavestadondnszdusaiyanion

waLdRNTIEIWANTNALNY WS uRAULANAN (Percent

96

Deviation: % dev) ¥89A1AIANITINAN LS bANNITNIEDS
gninunfinnsudududsnevauedunismageu Tnae
WasBudnuLansasanaeuIlafsaNnsa 17
_ (PFss—PFp4)%X100

% dev = o7
BA

HANTIATIETENSHananvasladesiaiyaden uay

(17)

Tadudnsdiunaunuanunsawandlanegun 4 uay JUN 5

ANUFIAU

et mean of Solvage Value = 40%=C
=t mean of Solvage Value = 80%=C

Difference: |1, - y2
Test Estimation for Difference
Null hypathesis Holpa - p2=0 95% Cl for
Alternative hypothesis  Hy - pz 20 Difference Difference
0.6142 (0.5229, 0.7055)

T-Value DF P-Value
13.44 62 0.000

JUN 4 : HaNsVAaau Two-Sample T-Test vasUadusianyaciein

NUUATU Minitab18

pemeanofr21=2r31=4r32=2
pzmeanofr21=2r31=6r32=3
Difference: ., - p2

Test

MNull hypothesis
Alternative hypothesis

Estimation for Difference
Hoifa - P2 =0
Hilpa -p2 20

95% Cl for
Difference
(0.0482, 0.3289)

Difference
0.1885

T-Value DF P-Value
267 85 0.009

JUN 5 : Han1svaaau Two-Sample T-Test vosladudnsndiuns

NAUNUY NTUSUATH Minitab18

WA5UINTNaNdN (main effect) vastadoyanwin
N3UT 4 Tszdudoddny 0.05 Wosidudamnuunnsinsves
ﬂ"1mm’;’waﬁﬂiﬁaaﬁzé’wm{]ﬁmﬂammﬂﬁmmummm
fu (p-value = 0.000) TraigAnTotunamavofiud
ANULANA1veIAImaniraiilsdadesiayarenaes
seduilavingy (0.5229, 0.7055) Feiladuuinnaentas
anunsaagUldinfisysuaandesiu 95 wWedldud Uadeen
yaAwnd 40 Wesludvesiunuianasndsiauasifud

mmLLmﬂGiNGUEJWhmW"‘J’qmaﬁﬂiﬁ@&ﬂd'ﬁ]ﬁ&ﬁﬂ'};ﬂammﬂ

a

71 80 Weslfudvesiunuianasads wionanliin seuud
Fanasndsnavdedisayameinsdsnisvaunuduudliy
Tinarlsaaindinisueianaandnanielusiaiyasigin
FBansfiwauedadinisinsannismawnilunismysua

Wuduiimingaw aglinaniwariilsgainidimsieszi



o

naldUselovidaiansanniseuIuUSuIunIsRuALan

AandarazUsenmdudasyraiu

NANTUIDNTNanan (main effect) vostadadnsiaiu
nAUNL 913U 5 Aisziulidify 0.05 Wesldudaiy
wane1aeRIAIanTiailsfidessziuiladednsdy

NALNUTAILANA19TY (p-value = 0.009) NIUYIIAIY

'
o

Warlukan1uUasidudnnuLana1aasAIaanananiils

J93u0nsdIunAwWNUaRITEAULAINGU (0.0482, 0.3289)

o

Fedlanduvinnaendas awnsaagulain Aszauaiy

A o

e 95 LWesidud szuuianaindandnsdiunauny

5 <

seauddlAnUasidudanuuandsuasaimavimanilsas

v v ]

NsEUUTaRAIASINISNIdIUALIUTEAUG

NaN1INAdaUIsN1sNUENaIalUS suBuAUIT NS

Anszinalausglevtansoagllaninnsned 7

A1 7 : HANSNAERUUSYANSATNURIIoNSTIUNLEUS

NINAFHDY sUuuY A 95 Wasidus
p- Y29AuLTasIy
value
AMULANANVDINE Paired 0.000 | MNULANAISHE
Alsszwingiansi T- Test fls (79.91,
aus AT 117.14)
Ansgvinals
Useloil
vswatladendn Two- 0.000 | Wesiduiaiu
Yar1w N Sample uAnAeHanils
T-Test (0.5229, 0.7050)
drSwaladondn Two- 0.009 | Wesidusiay
FRTIAIUNALNY Sample uAnANaNanils
T-Test (0.0482, 0.3289)
5) @3Uia

mu’“a%’aﬁwmﬁﬂmswuﬁﬁmiﬁqLamﬁui’aamﬂﬁaﬂ%ﬂ
\Fen Ineiifanmandaauussianildaunaunuiulaly
Sasnduiifinun ﬁszi’a@mﬂé’qﬁm%aag‘i,mwummm
gnihanldnaunuianasadsifinagnin (mniianisue
wAaw) w3evielusAyar1wIn ISNsAUMAIRBURILUY
NIAdaA1ansuNdAILuUTIaRsanIunITaignitauely

1 [ '

NUITY WeAUMUSUNUATR T anAIRaLAarUsTLNNa el

q

97

Journal of Engineering and Digital Technology (JEDT)
Vol.12 No.1 January - June 2024

