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WELCOME MESSAGE

The 4" International Conference on Advanced Convergence
Engineering (ICACE 2023)

August 14-16, 2023, Ho Chi Minh City University of Technology, Ho Chi Minh City, Viet Nam

On behalf of the ICACE 2023 organizing committee, | am honored and delighted to welcome
you to the 4™ International Conference on Advanced Convergence Engineering (ICACE) held
from August 14-16, 2023, at Ho Chi Minh City University of Technology, Ho Chi Minh City, Viet
Nam. | believe we have chosen a venue that guarantees a successful technical conference amid the
culture and scenery of Vietnam.

There will be exciting material for all areas of the maritime field from academics through
industries. We have planned ICACE 2023 in a way that would actually help the maritime industry
in this particularly difficult time. My hope is, therefore, that many would participate in this
conference to actively debate the future of the marine engineering industry.

The maritime industry is expected to recover from long-term financial difficulties. Although
the basic current condition of low oil price and low growth is not likely to be resolved soon, based
on analyses, it is predicted the economy will be able to fully recover by 2023. It is the time to
prepare for the future through efforts for the development of new technologies. At the same time,
I believe that international human exchanges should be actively pursued and enhanced.

Herein, | believe that ICACE 2023 will serve as an excellent venue for such discussions. We
will do our utmost efforts to make this event successful. We cordially invite you to take part in this
exciting opportunity for maritime industries and affairs.

/

Prof. Nguyen Tan Tien
Chairman of ICACE 2023

Director of DCSELab, Ho Chi Minh City University of Technology, VNUHCM, Viet Nam
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KEYNOTE LECTURE
8:50 AM —9:20 AM - Tuesday, August 15", 2023 — B4 Hall

Sang Bong Kim, Pukyong National University, Korea

[K-1] Mobile Manipulator Control Based on Nonlinear Control Theories

Sang Bong Kim

Pukyong National University, Korea

Abstract

This keynote presents a nonlinear feedback control framework and controller design concept for mobile robots
with manipulators. The approach uses a constructive Lyapunov function and the well-known backstepping concept
which allows the formulation of a control law with asymptotic stability of the equilibrium point of the system and a
computable stability region. The dynamic equations are simplified through normalization and partial feedback
linearization. The latter allows linearizing only the actuated coordinate. The description of the control law is
complemented by the stability analysis of the closed-loop dynamics of the system. An end-effector mounted at the
end of a manipulator of the mobile manipulator system is controlled to track a desired trajectory with constant desired
velocity. A distributed control method is applied to control the mobile manipulator system that includes two
subsystems such as a mobile platform and a manipulator. Two controllers are designed to control two subsystems,
respectively. A kinematic controller for the end-effector of the manipulator is designed to track a reference point by
referring to the tracking error vector between a point of the end-effector and a reference point. The controller of the
dynamic model is designed for the mobile platform to move so that the manipulator tracks the desired posture without
its singularity based on a tracking error vector between a target point and a real point of the end-effector. The control
laws are obtained based on the backstepping technique and make the tracking error vectors go to zero asymptotically.
The system stability is proved using the Lyapunov stability theory. Several paper results are introduced to illustrate
the usefulness of the proposed control scheme based on the nonlinear theoretical concept.

Keywords: Nonlinear, Mobile robot, Dynamic, Manipulator
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KEYNOTE LECTURE

9:20 AM —9:50 AM - Tuesday, August 15", 2023 — B4 Hall
Nguyen Duy Anh, Ho Chi Minh City University of Technology, VNUHCM, Viet Nam

[K-2] Planning Optimal Trajectory for Automatic Container Crane Utilizing Genetic Algorithm

Thanh-Nhat Luong®?, Duy-Anh Nguyen!?, Hoang-Lien-Son Chau'?, Tat-Hien Le?®, Duy-Anh Nguyen3*

! Faculty of Mechanical Engineering, Ho Chi Minh City University of Technology (HCMUT), Ho Chi Minh City,
Viet Nam,700000

2 Faculty of Transportation Engineering, Ho Chi Minh City University of Technology (HCMUT), Ho Chi Minh City,
Viet Nam,700000
3 Viet Nam National University Ho Chi Minh City, Ho Chi Minh City, Viet Nam, 700000
“Corresponding author: duyanhnguyen@hcmut.edu.vn

Abstract

In recent years, there has been a notable escalation in the scale of container transportation and the dimensions of
vessels, necessitating the advancement of automatic container cranes. One critical aspect of unmanned crane control
is the determination of the optimal route, which plays a crucial role in minimizing the cycle time through the efficient
coordination of horizontal and vertical movements during container loading and unloading operations. This research
comprehensively investigates various route planning challenges across diverse domains. Subsequently, a
mathematical model is presented, derived from an in-depth analysis of the loading/unloading process. Specifically, an
optimal route methodology based on the genetic algorithm is proposed, designed to meet various criteria such as route
length, smoothness, and safety distance. Finally, computational experiments are conducted to corroborate the
algorithm's effectiveness and to explore innovative avenues for enhancing the overall efficiency of container loading
and unloading processes.

Keywords: Automatic container crane, Optimal route planning, Genetic algorithm
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Abstract

Currently on the market, sports products are sold a lot, along with the constant change in customer demand.
Demand increases usually lead to providing the good not on time due to shortage of materials, workers, machinery,
and importantly, lack of reasonable planning to meet market and customer demand. Vifa Sport Company is a
typical case, and a company that is quite strong in terms of manufacturing sports equipment with many different
products. Company needs to improve on the planning of production, demand planning, inventory, product
distribution. During the research process, | found that through the development stages, the company has come up
with many policies to optimize production planning and schedule but still not really clear. | will propose a plan to
have the best strategy of planning and scheduling for production so that the company can overcome the problems

Keywords: Vifa sport, sport industry, production planning and scheduling
1. INTRODUCTION

1.1. The importance of production planning and schedule for the study
Production planning and scheduling creates a complete plan based on customer needs and other factors,
thereby reducing lead time, cost and increasing company budget.
A good production planning and schedule brings many benefits:
e |t gives you an inventory of your entire stock, so you always know what you have and where you need
to replenish items.
e It helps HR know in advance how many staff you’ll need at any given time.
e It’ll help you navigate risks and prevent issues from bringing production to a standstill.
e It helps you avoid stockouts because you know how much raw material you have, how long production
will take, and how much you’ll need.

1.2. Objectives

Provide methods to support the production process, production execution and decision making in order to
create the right amount of product to meet the needs of the customer without exceeding the specified inventory
level and in a specific time. Vifa sport specializes in outdoor sports products so | will target those product items.
- Find solutions to optimize cost, stock and avoid bottle neck to improve the financial level of the company.
- Take full advantage of the advantage that the company has and plan carefully on people and machines to avoid
wasting more time and money.

2. METHODOLOGY

2.1. Research process

Specify problem: After | got the topic and selected the company as the target, | studied their problems in the
production and schedule process including the positives and difficulties they are facing. From there, define the
project's objectives that can help overcome the difficulty and set up a math model to get the appropriate solution.

Build mathematical model: After setting up the resolution from the objectives, gather information from
sources, journal related to the topic. Mathematical models must come from verified sources. These model will be
verified and validated to ensure they are suitable for the project.

Collect data: After having a complete mathematical model, it is now necessary to collect the data to input into
the model. Data can be done from looking up the company's documentation, but this way is quite difficult and
passive. The fastest and most accurate way is to survey the company and ask the department in charge; here is the
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production department. Then | will analyze the data and input it into the model before running it with the support
software.
Run model and show output result: The data will be run in the Cplex software and the results will be extracted.
The results will be compared with the original data as well as validated to see the appropriateness.
Implementation: After being authenticated, the data model will be judged and applied if conditions are met.

2.2. Cplex

The problem will be worked on Cplex. Cplex is very useful in business because it contributes to solving
problems and providing logical solutions in decision. It uses a technology to optimize users decisions making
which can help optimize business decision, and develop the model with fast, high accuracy. With these functions,
it can build and solve complex models that can help solve planning and scheduling problem.

2.3. Stochastic programming

It is a framework used to optimize problems involving uncertainty with the goal is to find a solution which is
feasible for all such data and optimal in some sense. Stochastic mathematical models have always been proposed
to solve problems proportionally in order to provide useful information to a decision-maker.

3. MATHEMATICAL MODEL

3.1. Materials
Objective 1: Minimise the expected costs of inventory and lost sales over the different scenarios where the
lost-sales penalty cost vk adjusts the conservativeness of the solution:

Data set:

K: Set of products {1, . . ., K} (products)

A Set of raw materials {1, . .., A} (unit of materials)
T: Set of time periods {1, ..., T} (hours)

W: Set of production sites {1, ..., W}. (sites /factories)
N: Set of scenario {1,...,N}

L: Production line {1,....,L}

Parameters:

Miow: Inventory holding cost of product k at site w (VND)

va. Inventory holding cost of raw material a (VND)

e Demand forecast for product k in period t (units)

Br.a Consumption of raw material a per unit of product k | (units)

kl: Capacity of line |

Decision variable:

ikwtn:  Inventory of product k on hand at site w at the end of period t in scenario n. (units)
Yatn:  Inventory of raw material a at the end of period t in scenario n. (units)
Yk Lost-sale penalty cost of product k. (VND)
bwin:  Lost sales of product k at the end of period t in scenario n. (units)
Qk.l.t: Production volume of product k on line I in period t. (units)
skwin:  Sales of product k assigned to site w in period t in scenario n. (units)
Zat! Order of raw material a for period t. (units)

Minimise the expected costs of finished-goods inventory, raw-material inventory and lost sales
N A

T 1 K w 1 K N
Z(ﬁz Z HUiew Z ik,w,t,n + Z Va * Yart + N ykz* bk,t,n)
t=1 k k=1 n=1

=1w=1 n=1 a=1

Subject to:

Describe the inventory balance of finished goods at each production site.

ikwin = Iw-1n T leLw Qr,1,t — Skw,tn vk,w, t, n. (1)
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Track the demand satisfaction from the sites.

fk,t,n = bk,t,n+zyv/=1 Sk,w,t,n Vk, t, n. (2)

Specify that production on a line which is restricted to its feasible portfolio.

Z§=1 Qr1t= K 3)
Vi, t

Describe the raw material balance.

Yatn=Yat-1n + Zat — ZII§=1 Zf‘zl ﬁk,a * (ke (4)
Va, n,t

3.2. Employee resources

Minimize the total cost of the process, considering the costs associated with the workers assigned to
production, fired workers, hired workers, in addition to inventory costs, backlogs and production.

N: Number of scenarios for capacity production
M: Number of scenarios for demand
T: Time horizon

(2): Set of random events
i Possible scenarios for capacity production

j: Possible scenarios for demand

Parameter:

Cp: Salary of the production workers per month. (VND)
Cr: Cost of firing a worker. (VND)
Cr Cost of hiring a worker. (VND)
Ci: Inventory cost per product (VND)
Cs: Backlog cost per product (VND)
Cx: Unit cost of producing a product (VND)
ki: monthly production capacity per worker

Decision variable:

I/Vt"é,): Number of workers per month (workers)
Ptl(’H): Number of workers assigned to production per month. (workers)
R;’(H): Number of hired workers per month (workers)
F{lyy:  Number of fired workers per month (workers)
X{{xy: Number of products to be produced per month (units)
It‘éH): Number of products in the inventory per month (units)
Sttwy:  Backlog per month (units)
Objective 2:

Minimize the total cost of the process, considering the costs associated with the workers assigned to
production fired workers, hired Workers in addition to inventory costs, backlogs and production

ZZPl]tzptlgh @G +Zzp”tthl(]h 1 (DCF +Zzp”tth(h 1)(_(2)CR+ZZprZIt(h)(!2)C,

j=1i=1 j=1 L ]— i= j=1i=
M N
+ZZP”tZXr(h)(mCX +Zzplﬁzst(h)(ﬂ)cs
j=1i=1 t=1 j=1i=
Subject to:
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- Define how many workers will be assigned to production and the number of workers that will be laid off in
period t:

Vth(Jh)_ tl(]h)+F t(h) 1)
vt=2...T,h=1...

- Size of the Workforce in the company, total number of workers in period t

W (@) = t(h) d QL (D4R, (@) @
vt=2...T,h=1...
- Production capacity; it ensures that the workers assigned to production can manufacture the units required in
period t.

Wiy (@) = t(h oy @ + Ry (@-F 1y (@) ®)
vt=2...T,h=1...
- Balance of demand and inventory in the company

Xph () + I, _ 1)m) =D + 51 o1y @) + Iy (Q)-S 12 (D) (4)
vt=2...T,h=1...
- Ensures that the workers assigned to production can manufacture the units required in period t.

Xph (@) < k”P;gh)m) ®)
vt=2...T,h=1...

- Ensures that the workers assigned to production can manufacture the units required in period t.

D] = Sl4y(@) =90+ D] (6)
vt=2...T,h=1...H

4. CONCLUSION

Following the momentum, sports services and products are becoming more and more popular in the world. With
the increasing demand for sports products and services, the production stage must also be carefully and accurately
planned since production planning has a big and important role in satisfying necessary standard. This research
work analyzes the production and scheduling plan for Vifa sport, a sport equipment manufacture company by
applying Stochastic Programming. The aim of this study is to maximize the profit for the company and propose a
reasonable method for production planning and scheduling for a system of many products of the company
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Abstract

Purpose — The purpose of this paper is to share the experience and knowledge of optimizing production
process by implementing Lean Six Sigma (LSS) in academic manner. Authors are specialist in Logistics and
Supply Chain Management with high skills and experience in conducting over 50 paper and conference to the
topics of Lean Six Sigma.

Design/methodology/approach — The approach is to evaluate the efficiency of the production line through
methods such as: OEE to evaluate the overall efficiency of the machine, Value Steam Mapping and Yamazumi to
analyze the cycle time of the production line, and pareto charts along with many other root cause analysis methods
to analyze defects.

Findings — The author initially presents the production process and efficiency of a specified production
process ScanCom production line. Then, the author identifies the root cause of inefficiency in the process and
suggest solutions.

Practical Implications — This paper is conducted to somehow eliminate or reduce the inefficiency in the
production process of ScanCom. From a pure practical standpoint, the paper gives the method and calculation of
LSS in detail and effectively as a powerful business strategy and problem-solving methodology for all industrial
sectors

Originality/value — In author best knowledge, there are many journal articles which cover the optimization
by using LSS; this paper contributes to the field with carefully analyzed report and insight of the production line.
The document of the recent and future in implementing LSS in optimizing production line may use this paper as
a strong reference.

Keywords: Lean six sigma, OEE, Yamazumi, Pareto chart, Value stream mapping, Wood product

1. INTRODUCTION

The wood and furniture industry faced significant challenges during and after the Covid-19 pandemic, causing
negative fluctuations in exports and a decline in consumer spending. Vietnam's wood exports to the US accounted
for 54.4% of the global market in 2022, with 60% going to the US. However, high inflation in the US has impacted
the wood business, with many American importers scaling back their purchases. The US market is experiencing
record growth in 2021, but exporting furniture to the US remains challenging due to high production costs and
inflation. The real estate market is quiet, and businesses exporting exterior and furniture products struggle with a
lack of orders and a shortage of new clients. ScanCom, a leading company in the wood chair sector, must focus
on product prices, quality standards, and effective after-sales policies to stay competitive. To achieve the above
goals, the optimization of the production system is important. Fortunately, Lean Six Sigma is an effective
optimization method.

1.1. Lean Six Sigma (LSS)

LSS model as proposed by (Crawford, 2004) has presented how Six Sigma can first be applied to improve the
processes effectiveness followed by lean to improve the system efficiency. The concept of Lean Six Sigma is a
combination of both the Lean and Six Sigma. Lean Six Sigma is a methodology and company strategy that aims
to increase process efficiency, client satisfaction, and results. LSS is an effective process management strategy
with the goal of reducing variations and eliminating flaws in product production and service processes, which
results in excellent business processes. While Six Sigma assists in the identification of process variation and the
elimination of quality defects, Lean focuses on speed, efficiency, sources of waste, and improvement methods to
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eliminate them (Gibbons et al., 2012). The combination of these two methodologies, known as "Lean Six Sigma",
has been used by some organizations even though these methodologies are typically separate. (Antony, 2003;
Pojasek, 2003)

LSS is a combination of Lean manufacturing and Six Sigma methodology that brings a multitude of tools to
analyze and measure a production line. The main methods used in this paper include: DMAIC, Value Stream
Mapping, Yamazumi Chart, Pareto Chart and analysis, Fishbone Diagram.

2. METHODOLOGY

First, the need to optimize ScanCom's production line needs to be demonstrated through OEE, Availability,
Performance, Quality parameters. After assessing OEE parameters, the condition and suboptimal points in the
operation of the production line will be analyzed according to the Six Big Losses of the OEE method.

Second, after analyzing and getting the results of the factors: Availability, Performance, Quality, we analyze
the affected factors or in other words that do not meet the standards of the world OEE standard. With performance
and quality ratios failing, the next steps will use appropriate methods to analyze the root cause of each of those
factors.

Third, analyze performance through value stream mapping analysis and create Yamazumi tables to evaluate
the efficiency of each stage that draws the stage or stages that are bottlenecks of the line. From here, use python
software to program a program to search for cycle time of suboptimal stages with the goals: increase line output,
reduce Tak time, increase balance ratio. Then apply KPI measures and arrange operators to monitor and adjust
stage parameters.

Fourth, analyze defect rates by listing and analyzing defects by defect process, and reduced yields of quality
inefficiency of Six Big Losses. After having a list of errors, we use the Pareto chart to extract errors that occur
repeatedly, seriously affecting the quality of the component or the finished product. Next, use the 5 Why questions
method to analyze the root cause of the error.

Fifth, after putting in place specific measures for each issue, make a plan for periodic assessment and
monitoring methods to ensure that the measures are applied stably and long-term.

3. MEASUREMENT AND ANALYSIS

3.1. Output performance

Planned Output vs Actual Output
@®Plan @ Total Act

450K
400K
350K

300K

March April May June July
Month

Plan and Total Act

Figure 1. Planned output vs Actual output of ScanCom production line of a specific component
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Lost Ouput and Total Act

Lost Quput
0.146M (8.27%)

® Lost Cuput
@ Total Act

Total Act
1.625M (91.73%)

Figure 2. Lost output due to inefficiency vs total actual good output

The lost output takes up to 8.27% of total output lead to the loss of 146 thousand products in 5 months (March
—July).

3.2. Pareto chart to analyze top inefficiency

Ratio and Cummulative Ratio by Cause

®Ratio ® Cummulative Ratio
O 2% 100%

15%

10%

Ratio
=
Cummulative Ratio

5%

O o=
Unqualified  Setuptime  Nature Others
material hazzards

Cause

Figure 3. Pareto chart of inefficiency factor in production line

The Production line is not balanced and high defect rate is the main cause for low performance and quality
factor in OEE.

3.3. OEE value and factors

Table 1. Availability factor

AVAILIBILITY RATE BEFORE PROIECT

Downtime Planed Production Run time - )
Month Avaibility ratio
(Hour) (Hour) (Hour) y
May 562.3852778 4680 4117.614722 87.98%
Jun 821.9015444 4680 3858.098056 82.44%
July 670.5015444 4680 4009.498056 85.67%
85%
Table 2. Performance factor
PERFORMANCE BEFORE PROIECT
Month Output Operating time Idea cycle time Performance Ratio
May 335477 9828000 23 78.51%
Jun 340329 9828000 23 79.65%
July 507155 14742000 23 79.12%
79.09%
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Table 3. Product quality factor
PRODUCT QUALITY BEFORE PROJECT

Month Component Passed Component Fail Total Quality ratio
Apr 209649 60707 270356 78%
May 304865 87473 392338 78%
Jun 232156 69872 302028 7%

77%

Table 4. OEE ratio of the production line

OEE FACTOR BEFORE PROIECT

Month Quality ratio Performance Ratio Avallaility ratio OEE Factor
May 77.55% 79% 87.98% 54%
Jun 77.70% 80% §2.44% 51%
July 76.87% 79% 85.67% 52%

52%

The 52% of OEE indicate there are inefficiencies in production, namely the Quality and Performance ratio is
below OEE global standards, which is 85%.

3.4. Yamazumi

3.4.1. Yamazumi chart
Yamazumi Chart

®Yamazumi #1 ®Yamazumi #2 @ Average of Takt Time
30

20
10 II I I
]
0 5 10 15 20

Operation Stage

Cycle time

Figure 4. Yamazumi chart for production line

Stage 15 exceeds the Takt time while stage 12 is very low compared to other operation stage.