'
=

WnungAan SiURanIlS5INUBISEUU ANMBUIINIDNNT
UnauegniluiSsuiisuiud1neuainisnisinsiey

nalauszlosudsiiansandinaudufuiutannndasas

v
=1

Uszamdudasyronu Jymdau 120 Jymgnduiuan

q

AN BS NN UALNENINSUBNTWaTITenanad g

'
v o

Uadefe simyarwnadessziu (szdusi: yaswindu 40

wWoesiudvesruyuianAnds warszauas: yaaendu

80 oS iudvaaiunuidnaIngs) uazdnsdumawnuaes

q

TEAU (SEAUAN: 155 =2 13, =2 13, = 4 WALITAUGY:

Tp1 =273, =313, =6) IINHANITNAGBDUNUINA

manSananilsanneuveisnsfitiauedasnnninad
aananailsandneuiimsitaseinalausylovdis
120 Jeynamageu 21nn153ATIERBNENananUadusial
YAAILINNUT 1‘14‘35‘U‘U‘171I}JJ€1Qﬂﬁﬂﬁdﬁ%aﬁ’]%’m@?’] A2

LANAITEIINAINBUNEAIINITNNTAUMEINDUAILUUNG

o o

ANAAIENSUUAILUUNITINADIEDIUNNTARYLAUDN

v
=

AMBUNLAINITNTIATITYNabaUs levidAgaty

U

Mndnwaigdamnuidedanisldlsgloviveianas
AdsmvdoansaRiasanlaaeinsdl fe nsvieiluyan
g0 wagnsoiliutageendmauny winseduildan
nsneTanasndsnavdelduyaenn adninseuiils

o [

NN danprdinsdadutanaindmaun

q

FBansdi
tiaueluauddoaglidmeviidarmaniwesmariilgs
nAmeuINIsaTginalausslevl Turhueinduiu
winseiuiiliainnsneiagaindsnavdeliuiagnands
naunuiiasniwielndifesiusefuiildainnsuetan
asndanavdeiduyadiein dmeuiildainisnisitiiaue

a1 °

AziiAnanilsazUsunaiuiy

o

anAIRRaLAazUsELAN)

TnaAganuAImaunbna1ndsiasievinalausslayyd

Wesnnsyuuiiunliulifnsnawn Tanasad

AnfAnssuUsTNIA
NuATedlATunIsatuayuIn ANEIINIINAIERS

UUINYNFUNEATAENS



Journal of Engineering and Digital Technology (JEDT)
Vol.12 No.1 January - June 2024

(1]

[12]

REFERENCES
W. Supithak, inventory Planning (Theory and Simulation).
Bangkok, Thailand: Chulalongkorn University Press (in Thai),
2022.
F. W. Harris, “How many parts to make at once,” Oper. Res.,
vol. 38, no. 6, pp. 947-950, 1990.
A. Andriolo, D. Battini, R. W. Grubbstrom, A. Persona, and F.
Sgarbossa, “A century of evolution from Harris’s basic lot
size model: Survey and research agenda,” Int. J. Prod.
Econ., vol. 155, pp. 16-38, Sep. 2014.
S. Agarwal, “Economic order quantity model : A review,”
VSRD Int. J. Mech., Civil, Automobile Prod. Eng., vol. 4, no.
12, pp. 233-236, Dec. 2014,
S. M. Lam and D. S. Wong, “A fuzzy mathematical model
for the joint economic lot size problem with multiple price
breaks,” Eur. J. Oper. Res., vol. 95, no. 3, pp. 611-622, 1996.
A. K. Maiti, A. K. Bhunia, and M. Maiti, “An application of
real-coded genetic algorithm (RCGA) for mixed integer non-
linear programming in two-storage multi-item inventory
model with discount policy,” Appl. Math. Comput., vol.
183, no. 2, pp. 903-915, 2006.
S. Panda, S. Saha, and M. Basu, “An EOQ model for
perishable products with discounted selling price and
stock dependent demand,” Cent. Eur. J. Oper. Res., vol. 17,
pp. 31-53, 2008.
P. K. Tripathy, M. Pattnaik, and P. Tripathy, “Optimal promotion
and replenishment policies for profit maximization model
under lost units,” American J. Oper. Res., vol. 2, no. 2, pp.
260-265, 2012.
M. K. Salameh, M. Y. Jaber, and N. Noueihed, “Effect of
deteriorating items on the instantaneous replenishment
model,” Prod. Planning Control, vol. 10, no. 2, pp. 175-180,
1999.
M. Pattnaik, “Deteriorated Economic Order Quantity (EOQ)
model with variable ordering cost,” (in Thai), Thai. Stat.,
vol. 12, no. 1, pp. 83-95, Jan. 2014.
H. M. Wagner and T. W. Whitin, “Dynamic version of the
economic lot size model,” Manage. Sci., vol. 5, no. 1, pp.
89-96, 1958.
E. A. Silver and H. C. Meal, “A heuristic for selecting lot size
quantities for the case of a deterministic time-varying
demand rate and discrete opportunities for replenishment,”

Prod. Inventory Manage., vol. 14, no. 2, pp. 64-74, 1973.

98

[13]

[14]

R. J. Tersine, “Single order quantity,” in Principles of
Inventory and Materials Management, 4th ed. Englewood
Cliffs, NJ, USA: Prentice-Hall, 1994, ch 7, pp. 312-335.

D. Waters, “Models for Uncertain Demand,” in Inventory
Control and Management, 2nd ed. England, UK. John
Wiley & Sons, 2003, ch 5, pp. 147-192.

Y. Qin, R. Wang, A. J. Vakharia, Y. Chen, and M. M.H. Seref,
“The newsvendor problem: Review and directions for future
research,” Eur. J. Oper. Res., vol. 213, no. 2 pp. 361-374,
2011.

N. C. Petruzzi and M. Dada, “Pricing and the newsvendor
problem: A review with extensions,” Oper. Res., vol. 47, no.
2, pp. 183-194, 1999.

N. Turken, Y. Tan, A. J. Vakharia, L. Wang, R. Wang, and A.
Yenipazarli, “The multi-product newsvendor problem: Review,
extensions, and directions for future research,” in Handbook
of Newsvendor Problems, T.-M. Choi, Ed., New York, NY, USA:
Springer, 2012, ch. 1, pp. 3-39.

M. Khouja, A. Mehrez, and G. Rabinowitz, “A two-item
newsboy problem with substitutability,” Int. J. Prod. Econ.,
vol. 44, no. 3, pp. 267-275, 1996.



Journal of Engineering and Digital Technology (JEDT)
Vol.12 No.1 January - June 2024

=

STUUR Ul ALNDN1STRVIed U InantasuasUlniAasLsud

v

v
12 [
I (Y4

Inglddana3nunsinuieyadaviadelinyInivainvany

U a o *

BNSANA AIAN

@IV ITINTIUTONAUITUAY TEUVA I SIUINA Aale IneImansuazinalulad aorvumeluladuyuiy,

nFummUIUAS, Uszinalne

HUseususIuna Bl : idhisakepit.ac.th

Fusiuatu : 19 Aueeu 2566; Suunanuatuwily @ 14 gaiau 2566; AOUTUUNAIL : 16 AAIAN 2566

wewnseaulall : 28 Jquieu 2567

unAnga

ludagdunmsderedygyuandsunsvlnnesisudvesinamudiassaulyniinanudsdunsduagaieain

M389U NMFITuATILI

v

pa319ganeINUdAMTUNTYINUERTRVILTERTIAIaINVIay Waulusunsy

'
1 & A

nOUITEIALN
ﬂamﬁfgLmaﬁﬁm%’ua%ﬁaﬂaqmémi%asuw a¥resvuudnludfiienisdevedyguanivasunsuinpesisud wasin
Ussansaminunisituressruusaluifionisienns nstaussansaimdiunsduutadu 2 dau fie nsvageu
wuudeunds (backward test) Fuumsnageudeyadounds Insfnunszeznalunsmaaeulsdvsamduss sxiian
3 fou warnsmaspuwuUlUTh (forward test) Sadunsmagoulasmslideyamstersaiadutigtunsiinaaoy
Tnermunsveznatlunsmagoulsyansammduszeriaan 3 Wou TIUTEEEAMAGEUIIANA 6 DU NANSANYINUTY
nssapsnIadeUTImInAgeuLULE sundazn1snageukuUlUTamThaansaviiilssie 3 Weu Ialuseiugeds
Soway 130 waz 140 auaiyu wazlinauwiuglaesiunintuiesas 72.00 uaz 80.39 muddiu wansliiuiinisamu

musruudnludfiien@eviedyawaniudsuasulnnesisudlaglddanesiiun1sviungndenededlatdinfivainvale

aunsaadsmaneuunulanntnadununain

ad o

A1E1AY: danesiuMsinueInTeneladiidiniivainvany ssuudnludfdienstoredyquaniliounsulnnesisud

ASULTLADSLSUT

99



Journal of Engineering and Digital Technology (JEDT)
Vol.12 No.1 January - June 2024

The Automatic System for Perpetual Futures Contracts on
Cryptocurrency trading Using an Algorithm of Multiple Indicators to
Predict the Trading Positions

Idhisak Sridam”

%Department of Software Engineering and Information System, Faculty of Science and Technology,

Pathumwan Institute of Technology, Bangkok, Thailand

“Corresponding Author. E-mail address: idhisak@pit.ac.th

Received: 19 September 2023; Revised: 14 October 2023; Accepted: 16 October 2023
Published online: 28 June 2024

Abstract

At present, perpetual futures contracts on cryptocurrency trading still face the risk of ruin. Therefore, this
research was conducted with the objectives of creating an algorithm of multiple indicators to predict the trading
positions, developing the computer program for generating trading strategies, creating the automatic system for
cryptocurrency perpetual futures contract trading, and measuring the financial performance of the automatic
trading system. The financial performance measurement was divided into two parts: a backward test, which
involved evaluating historical data over a 3-month period, and a forward test, which involved testing system
using current real trading data during a 3-month period. The total testing duration was 6 months. The results
revealed that both the backward and the forward tests achieved a 3-month profitability efficiency of 130% and
140%, respectively. The overall accuracy rates were 72.00% and 80.39%, respectively. It has been shown that
investing with the automatic system for perpetual futures contracts on cryptocurrency trading using the algorithm
of multiple indicators to predict the trading positions has the potential to generate greater returns than the

general traders.