3.4.2. Error margin of Yamazumi by stage
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Error margin (-/+) by Stage
15

z
o
ED.S
g II [
£ HEE = mEE __.-__I-
-0.5
0 5 10 15 20
Stage

Figure 5. Yamazumi error margin of the production line

The error margin justifies the problem of stage 15 and 12. Stage 15 has negative margin which means it has
more time to process than needed. Stage 12 on the other hand has the highest margin which indicates it lack of
processing time. Thus, adjustment should take in place to balance these two work station.

3.5. DPMO

Table 5. DPMO value of production line
Process Opportunity for Error  Total production (pcs) Total Sample (pes) Total defect (pcs) DPU %  DPMO

AE 63 642.852 15510 1.446 9.32% 1479.844033
CB 125 272335 6.150 184 2.99% 2393495935
WG 79 14414 14414 1.626 11.28% 1427.936623
Aging 9

ES 66 15451 1385 131 9.46% 1433.103599
PA 60 17.547 3511 314 8.94% 1490.553499
Total 402 962.599 40970 3.701 9.03%

DPMO calculated from sample data indicates the Six Sigma level of the production line is at level 4; there is
still inefficiency in the quality, which has to reach to level 5 or above. This shows the quality of product is still at
a average level. To be able to increase the product value, root cause has to be addressed and eliminated.

3.6. Value Stream Mapping

>~

SHE
:;i
aE‘;

gl

B

H
|
i

—

-§9

=
/ o | : =
L e
/ e [ [prsoe zn wr | na
i - / Emrr= T
the Ore | e foatrest b Cut f [ [ = Vrao the o el
draft paper e ED the spase Sorew inthe ook finished
on the om /| on E wrs
Marerin ke vomtheseat| g [ | e smesn Frcpsethe ik w12 go0ds area
e | 1 forn i e N[BT e |1 8 G|t e | e | 1
E

+EFY
u

H

|

4

o
74

2l
g
H

5§z
sf-§l
§

5 fd
5[

i HiE:
H
g
sf-i

= |- Eligle
<5 §

3§

L.} = " n 5 3 » i3 o 5 ] n “ % a @ 5 L.}
7 i 2 [:1 & 3 an 7 u 44 i 7 1

Figure 6. Value Stream Mapping chart for the whole production
4. CONCLUSION

The paper gives analysis and solution to optimize the ScanCom production line by implementing LSS with
many of its tools. The result showed the OEE raised significantly and production capacity has increased 50
products, from 1100 products per shift to 1150 per shift.

10



4% International Conference on Advanced Convergence Engineering (ICACE 2023)

August 141" — 16, 2023, Ho Chi Minh City University of Technology, VNUHCM

References

[1] Crawford, R. (2004). Ammunition enterprise excellence ready for tomorrow, USA Armor School Research
Library.

[2] Gibbons, P. M., Kennedy, C., Burgess, S., & Godfrey, P. (2012). The development of a value improvement
model for repetitive processes (VIM) combining Lean, Six Sigma and systems thinking. International Journal
of Lean Six Sigma, 3(4), 315-338.

[3] Pojasek, R. B. (2003). Lean, Six Sigma, and the systems approach: Management initiatives for process
improvement. Environmental Quality Management, 13(2), 85-92. doi:10.1002/tqgem.10113

[4] Antony, J., Escamilla, J. L., & Caine, P. (2003). Lean sigma. Manufacturing Engineer, 82(2), 40-43.
doi:10.1049/me:20030203

11



4% International Conference on Advanced Convergence Engineering (ICACE 2023)

August 141" — 16, 2023, Ho Chi Minh City University of Technology, VNUHCM

[P-10] Application of TSGA, a Hybrid Mega Heuristic Model, to Solve Flow Shop
Scheduling Problems with Changeover Times in Operations. A Case Study

Nguyen Nhu Phong*”, Nguyen Thi Thuy Nhi*

THCMC University of Technology, Viet Nam
“Corresponding author: nnphong@hcmut.edu.vn

Abstract

Flow Shop Scheduling (FSS) Problems are NP-hard combinatorial optimization problems. It is quite difficult
to achieve an optimal solution for real size problems with mathematical modelling approach because of its NP-
hard structure. Mega-heuristics algorithms, like Tabu Search (TS) and Genetic Algorithm (GA), play a major role
in searching for near-optimal solutions for NP-hard optimization problems. This paper develops the TSGA model
by combining TS and GA for solving FSS problems. In the model, TS is used as the platform for local search, and
GA is used to support TS in global search. The performance of the model is compared with traditional heuristic,
being used. The result indicates that the model is a good approach for FSS problems.

Keywords: Flow shop scheduling problems, Changeover times, Tabu search, Genetic algorithm

1. INTRODUCTION

Scheduling is the allocation of resources to perform a collection of tasks over a period of time. Scheduling
problems determine the order or sequence for processing a set of jobs through several machines in an optimal
manner. FSS problems consider m different machines and n jobs; each job consists of m operations and each
operation requires a different machine and all the jobs are processed in the same processing order. For FSS
problems, Widmer and Hertz presented a heuristic called SPIRIT, composed of two phases: first, get an initial
solution to FSS problems by using an analogy with the travelling salesman problem, then improve the initial
solution by using TS.

The problem to be solved is a FSS problem with assumption that the orders are ready at the start of the
scheduling process. The objective of the problem is to minimize the total weighted tardiness of orders. The
constraints are on the sequence of orders, on the sequence of operations in the orders, and on machine changeover
time. The model of the problem is built based on the above assumptions, objectives and constraints. The TSGA
is built based on the combination of TS and GA with the foundation of TS. Based on the model of the problem,
the TSGA will find a good solution for the problem; this solution will be compared with the solution of the
currently used heuristic model to evaluate the effectiveness of the algorithm.

2. LITERATURE REVIEW

2.1. Tabu search

Tabu search (TS), suggested by Glover and Laguna in 1997, is one of the most popular meta-heuristics to find
solutions of various combinatorial optimization problems. In order to apply TS to a problem, generally the solution
space of the problem is represented by a population of codes. An evaluation value is associated with each code.
The evaluation function is a measure of the extent to which the objective of the problem is achieved. The Fbest
value is the best evaluation value, found during the search. TS guides a local search procedure to explore the
solution space beyond local optimality. TS allows intelligent problem-solving by the incorporation of adaptive
memory and responsive exploration. Key elements of the search path are selectively remembered and strategic
choices are made to guide the search out of local optima and into diverse regions.

However, considering every possible move from the current solution may be extremely time-consuming and
computationally expensive. In order to avoid cycling and becoming trapped in local optima, certain moves that
lead to previously explored regions are forbidden. Attributes of recently visited solutions are set to be tabu for a
certain number of iterations, and these moves are stored in the Tabu List. Elements of Tabu List define all tabu
moves that cannot be applied to the current solution. The size of Tabu List is bounded by a parameter. The tabu
status of a move may be cancelled making it an allowable move if an aspiration criterion is satisfied. A tabu move
can be always allowed to be chosen if it creates a solution better than the incumbent best solution.
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A typical TS implementation starts from an initial solution and moves from the current solution to the best one
among its neighborhoods at each iteration, even if this new solution is worse than the one available, until a pre-
specified termination rule becomes true.

2.2. Genetic algorithm

Genetic algorithm (GA), first introduced by Holland in 1975, is an artificial intelligence search method that
uses the process of evolution and natural selection of individuals called chromosomes. In order to apply GA to a
problem, generally the solution space of the problem is represented by a population of chromosomes where each
chromosome is a possible solution to the problem. A method of coding is the selection of a string format for the
chromosomes. A fitness value is associated with each chromosome. The fitness function is a measure of the extent
to which the objective of the problem is achieved. A certain number of chromosomes are chosen to form the initial
generation. The chromosomes of the next generation are generated by applying genetic operators, including
selection, crossover, mutation and replacement, to the chromosomes of the existing generation.

Starting from an initial population, the algorithm produces a new population of individuals, which are
presumably more fit than their ancestors. The process is repeated until a pre-specified termination rule becomes
true. At each generation, every new chromosome corresponds to a solution.

3. THE FLOW SHOP SCHEDULING PROBLEM

The problem to be solved is a FSS problem with 10 orders, Oi, i=1+10, scheduling on 4 machines, M1, M2,
M3, M4. Each order has 3 parts, P1, P2, P3, processed in 8 operations, Oj, j=1+8, distributed on the 4 machines.

M1 | M2 | M3 | M4
PL| O1 | O4 | -
P2 | 02| O5 | O7 | O8
P3| 03| 06 | -

The weight Wi, i=1+10, and the due date Di, i = 1+10, of order i are estimated in Table 1. The processing
time Pij of order i, i=1+-10, on operation j, j=1+8, are estimated in Table 2.

Table 1. The weight W;, i = 1+-10, and the due date Di, i=1+10, of order i

i 1 2 3 4 5 6 7 8 9 10
Wi 3.70 3.40 3.30 4.65 3.90 2.35 2.70 4.55 4.65 4.30
Di (h) 24 36 40 60 68 80 88 88 96 96

Table 2. The processing time Pj; of order i, i=1+10, on operation j

Pij P2j P3; Py Ps; Pe; P Ps; Poj P1oj
2.34 6.17 6.20 7.09 2.47 9.56 3.44 14.74 5.26 1.39
2.25 0.94 7.05 3.22 1.07 5.26 1.81 7.49 5.26 0.66
0.00 3.99 4.34 4.38 2.60 9.52 0.00 16.75 1474 | 0.44
2.63 1.33 1.08 9.00 2.60 12.56 1.32 1754 | 16.52 1.29
1.06 1.00 6.58 9.00 4.21 12.64 0.65 1754 | 16.52 1.29
0.00 8.33 6.58 3.60 3.95 12.64 0.00 13.33 15.79 | 0.40
2.67 3.29 1.13 2.21 0.68 4.00 1.11 5.26 1.60 0.44
4.08 3.31 3.42 12.00 3.95 6.12 2.21 8.22 5.26 1.32

O N0 B W N P

The changeover times on operation j, j=4--8 are equal to 0, Sj = 0, j=4--8. The changeover times on operation j,
j=1-+3 are the same and depend on the current order i=1-10, and the next order, i'=1+10, shown as follows.

Table 3. Change over time (h) S;, j=1+3

1 2 3 4 5 6 7 8 9 10
1 0.0 0.5 2.0 0.0 0.0 2.0 2.0 2.0 2.0 2.0
2 0.5 0.0 0.0 0.0 2.0 2.0 2.0 2.0 2.0 2.0
3 2.0 0.0 0.0 2.0 0.5 2.0 0.5 0.5 2.0 0.5
4 0.0 0.0 2.0 0.0 0.0 0.0 2.0 2.0 2.0 2.0
5 0.0 2.0 0.5 0.0 0.0 2.0 0.5 2.0 0.5 0.5
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6 2.0 2.0 2.0 0.0 2.0 0.0 0.5 2.0 0.0 0.0
7 2.0 2.0 0.5 2.0 0.5 0.5 0.0 0.5 2.0 0.0
8 2.0 2.0 0.5 2.0 2.0 2.0 0.5 0.0 0.0 0.0
9 2.0 2.0 2.0 2.0 0.5 0.0 2.0 0.0 0.0 2.0
10 2.0 2.0 0.5 2.0 0.5 0.0 0.0 0.0 2.0 0.0

The model is set up with variables TS;; being the start time, TE;; being the completion time of order i at
operation j, Ti being the tardiness time of order i. The constraints on the sequence of operation on each order are
as follows.

TSis > TEi1, TSis > TEi2, TSis > TEi3, TSi7 > TEis, TSig > max(TEis, TEie, TEi7).
The start time of order i at operation j, TS;; depends on the end time of the previous order i', TEjj and the
changeover time between the orders on operation j.

TSij = TCij + S

The end time of order i on operation j, TEj; is determined by the start time and processing time of the order.
TCij = TSj + Pj

The tardiness time of order i, T; is determined by the end time in the last operation and due time of the order.

Ti = Max (0, TEjs - Di)
The objective function that minimizes the total tardiness is defined as follows.
Thest=MinT, T=Y(Wix Ti,i=1+11)

The company is currently using the EDD dispatching method. The sequence of dispatching S , the value of the

objective function are as follows:

S=(1,2,3,4,5,6,7,8,9,10); T = 215.95 (h)

4. THE TSGA MODEL FOR THE FLOW SHOP SCHEDULING PROBLEM

The above FSS problem is a NP hard problem with the size of the solution space of 10! or 3,628,800. The
TSGA model is used to solve the problem. In the model, TS is used to perform a local search, and GA is used to
support TS in global search on the solution space. The TSGA procedure is as follows:

Step 1: Initialize the TSGA model.

Step 2: Generate the initial solution So. Set k=0.

Step 3: Generate the neighbourhood population Py®-

Step 4: Generate elite population Pg®-

Step 5: Generate the genetic population Pg®-

Step 6: Find the next solution Sk+1. Set k = k+1,

Step 7: Check the termination rule. If No, return to step 3. If Yes, finish the loop.

Step 8: Run the algorithm a number of times to choose the best scheduling result.

4.1. Step 1: Initialize the TSGA model.

This step setups factors of TSGA models, including the method of coding, the TS parameters, the GA
parameters, and the termination rule.

The method of coding: The orders are numbered from 1 to 10. Each code is a string of 10 numbers. Each
number is corresponding to an order. The sequence of numbers G;, i=1-+-10, represents the sequence of order
scheduled:

C=(G1, G2, G3, G4, G5, G6, G7, G8, G9, G10)

The TS parameters include the evaluation function, the current best value, the parameters of the TS operators,
and the Tabu List. The evaluation function is the objective function T, used to evaluate scheduling codes. The
current best value Thest is the best objective value, updated after each iteration. The TS operators include the
neighbourhood and the search operator. The neighbourhood operator uses the method of permutation of adjacent
numbers in the string to find the neighbourhood. The search operator finds the best solution in the neighbourhood
solution region to prepare for the next iteration, if any. This solution must not be on the tabu list. Tabu List will
contain the solutions found in the previous loops, and is updated after each iteration.

The GA parameters include the fitness function, and the parameters of GA operators. The fitness function F
is defined as Fi = Tmax — Ti. Where Fi, Ti are the fitness and objective values of chromosome i, Tmax is the
maximum objective value in the population. The crossover method is POX (Precedence Operation Crossover),
the mutation method is SWAP. The crossover probability Pc, the mutation probability Pm are chosen as follows:
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Pc=0.8; Pm=0.2.
The termination rule: The best objective value Tbest does not improve after 10 consecutive iterations.

4.2. Step 2: Generate the initial population P, set k = 0.

A good initial solution will be a good starting point for the search. The initial solution is often chosen by
heuristic methods. With the objective of minimizing lateness, the initial solution selected from the EDD method
is represented as the following string:

S0=1(1,2,3,4,5,6,7,8,9, 10); Tabu list = {SO0}; Thest = 215.95.

4.3. Step 3: Generate the neighbourhood population Pn®,
This step uses the neighbourhood operator to generate the neighbourhood population Py® from the current string.
The neighbourhood population Pn© generated from the initial string is as follows.

Table 4. The neighbourhood population PN(0) = {N1, N2, N3, N4, N5, N6, N7, N8, N9}

PO Gl G2 G3 G4 G5 G6 G7 G8 G9 G10 Ti

N1 2 1 3 4 5 6 7 8 9 10 224.60
N2 1 3 2 4 5 6 7 8 9 10 203.75
N3 1 2 4 3 5 6 7 8 9 10 242.49
N4 1 2 3 5 4 6 7 8 9 10 175.90
N5 1 2 3 4 6 5 7 8 9 10 241.39
N6 1 2 3 4 5 7 6 8 9 10 221.26
N7 1 2 3 4 5 6 8 7 9 10 22411
N8 1 2 3 4 5 6 7 9 8 10 239.71
N9 1 2 3 4 5 6 7 8 10 9 175.65

4.4. Step 4: Generate elite population Pe®.
This step uses the selection operator to generate Pe® from Py®. Each chromosome in Py® has a corresponding
fitness value Fi, and is selected for inclusion in P with selection probability P; as follows:
PiZFi/Zi =1-+10 (Fi)
With population Py© the values of Fi and P; are calculated as shown in the following table.

Table 5. The values of F; and P; of strings in Pn(0)

P\® | G1 | G2 | G3 | G4 | G5 | G6 | G7 | G8 | G9 | G10 Fi Pi
N1 2 1 3 4 5 6 7 8 9 10 17.89 0.08
N2 1 3 2 4 5 6 7 8 9 10 38.74 0.17
N3 1 2 4 3 5 6 7 8 9 10 0.00 0.00
N4 1 2 3 5 4 6 7 8 9 10 66.59 0.29
N5 1 2 3 4 6 5 7 8 9 10 1.10 0.00
N6 1 2 3 4 5 7 6 8 9 10 21.23 0.09
N7 1 2 3 4 5 6 8 7 9 10 18.38 0.08
N8 1 2 3 4 5 6 7 9 8 10 2.78 0.01
N9 1 2 3 4 5 6 7 8 10 9 66.84 0.29

Based on Pj, 10 random numbers are generated, the strings, selected into PE(0) are as follows:
Pe@ = {N1, N2, N3, N4, N5, N1, N7, N4, N4}
4.5. Step 5: Generate the genetic population Pc®.
This step uses the crossover and mutation operators to generate genetic population Pc® from the elite
population P®. The genetic population Pc® includes the new strings generated from the crossover and mutation

operators. The strings of Pe©®) are selected to be included in the crossover list P with the crossover probability of
0.8. After generating random numbers, the set P is determined as follows:

Pc = {N1, N3, N4, N5}

Each pair of strings in P is selected to cross over by the POX method, resulting in 12 new strings in population
PC as shown in the following table.
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Table 6. The population P©

pc Gl G2 G3 G4 G5 G6 G7 G8 G9 G10 Ti
C1 1 2 3 4 5 6 7 8 9 10 215.95
Cc2 1 4 3 2 5 6 7 8 10 9 254.34
C3 1 4 3 2 5 7 6 8 9 10 294.78
C4 1 4 3 2 5 6 7 8 10 9 294.78
C5 1 2 3 4 5 6 7 8 9 10 215.95
C6 1 4 3 2 5 6 7 8 10 9 254.34
Cc7 1 4 3 2 5 7 6 8 9 10 294.78
C8 1 2 3 4 5 6 7 8 9 10 215.95
C9 1 4 3 2 5 6 7 8 10 9 254.34
C10 1 4 3 2 5 7 6 8 9 10 294.78
C11 1 4 3 2 5 6 7 8 10 9 254.34
C12 1 2 3 4 5 6 7 8 9 10 215.95

The strings of Pe(?) are also selected to be included in the mutation list P, with the mutation probability of
0.2. After generating random numbers, the set P, is determined as follows:

Pm = {N5}

Each chromosome in Py, is selected to mutate by the SWAP method, resulting in new chromosomes in
population PM as shown in the following table.

Table 7. The population PM
pM Gl G2 G3 G4 G5 G6 G7 G8 G9 G10 Ti

MI | 1 10 | 3 4 6 5 7 8 9 2 | 18562

After crossover and mutation, 13 new chromosomes are created in P¢(0):
Ps(0) = { C1, C2, C3, C4, C5, C6, C7, C8, C9, C10, C11, C12, M1}

4.6. Step 6: Find the next solution Sk+1.

This step uses the search operator to find the best solution in the solution regions defined by PN(k) and PG(K).
The search operator relies on the objective function and the Tabu List to find the best solution that is not in the
Tabu List. This solution will be selected for the next iteration, if any. This step also updates the Tabu List and the
current best Thest if the objective value of the solution is better than the current Thest.

At iteration 1, based on Py®), P® and current tabu list the next solution is:

N9 =(1,2,3,4,5,6,7,8,10,9); TL = {So, N9}; Thest = 175.65.

4.7. Step 7: Check the termination rule.

After iteration 1, N1 is the best string with the best objective value of 175.65, appearing only once. The
termination rule is not satisfied, so iteration 2 is executed. The result after 16 iterations is as follows.
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Table 8. The result after 16 iterations

Iteration G1 G2 G3 G4 G5 G6 G7 G8 G9 G10 Thest
0 1 2 3 4 5 6 7 8 9 10 215.95
1 1 2 3 4 5 6 7 8 10 9 175.65
2 1 2 3 5 4 6 7 8 10 9 135.60
3 1 2 3 5 4 6 7 8 10 9 135.60
4 1 2 3 5 4 6 7 8 10 9 135.60
5 1 2 3 5 4 6 7 8 10 9 135.60
6 1 2 3 4 5 10 8 7 9 6 129.87
1 2 3 4 5 10 8 7 9 6 129.87
16 1 2 3 4 5 10 8 7 9 6 129.87

The best objective value Thest remains the same from the 6th iteration to the 16th iteration, the termination
rule is satisfied, the algorithm ends. The scheduling result in this run is as follows:

S=(1,23,4,5,10,8,7,9,6), Thest = 129.87 (h)

4.8. Step 8: Run the algorithm a number of times to choose the best scheduling result.
The algorithm is run 5 times with the results as shown in the following table.