Keywords: Algorithm of multiple indicators to predict the trading positions, Automatic system for perpetual

futures contracts on cryptocurrency trading, Cryptocurrency
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Liquidation Heatmap 1 hour 4 hour 12 hour 24 hour Symbol

Exchanges

Total Liquidations

Others LINK

$23.01M $88.30M

In the past 24 hours , 33,567 traders were liquidated , the total liquidations

comes in at $88.30 million
The largest single liquidation order happened on Bitmex - LINKUSD value
$2.31M
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uenand lutlagtutnasulddinsldudnnianeinsel
ouNTUIAIFIBNITHAIUIFAIMUUNIT T BuSvesLAT DY
(machine learning model) 11 lgvruten1sasnuly
NaINNAERANAUNNITRULALAITAN U lnelany
nsnldlunisamuiioifveivinimesisud 1wy
N15138U31898n (Deep Neural Networks: DNN) fauuu
¥ A8 NUIEANLSS U T AU-5YEEE1 (Long Short-
Term Memory: LSTM) niielasetngUsenannau (Gated
Recurrent Unit: GRU) 1A53918Usza1miiouuuudainun
N3R5 (Temporal Convolutional Network: TCN)
FauuusiunefiusiAannuuaeaausa (Memory-Free
Prediction Models: MFP) miEjNLLU‘UﬂW (Random Forest:

RF) N1590USELANBUULASLAgURVEN8A18Y (Gradient
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Boosting Classifier: GBC) AMLUUNITOANDEABIARN
(Logistic Regression Mode: LRM) 18 udu [13] v01de

n1sviuiedeyanulliufianisessialudnuvuezdaya

= v '

YNIULIAN (time series data) [14] TIVDYARNIT 9 VDI

v o =2

Toyanimusinasulnnesisudlagniud

Y

nlaggliusnis
uwanweosu TradingView.com GTfQLwa?J'a;‘JJaﬂmﬁu (financial
data platform) ﬁﬁﬁizﬁm%quja [15] 315151 machine
learning model 11 lFasnuiigrduaiuiniaofisud
Tutlgtudslivszauanudnfaminiiaag [16] 1enn
Unawudiaauinvgnisel liquidation Juifudruaumin
(Ut 1) \flesandumeunszuiumaiFoudiniesinsliiaa
arunsiuglunshuefeserdedeyanandenelusyd
51173904 (real time data) Fan1514 real time data
2z lfiAnN1921A% 109N TN UARIHATIANTIRALT B Y

Voo

(repainting) A® miu,ammwaz:yiyﬂmms%amwhjmaﬁu
anaduseiidasnisasiingAnssunisiuAsuuUasdoyny o
naaAIan [17] uiddunaunszuiumaidoudiadosdng Tal
T4real time data Aagvlianuuiuglunisituneanas
i msﬁwmaqugamaﬁuaﬁa%ﬁ’mﬁﬁmmmama%‘lﬁ
AINULLUEININNIT machine learning model
nenuduiuazauddgyvestymdieiu agulan
Iuﬂﬁ]ﬁ;ﬁumi%amaﬁzyigmaﬂLﬂgauﬂ%ﬂimﬂa%mu%
(Perpetual Futures Contract: PFC) w8snaanudang
Uszaudgmiinanandsdunisduazaisannisasmu (risk

of ruin) LH8411911119 liquidation Immmwé’ﬂmmn



oy

nsimuaa1dklsTuntsamulimanzay laun dadqu
519¥amA11uLd 9 (Risk Reward Ratio: RRR) N153ANn13
Ades (risk management) N1339AN15{UAMU (Money
management) USurani1sdenis (volume) TU1AV8S
munssadida (position size) ns MR (leverage)
fniesianlauwazta (position-long position, short
position) kazAIANNARIAIAEBLTEVINTIA LT ALar Unil

fosmsnusALUanazUailaass (slippage)

2) IngUszasAveInTiy
1. iilea¥sdanaifiudmiunsruisgndouendedii
Fativannvans
2. Wilesunlusunsunouiimesdvivainanagns
M3ty
3, WlewannsruusaluiRiensseue Sy maniUden
AUlnASL LT
4. e YauseAnsamdunisiiuvessruudaluifie

A15%8YY

3) nuikaranAdeiifedos

3.1) fa83amamaila (Technical Indicator)
AsimuadIwssIAalasla (position) Waienng
51AN T (long position) kagAAN1951A1U1AY (short
position) vuiladeiidrdglunisadramanilssyesenn
n13fMuA position Awsiugragdrelidnamuldiy
NAMBULNUINNNNTAMUTIFILSEEYE1) Lariinasenisld
§n3In159U2 (win rate) AiiUszANSaw [18] wazaiusn
Mlalaen1svinuefian199e931A7 (price direction) U84

AaNRA8FATIANIBNATA (technical indicator) &awusle

¥
v S

Ju 4 ngusin leiun

>

3.1.1) §a¥Tanrunaiauvuluiyugy (Momentum

v
v

Indicator) JumaTafiuansnnunnnfieseninegsala

o v &

vasuiufigulagtulssuineuiusiatadisun N vas
winflsunounthfinuluuds Jsazsrsdeandiindeuln
athesaifiosauaunsananadununliulgegedaay Tng
wansEawaltueTy (bullish) Wesatuegseiios wie
wansdaunltiuunas (bearish) Wiesiarasegseiios [19]

o @

mzTanamalawuuliauduilasuanutisuaintinayu
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Tudlagdu wu dyliaiuudiussvosnain (Relative

o

Strength Index: RSI) [20] fisldunsunislng (Stochastic

Mormentum Index: SMI) [21] §233ndaaosifusans
Jatdend (Williams Percent Range Indicator: Williams
%R) [22] F13Fan1sunislmanuuiBensen (Awesome
Oscillator: AO) [23] ABUAITULTIVOIANTIOUL (True

Strength Index: TSI) [24] uazdvilnsziaiu (Money Flow

Index: MFI) [25] tJunu

3.1.2) §a%ianvmaidauuunIuausy (Volatility

Indicator) WJu@3TaNazUseiusiniaignisInan
AMUEUNINYDI51IA TUAAIA FILULTUVNTUALT LN
LININITANAIVDIANUNUKIU TUIUENLUIUUYA9N

WO aNTILTRINSLANTUVDIANUA UL LudlUYeINIA

L)

aziingANaUAIveIsIAItUAIzIin Tl on R UNI

v
o

LAY A28 T nAtalkuUANUNURIUT LA SUAIM DL

Re

ndnamulutdagtu wu d13inYi9aTeade (Average

True Range Indicator: ATR) [26]
3.1.3) $aismmamaidauvuuualiy (Trend Indicator)

Jushdtedldtnamavsawuilduanuedsulmivessan

v
U 6 v Ao a

Aunindeng ¢ Tunan Feidiamaneiialuunuiltdunle
Suautisy WU MTFInAaARoUNTInN1TNAURITDY
51A1 (Moving Average Convergence Divergence: MACD)

[27] AdALQR87IAN1999951A7 (Average Directional

o

Movement Index: ADX) [28] kaz#23InA1LaaLavun189

@i (Triple Exponential Average: TEMA) [29] tJugu

3.1.4)d1%7an1unaidruvudiyias (Volume

@ o

Indicator) Wu@139n8ns1n1538v18lugaa i1

v

I

[

Fatnaesnunlds

Y

¥InUsTLANULAAINULTDINGA

a1u1sndivanaudeddunisasu Wy Aviuse (Force

1Y

Index: FI) [30] wagsiadindaiunisaiveausuias (Volume

Profile Indicator: VP) [31] tJusu

@

1ng@dTan1wnadamaitlau1ainn1saIuInNmNg
AdlnAansodelayalusfinuassnarUsuiunisinn
Aunsndvisenisiuamvesasulniaesisuduu q Tunain

Wamansalnsiadaulmvassalusunas [16], [18]
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4) 3/N5NPan9

4.1) 3FANIUNI5398

asAnwiaseilidun1sideidamaane (experimental

research) wlamssfiumsisediu 4 sunou deil

4.1.1) msassanesiusmsumsinnggndevieds
5F5iinarnvare 14 TradingView application Tugau
28NN TRV Ealng (real time chart) uazda?in

d1593U (indicator application) $auiun1sasedaneiiy

dmiunisiuneyedenioddlfitiniivainnats dadu
U

v

wianesuignasiluiieatuayutnamumeinsole

v

n13@eu1e laun namsiatuuuisealnl faind sy

N1INAFOUNAYNEN1338U188aUNAT (backward trading
strategy testing) waguiuanilasuadnuaniiy (social
features) NNaMULALTNTATITNAUITORANIAIIY

[15] lne

a v

Unning

v '
adoy o

AYINVNAINNAY

Aniudeanunsasmuludunsudlasdie

gane3NudmIuNIYIuNe T eIzl

Judane3fiudwiunmsiunegedevieignasistuuiln

4.1.2) M lUsunsuAeuRun o TaNTUTT NAENS
mﬁ%w 14 Pine Script editor application Tun1sWaun
I‘UiLLﬂﬁ@Jﬂauﬁama%ﬁm%’ua%ﬁaﬂaqm‘mi?gama Faudu
wiosflaudluimuilusunsuneufinmeininisiiudae
awlusunsy Wwedesiionuaanilsves Tradingview
application Tlun15a519n1918A3UA (script language)
dm3unsiaed a¥ensilsnan adelusunsudevie

a '

gnluliffina1uauUisullasvesdoyaanaiuig 9

U981 71709015 wasHAUIAITIARaEINATANTU
[32]

4.1.3) nrsimursevven lusifinen ) sdovigag g )

(7

Fau

uanaeupsulnnesisud 14 TradineView alert application
Aeatudyaiudenin (signal notification) $aufun1s
ﬂ’@umizwé’miuﬁaLﬁamieﬁaﬁmaé’agapuamﬂﬁauﬂ%ﬂm
wesisud Wuwniesdlevuianiaves Tradingview
application 1¥lun1sadrefmunnisudafiouarmidle
nsuwansalsaddmualilunsvsauvuitealsl
Tnedmnidamgnisaimuideuledifmunlilunisdan
(alert setting) sruvazdInN LI uFaulUSwldNuTaImNg

An1ualy 1wy 8wua (emai) wouwaratulail (LINE)

104

foyryrautonu (signal notification) Wudu tieudaiou

t% v =

Tylgnsu

U

mﬁ'mmmsgﬁﬁLﬁm%uiumawmiﬁﬁuviadﬁ way
fiﬂamuamwsamwaauamuzmmmmsﬂizmums%ya
weldazainuazsinga vilfausavilsnsend nides
AL [33]

v o

uenani Feiin151n Finandy application Fadunnsld

numAluladn1ansku (finandy) N1uN19 APl (Application
Programming Interface) AdlAnnuaunsalunIsidousonas
waniasudeyasening application Nuaneeiulunisie

a 1

YIHNNNTRY LU YU AFIA1TOUNUS Juan anatiu ¥3e

faa o

Funsndndvala lneeulasiu TradingView alert
application [34] ka1 Binance API application Fadu
wialulagnldiveusdeuazuaniUasutoyasevin application

a

v3alUTUNIUAN 9 Auunaanesun1sTouwanaliuAdva
Binance N1UN19 APl U93unanWasy Binance n151491u
Binance API application #asWau1ANa1u15aluns

a aa

dhadeyananauazshnistousanaiuddvalusuuuud
Hulumudeuluagmsmuauuesiimunld lngansa
\Weuleaiu Finandy application 14 [35]