Table 9. The results after 5 runs

Run Gl G2 G3 G4 G5 G6 G7 G8 G9 | G1o L Nol
1 1 2 3 4 5 10 8 7 9 6 129.87 16
2 1 3 2 4 5 7 8 9 10 6 124,67 18
3 1 3 2 4 5 7 8 9 10 6 124,67 14
4 1 3 2 4 5 10 8 7 9 6 123.07 16
5 1 3 2 4 5 10 8 7 9 6 123.07 14

The best scheduling result is found on the 5th run, with a number of iterations Nol of 14. The sequence of
dispatching S, the value of the objective function are as follows:

S$=(1,3,2,4,5,7,8,9,10, 6); L =123.07

The objective value according to TSGA model (123.07 h) is better than the objective value according to the
EDD heuristic currently used (215.95 h).

5. CONCLUSION

The TSGA model has been constructed and used to solve the Flow Shop Scheduling Problem with 10 jobs on
4 machines. In the model, TS is used as the platform to perform a local search of the solution space, and GA is
used to perform a global search to support TS. The results show that the TSGA model gives better objective value
of tardiness time than the heuristic EDD method, being used. However, the factors of the model, including the
method of finding the neighbourhood strings, the crossover probability Pc, the mutation probability Pm, the
method and parameter of the termination rule, are only selected empirically, so the results are not very good. The
future research is to use experimental design DOE to determine the model parameters to get better suboptimal
results.
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Abstract

Parallel Machines Scheduling (PMS) problems are combinatorial optimization problems. It is quite difficult
to achieve an optimal solution for real size problems with mathematical modeling approaches because of its NP-
hard structure. Mega-heuristics algorithms, like Tabu Search (TS), play a major role in searching for near-optimal
solutions for NP-hard optimization problems. This paper develops a TS model for solving PMS problems. The
performance of the model is compared with the traditional heuristic, being used. The result indicates that the
model is a good approach for PMS problems.

Keywords: Parallel machines scheduling, Tardiness, Setup times, Capacity constraints, Tabu search

1. INTRODUCTION

Scheduling is the allocation of resources to perform a collection of tasks over a period of time. Scheduling
problems determine the order or sequence for processing a set of jobs through several machines in an optimal
manner.

Parallel Machine Scheduling (PMS) problems consider dispatching n jobs on m parallel machines. A job can
be performed on any of the machines. Machines can be homogeneous or heterogeneous. Machines are
homogenous when they have the same processing time for each job. Machines are heterogeneous when the times
to process the same job on different machines are different.

The problem to be solved is a PMS problem with assumption that all orders and all machines are ready at the
start of the scheduling process. The objective of the problem is to minimize the total weighted tardiness of orders.
The constraints are on the capabilities and setup times of the machines, on the order execution sequence on each
machine, and on the order processing times.

The model of the problem is built based on the above assumptions, objective and constraints. The TS
algorithm is built. Based on the model of the problem, the TS algorithm will find a good solution for the problem;
this solution will be compared with the solution of the currently used heuristic model to evaluate the effectiveness
of the TS algorithm.

2. LITERATURE REVIEW

2.1. Parallel machine scheduling

Production mode using parallel machines for processing in practice has actually been widely applied on
various kinds of industries. The scheduling problems of parallel machines are always of special interest.

Obijectives of parallel machines scheduling are to increase throughput, reduce production cycle time and
tardiness, and enhance machine utilisation.

Theoretically, scheduling problem of parallel machines can be found into two steps. Firstly, it must determine
whichever task is to be processed at which machine, and processing order of task is allocated to each machine
afterward (Pinedo, 2002).

When parallel machines are processing different types of orders, there will also be problems of set-up times.
Considering set-up times in the study is necessary when parallel machines handle different types of jobs. The
primary goal is to enhance validity of applying parallel machines in manufacturing.

When the number of machines increases, even optimised mathematical programming is hard to demonstrate
its effect. As such, many intelligent search methods have, in sequence, been put forth, and gradually become the
resolution methods for streamlined scheduling problem. Among these, GAs, Simulated Annealing (SA) and Tabu
Search (TS) are considered as those most often used.
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2.2. Tabu search

Tabu search (TS), suggested by Glover and Laguna in 1997, is one of the most popular meta-heuristics to find
solutions of various combinatorial optimization problems.

In order to apply TS to a problem, generally the solution space of the problem is represented by a population
of codes. Each code is a possible solution to the problem. Codes are represented by strings. A method of coding
is the selection of a string format for the codes.

An evaluation value is associated with each code. The evaluation function is a measure of the extent to which
the objective of the problem is achieved. The evaluation function is derived from the objective function of the
problem. The Fbest value is the best evaluation value, found during the search.

TS guides a local search procedure to explore the solution space beyond local optimality. TS allows intelligent
problem solving by the incorporation of adaptive memory and responsive exploration. Key elements of the search
path are selectively remembered and strategic choices are made to guide the search out of local optima and into
diverse regions.

However, considering every possible move from the current solution may be extremely time consuming and
computationally expensive. In order to avoid cycling and becoming trapped in local optima, certain moves that
lead to previously explored regions are forbidden. Attributes of recently visited solutions are set to be tabu for a
certain number of iterations, and these moves are stored in the Tabu List. Elements of tabu list define all tabu
moves that cannot be applied to the current solution. The size of Tabu List is bounded by a parameter.

The tabu status of a move may be cancelled making it an allowable move if an aspiration criterion is satisfied.
A tabu move can be always allowed to be chosen if it creates a solution better than the incumbent best solution.

Atypical TS implementation starts from an initial solution and moves from the current solution to the best one
among its neighbourhoods at each iteration, even if this new solution is worse than the one available, until a pre-
specified termination rule becomes true.

3. THE PARALLEL MACHINE SCHEDULING PROBLEM

The problem to be solved is a PMS problem with 11 orders, O;, i = 1+11, scheduling on 3 parallel machines,
M;, j = 1+3.

The scheduling problem is done in two steps. Step 1 allocates orders to machines. Step 2 determines the order
sequence on each machine. The order allocation step determines which orders are processed on each machine;
this step is subject to machine capacity constraints.

In this case, orders 4 and 6 can only be processed on M3, the remaining orders can be processed on all 3
machines. The weight Wi, the due date Di, the processing time Pj;, i = 1+11, of order i are estimated in the following
table.

Table 1. Order attributes

i 1 2 3 4 5 6 7 8 9 10 11

Wi 3 3 1 1 3 1 3 2 1 3 3

Di(h) 24 24 24 24 24 48 48 48 48 48 48
Pi(h) 11.67 12.6 21.39 | 12,77 | 1161 | 1414 | 217 124 12.5 9.19 | 8.17

The changeover times from orders i' to order i, S;- are the same for all machines:
Sii=1[0.5h, if (i, 1) ~{(1,2), (2,1), (2,11), (11,2), (4,6), (6,4), (7,8), (8,7)}; Oh (i’, 1) +{(1,11), (11,1)}, 2.5h
otherwise
After performing the step of allocating orders to machines. The start time of order i at machine j, TS;; depends
on the end time of the previous order i', TE;ij and the changeover time between the orders.

TSij = TEij + Sii
The end time of order i on machine j, TEj; is determined by the start time and processing time of the order.
TEj = TSij + Pj

The tardiness time of order i, T;is determined by the end time and due time of the order.
Ti = Max (0, TEij - Di)
The objective function that minimizes the total weighted tardiness is defined as follows.
Thest=MinT, T=Ywix* Ti,i =1+ 11)
The company is currently using the EDD dispatching method. The sequence of dispatching S on machine M1,
M2, M3, the value of the objective function, and the Gantt Chart are as follows:
S = (1-5-7-8, 2-3-10-11-9, 4-6); T = 105.13 (h)
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Figure 1. The Gantt Chart by EDD

4. THE TS MODEL FOR THE PMS PROBLEM

The above PMS problem is a non-linear problem and is solved by a TS model. The TS procedure is as follows:
— Step 1: Initialize the TS model.
— Step 2: Generate the initial solution So. Set k = 0.
— Step 3: Generate the neighbourhood population Pn®.
— Step 4: Find the next solution Si+1. Set k = k+1,
— Step 5. Check the termination rule. If No, return to step 3. If Yes, finish the loop.

Step 1: Initialize the TS model.

This step setups factors of TS models, including the method of coding, the TS parameters, and the termination
rule.

The method of coding: The orders are numbered from 1 to 11. Each code is a string of 3 sub-strings,
corresponding to 3 machines, M;, j=1+3. Each sub-string corresponds to orders allocated for a machine. For
example, the string by EDD is as follows:

S =(1-5-7-8, 2-3-10-11-9, 4-6)

The TS parameters include the evaluation function, the current best value, and the parameters of the TS
operators, including the neighbourhood and search operators, and the Tabu list.

The evaluation function is the objective function T, used to evaluate scheduling strings. The current best value
Thest is the best objective value, updated after each iteration. The neighbourhood operator uses the method of
permutation of adjacent numbers in the string to find the neighbourhood.

The neighbourhood operator creates the neighbourhood region of a solution using two methods, SWAP and
INSERT. The SWAP method swaps between any 2 orders in the same machine. The INSERT method inserts an
order in any position on the remaining machines.

The search operator finds the best solution in the neighbourhood solution region to prepare for the next
iteration, if any. This solution must not be on the Tabu list. Tabu list contains all moves in the previous loops, and
is updated after each iteration. Tabu list size is chosen 9.

In an iteration, if INSERT is used, Tabu list will store a code segment of the string moving to the best string.
This segment consists of 2 orders, the insert order and its side order. If using SWAP, Tabu list will store 2 code
segments of the 2 permutation strings. Each of these segments consists of 2 orders, the swap order and its side
order. If the insert or swap order is at the beginning of the string, its side order is behind it. If not, the side order
is in front of it.

The termination rule: The best objective value Tbest does not improve after 40 consecutive iterations.

Step 2: Generate the initial solution So, set k=0.

A good initial solution will be a good starting point for the search. The initial solution is often chosen by
heuristic methods, SPT, LPT, EDD. The strings and corresponding objective values of the methods are as follows:

— SPT: S = (11-5-8-2-7, 10-1-9-3, 4-6); T = 202.51 ()
— LPT: S = (7-9-1-5, 2-3-8-10-11, 6-4); T = 362.9 (h)
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— EDD: S = (1-5-7-8, 2-3-10-11-9, 4-6 ), T = 105.13 (h)
With the objective of minimizing total weighted tardiness, the initial solution is generated from the EDD
method:
So = (1-5-7-8, 2-3-10-11-9, 4-6); Tabu list = @; Thest = 105.13.

From the initial solution Sy, iteration 1 is executed with step 3, 4, 5.
Iteration 1
Step 3: Generate the neighbourhood population Pn@©.

This step uses the neighbourhood operator to generate the neighbourhood population Py®© from the current string
So.

From string So, use SWAP and INSERT methods to find neighbouring strings. For example, swapping orders 1
and 5 in the machine 1 will get the string S as follows.

So = (1-5-7-8, 2-3-10-11-9, 4-6) — S; = (5-1-7-8, 2-3-10-11-9, 4-6)
Inserting order 2 in machine 2 before order 4 in machine 3 will get the string S2 as follows.
So = (1-5-7-8, 2-3-10-11-9, 4-6) — Sp2 = (5-1-7-8, 3-10-11-9, 2-4-6)

The 2 methods SWAP and INSERT will generate 113 strings in the neighbourhood population Py from the
current string So.

Step 4: Find the next solution S:.

This step uses the search operator to find the best solution in the solution regions defined by PN(0). The search
operator relies on the objective function and the Tabu list to find the best solution that is not in the Tabu list. This
solution will be selected for the next iteration, if any. This step also updates the Tabu list and the current best
Thest if the objective value of the solution is better than the current Thest.

The best string in the neighbouring population Pn© without violating Tabu list is as follows.

So = (1-5-7-8, 2-3-10-11-9, 4-6) — Sy = (1-5-7-8, 3-10-11-9, 2-4-6)

In this iteration, the objective value of S1 is 51.39 (h), which is less than the current best of 105.13 (h). The current
best Thest is updated to the value of 51.39 (h). The Tabu list, TL is also updated as follows.

Thest =51.39 (h); TL = {2-3}
Step 5: Check the termination rule.

After iteration 1, Sy is the best string with the best objective value of 51.39, appearing only once. The termination
rule is not satisfied, so iteration 2 is executed.

Iteration 2
Step 3: Generate the neighbourhood population Pn®.

This step uses the neighbourhood operator to generate the neighbourhood population Pn® from the current
string Si1. As in iteration 1, the 2 methods SWAP and INSERT will generate 113 strings in the neighbourhood
population Pn® from the current string Si.

Step 4: Find the next solution S..

This step uses the search operator to find the best solution in the solution regions defined by Py®. The best
string S in the neighbouring population Py® is generated from the current string S; by inserting order 8 in machine
1 to the position in front of order 6 in machine 3.

Sy = (1-5-7-8, 3-10-11-9, 2-4-6) —> S2 = (1-5-7, 3-10-11-9, 2-4-8-6)

The string S, does not violate Tabu list and has the objective value of 33.30 (h), which is less than the current
best of 51.39 (h). The current best Thest is updated to the value of 33.30 (h). The Tabu list, TL is also updated as
follows.

Thest = 33.30 (h); TL = {7-8, 2-3}
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Step 5: Check the termination rule.

After iteration 2, S is the best string with the best objective value of 33.30, appearing only once. The
termination rule is not satisfied, so iteration 3 is executed.

Iteration 3
Step 3: Generate the neighbourhood population Pn®.

This step uses the neighbourhood operator to generate the neighbourhood population Pn® from the current
string Sz. As in previous iterations, the 2 methods SWAP and INSERT will generate 111 strings in the
neighbourhood population Py® from the current string S.

Step 4: Find the next solution Sa.

This step uses the search operator to find the best solution in the solution regions defined by Py®- The best
string Ss in the neighbouring population Px® is generated from the current string Sz by swapping orders 1 and 5
in machine 1.

S, = (1-5-7, 3-10-11-9, 2-4-8-6) — S3 = (5-1-7, 3-10-11-9, 2-4-8-6)

The string Sz does not violate tabu list and has the objective value of 33.30 (h), which is the same as the current
best of 33.30 (h). The current best Thest remain unchanged (h). The tabu list, TL is also updated as follows.

Thest = 33.30 (h); TL = {1-5, 7-8, 2-3}

Step 5: Check the termination rule.

After iteration 3, Sz is the best string with the best objective value of 33.30, appearing only twice. The
termination rule is not satisfied, so iteration 4 is executed.
The results after 86 iterations are shown in the following table.

Table 2. The results after 86 iterations

Iteration 0 1 2 3 4 5 6 7 8 9
T 51.38 | 33.3 33.3 33.3 33.3 | 39.53 | 45.65 | 30.96 | 38.13 | 38.13
Thest 51.38 | 33.29 | 33.29 | 333 333 33.3 33.3 | 30.96 | 30.96 | 30.96

Iteration 46 47 48 49 50 51 52 53 86
T 36.58 | 28.43 | 31.44 | 36.91 | 40.79 | 43.05 | 43.05 | 44.72 33
Thest 28.43 | 28.43 | 28.43 | 28.43 | 28.43 | 28.43 | 28.43 | 28.43 28.43

The best objective value remains the same from the 46th iteration to the 86th iteration, the termination rule is
satisfied, the algorithm ends. The scheduling result is as follows:
S =(3-7-9, 5-1-11-8, 2-4-10-6), T = 28.43 (h)

Figure 2. The Gant chart by TS algorithm

The objective value according to the TS scheduling model, that is 28.43 (h), is better than the objective value
according to the current EDD scheduling model that is 28.43 (h).
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5. CONCLUSION

The TS model is used to solve the Parallel Machines Scheduling Problem with 11 jobs on 3 parallel machines.
The results show that the TS model gives better objective value of tardiness time than the heuristic EDD method,
being used. However, the factors of the model, including the method of finding the neighbourhood strings, the
method and the parameter of the termination rule, are only selected empirically, so the results are not very good.
Future research is to use experimental design DOE to determine the model parameters to get better suboptimal
results.
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Abstract

Flexible Flow Shop Scheduling (FFSS) problems are NP-hard combinatorial optimization problems. It is quite
difficult to achieve an optimal solution for real size problems with mathematical modelling approaches because
of its NP-hard structure. Mega-heuristics algorithms, like Genetic Algorithm (GA) and Tabu Search (TS) play a
major role in searching for near-optimal solutions for NP-hard optimization problems. This paper develops a
GATS model by combining GA and TS for solving FFSS problems. In the model, GA is used as the platform for
global search, and TS is used to support GA in local search. The performance of the model is compared with
traditional heuristics, being used. The result indicates that the model is a good approach for FFSS problems.

Keywords: Flexible flow shop scheduling, Mathematical modelling, Parallel machines, Setup time, Batch
production, Hybrid mega heuristic, Genetic algorithm, Tabu search

1. INTRODUCTION

Scheduling problems determine the order or sequence for processing a set of jobs through several machines in
an optimal manner. Flow Shop Scheduling (FSS) problems consider m different machines and n jobs, each job
consists of m operations and each operation requires a different machine and all the jobs are processed in the same
processing order. Parallel Machine Scheduling (PMS) problems consider dispatching n jobs on m parallel
machines. A job can be performed on any of the machines. FFSS problems are problems that combine FFS
problems and PMS problems. FFSS problems consider dispatching n jobs across w stations, each station has
several parallel machines. Each job is executed sequentially through the stations in the same sequence and only 1
machine at each station is selected for execution.

The problem to be solved is a FFSS problem with assumption that the orders are ready at the start of the
scheduling process. The objective of the problem is to minimize the total tardiness of orders. The constraints are
on the sequence of orders, on the sequence of operations in each order, on allocation of orders on parallel machines
in each station, on machine changeover time, and on batches produced in each machine. The model is built based
on the above assumption, objective and constraints. The GATS is built based on the combination of GA and TS
with the foundation of GA. Based on the model of the problem, the GATS will find a good solution for the
problem, this solution will be compared with the solution of the currently used heuristic model to evaluate the
effectiveness of the algorithm.

2. LITERATURE REVIEW

2.1. Flexible Flow Shop Scheduling

For FSS problems, Chen et al. applied GA to FSS problems with make-span as the criterion. Murata et al.
applied a GA to FSS problems by using two-point crossover and the shift change mutation. The convergence
speed of simple GAs is relatively slow (Gen and Cheng 2000). PMS problems can be solved into two steps. Firstly,
it must determine whichever task is to be processed at which machine, and processing order of task is allocated to
each machine afterward (Pinedo, 2002). Many intelligent search methods have been used. Among these, GAs,
Simulated Annealing (SA) and Tabu Search (TB) are considered as those most often used.

One promising approach for improving the convergence speed to the global optimum is the use of local search
in GAs (Krasnogor and Smith, 2000). Because of the complementary properties of GAs and conventional
heuristics, the hybrid approach often outperforms either method operating alone (Gao, Gen, and Sun, 2006).
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2.2. Genetic algorithm

Genetic algorithm (GA), first introduced by Holland in 1975, is an artificial intelligence search method that
uses the process of evolution and natural selection of individuals called chromosomes. In order to apply GA to a
problem, generally the solution space of the problem is represented by a population of chromosomes. A method
of coding is the selection of a string format for the chromosomes. A fitness value is associated with each
chromosome. The fitness function is a measure of the extent to which the objective of the problem is achieved. A
certain number of chromosomes are chosen to form the initial generation. The chromosomes of the next generation
are generated by applying genetic operators, including selection, crossover, mutation and replacement, to the
chromosomes of the existing generation. Starting from an initial population, the algorithm produces a new
population of individuals, which are presumably more fit than their ancestors. The process is repeated until a pre-
specified termination rule becomes true. At each generation, every new chromosome corresponds to a solution.

2.3. Tabu search

Tabu search (TS), suggested by Glover and Laguna in 1997, is one of the most popular meta-heuristics to find
solutions of various combinatorial optimization problems. In order to apply TS to a problem, generally the solution
space of the problem is represented by a population of codes. A method of coding is the selection of a string
format for the codes. An evaluation value is associated with each code. The evaluation function is a measure of
the extent to which the objective of the problem is achieved. The Fbest value is the best evaluation value, found
during the search. TS guides a local search procedure to explore the solution space beyond local optimality. In
order to avoid cycling and becoming trapped in local optima, certain moves that lead to previously explored
regions are forbidden. Attributes of recently visited solutions are set to be tabu for a certain number of iterations,
and these moves are stored in the Tabu list. A typical TS implementation starts from an initial solution and moves
from the current solution to the best one among its neighbourhoods at each iteration, even if this new solution is
worse than the one available, until a pre-specified termination rule becomes true.