4.1.4) M3IAUTZANEAIMAI1UNITRUYEITZ UV UH
ien1sGaviedy g uanivasunsulnnesisud dnsin
TradingView application snltludiuvesnisnaaaunaens
n158091880una (backward test) 321 fun137m
us

Sunnnanilasuasulnmesisud (forward test)

[ Ag

a

ANTAINAUNITRUVBISTUU IR UL AL BN15TRYNE

o
o

Algorithm creation Automatic perpetual

for model futures contract trading

system development

A 4

Program development Financial evaluation

UM 2 : WAuduanidy



'
o

TnnlglunisaseanasiuamsunITviuIeIade

o

PIENTITAT INNYaINYaIe

'
o

Tailglunisasredanasiind msunisituneynde

¥ '
aady o

VU IRFTInANaInvaty Usenaunaeg 7 aaain lay

' @

Uszanaldmdinniminuansiaiuunimuidanasig

o [

ATUN151IU8A TRV TLATIANVAINTAIY 4 NFY

q

v
o kY

Fr3¥n laun frPFamamadanuulumugy 3 5anne
wAdALUUANRUNIY FaETmamadauuunualy way
Frdamamadanuulsunn dsesldlunsinaulatiuiu
ﬁwwummv‘hqum%mw INNIINAFBULUUEBUNAY
(backward test) Uunsautian 15 w1 angluszeziian
3 1@0U WU AT TATanuA 7 §2 ANEINTATIUNY
wliusiAgneed (Win ratio : %win) > 40% seifiou R

Wegananan1syinAlslalussesenn wananamnsen 1

o o o o Y o am o o o &
F9N 1 : E]TU'JWWI‘ﬁUﬂWiﬁi'Naaﬂ’ﬂi‘ﬂllﬁ’Wﬁ‘UﬂW3%714'18@@‘1]8%78

BT Snivannvans
oo Ho S Usziawm v o
YaATIN Jaea o & Vel
YN
Force index Fl volume entry position
indicator
Moving average MACD trend entry position
convergence indicator
divergence
Relative strength RSI momentum | entry position
index indicator
Volatility indicator VT volatility entry position
indicator
Commodity cd trend entry position
channel index indicator
Stochastic STO | momentum | entry position
oscillator indicator
Average true range ATR volatility stop loss
indicator position

v v
o @

31NA15199 1 NANFIANIMUA 7 A7 evimtily 2
anwalz lawA entry position hag stop loss position

FI TN N8 AUNINRLUN entry position lawA Fl, MACD,

'
=

RSI, VT, CCl kag STO @vsudadinfivinning stop loss

position fio ATR
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il entry position mmmﬂmimﬁﬁmmﬂmmi%a
weldan 3 Jade Wiun 1) Usurmnisdevts (volume)
2) wualusian (trend) wae 3) mufuRIuYesIAene
(volatility) na17A® deusurunsteviefinanninni
Dudygravesnisiawualdurinudenistensevis
209maIn ANt U eanasanUnd [31] wazwualiy
31ﬂ1%uw'§aaaﬁﬂmﬂﬂaLﬂuﬁiyiywmmaqmﬂﬁmmﬂﬁu
AuFBIN1sTenI o EveImaIATiiuIntunieanas [36]
50T AT UNINTE931ATenT a3 A1 e ld Und
Budyaravensiiauunliunnudeinsdensoneves
panafifunnTunieanas [37] egnslsfiniy n1siansan

1
v =~ v

HAUUNUNTVRVILALHBINNTUNNG 3 Tad5auiu Daugl

o o

1

v
= ' o P

Winusaziiaziusyansainlunisldauigs Eh

€

o

gl

yngousgiiiidiaudasdluldaulagdais dregrauy

v
U A

pannlunmsldlddosnisdes Tuvaeduiiuununis
Fovenfinanndu udsiAgeveealiistu Fuinantn
amunelvgusdunindosnudauinniiieiilslu
sedidnasmusedunela Seiildealigduas vield
nagNsIAUANAUAT (value trap) ABNIsAIMUALLILTY
S1ANNTOAUAUNIUVDITIAUUUMADN 9 Taaninunli
Agetediniind uivdinansdeuedlaiiaiuae
[38] \Hudu

wenani msinrsantededulumus (momentum)
Falddwiunsradusnsinisisunlamionnuisives
maadeulmuvssadundndfiavls wWeldmsiuinie
na1niin1sdeurniiuly (overbought) wieilnisane

yniuly (oversold) wselal [39]

v
Y

fattu nrsldddtaionun 7 &1 nsviunegedeuns
Wunisihdeanuitevnlonafimunzanlunisasmudias
vilsidnamuansaiiinlslédesegluannznainii
Usinumstouefiomngay wnldunandululufians
figndes (Wimdeunniinne siaaasfiagiiindu
Tunandufu Usnudetosniinng s1anisiiazanas)
wazANuuIUYeITIAIAIsaEliUn AR AR AR
dntunieanas uazn1simua stop loss Hun1stioartu