3. THE FLEXIBLE FLOW SHOP SCHEDULING PROBLEM

The problem to be solved is a FFSS problem with 9 orders O;, i=1+9, scheduling on 4 stations, S;, j=1+4. Each
order consists of many products, manufactured in batches at each machine in the stations. Each station has 3
homogeneous machines. The due time D;, the processing time Pj;, and the batch time Bj; for order i, i=1+9, on
station j, j=1+4 are estimated in the following table.

Table 1. Input data for model

i Dj Pi1 Piz Pis Pia Bi1 Biz Bis Bis
(h) (h) (h) (h) (h) (h) (h) (h) (h)

1 21 20.04 12.14 0 13.74 1.33 4.83 0 25
2 12 6.83 10.62 7.63 1.33 0.92 1.75 1.57 0.67
3 15 0 4,58 1.65 7.04 0 1.17 1.31 0.09
4 11 23.05 7.42 0 0 0.28 0.12 0 0

5 21 0 5.39 9.18 0 0 0.31 0.68 0

6 25 0 2.67 8 0 0 1 3 0

7 18 9 13 14.67 3.67 1.35 1.95 2.2 0.55
8 20 0 3.12 3.63 0 0 1.81 2.1 0

9 18 0 1.17 1.53 0 0 2.33 3.06 0

The setup times of machine in station j are estimated in the following table.

Table 2. Setup times of machine station

i 1 2 3 4
Sj (h) 0.15 0.2 0.15 0.1
The model is set up with variables TS;j being the time to start order O;, i=1+9 on station S;, j=1+4, machine
k, k=1+3; Xijk being the binary variable, that order O;, i=1+9 will process on station S;, j=1+4, machine k, k=1+3
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or not; TE;j being the time to end order O;, i=1+9 on station S;, j=1+4, machine k, k=1+3; T; being the tardiness
time of job i. The model of the problem is as follows.

Tmin =Min T, T = X(T;, i=1+9)

St.

- TEijk = TSijk + (Sj + Pij) * Xijk, i=1+9, j=1+4, k=1+3

- Ti=max (TEix — Dj, 0), i=1+9, k=1+3

- Xk =1, ZiXijk = 1, =149, j=1+4, k=1+3

- TSijk> Max (TSig-1k + Big-1y » TEg-pjk), i=1+9, j=1+4, k=1+3

- TSij1 = max(0, min(TE-y,j1)) , i=1+9, j=1+4

- TSijk = max(Min(TEg-pjk), TSij-1) + Bij) , i=1+9, j=1+4, k=2+3

- TSijk, TEijk > 0; Xijk = {0,1}, i=1+9, j=1+4, k=1+3

The company is currently using the LPT dispatching method. The the objective value T is 46.93 (h).

4. THE GATS MODEL FOR THE FLOW SHOP SCHEDULING PROBLEM

The above FFSS problem is a non-linear problem with the size of the solution space of 4*9! or 1,451,520. The
GATS model is used to solve the problem. In the model, GA is used to perform a global search of the solution
space, and TS is used to perform a local search to refine the solution found by GA. The GATS procedure is as
follows:

Step 1: Initialize the GATS model.

Step 2: Generate the initial population P©. Set k=0.

Step 3: Generate elite population Pe®.

Step 4: Generate the genetic population Pg®.

Step 5: Generate the neighbourhood population Pn®.

Step 6: Generate the next population P&V, Set k=k+1.

Step 7: Check the termination rule. If No, return to step 3. If Yes, finish the loop.

Step 8: Run the algorithm a number of times to choose the best scheduling result.

Step 1: Initialize the GATS model.

This step setups factors of GATS models, including the method of coding, the GA parameters, the TS
parameters, and the termination rule.

The method of coding: Each chromosome C is a string of 4 sub-chromosomes, S;, j=1+4, corresponding to 4
stations. The orders are numbered from 1 to 9. Each sub-chromosome is a string of 9 genes, Gi, i=1+9,
corresponding to 9 orders. The sequence of genes in a sub-chromosome represents the sequence of order scheduled
in the corresponding station.

C= [51, Sz, 83, 54]; Sj = (Gjl, sz, Gja, Gj4, Gj5, Gje, Gj7, Gja, ng), j=1+4

The GA parameters include fitness function, the population size, and the parameters of GA operators,
including selection, crossover, mutation, and replacement operators. The fitness function F is defined as Fi = Tmax
- Ti. Where F;, T; are the fitness and objective values of chromosome i, Tmax is the maximum objective value in
the population. The crossover method is POX (Precedence Operation Crossover), the mutation method is REM
(Reciprocal Exchange Mutation), the replacement method is acceptance threshold. The population size P, the
crossover probability P, the mutation probability Pm, and threshold K are chosen as follows:

P=9,P.=08;Pn=02 K=2.

The TS parameters include the neighbourhood operator, and the Tabu list. The neighbourhood operator uses
SWAP method to find the neighbourhood chromosomes of a chromosomes. Tabu list contains the chromosomes
found in the previous iterations. At the end of each iteration, chromosomes moving into the next population must
not be in Tabu list.

The termination rule: The best objective value of the population Tmin does not improve or decrease after 10
consecutive iterations.

Step 2: Generate the initial population P©, set k=0.

The initial population consists of 9 chromosomes. There are 4 chromosomes generated from 4 heuristic rules,
EDD, ERD, SPT and LPT. The remaining chromosomes R1, ..., R5 are randomly generated. The chromosomes
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in the initial population, arranged in descending order of their objective values with their corresponding objective
and fitness values are shown in the following table.

Table 3. The initial population P© = {EDD, ERD, R2, SPT, R1, R4, R3, R5, LPT}

PO s1 ) S3 sS4 Tith) | Fi(h) Pi

EDD 423798156 423798156 423798156 423798156 9.41 37.52 0.215

ERD 123456789 123456789 123456789 123456789 13.68 33.25 0.191

R2 741295863 172635498 876425913 238915674 15.21 31.72 0.182

SPT 356892714 968354217 149382657 456892731 16.34 30.59 0.176

R1 247195683 512637894 856724913 436215879 30.32 16.61 0.095

R4 546298173 342156879 874256913 236194567 33.87 13.06 0.075

R3 146295873 372651489 372456918 136254897 39.32 7.61 0.044

R5 826495173 649153872 124736985 631294758 43.15 3.78 0.022

LPT 417235689 712453869 756283914 137245689 46.93 0 0

This step also initializes the Tabu list TL, containing the chromosomes in P©.
TL = {EDD, ERD, R2, SPT, R1, R4, R3, R5, LPT}

Step 3: Generate elite population Pe®.

This step uses the selection operator to generate Pe® from P®. Each chromosome in the current population
has a corresponding fitness value Fi, and is selected for inclusion in Pe® with selection probability Pi determined
as follows:

Pi = Fi/ Zi=1-9(Fi)

The selection probabilities P; are calculated as shown in the table above. Random numbers are generated 9

times, based on Pj, the chromosomes in P©, selected into the population PE©@ are as follows:
Pe@ = {R2, ERD, SPT, R3, R3, SPT, ERD, R4, EDD}

Step 4: Generate the genetic population Pc®,

This step uses the crossover and mutation operators to generate genetic population Pc® from the elite
population Pe®. The genetic population Pc® includes the new chromosome generated from the crossover and
mutation operators. The chromosomes of Pe© are selected to be included in the crossover list Pc with the
crossover probability of 0.8. After generating 9 random numbers, the set Pc is determined as follows:

P. = {EDD, ERD, SPT, R3}.

Each pair of chromosomes in Pc is selected to cross over by the POX method, resulting in 2 new chromosomes
in population P€. R2 and ERD are crossed over to each other, and generate 2 childs, C1 and C2. SPT and R4 are
crossed over to each other, and generate 2 childs C3 and C4. The chromosomes in P€ with their objective values
are shown in the following table.

Table 4. The crossover population P€= {C1, C2, C3, C4}

pc S1 S2 S3 S4 T

C1 421356789 421356789 421356789 421356789 28.16
C2 327498156 327498156 327498156 327498156 32.05
C3 426958713 367254819 137245698 326548971 12.84
C4 136589274 983651427 493826517 146589273 21.29

The chromosomes of Pe©@ are also selected to be included in the mutation list Pm with the mutation probability
of 0.2. After generating 9 random numbers, the set Pm is determined as follows:
Pm={R2, SPT}.
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Each chromosome in Pm is selected to mutate by the REM method, resulting in 1 new chromosome in
population PM. R3 is mutated and generate M1. SPT is mutated and generate M2. The chromosomes in PM with
their objective values are shown in the following table.

Table 5. The mutation population PM= {M1, M2}

pM S1 S2 S3 S4 T
M1 741259863 172635498 876425913 238915674 17.15
M2 356892714 968453217 149382657 456892731 27.03

After crossover and mutation, 6 new chromosomes are created in the population Pc®©.,
Pc® ={C1, C2, C3, C4, M1, M2}

Step 5: Generate the neighbourhood population Pn®

The populations P® & Pc® form the union population Pu® = P® U Pc®. This step uses the neighbourhood
operator to generate the Pn® from Py, For the first iteration, Pu© includes 15 chromosomes, of which 9 are in
P© and 6 are in Pc©.

Pu@ =P® U Pc® = { EDD, ERD, R2, SPT, R1, R4, R3, R5, LPT, C1, C2, C3, C4, M1, M2}

The neighbourhood operator swaps adjacent sub-chromosomes in each chromosome to generate
neighbourhood chromosomes. Each chromosome in Pu® will have 3 neighbourhood chromosomes. The best
chromosome will be selected to move into Pn© to go forward. Population Pn©@ includes the best neighbourhood
chromosomes as shown in the following table

Table 6. The neighbourhood population Py©

PnNO S1 S2 S3 S4 T Tabu
N1 423798156 423798156 423798156 423798156 9.41 Yes
N2 123456789 123456789 123456789 123456789 13.68 Yes
N3 172635498 741295863 876425913 238915674 14.11 No
N4 968354217 356892714 149382657 456892731 15.02 No
N5 546298173 342156879 236194587 874256913 25.94 No
N6 247195683 512637894 436215879 856724913 26.71 No
N7 146295873 372456918 372651489 136254897 38.79 No
N8 826495173 124736985 649153872 631294758 39.17 No
N9 712453869 417235689 756283914 137245689 42.13 No
N10 421356789 421356789 421356789 421356789 28.16 No
N11 327498156 327498156 327498156 327498156 32.05 No
N12 367254819 426958713 137245698 326548971 11.25 No
N13 136589274 493826517 983651427 146589273 75.00 No
N14 172635498 741259863 876425913 238915674 33.91 No
N15 356892714 968453217 456892731 149382657 18.55 No

In Pn© there are 2 chromosomes, N1 and N2 in the Tabu list, the rest are not.

Step 6: Generate the next population P&+,

This step uses the replacement operator to generate P&* from P® & Pn®. The chromosomes from Pn® will
be added to P® to make P®*D, if they are not in the current Tabu list and their objective values exceed an
acceptable threshold, defined by the objective value of the threshold chromosome. The threshold chromosome is
a chromosome in P& with position n defined by population size P and threshold parameter K as follows.

n=P/K

With population size of 9 and threshold parameter of 2 as chosen, the threshold chromosome is the 4th
chromosome of P® in the top-down ranking. In order to keep the next population size constant, chromosomes in
P® with lowest values are removed from the next population. This step also updates the Tabu list by adding the
chromosomes, moved into P*Y, In this iteration, the threshold chromosome is SPT, with the threshold value of
16.34. Chromosomes N3, N4, and N12 move into, R3, R5, LPT move out of the population. The chromosomes
in P@ are shown in the following table.
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Table 7. The next population P®@ = { EDD, N12, ERD, N3, N4, R2, SPT, R1, R4}

P®@ S1 S2 S3 S4 T
EDD 423798156 423798156 423798156 423798156 9.41
N12 367254819 426958713 137245698 326548971 11.25
ERD 123456789 123456789 123456789 123456789 13.68

N3 172635498 741295863 876425913 238915674 14.11

N4 968354217 356892714 149382657 456892731 15.02

R2 741295863 172635498 876425913 238915674 15.21
SPT 356892714 968354217 149382657 456892731 16.34

R1 247195683 512637894 856724913 436215879 30.32

R4 546298173 342156879 874256913 236194567 33.87

The Tabu list is updated after iteration 1 as follows.
TL ={EDD, ERD, R2, SPT, R1, R4, R3, R5, LPT, N3, N4, N12}
Step 7: Check the termination rule.
After iteration 1, EDD is again the best chromosome with the best objective value of 9.41, appearing twice.
The termination rule is not satisfied, so iteration 2 is executed. The result after 14 iterations is as follows.

Table 8. The result after 14 iterations

Iter 1 2 3 4 5 6 7 8 9 1 1 1 ) 2
ation 0 1 2 1

T 9 8 8 6 6 5 5 5 5 3 3 2 ) 2
(h) 41 |8 |89 |.11 |.11 |55 |65 (.12 |12 | .82 |.82 |.37 37

From the 12nd iteration to the 21% iteration, the best objective value remains the same, the termination rule is
satisfied, the algorithm ends. The scheduling result in this run is as follows:
C = (413296857, 413297856, 142379856, 472319856), T = 2.37 (h)
Step 8: Run the algorithm a number of times to choose the best scheduling result.
The algorithm is run 10 times with the results as shown in the following table.

Table 9. The results after 10 runs

Run 1 2 3 4 5 6 7 8 9 10
T (h) 2.37 5.98 4.86 3.71 3.63 5.01 412 2.88 3.96 3.82

The best scheduling result is found on the 1% run. The scheduling sequence, the objective value are as follows:
C = (423981756, 498132756, 982713546, 439782156), T = 2.37 (h)
The objective value according to GATS model (2.37 h) is less than the objective value according to the LPT
model currently used (46.93 h).

5. CONCLUSION

The GATS model has been used to solve the Flexible Flow Shop Scheduling Problem with 9 orders on 4
stations with 3 homogeneous parallel machines. In the model, GA is used as the platform to perform a global
search of the solution space, and TS is used to perform a local search to refine the solution found by GA. The
results show that the GATS model gives better objective value of tardiness time than the heuristic LPT method,
being used. However, the factors of the model, including the population size, the crossover probability Pc, the
mutation probability Pm, the method of finding the neighbourhood chromosomes, the method and parameter of
the termination rule, are only selected empirically, so the results are not very good. The future research is to use
experimental design DOE to determine the model parameters to get suboptimal results.
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Abstract

Most of 3PL companies that provide transportation services are handling thousands of orders per day. Vehicle
Routing Problems, VRPs, help plan the distribution of goods with the optimum fleet of vehicles and delivery
routes, and play an important role in helping businesses reduce transportation costs while ensuring service level.
VRPs are NP-hard combinatorial optimization problems. It is quite difficult to achieve an optimal solution for real
size problems with mathematical modelling approach because of its NP-hard structure. Genetic Algorithm (GA)
plays a major role in searching for near-optimal solutions for NP-hard optimization problems. This paper develops
the GA model for VRPs. The result show that the delivery cost is reduced by 17.88 %, while the service level
increase from 88.7% to 100%. It indicates that the model can be good techniques for VR problems.

Keywords: Distribution planning, Mathematical modelling, Vehicle routing problems, Genetic algorithm

1. INTRODUCTION

In today's fiercely competitive business environment, companies need to optimize their supply chains.
Logistics is one of the key areas in supply chain management. Vehicle Routing Problem (VRP) is a core problem
in Logistics that refers to a class of combinatorial optimization in which customers are served by several vehicles.
VRP is a problem in which there is a set of vehicles and a set of customers; each customer requires a certain
number of goods. This problem is a type of distribution problem that determines the transportation facilities and
their delivery routes with specific objective and constraints. The problem to be solved is a VRP with assumption
that the trucks start at the real warehouse and end at the virtual warehouse, the travel time between the points is
fixed, the unloading time at the points is fixed, the speed of the trucks is the same and fixed, and the factors of
failure, accident, weather are not taken into account. The objective of the problem is to minimize the transportation
cost. The constraints are on the level of customer service, on the capacity of the transportation facilities. The
model of the problem is built based on the above assumptions, objective and constraints. A GA algorithm is built.
Based on the model of the problem, the GA algorithm will find a good solution for the problem, this solution will
be compared with the solution of the currently used heuristic model to evaluate the effectiveness of the GA
algorithm.

2. LITERATURE REVIEW

2.1. Vehicle Routing Problems

There are many classes of VRP problems, such as Multi Depot VRP, Capacitated VRP, Distance Constrained
VRP, VRP with Time Windows, VRP with Pickup and Delivery, VRP with multiple trips, Periodic VRP, Multi
Objective VRP, Open VRP. In Open VRP (OVRP), routes finish after servicing the last client. The OVRP, which
was first proposed by Sariklis (1997), is relevant for companies without a vehicle fleet of its own that decide to
hire or rent vehicles to make their deliveries (Tarantilis, loannou, Kiranoudis, & Prastacos, 2005). OVRPs are of
type NP-hard combinatorial optimization problems. Many heuristics have been used to solve OVRPs. Tabu search
algorithms proposed by Fu et al. (2005) and Brand&o (2004). Genetic Algorithm proposed by Dutta, Barma, Kar,
and De (2019).

2.2. Genetic algorithm

Genetic algorithm (GA), first introduced by Holland in 1975, is an artificial intelligence search method that
uses the process of evolution and natural selection of individuals called chromosomes. In order to apply GA to a
problem, generally the solution space of the problem is represented by a population of chromosomes where each

chromosome is a possible solution to the problem. A method of coding is the selection of a string format for the
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chromosomes. A fitness value is associated with each chromosome. The fitness function is a measure of the extent
to which the objective of the problem is achieved. A certain number of chromosomes are chosen to form the initial
generation. The chromosomes of the next generation are generated by applying genetic operators, including
selection, crossover, mutation and replacement, to the chromosomes of the existing generation.

Starting from an initial population, the algorithm produces a new population of individuals, which are
presumably more fit than their ancestors. The process is repeated until a pre-specified termination rule becomes
true. At each generation, every new chromosome corresponds to a solution.

3. THE VEHICLE ROUTING PROBLEM

The problem to be solved is an OVRP, where vehicles after delivery to customers do not need to return to the
starting point. The distribution system consists of a warehouse, and a fleet of vehicles V, v=1+V. Each vehicle
V, has max load Qy, limited delivery time Ty, and operating cost f,. The system distributes for N customers, each
customer is 1 point on the distribution network. The distribution network consists of N+1 nodes, with node 0
being the warehouse, node i, i=1+N corresponding to the ith customer. Customers at node i have demand di,
unloading time Si, i=1+N. On a distributed network, the travel time from node i to node j is Tjj, i=0+N-1, j=1+N.

The objective of the problem is to minimize the total delivery cost. The constraints of the problem include:
Each route starts at the warehouse and ends at a customer point. The number of vehicles starting at the real
warehouse and ending at the virtual warehouse is equal and does not exceed the limited number of vehicles. The
number of cars arriving and leaving at each node is equal. Each customer is only served once by one vehicle. The
total delivery time does not exceed the time limit. The total demand of the customers in each route does not exceed
the vehicle tonnage.

The model is set up with the decision variable y;;, i=0+N-1, j=1+N, v=1+V. If vehicle v moves from node i
to node j then y; is 1, otherwise y; is 0. The model is as follows:

MinZ,Z =¥y, Z?’=1 foyo;

St.

DAY Y Yo = Y1 XYy SV

=1 Z?’:oyz =1,j e N\{0}, i+

Loyl =2Noyl veV.ee N\{0}e*ie*]
Lo ,"V=1(d]-y;-) SQ VeV, i#]

Lo Xol(t; + syl ST, veV, i#j
vy € {0,1},veV,jeEN,ieN,i+]j

4. THE GA MODEL FOR THE PILOT VRP

The pilot problem is a VRP problem with 6 trucks and 8 customers (V=6, N=8). The parameters of fleet,
customers, travel time between nodes are as in Tables 1, 2 and 3. The pilot problem model is set up according to
the above parameters. The GA model is used to solve the problem by the following procedure:

Step 1: Initialize the GA model.

Step 2: Generate the initial population P©. Set k=0.

Step 3: Generate elite population Pg®,

Step 4: Generate the genetic population Pg®.

Step 5: Generate the next population P&*, Set k=k+1.

Step 6: Check the termination rule. If No, return to step 3. If Yes, finish the loop.

33



4% International Conference on Advanced Convergence Engineering (ICACE 2023)

August 141" — 16, 2023, Ho Chi Minh City University of Technology, VNUHCM

Table 1. Loads, Time Limits, and Fleet Costs

v 1 ]2 ]3]4[5]6
Qv (kgs) | 300 | 300 | 300 | 400 | 400 | 500
M) | 3 | 3 | 3| 4| 4]5
T.0h) | 8 | 8| 8 | 8| 8 |38

Table 2. Demand, unloading time at delivery points

i 1 2 3 4 5 6 7 8
di (kgs) | 50 | 300 | 200 | 150 | 100 | 150 | 50 | 100
Si(h) | 025|025|0.25|0.25|0.25|0.25|0.25 | 0.25

Table 3. Travel Time T;; (h) between nodes

i\j | O 1 2 3 4 5 6 7 8

0 |-0.068 | 0.137 | 0.133 | 0.143 | 0.345 | 0.203 | 0.261 | 0.202
1 - 0.08 | 0.065 | 0.076 | 0.345 | 0.228 | 0.265 | 0.236
2 - 0.062 | 0.049 | 0.301 | 0.221 | 0.231 | 0.238
3 - 0.019 | 0.362 | 0.27 | 0.289 | 0.283
4 - 0.349 | 0.265 | 0.279 | 0.28
5 - 0.165 | 0.084 | 0.189
6 - 0.088 | 0.03
7 - 0.117
8 -

Step 1: Initialize the GA model.

This step setups factors of GA models, including the method of coding, the population size, the fitness
function, the parameters of GA operators, and the termination rule.

The method of coding: Each chromosome C is a string of 2 sub-chromosomes, S1 is corresponding to
customer sequence, and S2 is corresponding to vehicle sequence: C = [S1, S2]

Customers are numbered from 1 to 8. Each sub-chromosome S1 is a string of 8 genes, Gci, j=1-+8,
corresponding to 8 customers. The sequence of genes in a sub-chromosome represents the sequence of customers
being served: S1 = (Gc1, Ge2, Ges, Ges, Ges, Ges, Ger, Geg). Vehicles are numbered from 1 to 6. Each sub-
chromosome S2 is a string of 6 genes, Gvi, j=1+6, corresponding to 6 vehicles. The sequence of genes in a sub-
chromosome represents the sequence of vehicles being used: S2 = (Gu1, Gvz, Gva, Gva, Gys, Gus)

The population size P is chosen to be 4: P=4.

The fitness function F is defined as Fi = Zmax - Zi. Where Fi, Z; are the fitness and objective values of
chromosome i, Zmax is the maximum objective value in the population.

The GA operators include selection, crossover, mutation, replacement operators. The selection method is
based on selection probabilities, determined by fitness values. The crossover method is OX (Order Crossover),
the mutation method is SWAP, the replacement method is acceptance threshold. The the crossover probability P,
the mutation probability Pr, and threshold K are chosen as follows: Pc = 0.8; Pm = 0.2, K=2.

The termination rule: The best objective value of the population Znin does not decrease after 15 consecutive
iteration.

Step 2: Generate the initial population P©, set k=0.

The initial population consists of 4 chromosomes. Each initial individual is created including customer
sequence and vehicle sequence, by randomizing the customer delivery points and available vehicles. The initial
population P© s shown in Table 4: P©@ = {C1, C2, C3, C4}
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Table 4. The initial population P©

p©@ S1 S2 Routes v z
Cl |[1,3,2,4,75,6,8]|[23,4,5/1,6] | [1,3];[2];[4,7,5];[6,8] | 2,3,4,5 | 14
C2 | [1,4,3,8,2,6,7,5] | [3,1,2,4,5,6] | [1,4];[3,8]; [2];[6,7,5] | 3,1,2,4 | 13
C3|[6,4,1,7,8,3,52] |[13,4,5,6,2] | [6,4];[1,7,8];[3,5];[2] | 1,3,4,5 | 14
C4 |[8,51,7,6,2,3,4] | [1,2,4,6,3,5] | [851,7];[6];[2];[3.4] | 1,2,4,6 | 15| 0

From customer sequence Si, vehicle sequence Sp, based on the constraints, the vehicles used and their
corresponding routes are determined as above table. From that, the objective values Z and fitness values F of each
chromosome can be determined. In the initial population P© | the best chromosomes are C2, with the best
objective value Z of 13 (M).

Step 3: Generate elite population Pe®.

This step uses the selection operator to generate elite population Pe® from P®, Each chromosome in the
current population has a corresponding fitness value Fi, and is selected for inclusion in the elite population P¢®
with selection probability P; determined as follows: P; - Fi/ Zi-1-4(Fi). With population P©, the values of Fi, Pi,
and the CPF (Cumulative Probability Function) are calculated as shown in Table 5. Random numbers R; are
generated 4 times. Based on CPF, the chromosomes, selected into the population Pe©® are as table 6.

(NN

Table 5. Values of Fj, P;, and the CPF

PO s1 S2 Z|F[ P |[CPF
Cl|[L1,32470568] |[234501,6]|14|1]025] 025
C2 |[1,4,3826,75]|[312456]|13|2]| 05 | 0.75
C3([6,41,78352]|[L3,45,62] |14 |1]025] 1
C4|[8,51,76234] |[1,24635]|15[0]| 0 | 1

Table 6. The elite population Pe© = {C2, C1, C3, C3}

Ri | 0.569 | 0.194 | 0.828 | 0.913
Pe@ | C2 C1 C3 C3

Step 4: Generate the genetic population Pc®),

This step uses the crossover and mutation operators to generate genetic population Pc® from the elite
population Pe®. The genetic population Pc® includes the new chromosome generated from the crossover and
mutation operators.

The chromosomes of Pe(© are selected to be included in the crossover list Pc with the crossover probability of
0.8. After generating 4 random numbers R;, the set P. is determined as Table 7. Each pair of chromosomes in Pc
is selected to cross over by the OX method, on both sub-chromosomes, resulting in 2 new chromosomes in
population PC. C2 and C3 are crossed over to each other, and generate 2 childs, C5 and C6. The population P€ are
shown in Table 8.

Table 7. The crossover list P = {C2, C3}

Pe@| C2 | C1 | C3 | C3
Ri |047]091|0.11 | 0.88
P. | C2 - C3 -

Table 8. The crossover population P¢= {C5, C6}

pc S1 S2
C51[6,4,38,1,7,572] |[31,24,5,6]
C6[[1,4,28,3,56,7 |[13, 452, 6]
The chromosomes of Pe®© are also selected to be included in the mutation list Pm with the mutation probability
of 0.2. After generating 4 random numbers Ri, the set Pm is determined as Table 9. Each chromosome in Pm is
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selected to mutate by the SWAP method, on both sub-chromosomes, resulting in 1 new chromosome in population
PM. C1 is mutated and generate C7. The population PM is shown in Table 10.

Table 9. The mutation list P, = {C1}

PO C2 [C1 | cC3|cC3
R [0.49 012023086
Pm | - | CL | - | -

Table 10. The mutation population PM = {C7}

pM S1 S2
C711[6,8,2,4,7,51,3] | [4,5,23,1,6]

After crossover and mutation, 3 new chromosomes are created in the population Pc©®. Chromosomes in Pc(©®
with their genes and objective values are shown in Table 11.

Table 11. The genetic population P¢© = {C5, C6, C7}

PO s1 S2 z
C5 | [7,4,3,826,1,5]|[316,45,2] | 13
C6 |[2,87,14365]|[345,1,2,6] | 14
C7 | [6,8,247513]|[4523 1,6] | 14

Step 5: Generate the next population P&,

This step uses the replacement operator to generate the next population P&* from the populations P®¥ & Pc®.
The chromosomes from Pc® will be added to the current population P& to make the next population P&*D), if
their objective values are better than the acceptable threshold, defined by the objective value of the threshold
chromosome. The threshold chromosome is a chromosome in P® with position n defined by population size P
and threshold parameter K: n = P/k. With population size of 4, and the replacement parameter K of 2, the
acceptable threshold is selected as the value of the 2™ chromosome of P® in the top-down ranking. On the other
side, in order to keep the next population size constant, some chromosomes in P® with the lowest fitness values
are removed. In P©, C1 is the 2" chromosome in the top-down list, the acceptable threshold is 14. Look at the
objective values of the chromosomes in population Pc©®, C5, C6, C7 move into P®and C1, C3, C4 have to move
out to keep P® population size constant. The following table shows the chromosomes in the next population P®
In P, the best chromosomes are C2 and C3, with the best objective value is 13.

Table 12. The next population P® = {C2, C5, C6, C7}

PO s1 S2 z
C2 | [1,4,3,8,26,7,5 | [31,245,6] | 13
C5 | [7,4,3,8,2,6,1,5 | [31,6,45,2] | 13
C6 | [2,8,7,1,4,3,6,5 | [345,1,2,6] | 14
C7 | [6,8,2,4,7,51,3] | [45,23,1,6] | 14

R FRININT

Step 6: Check the termination rule.
After iteration 1, the best objective value is 13, appearing only twice. The termination rule is not satisfied, so
iteration 2 is executed.

5. THE GA MODEL WITH EXPERIMENTS FOR THE PILOT VRP

Experiments are performed on the above GA model with a population size P of 20, the two input factors are
the probability of crossover P and the probability of mutation Pr. The probability P¢ has 3 levels 0.8, 0.9, and 1.
The probability Pm has 3 levels 0.3, 0.5, 0.7. The run-charts of the objective values Z in 9 combinations of (P,
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Pm) are shown in the following figure. The 9 combinations (P¢, Pm) give the same objective value, but combination

(0.8, 0.5) has the smallest number of iterations. This combination is used to solve real problems.
Pe
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Figure 1. The objective values Z in 9 combinations of (Pc, Pm)

6. THE GA MODEL FOR THE REAL VRP

The real problem is a VRP problem with 12 trucks and 97 customers (V = 12, N = 97). The parameters of
fleet, customers, travel time between nodes are as in the following tables. The model is set up according to the
above parameters. The GA model is used to solve the problem with the parameter: P = 20, Pc = 0.8, Pm = 0.5.

Table 13. Loads, Time Limits, and Fleet Costs

v 1:6 | 729 | 10 [11:12

Qv (kg) | 1000 | 1400 | 1900 | 2000

f.(M) | 1.150 | 1.600 | 1.800 | 2.000
T.(h) | 8 8 8 8

Table 14. Demand, unloading time at delivery points

i T [ 23 4 [..]o97
di(kgs) | 145 | 17 | 9 | 145 ... | 1000
Si(h) | 025|025 025|025 ... | 0.25

Table 15. Travel time Tj; (h) between nodes

0 1 2 3 4 ee | 97
0 | -10313|0.214 | 0.124 | 0521 | ... | 0.365
1 - 0.651 | 0.145 | 0.689 | ... | 0.287
2 - 0.09 | 0871 | ... | 0.697
3 - 0.416 | ... | 1.010
4 - ... |1 0.723
97 -

The result has a total cost of 7.1 (M) with the vehicles used and the corresponding route as shown in Table 16.
The comparison between the current method and the GA model is shown in Table 17. Compared to the current
model, the GA model has a cost reduction of 7.55 to 7.1 (17.88%), the number of late delivery points reduced
from 11 to O, service level increased from 88.7% to 100%.
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Table 16. The vehicles used and corresponding route by GA

Route
[0, 12, 77, 82, 64, 50, 60, 42, 69, 93, 28, 87, 30, 11, 21, 32, 96, 25, 56, 91, 53, 5, 23]
[0, 6, 75, 66, 57, 9, 72, 73, 22, 16, 41, 89, 81, 13, 19, 36, 20, 79, 92, 74, 24, 43, 2, 90]
[0, 97, 26, 44, 95, 48, 15, 4]
[0, 71, 94, 45, 18, 51, 14, 3, 59, 84, 70, 65,88, 52, 8, 38, 61, 63, 86, 58, 10, 54, 62]
[0, 7,31, 47,1, 29, 80, 40, 76, 67, 39, 49, 37, 35, 68, 46, 83, 17, 78, 34, 55, 27, 33, 85]

O|loo|NOgN<

Table 17. Total cost between current method and the GA model

Model Total cost (M) | Number of late delivery nodes | Service level (%0)
Current model 7.55 11 88.7
GA 7.1 0 100

7. CONCLUSION

The GA model has been used to solve the VRP in a distribution system with 1 warehouse, 12 trucks, and 97
customers. The results show that the GA model gives lower cost and higher service level than the heuristic method,
being used. However, the parameters of the model are only selected empirically, so the results are not very good.
The future research is to use experimental design DOE to determine the model parameters to get suboptimal
results.
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Abstract

Ports are essential elements of a vibrant and dynamic society since they play a critical role in supporting both
economic and cultural progress. This study emphasizes the significance of culinary image in enhancing tourist
satisfaction and fostering repeat visits, with particular relevance to the tourism industry in Viet Nam. Leveraging
technologies such as Microsoft Project (MsP) and project management principles, this research aims to create a
comprehensive project plan for the establishment of a healthful Vietnamese restaurant that offers a multitude of
advantages. The Analytic Hierarchy Process (AHP) technique and consideration matrix are employed to
investigate the selection of an optimal location, replacing outdated labor-intensive and complex approaches. The
findings of this study provide valuable insights for tourism marketers and restaurant owners, shedding light on the
pivotal role of culinary experiences in driving sustainable tourism and fostering economic growth.

Keywords: Culinary tourism, Tourism industry, Project management

1. INTRODUCTION

Ports serve as crucial catalysts for both economic growth and cultural development. Economically, ports
act as vital gateways for international trade, connecting regions and countries, facilitating the movement of goods,
and driving economic activities [1]. They generate employment opportunities, attract foreign investments, and
stimulate local businesses, contributing to job creation and income generation. They serve as entry points for
tourists, exposing them to different cultures, traditions, and experiences. Hence, ports are key drivers of cultural
growth as they bring together people from diverse backgrounds, facilitating cultural exchange, and promoting
multiculturalism. Overall, ports play a pivotal role in fostering both economic and cultural growth, making them
crucial components of a thriving and dynamic society.

Vietnamese traditional cuisines have played an important role in the country’s economic development.
Referring to [2], the paper examines the satisfaction and intentions of foreign tourists in Ho Chi Minh City,
Vietnam by focusing on their satisfaction with local food. The study suggests five aspects of food presentation,
including flavor, price, serving method, and vendor/restaurant staff. The study intends to offer insights for tourist
marketers by examining the connection between these features and meal pleasure as well as the relationship
between food satisfaction and behavioral intentions. The information was gathered by conducting a face—to—face
poll with 210 foreign tourists in well-known areas of the city. The findings show that each of the five aspects of
food image positively influences satisfaction, with taste being the most important one. This study has important
ramifications for tourism marketers, highlighting the role that culinary image plays in raising visitor happiness,
and promoting return trips.

However, besides the urge of developing culture to the world, the growth of healthy diet, recent research
has explored the relationship between perceived and actual changes in healthy food intake, shedding light on the
effectiveness of public health campaigns promoting healthier eating habits. The paper carried out the research
where participants were then classified into different groups based on their perceived changes in eating patterns
over a six-month period. The results revealed that participants who reported making a healthy shift in their eating
behavior demonstrated an actual improvement in their dietary patterns, including a reduction in the consumption
of less healthy food categories. These positive changes were associated with a decrease in body mass index (BMI)
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and potentially reduced risks of non—communicable diseases. These findings highlight the importance of both
perceived and actual changes in promoting healthier food choices and support the effectiveness of public health
campaigns that encourage individuals to adopt healthier eating habits [3].

Investing in a Vietnamese healthy restaurant at the seaport offers numerous benefits, including promoting
Vietnamese cuisine, catering to the demand for nutritious food, contributing to public health, boosting the local
economy, and enhancing the tourism experience. By developing a project plan that emphasizes menu
development, sustainable sourcing, and collaboration with local stakeholders, the restaurant can become a
successful platform for showcasing Vietnamese culinary traditions while encouraging a healthy lifestyle.

However, to successfully undertake this new project, it is crucial to incorporate Project Management
principles and utilize tools such as Microsoft Project (MsP). Project Management involves using knowledge,
skills, and techniques to meet specific goals in a temporary project, which is designed to produce a special product,
service, or result. This process includes planning, organizing, inspiring, and controlling resources to achieve the
objectives. It is a strategic ability that helps organizations to achieve their goals and better compete in their
markets. Project Management became a professional practice in the mid-20th century and is essential for
successful project outcomes. The paper has concluded that the traditional method of building construction is time-
consuming, complex, and prone to errors. The planning process lacks proper subdivision of tasks, leading to
overallocation of resources and improper allocation of resources for specific activities. To overcome these
challenges, MsP is a modern tool for project management that optimally and effectively organizes project
activities to complete the project within the planned duration and budget [4].

2. METHOD

The paper offered a broad planning framework for a Viethnamese healthy restaurant that a project manager or
investor might take into consideration. Feasibility Analysis and Minimizing Project Cost are two crucial elements
of the framework. There are unique characteristics and processes for each phase, which will be covered in more
detail.

2.1. Feasibility analysis

In project management, feasibility analysis is the process of determining if a proposed project is worth
pursuing by examining its technical, economic, and operational characteristics. Consequently, the study performs
studies on these factors for the two key phases of setting up a restaurant, namely the selection of Location and
Suppliers. The Analytic Hierarchy Process (AHP) approach and consideration matrix are used to examine the
Location selection in order to identify the best site for a business. A separate strategy is used for the final aspect,
which is the selection of Suppliers. The paper can identify the greatest supplier by carrying out the following three
steps: (1) Create an evaluation scoring scale based on the set criteria; (2) Summarize the supplier's characteristics
based on the evaluation scoring scale criteria; (3) Create an evaluation table using the Weighted—Score Models
method and select the supplier with the highest score.

2.2. Minimizing project cost

The process of identifying and putting methods in place to lower a project’s overall cost while still meeting
its goals is commonly known as minimizing project cost. With a view to achieving this objective, the paper
proposes the application of the tools from MsP for project planning. Additionally, the utilization of the AON
(Activity On Node) network and Critical path method (CPM) for scheduling the project also reveals a great decline
in the total expense of the project.

3. RESULTS AND DISCUSSION

3.1. Feasibility analysis
3.1.1. Location feasibility study

With the goal of selecting a healthy restaurant and being able to promote the image of Vietnamese cuisine to
international customers, the paper would first evaluate some common features and factors of a site. The paper
takes into account three features: (1) Located near a crowded area with foreign tourists, (2) Placed on the facade,
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and (3) Placed in a secure area where customers can move easily. Simultaneously, the factors of competitive
advantage, possibility, and prospect are also taken into consideration. The completion of the Consideration matrix
of site selection provides insight on how the features influence the factors. For instance, a site that is located near
an area crowded with foreign tourists, or placed on the facade would have a higher advantage over competitors
and a greater likelihood of development. However, the possibility of this site being chosen would be dramatically
reduced due to the high expense for rent. On the other hand, a site that is placed in a secure area would have higher
possibility thanks to the ease of traveling that is provided to the customer. Yet, this site tends to not attract as
many customers, which would result in the little prospect of premises. From the guidelines, the study mentions
three locations that are suitable for the site selection process: the area near the international seaport, the area near
the airport, and the area near the tourist destination.

The AHP method is used with five main criteria: Accessibility, Location price, Competitors, and the Number
of foreigners nearby. The Fundamental Scale is a scale of importance levels with corresponding scores for each
level, ranging from considerably less important (1/9) to extremely important (9). The scores between criteria are
then calculated in the study. The consistency ratio, as its name implies, indicates the relative importance of each
pair of factors in a decision-making process. These criteria include accessibility, location prices, competitors, and
the number of foreigners nearby. Scores are produced for each pair of these criteria. Accessibility, Location Price,
Competitors, and the number of foreigners close by are all compared pairwise. Seaport, Tourist destination, and
Airport are the three criteria used to evaluate each of the components, with their respective consistency ratios
serving as the main determining factors. The findings indicate that a potential area is near the seaport. With the
above results, the area near Phu My seaport will be the expected area to choose because it is the southern region’s
first deep-water seaport and primarily welcomes foreign delegations [5] with monthly rental rates ranging from
5,000,000 VND to 10,000,000 VND for areas ranging from 100 m? [6].

3.1.2. Supplier feasibility study

Supplier feasibility study presents a scoring scale for evaluating suppliers of food ingredients based on criteria
such as transportation cost, quality, flexibility, and variability. Each criterion is assigned within the range 1 to 9,
indicating different levels of performance or characteristics of the suppliers in terms of their offerings, support,
and capabilities. The suppliers are then evaluated and scored based on the criteria given. The process follows the
aforementioned three steps are to select suitable suppliers. Three suppliers are being considered for Food
Ingredient suppliers: Thucphamsol Dong Nai [7], Thanh Nam Food Company [8], and Hiep Phat Food
Company [9]. Thucphamsol Dong Nai is a superior supplier in terms of flexibility, quality, and transportation
costs. It is consequently selected as the potential supplier. With a physical site in Phu My Ward, Phu My Town,
Ba Ria-Vung Tau Province, Supplier Thucphamsol Dong Nai is a business that specializes in delivering clean
food countrywide for more than 05 Big Companies including Co.opmart, Metro, Vissan, and others.