NFANAZANEINNTAI U
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4.3) msimunawaudsTunisaspulilmnsauiign

4.3.1) Fauvsitugru Ysznavludredauusiiu
AAsfl $1uau 3 Aauls dell

1) analiuiildasmu (curency) 1éin USDT Tag Tether
(USDT) WueasUTnireslsudfizondt Ruiiiuns (stable
coin) \ilesannyar1ves USDT iisutvinwasanaliuneaan
ansg [40]

2) Aunindvioanaiuiilaamu (asset) ldud ETH ng
Ethereum (ETH) tunilsluanaiuadviaifdanuiouuas
Iisuaruaulasniigelulsnitsvesnainanaliufdsialy
P9ty wagilauiiunausing Bitcoin (BTC) [40]

3) n39uL2a1 (Time Frame: TF) lduA TF 15 unit 3
\unseunaiianansayii backward test deyadioundals
Uszana 3 whiou

4.3.2) fudsdndaus1eiananundes n159an1sAMIGE
UazsIAnaiuasyy MaRnwaalaldaiulsdadiy
s¥anandes (Risk Reward Ratio : RR) Tumsn 1: 2 i
(A1 RR = 2 lag Risk = 1, Reward = 2) #38138n3n081931
i payoff ratio = 2 [41] Faflotumnzaudmiunsamuly
nannesUInARsIsuT [42] uansoenafaguii 3

nsdamsmnudsdagliinanuidsdunisduazane
31NN1589U1INA1519ANLIzidulunsduazany
(probability of ruin table) [42] Tnaffudsd1fgyiides

Pranlgiunisne $ail %win = 40% wag RR= 2 wiatnll

\WUa probability of ruin table A153zAvslions1du
UVsunadefiezdedldlundazads (capital risk exposure
ratio: %CR) < 1% (A1UIULAINA1919989ITY 0.608%)
Jeiltinamuliduavane

N3IANTRUAY Ao TUIURUNITAYUABTLELIIAN

¥
= =%

n1saamu (Portfolio Size : PFS) Fs¥uagiu %win ldgu

Y
o

srerIaINITa Uity Tunsdld %win = 40% falhau

v
LYY o

PNUU mmuﬁuﬂﬁaanuﬁiaixaznmmiamu 1 Aoy

wuu Ineen PFS laannaunisi (1)

PES = SRP (1)

Reward(%win) - Risk(1 - %win)

e RP = ¢lanAaenssaLfou
fhagraiu a19e1n15518la 1,000 USDT (1,000 Aoaan

ansg) azldl portfolio size Al

5 x 1000
PFS = (2)
2(0.40) - 1(1 - 0.40)
5000
PFS= ————— (3)
0.80 - 0.60

gty portfolio size = 25,000 USDT
pg1alsAnu nsAnwpSeillariiuun portfolio size =
A o

1,000 USDT siatfiou arusuUssanad (budget) Nfvunld

Wiy 100 USDT Wit

@ Ethereum / TetherUs PERPETU,TL CONTRACT - 15 - BINANCE

o H L C
0.01

Take profit

position \

Entry
long position

Closed P&l: 11.35, Qty: 3.521
Risk/Reward Ratio: 2

Stop: 5.68 (0.31%) 568, Amount: 980

S

Wed 26 Jul 23 20:45

1D 5D 1M 3M 6M YTD 1Y 5Y AU | 57

o '

Target: 11.35 (0.61%) 1135, Amount: 1039.96

1868.96

_1 868.96

1860.00
1857.61

1851.93
1851.93

03:00  Thu 27 Jul 23 05:30

19:21:21 (UTC+7)

U7 3 : fee1an1slY RR = 1: 2 wih d1wsu Long position



4.3.3) gunissnndauas e uazsuianisdeviegses
ATI A1TAIRUAAILULIIIANTA (entry position) l6an

HAN1SANUINVBITANDSTNNE MTUNTIUNER TR VBT

¥ '
a

Fiahvarnviany (FUN 3)
dmsunismvuasiuiiesadedl 2 anvue lawn
1) funiednvinyu 8198¢1A1n9A ATR stop loss

[ °

ldanuanisAuinvesdaneiiudmiunisiuige
FoueBeind Infivannuans (U7 3)

2) funiariilsannisduiaiisnsdainen risk
reward ratio (gﬂﬁ 3)

dulsinansieviesenss fuualivinfu 10 USDT
(1 USDT x leverage) sionsa (PFS x %CR = 1000 x 19%)

4.3.4) 8951MAANIY BRI MAA1RY (leverage) 1UuN1S
naA1 portfolio size WlFs1uauiifesns aannis@nen
adaiilgrivun portfolio size = 1,000 USDT #iatiiau A3l
JuUsza (budget)iirnualivindu 100 USDT i
91n9uUsTUI 100 USDT wiafiazld leverage = 10
(portfolio size/ budget) ﬂ'ﬁc%'hLLUﬁIumiamuVimmxau

g agulanannsad 2

M3 2 : Adudslunsamuiimangauian

parameters value/ reference
currency usDT
asset ETH
Time frame 15 minutes
reward ratio 2
risk ratio 1
%win 40%
capital risk exposure 1 UsDT
portfolio size 1,000 USDT
leverage 10
stop loss position algorithm
entry position algorithm
take profit position algorithm