3.2. Minimizing project cost

3.2.1. Project planning

Project personnel includes two levels including managers and project staff. Project staff consisting of the
marketing, planning, and operation teams will take on many tasks due to the nature and scale of the project and
make the work progress reports to the managers. Following the definition of the organization chart, the job
description is created, which is the expected number of employees, the corresponding salary, the main tasks and
an overview of the project tasks, shown in Table 1, Table 2, and Figure 1.
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Table 1. Primary tasks of the project

WABS order Task name Number of subtasks
1 Project planning and analysis 4
2 Construction 4
3 Installations 7
4 Resources 1
5 Human resources 3
6 Marketing and advertising 1
7 Finalizing the project 4

Table 2. Personnel details

Number of responsible
Team Role Salary/Month | Quantity Job description tasks

Review, discuss with
project staff and make
Manager 0 VND 1 decisions on proposals, 4
monitor and accelerate
the progress of works.

Make a marketing plan
for the bistro including
Marketing 1 identifying the audience, 3
finding marketing
channels and forms

Project 7,000,000 Define project charter
Planning staff VND 5 and scope, allocate

budgets, and train chefs
and cashiers

12

Responsible for
Operation 2 preparing ingredients and 7
eating utensils
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Figure 1. Example of initial task allocation and timeline

3.2.2. Project scheduling

The workload moderation is then conducted using the Earliest Start Time rule (works start at the earliest
possible time): The AON network describing the project’s tasks including the following components: work order,
work completion time, earliest start time (ES), earliest finish time (EF), latest start time (LS), latest end time (LF).

Based on the CPM, the paper distinguishes the main work on the critical path from the normal work of the
project. The critical path is the path that runs from the beginning to the finish of the project; changing any link on
the critical path will have a direct impact on the project's completion. The CPM method is integrated in MsP to
determine the critical path in the most convenient way with as much workload as in the project. The seven tasks
that make up the critical path for a project are Project planning and analysis, Construction, Installations,
Resources, Human resources, Marketing and advertising, and Finalizing the project.

Subsequent to the analysis of the project’s initial workload distribution, it was discovered that there was an
inadequacy problem: some jobs in departments such as Planning, Operations, and Marketing, had overallocated
problems as shown in Figure 1. Following a review, there are two solutions to this problem: hire more workers
or extend the project time. After comparing their change percentages on MsP, the option to lengthen the project
time is the best fit because its change percentage is substantially smaller, only 7.45%, than the other.

Table 3. Summary of solutions

Original plan Hire more staffs Lengthen the time
Number of staffs 5 7 5
Cost 84 350 000 VND 130 200 000 VND 84 350 000 VND
Working day 94 94 101
End date 07/07/2023 07/07/2023 18/07/2023
Change percentage - 54.36% 7.45%

4. CONCLUSION

In conclusion, the location feasibility study for the healthy restaurant project has identified three suitable
locations: the area near the international seaport, the area near the airport, and the area near the tourist destination.
Using the Analytic Hierarchy Process (AHP) method, the area near the seaport received the highest score, making
it the preferred choice due to its proximity to the Phu My seaport and monthly rental rates ranging from 5,000,000
VND to 10,000,000 VND for areas ranging from 100 m2.

Moving on to the supplier feasibility study, Thucphamsol Dong Nai was selected as the preferred food
ingredient supplier based on its track record of providing clean food to major companies and its physical location
in Phu My Ward, Ba Ria-Vung Tau Province.
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To minimize project costs, a project planning phase was conducted, defining the project personnel structure
and roles. Work breakdown structures were created using the MsP tool, and project scheduling was performed
using the Earliest Start Time rule and Critical Path Method (CPM). It was determined that extending the project
time was the optimal solution for workload moderation, as it resulted in a lower change percentage compared to
hiring additional workers.

Overall, with a thorough location feasibility study, supplier analysis, and careful project planning, the healthy
restaurant project aims to establish a strategic and cost-effective operation in the chosen location, ensuring
successful implementation and minimizing project costs.
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Abstract

The development of sea-freight logistics systems allows efficient and effective response to customers, thus
assisting the maritime industry in developing sustainably. Logistics function is concerned with controlling and
delivering the flow of products such as raw material, work in progress and finished goods where they are needed
at the right time and right quantity. In logistics characteristics, total landed cost is considered as one of the key
factors affecting the success of maritime business. This article aims to develop a logistics mathematical model for
maritime logistics distribution system which is used for applying to XYZ corporation - a 3PL company to
minimize the transportation cost consisting of fixed cost for operating vessels and distribution cost which is
depended on shipped cubic metre of products. Results of the model deliver the flow matrix from start port to end
port aligned with quantity and vessel types, consequently supporting decision makers for obtaining their
appropriate business strategy.

Keywords: Logistics system, Maritime industry, Transportation cost, 3PL company

1. INTRODUCTION

Since the past two decades, logistics has played a crucial role in many aspects of the supply chain, which the
very significant growth mainly comes from the increase of the purchase behavior of the end ports. When
consumers are now more likely to buy products on the websites, not only because of the convenience, but the
fairly lower price is also an aspect of online orders improvement. With that increase in demand, the logistics terms
had changed and adapted quickly to respond to the end ports in the fastest process, procedures, and transparency
with the lowest cost of transportation. From that, one of the aspects of the logistics, which is sea freight
transportation, has experienced several trends and challenges.

When dealing with the significant increase of global trade, which is leading to the higher frequency of sea
transportation as this is the type of transportation that could access almost every continental of the world with the
large quantity of products in one vesselment, while bringing back the cost effectiveness along with lower impact
on the environment. For that reason, sea freight transportation is such a problem for the business. They are now
seeking the most cost-effective shipping type for their transportation needs, which types of vessels they should
use, how large would it be, how much vessel to be used, and other constraints that they must deal with to minimize
the cost of transportation. Besides, the business must clearly understand the impact of vessel selection on capacity,
cost, and flexibility, and their implications for operations and end port satisfaction, along with the guarantee of
delivery timelines and product quality, or have the appropriate strategy to deal with any risk that could happen
when making a decision on shipping selection.

The theoretical approach in our paper is to propose an optimization mathematical model. Melkote et al. [1]
introduces a mathematical model that aims to optimize the location of facilities and the design of transportation
networks in a way that minimizes the total costs. Teixeira et al. [2] highlight the importance of location decisions
for different types of public facilities by proposing a mathematical model to emphasize the significant impact
these locations can have on accessibility, access, and quality of services provided to the people. Moreover, plenty
of factors that affect the choosing decision are also considered. Bagligil et al. [3] recognize that efficient
distribution network design is crucial for 3PLs to meet customer demands while minimizing costs, with the
consideration of various factors such as transportation costs, warehouse locations, inventory management, and
customer service levels. On the other hand, when dealing with sea transportation problems, several factors that
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are related to overseas shipping must be considered. Nguyen Khoi Tran et al. [4] developed a comprehensive
approach that takes into account multiple cost factors and environmental impact, such as cost for operating the
fleet. Jane et al. [5] found out that maritime transport costs involve various factors, including shipping fees, port
charges, and so on. These costs can significantly impact the competitiveness of products in international markets.
Sun et al. [6] develop a mathematical model that considers factors such as ship characteristics, transportation costs
to demonstrate the linkages between ship choices and transportation cost to port. Alev et al. [7] emphasize the
importance of selecting the appropriate sea vessel type for an efficiency marine transportation. Duan et al. [8]
focus on the optimization of vessel routing to minimize the transportation cost.

From the mentioned situation, the team found that it is necessary to create a more comprehensive view for
business when making decisions on choosing the type of vesselment. The method is to create a mathematical
model for sea freight transportation, with the objective of minimizing the variable cost and fixed cost when using
vessels to deliver the products between two hubs overseas. Which means that the model results will be minimizing
the cost of choosing the appropriate type of vessel (small, medium or large) to deliver the product when
maximizing all the demand served at the same time. The concrete model of optimization will be discussed in the
below sections. In section 2, we discuss the optimized model when applying the framework of the basic model to
overseas freight forwarding. In section 3, we illustrate the case study of the model, and section 4 is the results
obtained with the model.

2. MATHEMATICAL MODEL
Notation:
i: the index of the start port (i = 1,2,...,1)
j: the index of the end port (j = 1,2,...,J)
w: the index of the size of vessel (Small, Medium, Large)
Parameters:
Cw;;: the cost of each weight of unit from port i to end port j ($)

Op
Op, - Operation cost of each vesselment from port i with weight w ($)

i Operation cost of each vesselment from port i with weight w ($)
MaxW;,,: The maximum CBM that vessels with size w can deliver
AW;: The required CBM transportation of beginning port i

Own, ,,: The number of vessels in port i with weight w

Decision variables:

W, ;. Weight of unit from port i to end port j

X;w: The number of vessels from port i with weight w (vessels)
Full Formulation:
Minimize: z z Cw;jw; ; + Z Z Op; w Xiw
iel jej iel wewW
Subject to

(1) z wy; < Cap; ; Vje
iel
(2) Z XiwMaxw,,, > Z W, VjeJ
weW iel
(3) Z w;; = AW, ; Viel
jel
4) X;w < O0wny,, ; Viel, YWeW
(5) W, e integer ; Viel,Vje]
(6) X; € integer ; Viel, YweW
Constraints (1) illustrate the weight w transported from i to j is less than the total weight the vessel can carry.
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Constraints (2) sets the maximum weight of the total number of vessels X, is greater than the sum of the
weight w transferred from i to j.

Constraints (3) means the total weight w transported from i to j can be served the demand weight of good of
end ports.

Constraints (4) tells that the number of transport vessels is less than the number of vessels currently owned.
Constraints (5) (6) define decision variables.

3. CASE STUDY: PORT-TO-PORT TRANSPORTATION

In these days of ocean freight industry, transportation cost significantly impacts the profitability and efficiency
of businesses engaged in international trade. Selecting the appropriate type of vessel for ocean freight plays a
crucial role in optimizing transportation costs. The case study focuses on analyzing major factors involved in
selecting the appropriate kind of vessel for transportation and identifying the most cost-effective option for a
hypothetical company. We now consider an explanatory case study of a multinational company for further
constructing the mathematical model to practical issues. In particular, we investigate the XYZ Corporation,
involved in the import and export of consumer goods. XYZ Corporation operates globally, shipping goods from
different ports located in Asia to various destinations worldwide. Currently, XYZ Corporation utilizes a standard
container vessel for its freight transport. However, rising transportation costs have prompted the company to
explore alternatives to optimize costs without compromising delivery timelines and product quality.

3.1. Data collection

The necessary input data for mathematical analysis has been mentioned in the mathematical model as
required parameters. The purpose of the data collection process is to gather the transportation data, including
vessel’s volumes, destinations and costs associated with the existing container vessel. By utilizing 5-10 min
interviews with prepared questionnaires related to extract necessary information as well as referencing past
operational data to ensure highly realistic data input. Table 1 shows the available cubic metre that a port i want to
deliver to port j. Table 2 illustrates the maximum cubic metre can be received in a port j. For instance, Port 1 can
receive lower than 10000 CBM and if the received amount exceeds Cap]., the rest of them will be sent to other

available ports. Cw;; (Table 3) matrix shows the transportation cost per CBM from destination i to j. In this
situation, each CBM will cost 3 dollars per unit if the route from beginning port 1 to ending port 1 is chosen and
cost 1 dollar per unit when the product is moved from beginning port 2 to ending port 1 instead of starting from
beginning port 1. The operation cost for 3 different sizes of vessel: Small, Medium and Large in different ports is
shown in Table 4 and the currently available vessels in 5 ports are presented in Table 5. The data for maximum
carrying cubic meter for 3 types of shipping in different ports is shown in Table 4. In the next section, the objective
function and constraint for the mathematical model are built from the collected data for achieving the optimal
solution for the case study.

Table 1. The required CBM transportation of beginning port i

Port index AW,
1 10000
2 3000
3 7000
4 8000
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Table 2. Maximum capacity at port i

Port i Cap;
1 10000
2 5000
3 5000
4 6000
5 4000

Table 3. Cost per CBM from port i to j

Cw;; TO Ending port j
1 2 3
1 3 2 3
FROM
Beginning 2 1 4 5
port i
3 8 3 9
4 7 1 2
Table 4. Operation cost for 3 sizes of vessels w in port i
Op,, Small Medium Large
1 300 500 750
2 200 600 700
3 350 550 600
4 400 500 550

Table 5. Current number of vessels size w in port i

Own,;,, Small Medium Large
1 2 3 2
2 2 0 1
3 1 1 2
4 2 2 1
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Table 6. Maximum capacity of vessels type w in port i

MaxW;,, Small Medium Large
1 1500 2000 2500
2 1200 2300 3000
3 1400 2100 2700
4 1400 2000 2900

3.2. Optimal result for case study
In terms of finding the optimal result for case study, the objective function is identified and constructed

based on two major components: coefficient (including Cw;;matrix and Op, ) and decision variable (including

;w)- For solving technique, the “Simplex Linear Programming” is considered to be the appropriate solver
to process the linear model [9]. Based on the mathematical model section, we merge objective function, decision
variables and constraints to “Excel solver” and addresses the program with “Simplex LP” method to obtain the
optimal results. Consequently, Table 7 illustrates the result for the integer variable, which is the optimal CBM
from port i to port j that XYZ should be allocated to achieve the minimum transportation cost times CBM. The
required number of vessels in each port i should use for transportation is shown in Table 8. To conclude, the
achievable result of objective function represents the total transportation cost for allocating CBM and number of

vessels is shown in Table 9 which means the business only spent $66,950.00 for transportation for the results.

w;;and X;

Table 7. Optimal result for W, ;

W;; TO Ending Port j
1 2 3 4 5
1 6000 0 0 0 4000
FROM
Beginning 2 3000 0 0 0 0
port i
3 0 5000 0 2000 0
0 0 4000 4000 0

Table 8. Optimal result of X, ,

X;w Small Medium Large
1 1 3 1
2 0 0 1
3 0 1 2
4 1 2 1
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Table 9. Optimal total cost in port i

Port i Transportation cost Operating cost
1 22000 2550
2 3000 700
3 23000 1750
4 12000 1950
Total optimal cost ($) 66,950

4. CONCLUSION AND FUTURE RESEARCH

This case study aims to assist X'YZ Corporation in optimizing transportation costs for freight transport systems.
By evaluating key points and considering the company's specific requirements, the mathematical model supports
XYZ Corporation in making strategic decisions that aligns with its business goals and ensures efficient and cost-
effective transportation operations. The total transportation cost is 66,950$ aligned with optimal decision variables
shown in section 4.2. Specifically, XYZ corporation, according to the model results, can evaluate the vessel
selection based on capacity, cost, and flexibility, thus identifying the most cost-effective type of vessel for their
transportation needs. They also can reduce potential cost by switching to recommended vessel types and balance
between delivery time and transportation cost. Future research can extend in several directions. First of all,
stochastic demand will be the challenging problem that should be addressed in the future. The combination of
traveling methods - intermodal transportation or multi-modal transportation such as sea and road freight will be
promising issues for further investigation. The model can be applied to the other fields related to logistics
networks.
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Abstract

This study developed a cost predicting model based on a combination of Case-Based Reasoning (CBR) and
Genetic algorithm (GA) to optimize the impact of attributes that forecast the installation cost for a new production
line. This model will retrieve the old data to calculate the similarity against the problem to be solved, from which
the prediction cost will be given. The goal of the model is to minimize forecast errors while finding the weights
of the corresponding attributes. Besides GA, Particle swarm optimization (PSO) is considered in determining the
impact of features to improve error rates. The results from GA and PSO will be compared to find the metaheuristics
method that is accordant to the properties of the data set. Some analysis is also carried out to evaluate the
sensitivity of specific attributes and parameter to the installation cost.

Keywords: Installation cost, Genetic algorithm, Particle swarm optimization, Forecast

1. INTRODUCTION

In recent years, cost prediction or cost estimation has become one of the vital stages when enterprises or
companies (e.g., constructors, manufacturers, etc.) start investing in a new project. Through this stage, the cost
estimation information provides their project managers and financial managers with an approximate and
reasonable budget, contributing to the project's success. In particular, the project members first define all project
scopes related to how large the project is, which purposes the project is used for, which kind of techniques the
project is used, etc. Based on that information, companies can therefore evaluate the feasibility of the project
compared to their financial status based on the cost prediction approaches. In addition, the accuracy of the cost
estimation must be strictly measured, which has a considerable effect on the project's success. Providing a cost
estimation with high accuracy can benefit the projects such as more accurate profit margin, easily to manage
resources, and control the risk.

For many years, cost prediction was a vital requirement in the project life cycle. Researchers in this field
proposed many approaches for solving cost prediction problems, in which the Case-Based Reasoning (CBR)
model is one of the efficient methods introduced by [1]. The Case-Based Reasoning (CBR) model includes four
phases (i.e., Retrieve, Reuse, Revise, Retain), which aim to preview the previous data to measure the weights of
the new project cost attributes. However, using only CBR cannot define the weights accurately; the Analytic
Hierarchy Process (AHP) systematically captures domain knowledge from experts helping the result be more
accurate within 17.5% of the error rate [2]. [3] realized that the lack of previous CBR papers focused on adopting
the CBR model. Hence, the author decided to investigate the case adoption in the CBR model using 164 Korean
public apartment projects with a 6.05% error ratio.

Furthermore, [3] research concluded that qualitative aspects are practical on the estimation model and are also
efficient for verifying and analyzing the bias resulting from different sources of data based. For their later research,
the authors have then improved the CBR approach [4] by concentrating on the “Revise” phase, which improves
the accuracy of the CBR process. The author used the Multiple regression analysis (MRA) process in this phase
to improve the outcomes of the CBR model. The performance of its application on 99 multi-family housing
projects enhanced the accuracy by 4.39%. In addition to the two improved CBR models above, [5] combined the
CBR model with a Genetic algorithm (GA) to estimate the cost in the early construction state by conducting the
optimal weights of attributes. The initial weights were resolved many times following the GA process: creating
population, cross-over, and mutation to optimize the cost estimation model. This development actually brings the
successful cost prediction with 5.60% for the error rate of the GA-CBR system, and it inspires many later papers
proposing GA to improve the accuracy.
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Another technique was proposed by [6] to forecast the construction cost by combining the fuzzy logic into
Artificial Neuron Network (ANN) but it has not been widely used in this field because it cannot adopt the dynamic
in market price. Then, inspired by their paper, an improved back propagation (BP) neural network was developed
by combining the current version with the Genetic Algorithm (GA) approach [7]. Then, the 1.89% error of this
model will be tested by using training data. During this time, another research has been researched by [8], which
has used MRA to determine the cost of new cases for residential buildings in Jakarta. The results from the MRA
formulation provide cost estimations with the model's accuracy range of 5.40%.

[9] investigated the Case-Based Reasoning (CBR) process with a Genetic algorithm (GA) to optimize the
weights of impact attributes. The developed CBR model can consistently reduce errors and be effective in the
early stages of financial planning. According to the authors, the developed CBR model can offer decision-makers
reliable cost information for evaluating and comparing multiple choices to find the best solution while keeping
costs low. In addition, the application of a Multi-Layer Feed-forward (MLF) neural network model was presented
to estimate the cost of construction projects in India (i.e., construct 78 buildings).

Besides that, meta-heuristics was also applied in this line of research [10] implemented a population-based
approach (i.e., Particle swarm optimization (PSQ)) to estimate the new construction cost and duration time from
60 historical constructed projects. The main procedure of this model is creating the swarm initialization by
randomly giving a location for each particle. Then, it evaluates the objective function of the proposed model for
each particle and compares the objective function value of each particle with pbest. The value of its target function
is determined to be gbest, and its location is gbest from particles with the best objective function value. Even
though only eight attributes are considered, including the number of bricks, the quantity of concrete, type of
grounding, number of elevators, floor area, ground area, floors number, and security system, PSO still can provide
the result with high accuracy, Coefficient of Variation (10.87% and 4.94%).

The main contributions of this research are summarized as follows: (1) build a cost estimation model based on
the Case-Based Reasoning (CBR) method, adopted by larger attributes and current production lines. (2) propose
Genetic algorithm (GA) and Particle Swarm Optimization (PSO) approaches to optimize the impact of
characteristics and release the accurate construction cost for a new production line.

2. METHODOLOGY

A considered installation project includes the several main properties (known as attributes), which effects on
the installation cost of production lines. Therefore, those attributes are utilized in the proposed prediction model
(i.e., Case-Based Reasoning approach (CBR)) to evaluate the similarity of installation projects, based on the
similar scores of attributes. Then, the similarity of projects (i.e., similar indexes) can be determined based on
similar scores and weighted values. In addition, the proposed CBR model needs to provide the optimal set of
weighted values, which represents how much each attribute affects to the predicting values of the model. We
propose an efficient Genetic algorithm (GA) to improve the results to find the optimal set of weighted values
while minimizing the errors of forecast and actual installation costs. The detailed process (i.e., CBR model and

embedding GA) is illustrated in Figure 1.
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2.1. Case-Based Reasoning Model

¢ Step 1: Evaluate similar scores. Installation costs for a new production line will be estimated by finding
the most similar cases in Case-Based Reasoning data (CBR data) corresponding to the new cases. Regarding the
training model, we utilized two sets, including (1) Case-Based Reasoning (CBR) data and (2) Retrieved data
(Train data) to find the similarity of production lines. The similarity of attributes between CBR data and Train
data is calculated as follows.

AVirain — AV g )
Max[Avy,qm — Avepgl

where SS¢ .ipuse denotes similar scores of attributes between CBR data and Train data and AV, ., and
AV g represent attribute values of Train and CBR, respectively.

e Step 2: Estimate the error installation cost. After having similar scores for production lines, a certain
number of similar cases will be selected to predict the installation cost and the standard deviation of the new cases.
In this research, the number of most similar cases initially equals 3, which can be tuned to improve the minimum
error in. In particular, there are three components:

(1) Calculating the similarity index of the case. A similar score has been determined in the above step, but
it only compares the attributes' values between CBR data and Train data. Because attributes have
different effects on installation costs, calculating a similar score is not enough to express the similarity
of cases, so the weights of attributes are included as the magnitude of each attribute's influence on cost.

$5¢ e = 100 (1=

n
ZWi}SSCij:Si' VlEM
J

where n denotes the number of attributes, M denotes the number of production in CBR data, S; denotes the
similar index of the installation cost, and w;; denotes the optimal weighted value of the attribute.

(2) Granting the most similarity cases. Cases with high similar indexes will be retrieved for the forecasting
phase. First, three highest similar cases will be retrieved, and it can be changed. These similar cases will
be normalized before forecasting. The similar score of the selected cases is evaluated as follows.

Si
NS, = Z—SL

(3) Estimating the error installation cost. Based on similar scores and costs of the three cases with the highest

similar scores. The costs of training data are determined as follows.
EC; = N_S; X Ccgp,

where Cgp, denotes the installation costs of case-based reasoning data.

The errors will be calculated to consider forecast's accuracy. This is also the objective of this study: “Minimize
the errors of forecasting”. And the optimal weights which is “variables”, will be used to forecast the installation
cost for the new production line.

Err = EC; — Crrain,
where Cr,.qy, IS the installation costs of train data.

2.2. Genetic Algorithm

GA is one of the popular algorithms for solving optimization problems. In this subsection, the main concepts
of GA are discussed as follows:

¢ Creating an initial population of attribute weights. A “population” is a set of “individuals” representing
attribute weights to identify the forecast cost or the error. A population is randomly generated in this problem with
30 individuals, which can be changed to improve the solution. An individual is represented by an array with size
of p, denoted by ind = [score;, ..., score,]. Let p denote the number of attributes. Each element follows the
uniform distribution U ~ (0,1). In addition, since the sum of weights must equal to 1, attribute weights (weight;)
is normalized as follows.

score;

weight; = ————m8M8M8
I = S pscore;
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¢ Evaluating the fitness function. With a given set of attribute weights (i.e., an individual), the CBR model
is re-called for predicting the forecast installation cost and its standard errors, which is the fitness value of GA.
Based on the fitness value, GA can find better set of attribute weights.

e Operators (i.e., cross-over and mutation).

Crossover. Two individuals are selected known as two parents to produce two offspring. In this algorithm,
each pair of two consecutive individuals will be selected until all individuals in population are implemented in
crossaver. In particular, each parent is divided into two parts by a point n, then two parts of two parents will have
crossed each other to obtain two offspring solutions, as illustrated in Figure 2. Let n be the random number in the
range of number of attributes.

Crossover point

| INDIVIDUAL 1 | wi3 | w14 wis ‘ W16 |

v | | v

Figure 2. An illustration of the crossover operator

After operating the crossover to obtain two new offspring solutions, those solutions will be also normalized
for satisfying the sum of weights must equal to 1 (similar to the above-mentioned method). Then, the fitness values
of two new offspring solutions will be evaluated and stored to the population for the next iteration. Moreover, if
any solution obtained after operating the cross over provides better errors than the current best. Also, it will be
assigned to the global best solution if the better solution is found.

Mutation. Each individual in the current population will be considered to mutate with the probability of 0.4,
called the threshold of mutation. Regarding the operation, a randomly point in the individual is selected, whose
values will be changed by randomizing a new weight value following U ~ (0,1), as illustrated in Figure 3. The
solution will be normalized again.

Mutation position

Before “Mutation” operation

| INDIVIDUAL 1 |‘ wi1 ‘ w12 | w13 | wia | wis ‘ w16 ‘

After “Mutation” operation

| INDIVIDUAL 1 |‘ w21 ‘ w22 | w23 - wa2s ‘ w26 ‘

Figure 3. An illustration of the mutation operator

Similar to “Crossover”, the new weighted values will be used to calculate the new errors. And the optimal set
of weighted values is defined at this stage. Then this optimal set will be used to forecast the installation cost for
the new production line.

2.3. Particle Swarm Optimization

PSO is a research metaheuristic based on the movement of the boid flocking process. The algorithm is
represented by positions (they are sets of weight; in this paper) and velocity randomly chosen in the search space
(which is the changes of weights). Let w; be inertia weighted w (i.e., the proportion of the previous velocity), ¢}
(resp. c) denote correction factors (i.e., the proportion of personal best (resp. global best) retained), v;', represent

the velocity of particles, and r; and r, be random number follows uniform distribution U~(0,1). At each iteration

i , the set of parameters ( c},c5,w;) will be update by the equations below: w; = W0 — Woax —
j i i

Wmin) Cll = Cimax — (Clmax - Clmin) and CLZ = Cimax — (Clmax - Clmin)

The terms "cognitive coefficient" and "social coefficient" refer to the parameters ¢} and c5, respectively. They
decide how much weights should be placed on both recognizing the search result of the swarm and fine-tuning

. 1 . i) . .
num_iter num_iter num_iter
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the search result of the particle itself. These factors can be thought of as influencing the trade-off between
exploration and exploitation. Then, the values of velocity v; will be updated as the rule below:

vt = wl, + cjry (currentyeg, | — pop,) + cyr, (global_best_solution — pop,)
- The new position particles (set of weights) are updated: pop;rl = pop, + vt
i+1
) L . i+1 _ Ppopy
Normalizing the set of weights: pop,” = S pop 1 poplF T

3. CASE STUDY

Our research considers a case study, which aims to develop a prediction model for the installation cost of
production lines. The data records the actual costs that factories have to pay to install the production line: TRB
Xlife. There are eight main attributes as follows. The number of most similar cases are three production lines.

e Installation year: Time is an essential factor that significantly affects the installation cost. At different times,
the price of the same machine will be different due to increased raw material costs, war, and shortage of materials.
Therefore, in this study, installation time is an indispensable factor in reducing the deviation of results. The closer
the time is, the less the price difference will be.

e Country: Machines are mostly imported from Europe, the place where the production line is installed will
affect import costs, transportation costs, and exchange rate differences. Additionally, in the actual case, the price
of equipment in different countries will be different because each factory will get a different discount.

¢ The main manufacturing procedures: The installation of a new production line, and its process cannot be
ignored. Here, the production process of TBR Xlife is shown as follows: From Heat treatment to Grinding, then
Top Coating according to customer requirements, and finally, Honing and Assembly. The primary process
considers three attributes: Heat Treatment Furnace, Grinding & Honing, Top Coating and Assembling.

¢ Digital technology level: Digital investment is an indispensable thing to make production management
easier and more efficient. However, the investment cost of digital systems is very large, so the decision of digital
technology will significantly affect the cost of installing production lines. According to current data, there are 3
types of digital technology level namely: medium, high, advanced.

o Maintenance level: It is also important factor affecting the cost of installing a new production line The
maintenance system has to suit the factory layout and the level of the system includes: medium, high, advance.

To implement the case study. GA and PSO approaches are implemented with 20 individuals and 100 iterations.
Five training cases are used to calculate the minimum standard deviation error. The model's results using GA and
PSO are shown in Table 1. It can be seen that with 3 most similar cases, the model can give standard deviation of
error is VND 309,489,390.5 corresponding with the set of weighted values [0.130, 0.006, 0.399, 0.209, 0.235,
0.001, 0.020, 0.001]. Based on the results of PSO, the standard deviation of error from PSO is 323,968,826.4VND
corresponding with the set of weighted values [0.42943, 0.02204, 0.29240621, 0.11430, 0.06247, 0.00180,
0.06705, 0.01049] as shown Figure 4.

Table 1. Results of forecasted cost for training and test cases by GA and PSO (Unit: 1000VND)

Genetic Algorithm Particle Swarm Optimization
Train Forecast Actual Forecast Actual Forecast Actual Forecast Actual
1 11,704,93 | 10,888,22 | 11,547,76 | 10,888,22 | 11,754,93 | 10,888,22 | 11,147,76 | 10,888,22
7 4 7 4 7 4 7 4
) 11,201,46 | 11,171,11 | 10,891,92 | 11,171,211 | 11,179,411 | 11,471,11 | 11,091,92 | 11,171,11
9 2 7 2 2 2 7 2
3 11,192,39 | 11,361,11 | 11,897,46 | 11,361,11 | 11,176,47 | 11,361,11 | 11,797,46 | 11,361,11
6 2 6 2 0 2 6 2
4 11,355,01 | 10,798,22 | 10,166,54 | 10,798,22 | 11,417,97 | 10,798,22 | 10,166,54 | 10,798,22
4 4 4 4 4 4 4 4
5 11,151,26 | 11,356,11 | 11,058,07 | 11,356,11 | 11,169,90 | 11,356,11 | 11,658,07 | 11,356,11
1 2 6 2 3 2 6 2
STD 309,489 507,627 323,969 482,493
Error
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After getting the results from GA and PSO, it can be seen that although both give good results, the error is
nearly 3%. However, the standard deviation of GA is better that of PSO. This proves that GA is more suitable for
current data than PSO.

Weights of attributes

o052 ff 0022}
000152 3y

0.11322
Winstallation year

m Country

mHeat Treatment Fumace

Grinding & Honing

= Assembling
WDigital Technology level

W Maintenance level

0p coating

0.53807

Figure 4. The set of weights solved by GA and PSO

In addition, there are some highlights for attributes as follows.

- Effect of “Country”. It is not a major factor in building the production line; it is possible to remove “Country”
from the list of attributes to reduce research errors.

- Effect of “Top coating”. Like “Country” attribute, top coating is one of the attributes with the smallest
weights. It was also selected to remove for sensitivity analysis. However, the new production line requires
a top coating process, so it is not feasible to consider removing this attribute.

4. CONCLUSION

This research proposes a model to predict installation costs for production lines based on similar cases in the
past. This problem arises from companies spending much time forecasting new project costs, but the accuracy is
not high. Meanwhile, they have a database of systems such as SAP, ERP, COUPA, etc., but have not been able to
exploit them fully. In addition, the implicit factors affecting production costs are also not carefully considered.
We build a cost estimation model based on a hybrid of the Case-Based Reasoning (CBR) method and a Genetic
algorithm (GA) to optimize the impact of characteristics and release the accurate construction cost for a new
production line. Besides GA, other metaheuristics, namely Particle Swarm Optimization (PSO), are considered to
optimize the impact of characteristics to improve the error rates.

Selecting attributes related to the production line is vital as it will affect the forecast for new production lines.
There are 8 attributes consisting of "Installation year", "Country", *"Number of Heat Treatment Furnace", "Number
of Grinding & Honing machine”, "Number of Assembling machines”, "Digital Technology level”, "Maintenance
level", "Top coating". After running the model with GA and PSO, the results show that PSO gave a standard
deviation that is 36% lower than the company's current standard deviation, while GA gives a possible result of
39%. Hence, GA is more suitable for this data set.
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Abstract

Product inspection is essential for ensuring the quality and dependability of manufactured goods. Traditional
manual examination procedures are time-consuming, subjective, and error prone. As manufacturing complexity
and production volumes increase, there is a rising need for automated inspection systems with accurate defect
detection and classification. This research presents a deep learning-based quality inspection approach for
submersible pump impellers. Three convolutional neural network (CNN) architectures, VGG16, ResNet50, and a
custom model, are employed. A graphical user interface (GUI) is developed for real-time inspection. The approach
achieves up to 99.8% accuracy in identifying defects, including surface scratches, corrosion, and geometric
irregularities. It improves the quality assurance process by reducing manual inspection efforts. The GUI improves
usability and decision-making. This study contributes to industrial quality control by introducing a novel deep
learning application. Future research could explore advanced techniques like anomaly detection to further enhance
system performance and versatility.

Keywords: Deep learning, CNN, ResNet50, VGG16, Custom model, Defect detection, GUI, Quality inspection,
Submersible pump impellers

1. INTRODUCTION

Automation stands out as a vital contributor in ensuring reliable high-quality products in the field of product
quality inspection. Manual inspection methods are time-consuming and error-prone, emphasizing the importance
of automated and intelligent inspection systems. Convolutional neural networks (CNNs), for example, have shown
potential in enhancing manufacturing and inspection processes. This study focuses on automating the inspection
of submersible pump impellers, which are prone to various casting defects. By employing CNN architectures like
VGG16 [1], ResNet50 [2], and a custom model, the aim is to enhance the accuracy and efficiency of defect
detection and classification. Additionally, a graphical user interface (GUI) is developed to improve usability and
real-time decision-making capabilities. This research addresses the limitations of manual inspection, offering a
deep learning-based approach for quality inspection. The integration of CNN models and GUI technology
contributes to more efficient and accurate defect identification, paving the way for smarter production and
inspection systems in the era of Industry 4.0 and manufacturing digitization.

2. LITERATURE REVIEW

Deep learning systems have outperformed traditional machine learning approaches in image processing,
computer vision, and pattern identification. Several research have been conducted to investigate the efficacy of
CNNs and their various topologies in various application domains. Using huge ImageNet datasets, Krishna et al.
(2020) [3] evaluated CNN architectures such as LeNet, AlexNet, and GoogleNet. They discovered that the amount
of data available could influence the number of epochs necessary for training as well as the accuracy obtained.
Kim et al. (2021) [4] concentrated on deep transfer learning methods for product inspection procedures. They
stressed the automation potential of CNNs while emphasizing the significance of dataset preparation and effective
model tuning. Guan et al. (2020) [5] addressed steel surface defect identification using an enhanced deep learning
network model. They proposed a technique that combined feature visualization and quality rating to improve
defect detection accuracy, thereby improving quality control in the steel industry. Sustika et al. (2018) [6]
investigated various CNN architectures for evaluating strawberry quality. Their findings emphasized deep
learning's potential for automating fruit quality verification processes. Ha et al. [7] proposed a CNN-based
injection molding defect detection strategy. They achieved real-time defect assessment and improved the
effectiveness of the injection molding process by integrating edge computing and industrial 10T technologies.
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3. IMAGES DATASET

The dataset used in this study is comprised of 7348 images with 300x300 pixel dimensions that were obtained
from the "Real-life Industrial Dataset of Casting Product” on Kaggle [8]. 6633 of these images were used for
training and validation, with 3758 representing defective and 2875 representing non-defective pump impellers.
An 80/20 split was used to divide the training and validation data. The test folder contains 453 images of faulty
pump impellers and 262 images of non-faulty pump impellers.

Data Dispersion

4000 3007

2300
2000 575 453 262
| —— —
Defective Defective Ok Defective Ok
Training Validation Test

Figure 1. Data Dispersion

Augmentation techniques have been applied to all the images in the dataset to enhance the diversity and
variability of the data. The images are labeled with tags indicating whether they are classified as "ok" (hormal) or
"def" (defect/anomaly).

@) (b)

Figure 2. Random images of pump impellers from dataset, (a) defective, (b) normal

4. METHODOLOGY

The proposed methodology for this study entails using CNN architecture to train the dataset and PyQt5 to
create a graphical user interface (GUI) for image classification. CNN architectures such as VGG16, ResNet50,
and a custom model will be used to train the dataset in this study. The dataset, which consists of images of
submersible pump impellers, will be fed into CNN models for training. During the training process, the CNN
models will learn to identify and classify various defects in pump impellers with high accuracy. In addition, we
used PyQt5 to create a graphical user interface (GUI). The GUI functions as an interactive image classification
tool, allowing users to input images of pump impellers and receive real-time outcomes for classification.

4.1. Convolutional neural networks architecture

CNN architecture typically comprises two main components: feature extraction and classification. The feature
extraction phase involves a series of convolution layers, max-pooling, and activation functions. The classifier
stage typically involves fully connected layers.

Two-dimensional (2D) convolution is a key operation in image processing and computer vision. It involves
sliding a 2D kernel over an image, computing dot products, and generating a feature map that captures important
patterns or features in the input image. The operation can be represented mathematically as follows:

(F* Dl yl = Ej=—o fli,j]- glx — L,y — i] 1

Where f is input image and g is the kernel, x and y are the indices or coordinates of the output function
resulting from the convolution. They determine the specific location in the output where the convolution operation
is applied. The dot product operation is performed between the values in the kernel and the corresponding values
in the image that are located within the window defined by the kernel.
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In this research, the dataset will be trained using various CNN architectures, including VGG16, ResNet50, and
a customized model.

VGG16 is a CNN architecture built by the Visual Geometry Group. The feature extraction layer in VGG16 is
composed of the first 13 layers which are convolutional and pooling layers. It begins with a convolutional layer
with 64 filters and progresses to a max pooling layer. The following blocks feature an increasing number of filters
(128, 256, and 512) in pairs of convolutional layers, each followed by a max pooling layer. The final max pooling
layer's generated feature maps are subsequently used for classification. The final max pooling layer's resulting
feature maps are then passed on to the classification layer for prediction.

Following that, ResNet50 is a well-known CNN architecture in computer vision. For feature extraction, it
employs a convolutional layer with max pooling. The architecture incorporates residual blocks with many
convolutional layers, allowing residual mappings to be learned. By allowing information to pass between layers,
residual connections preserve crucial properties. Fully connected layers are utilized for feature-based
classification. ResNet50 is well-known for its performance in image classification, object detection, and picture
segmentation.

Finally, for comparison with popular models, we created a unique CNN architecture. It consists of many
convolutional layers activated by ReLU, followed by max pooling for dimension reduction. The first layer
employs 32 3x3 filters with ReLU activation. In 2x2 windows, output is routed through max pooling. This method
is repeated two more times. The final maximum pooling output is flattened and sent to a dense layer with sigmoid
activation to reduce dimensionality. For probability distribution over classes, the last dense layer employs Softmax
activation.

4.1.1. Activation function

Activation functions are crucial in CNNs because they introduce non-linearity and allow the network to learn
complicated patterns and relationships in input. To introduce non-linear modifications to the output of CNNs,
activation functions are often used after each convolutional layer.

o The Rectified Linear Unit (ReLU) [9] is a popular activation function used in neural networks, including
CNNSs. The ReLU activation function is defined mathematically as:

f(x) = max(0,x) 2

In this equation, x is the input to the activation function, and the output f(x) is the maximum of x and 0. In
other words, the ReLU function sets all negative values in the input to 0, while leaving all positive values
unchanged.

e The Sigmoid [10] activation function is a popular non-linear function used in CNNs. It is especially useful
for binary classification tasks, where the output should be between 0 and 1, expressing the probability of
a specific class. The equation defines the sigmoid function:

1 e*
1+e® e*+1 ®

In this equation, o (x) indicates the sigmoid function’s output for a given input x. The sigmoid function features
a distinctive S-shaped curve, with large positive values approaching 1 and large negative values approaching 0.

e The Softmax [11] activation function is frequently utilized in the output layer of Convolutional Neural
Networks (CNNs) for multi-class classification applications. It converts the final layer outputs into a probability
distribution over numerous classes, allowing the network to make predictions for each class. The Softmax function
is defined by the equation:

o(x) =

e’
o(z) = W
In this equation, o (z;) represents the output probability of the i class, e is the exponential function applied
to the i*" class output, and Zj;l e’ represents the sum of exponential functions applied to all class outputs. The
Softmax function assures that the output probabilities sum to one, making it suited for multi-class classification
tasks. It assigns higher probabilities to classes with larger output values and lower probabilities to classes with
smaller output values.

4
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4.2. Training parameters

The training parameters used in this work include the selection of loss functions, optimization techniques, the
number of epochs, and batch size.