5) HANSANY

5.1) HaNI3aTNOANDINNAI1NTUN IS INIEIATOY I IIAG

Finnvainvale

Han13ANwINUIT danesiudmiunsiungyndeviy

WadadIanvanvatengidelaadr@ulug gnualuly
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g198slumsimulusunsuaeuiiamesdmivaininagns
nsdevisluadedl lnenszuiunisdaneifiudmiy
msﬁwmaﬁmeﬁyaﬁuwL%ﬂﬁﬁ%ﬁmﬁwmﬂwma Usenausie
9 fumou Figuil 4

fupoud 1 Lﬂuﬁﬁzumauﬁmmiﬁﬂmu%ﬂiw’jumw‘mm
vosdaneifiuludumeud 2

fupoud 2 Hudurerlunsnsaaeuiwasdagtulsd
13 open position (long #3e short Ale) uamsela d1ld
(Yes) aznszdunmsvhauresdanesiuludunoud 5 usd
13/l (No) aznsefunmavhauvesdaneiulutunoud 3

fupoud 3 Wuduneulunisnsvaeu indicators i
6 72 (FI, MACD, RSI, VT, CCl, STO) ﬁmsﬁmwswmsﬁu
(up) #5931A189 (down) 3l G114 (Yes) avnszsu
nsiauresdanesiiuluduneud 4 wadlaly (No) a¢
nszfumshuvesdanesfilutumeud 1 Hunisdudu
Tmidnads

%umauﬁ 4 Lﬂu%umauIUHﬁ open position (long %39
short filé) wazaznsedunisvinuvesdaneifiuluduney
7l 2 8nads

fumoud 5 18uduneulunis stop loss Lile ATR
indicator Buduimadsaiidmuaudmiols dlv (ves)
wnszfunsuesdanesiiuludunoudl 7 wddlaily

(No)

£

LNIEAUNSYINIUYRIanasTulutumnaud 6
a 2 o . A o P
Junauh 6 lWutunaulunIs take profit Lodane3niu

AIINATIANNUAIINATTAIUIVOIAT payoff

(% =

i muaudmveld 19 (Yes) awnsziunisiinuves

danasfiuludunouil 7 uidilaild (No) sznsedumsviay
vosdaneiiludunoudl 1 Hunssusilmidnads

%umauﬁ 7 Lﬂu%umauiumﬁ close position (long ED!
short Al#) uazaznszdunisvhnuvessanesfiuluduney
78

Fumeuit 8 1 Wudunouil user farnli loop ol
&lalld (No) awnszdunsvhauvesdanesfiuluduneud o
uidly (Yes) aznszdunsiauvesdanesfilutuneu
7 1 Hunasudulmidnads

'
=]

Nungyn (close)

q

v
]

MIUNSYIIUEIATD UYL

Junaudl 9 \Wudunaugainefiviinid

=3 o

ANSYINUVDIDAND SN

YInnvannvaie
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open position

(long/ short)

stop loss

position by ATR

open position (long/ short)

(long/ short)

o : take profit
open position signal

confirmed position by payoff

by 6 indicators (long/ short)
-F
- MACD

- RSI

close position

(long/ short)

-cd
-STO

A

1y

JUN 4 : nszvIumssanesiudmiunsihuegedeviedielavinivainvany

Crypto Pairs Screener ~ Strategy Tester Trading Panel

Open Save Add tochart v

f _UseStoplost
if nz(longOn[1])
if close < LongSL[1]
S , qty_percent=100, comment=

LongSL
longOn := @
z(shortOn[1]) ¢
ShortSL[1]
egy .close(id= , qty_percent=160, comment=

ShortSL
shortOn

EntryPrice :=

o '

JUT 5 ¢ fhegnauananisiaunlusunsuneuiinnesdmivaiianagnsn1sdeueie Pine scrip editor application

5.2) wansimulusunsumeuiunasamsuasinagns  application avsuanlusunsus iy Trading-View application
1155997 wieldlunsimuaenlu Trading-View alert application 71

nan1sAnwInUdt nsdwanisiaudanesiiuns  udiunilweduneunisiamnssuusaluifiientste
ﬁwuwa;m%uaémaL%qﬁaﬁfmﬁwmﬂwmamslfﬁé'waaLﬁaﬁwm Medyguanisuaiuiniaesisud wanwinognainisideu
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nstemeamuarindu 50 ase Wumsviwneiianises
AlagneesdIuu 36 %1 FelilldRnsanienfuuioe
yuglun1stoms Tnetdunisvunesagnies Tedifianig
913U (up) S1uIU 16 A wazdunisvinunesaigneies

TneifiFmn1991a (down) 31U 20 AS9 AU 8

- Down (0) 20 7
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U7 8 : confusion matrix WARINANTNAABULUUEDUNES
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accuracy | precision recall F-measure
activity
(%) (%) (%) (%)
up (1) 69.57 59.26 80
72
down (0) 74.07 86.96 64
average 71.82 73.11 72
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total %win | budget |profit/ | equity
period win
trades (%) (USDT) | Loss | (USDT)
month 1 15 7 46.67 100 60 160
month 2 17 6 35.29 100 10 170
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total 50 21 42.00 100 130 230
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- ¥ANgRINNTIANNTTINATEIINIUTEINA (International Business Management, B.B.A. : B)
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