Two distinct functions are used to compute the loss function. The first is Sparse Categorical Cross Entropy,
which is appropriate for multi-class classification jobs where the target variable is integer-encoded. This was used
in the custom model, and the math is stated in equation (5). The second is binary cross entropy, which is often
used for binary classification tasks and is employed in VGG16 and Resnet50. The binary cross entropy loss

function is mathematically represented by equation (6).
N

L=- z t; * log(p;) )

i=1
Where L represents the loss value, N is the number of classes, t; is the true label and p, is the predicted

probability distribution over i the classes.

N
1
L=—= yxlog )+ (1= yp) +log(1 - %) ©)
i=1

Where L represents the loss value, N is the of samples in the batch, . is the target label for the i*" sample and
5/i is the predicted probability by the model for the it sample belong to the positive class.

Stochastic Gradient Descent (SGD) and Adam optimization methods are used to update network parameters
during training. SGD changes parameters based on gradients determined on a subset of training data, whereas
Adam combines adaptive learning rates and momentum. Training uses a batch size of 32 to maximize
computational efficiency. Each architecture is trained for ten epochs, allowing the network to learn and modify
weights and biases over time. An epoch is one trip through the complete training dataset. This method optimizes
the loss function, changes parameters, and increases convergence speed.

4.3. Developing the graphical user interface
The graphical user interface (GUI) was created with PyQt5, a Python package for constructing interactive and
user-friendly programs. The GUI allows the user to upload photos and select the desired architecture for
inspection. When the application is launched, the user is presented with an intuitive interface in which they can
browse and upload images from their local system. The selected photos are then inspected using the architecture

of choice (e.g., VGG16, ResNet50, or the custom model).
® | Login Window — [m] x

Image Processing

Image: Ok towsmse  Architecture: Models:
Custom Model
[ rescatng_wput | wput: | [(Nene. 300, 300 3)] | Pump Impeller -
‘ InputLayer [mnpm |[(Nnn& 300, 300, 3)] ‘ P

‘ rescaling [ npnt: | (None, 300, 300, .‘)] I
| Rescaling | output. | (None. 300. 300. 3) |

\ comvzd | input: \ (MNone. 300, 300, 3) ]
\ Comv2D | output: \ (None. 295, 298, 32) ]

| max_pooling2d | nput ‘ (None, 208208, 32) ‘
| MaxPoolinz2D I output I (None, 149, 149, 32) ‘

Close

Export

Figure 3. Graphical user interface for image classification

After the inspection is over, the GUI gives the user the option to export the results to an Excel file. This
functionality is implemented using a dedicated button that, when pressed, initiates the export process. The
produced Excel file comprises the recognized conditions of the tested products, making it easy for further analysis
and record-keeping.
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Figure 4. The results are exported to Excel

The PyQt5-based GUI provides a smooth and interactive experience, allowing users to quickly submit photos,
choose the architecture, and export inspection results. It improves usability and allows for more effective data

handling and analysis for quality control.

5.1. Training results
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Figure 5. Training loss and accuracy of architectures, (a) VGG16, (b) Resnet50, (c) Custom Model

The results of the training process revealed the performance of VGG16, ResNet50, and the custom model in

classifying the images.

VGG16 performed efficiently, with a training accuracy of 100% and a validation accuracy of 99.24% after 10
epochs. Within two epochs, it had swiftly converged to a high accuracy level of around 99%. After 10 epochs,
ResNet50 achieved a training accuracy of 99.92% and a validation accuracy of 99.47%, demonstrating quick
convergence with 99% accuracy obtained after only 1 epoch. The custom model obtained 98.79% training
accuracy and 99.10% validation accuracy. After 9 epochs, it gradually improved its accuracy to roughly 98%.
These results demonstrate the accuracy with which VGG16, ResNet50, and the custom model classified the

training and validation data.
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VGG16, ResNet50, and the custom model all displayed good accuracy in picture classification. VGG16 and
ResNet50 attained impressive levels of accuracy fast, whereas the custom model improved consistently across the
training epochs. These findings highlight the designs' applicability and usefulness for picture categorization in the
dataset used in this study.

5.2. Testing results
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Figure 6. Confusion Matrix in prediction of testing data, (a) VGG16, (b) Resnet50, (c) Custom Model

The VGG16 model attained an amazing accuracy of 99.6% while analyzing the testing photos. It successfully
predicted 450 of 453 faulty photos and properly identified all non-defective images. Similarly, the ResNet50
model was 99.7% accurate. It successfully predicted 451 of 453 faulty photos and all non-defective images. The
custom model has a 97.8% accuracy, accurately categorizing 452 of 453 photos in the defective class and 247 of
263 images in the non-defective class.

These results demonstrate the effectiveness of all three models in accurately predicting the class labels of the
testing images. The VGG16 and ResNet50 models achieved exceptionally high accuracies, while the custom
model performed slightly lower but still achieved a commendable accuracy rate.

6. CONCLUSION

The study used VGG16, ResNet50, and the custom model to accurately categorize photos of casting products,
specifically pump impellers. The models performed admirably, obtaining high accuracies on both training and
testing datasets. Furthermore, PyQt5 was used to create a user-friendly graphical user interface (GUI) that allows
users to input photos, pick different architectures, and export the categorization results to an Excel file. However,
for future research, it is suggested that various datasets be used to train the models. This will aid in evaluating the
models' performance on a variety of manufacturing products and determining their generalization capabilities.
Furthermore, increasing the GUI functions, such as adding real-time image capturing and offering visualization
tools for improved model interpretation, would improve the user experience even further. This study highlights
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the successful implementation of CNN architectures in industrial quality control and exhibits the possibilities of
using GUI technology for efficient and user-friendly picture categorization systems.
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Abstract

In order to best meet the increasing demand and improve competitive advantage, transport companies are
increasingly investing in improving and applying technology to optimize management and operation processes.
This study deals with improving service quality for Quoc Thinh Transport Co., Ltd. using a transportation
management information system. The information system is designed with the goal of helping the coordination
and monitoring of container trailers during transportation be effective, information being updated quickly,
ensuring coordination between departments, at the same time supporting data storage and easy report retrieval.
Research uses supporting tools, data collection and analysis and software such as Diagram, Figma,...

Keywords: Management information system, Container transport, Database

1. INTRODUCTION

In recent years, the increasing trade of goods between countries has led to a significant increase in the demand
for freight transport, especially containers for import and export. According to statistics, every year about 200
million containers are transported and the number is increasing every day. This shows that shipping by container
is essential for economic development in the country. Currently, Vietnam has initially completed the development
of international trade, and domestic transportation services have also increased. This makes conventional forms
of transport unable to carry out the task of transporting goods. Therefore, when the container transport service
was born, it helped businesses to thoroughly solve this problem (Kenneth et al. [5]). Cost optimization, bulk cargo
capacity, environmental benefits and convenience in delivering goods from the port to the place of production are
advantages that help transport Containers become the preferred choice of many shippers when there is a need to
transport goods for import and export (Dipo et al. [2]; Kristijan et al. [6]).

Quoc Thinh Transport Co., Ltd is a company that provides container truck rental services. Currently, the tools
used by the company in the process of coordination, monitoring and communication between departments are not
linked with each other; many manual operations and stored data are still discrete. Order information is manually
entered and vehicle dispatch planning is done using Excel software, based on staff experience. This leads to loss
of time and ineffective coordination because employees have to measure the quantity so that it is reasonable; if it
is not reasonable, it may have to be adjusted many times. The plan is scheduled by day, each day is an Excel file,
and the plan of the days in a month is stored in multiple sheets in one file. As the company grows, the amount of
goods transported increases, and the amount of data also increases. If the planner's computer crashes, it can lead
to data loss. Therefore, it is essential to improve this situation as soon as possible.

And the first step should be to find out what caused this condition. The reasons why planning takes a long time
are the five main groups of causes related to methods, data, tools, people and the environment. The above problems
require an information system to be able to store information for the quick and efficient planning and coordination
of container trucks; as well as helping the staff in the dispatching department and the sales department to quickly
communicate with each other, and notify the driver when problems arise for timely handling. Finally, it helps
managers and operators to access information when needed.

An Information System (IS) is a system consisting of many interrelated elements. They are used to jointly
collect, process and store and distribute data and information to achieve a certain goal. According to the provisions
of Clause 3, Article 3 of the Law on Cyberinformation Security 2015, Information system is a collection of
hardware, software and databases established for the purpose of creating, providing, transmitting, collecting,
processing, storing and exchanging information on the network (Blancas et al. [1]). To design and develop an
information system, it is necessary to perform the following 4 steps: Needs survey — System analysis — System
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design — System installation and maintenance. Figure 1 below shows an overview of this process. The main task
in the survey phase is to find out and collect the necessary information to prepare for the settlement of the
requirements. The analysis phase then determines the system's information and functionality through the BFD
diagram. From the BFD diagram will continue to build the DFD data stream. The design phase is divided into two
steps, the overall design and the detailed design. At this stage, the system database will be designed through ERD
diagram and then converted into RDM diagram. Finally, build a test and maintenance system.

Planning

Analyze

Design

Implement

Transfer

Maintain

Figure 1. The process of building and developing a management information system
2. CONDUCTING RESEARCH

2.1. System analysis

Business Function Flow Diagram: The information system consists of 8 main functional groups: Setting up
a resource database, Order management, Trip coordination, Trip monitoring, Financial management, Vehicle
management, Driver mobile app, and Dashboard reports. In addition to the 8 main groups of functions presented,
the system also has an indirect function of logging in, which is a function to ensure the security of the information
system (Dwi et al. [4]).
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Figure 2. Business Function Flow Diagram

Data Flow Diagram

Context Diagram: Context diagrams give the most general view of the environment in which the system
operates; include external entities or in other words the place that provides data and or receives results from the
system and the data flows in and out of the system (Dwaraganath [3]). In the container truck transport management
information system, there are 6 external entities including: Customer, Container truck location tracking system,
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Repair and maintenance department, Weighing station department, Customs clearance department and Board of
Directors.

héng tin y8u edu chinh sirer cAubso ca
Ban giam déc

“Thang tin don hang————————

[€—K& hoach van chuyér\*‘
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DaU kéo va ro mooc da phan chuyén—
T & & serlal . Bg phan thu tyc hai
seal. & serial quan

Vi tri, 16 trinh van chuyén
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Figure 3. Context Diagram
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béo dudng

In which, the Customer provides information about the order, along with feedback for order management and
coordination, and receives planning information and volume comparison results for payment purposes. The
container truck location tracking system provides and receives information for coordination and monitoring.
Updates from the Repair and maintenance department and the Customs clearance department also serve for
coordination and monitoring purposes. The weighing station department will weigh the volume of goods in the
container and send it to the general department for the general department to compare the volume with the
customer for payment purposes. Finally, there is the board of directors, who need reports to know how to monitor
the status and performance of the system.

DFD diagram at level 0: Level 0 DFD diagrams are decomposed from context diagrams and ensure that input
and output data flows are preserved. Each process in the DFD corresponds to a function in the BFD diagram.
From the order information received from the customer along with the established resource database to create the
order. Once the order is created, it will move to the dispatching process. The dispatching process takes data from
the container truck location tracking system and established resource database for planning and staffing. The
completed trip plan will be sent to the customer, and the delivery order will be sent to the driver's mobile app and
the supervision command will be sent to the supervisor and start monitoring.

Figure 4. DFD diagram at level 0

The data recorded from the monitoring staff and the driver's mobile app will serve the trip monitoring process;
the real-time tracking of the container truck's location during the transportation process is supported by the
container truck location tracking system. In addition, the information provided from the customs clearance
department also serves this process. In addition, the vehicle management department will indicate whether the
vehicle is in a state of repair or maintenance and whether the vehicle can receive the trip at the time it needs to be
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coordinated and pass this information to dispatcher to help dispatcher easily track the status and assign vehicles
for the trip.

From the order information and the number of containers included in the created order, the accounting
department will calculate the cost for the order, and consider and approve the costs incurred in the transportation
process from the driver. Then sum up all the success costs owed to the customer. Finally, notify the debtor and
monitor the payment progress of the customer's debt. In addition, the weighing station department will send
information about the volume of goods to the general department for the purpose of comparison and payment with
customers.

After each process, data is recorded into the corresponding data warehouse for storage and retrieval purposes.
Finally, the reporting process connects and pulls information from the order management processes, flight
coordination and supervision, financial management and the results of the reporting process will be made available
to the client and to management.

Business Function Flow Diagram

Use case - Actor model represents the interaction between the user and the system.

For a Use case that is used by many Actors, there should be a Representative Actor covering the rest of the
Actors to perform. Whichever function the representative actor performs, the included Actors will also inherit
those functions. For example, for the login use case, all Actors perform this function, so take the Actor named
Transport Operations Department to represent (Lan Jin and Xiujuan Liang [7]).

In the model, there is a transport tracking system, a weighing station department, a repair and maintenance
department and a customs clearance department that is not the main actor directly interacting with the system but
is necessary to support the performance of functions. Other capabilities should also be represented in the model.
For example, to plan a trip for a container truck that needs to know the current status and location of the vehicle,
the transportation tracking system will assist the dispatcher to know this information.

e 2.2. System design

Entity-Relationship Diagram: An ERD diagram
shows the relationship of entity sets stored in a
database, providing a visual view of how entities are
related to each other. In the diagram, each entity is
listed with its corresponding attributes and marked
with an identifying attribute. The ERD diagram is
shown in Figure 6.

HE THONE THOWE Ti 0N LY VAN TAI

Figure 5. Use case - Actor diagram Figure 6. ERD Diagram

Design a database from an Entity-Relationship diagram: Based on the conversion principles presented in the
Theoretical basis, convert the ERD diagram into an RDM diagram. Each relation is organized in a two-way table
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with attributes and keys. Attributes underlined and bold are primary keys; attributes in italics are foreign keys
referencing another data table. Figure 7 shows the RDM diagram of the system.

Design the theme: After modeling the system in terms of data and processes, proceed to design the interface
to have a more intuitive view of the information system.

pt | R

—kh auztadupat oh ph el

Ban
on e n —— T oamc

Figure 7. RDM Diagram

3. RESULT AND DISCUSSION

The information system is designed according to the standard information system design process that ensures
documentation to make programming and installation easy and has the following advantages: Make the process
of order creation, coordination and monitoring faster and more efficient; especially in terms of monitoring,
tracking the real-time vehicle route during transportation, along with arising problems, which are continuously
updated. The combination of web app and mobile app to exchange and connect information helps reduce
paperwork as well as information is updated accurately and quickly from the field to the operating office. Nice
interface and easy to use. There is support for creating reports and visual displays on the dashboard, helping users
save time.
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Figure 8. Web dispatching screen and Driver's mobile app screen
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Abstract

The research objective of this paper is to propose managerial implications to improve the performance of joint
stock commercial banks employees in HCMC. With due consideration to different criteria, in order to make the
best choice, multi-criteria decision-making (MCDM) techniques can be used. This article has tried to present a
favorable model for managerial implications selection by using a suitable modeling, analytic hierarchy process
(AHP) which has been used.

Keywords: Organizational culture, Knowledge sharing, Bank employee performance, AHP multi-objective
optimization, Joint stock commercial bank

1. INTRODUCTION

For the field of joint stock commercial banking, previous studies on organizational culture, knowledge sharing
and job performance have not been considered holistically and are incomplete in terms of science and theory
(Masa'deh et al. [11], Nguyen Phan Nhu Ngoc [15], Nguyen Phuc Quy Thanh [16]). That is the reason why the
author conducted the study to better analyze the relationship between organizational culture, knowledge sharing
and the impact of knowledge sharing on the performance of bank employees. The paper presents the policy-based
as a result of the SEM analysis, policies being applied at joint stock commercial banks in Ho Chi Minh City as
well as the policy experience of the world, as input to the AHP process. The focus of the paper is the analysis of
policies (input) by the AHP optimization process to understand in order to select the policy to prioritize for
implementation.

2. THEORETICAL BASIS

The theoretical basis of the article is related to the following topics: organizational culture, knowledge sharing
and job performance. Organizational culture has the role of linking members into a community of sympathy,
mutual benefit and common destiny; create stability by setting standards to guide members to follow the common
purpose of the organization voluntarily and voluntarily. Selected and created cultural factors act as a mechanism
for affirming organizational goals, guiding and shaping mutual behaviors among members of the organization,
between individuals and organizations, and between members and leaders. This concept is drawn from statements
from (Laura [9], Kucharska and Wildowicz [7]). Similarly, the concept of knowledge sharing used in this article
"is the process of giving knowledge to colleagues and at the same time acquiring knowledge that is lacking or
needs to be supplemented for the employee's working process". Knowledge sharing is a parallel process where
each individual contributes and receives knowledge in relation to his or her colleagues and to the organization.
Adel Hasan and Al Ali [1], Tsui et al. [18] have stated the same concept in their research. Finally, the concept of
job performance includes three components: Working attitude (Dinh Ba Hung Anh and To Ngoc Hoang Kim [3]),
Capacity development (Galbraith [5]; Kuruppuge and Gregar [8]) and Goal Accomplishment (Laura [9]).

For the field of joint stock commercial banking, previous studies on organizational culture, knowledge sharing
and job performance have not been considered holistically and are incomplete in terms of science and theory
(Masa'deh et al. [11], Nguyen Phan Nhu Ngoc [15], Nguyen Phuc Quy Thanh [16]). That is the reason why the
author conducted the study to better analyze the relationship between organizational culture, knowledge sharing
and the impact of knowledge sharing on the performance of bank employees. The paper presents the policy-based
as a result of the SEM analysis, policies being applied at joint stock commercial banks in Ho Chi Minh City as
well as the policy experience of the world, as input to the AHP process. The focus of the paper is the analysis of
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policies (input) by the AHP optimization process to understand in order to select the policy to prioritize for
implementation.

3. LITERATURE REVIEW METHODOLOGY

Many authors have used the AHP process in their research, showing that AHP effectively supports tasks such
as objective scoring, policy selection. AHP analysis combined with SWOT to adjust as well as integrate
experience into policymaking is shown in the study of Nguyen Ngoc Duy Phuong and Pham Thai Son [14].
Besides, in his research, Tran Vinh [17] also used this process to support the analysis of the results formed from
the EFA exploratory factor analysis technique. The main method used in this paper is the AHP multi-objective
optimization process with the weights of the criteria determined using the expert method. The alternative (policy)
score is given in the form of a pairwise comparison matrix by experts based on the actual operation of a joint stock
commercial bank in Ho Chi Minh City. The details of the research procedure with a focus on the AHP process are
presented in Figure 1 as follows.

Step 1 - Determine criteria with same weight

Policy from the model World experience
SEM model Japan, USA, Germany

Step 3 - Policy evaluation

Current policy

Policy Selection
AHP Process

Step 4 - Management implications

Management implications

Figure 1. The AHP process supports policy formulation to promote knowledge sharing
4. POLICY LISTING

4.1. Results from SEM analysis and current policy
4.1.1. Organizational structure

The standardized regression coefficient of the organizational structure factor is at the highest level (0.538),
demonstrating the importance of this factor to work performance. Improving the organizational structure so that
it is lean and efficient, with the connection between departments and employees, contributing to increasing
operational efficiency, and making knowledge sharing easier. Policy implications include: (1) Arrangement of
management departments and divisions; (2) Flexible organizational structure; (3) Appropriate organizational
structure for knowledge transfer. Policies related to organizational structure are denoted CS3.
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4.1.2. Knowledge dedication

Knowledge dedication (KD) is correlated with knowledge sharing at = 0.295. In which, knowledge
dedication affects the work performance of bank employees at 0.37. Dedicating knowledge is one of the biggest
challenges for managers because employees often do not want to participate in this sharing. Dedication not only
takes time but can also become a threat to their position in the organization. Policies related to knowledge
dedication are denoted CS4.

4.1.3. Output orientation

Based on the author's previous research [6], output orientation correlates with organizational culture at an
impact level of 0.1. Raising wages for employees will help employees try to complete work on time, increasing
work productivity. In addition, employees working at the bank should be trained in professional skills in customer
consulting and handling work in accordance with the bank's procedures; ensure that they are highly knowledgeable
about the other duties of the bank. For policy analysis to prioritize deployment by AHP multi-objective
optimization process, this study assigns output orientation by identifier CS1.

4.1.4. Leadership

Leadership (LS) correlates with organizational culture at an impact level of 0.174. Some of the proposed policy
implications include: (1) Create opportunities for staff to learn and improve professional knowledge; (2) Help
employees develop skills and ability to solve problems; (3) Capable leadership, vision and executive ability; (4)
Leaders always help, answer questions and motivate employees; (5) Guide employees to find solutions to their
own problems; (6) Treat fairly and always acknowledge employees' contributions. Policies related to leadership
are denoted CS2.

4.2. Policy experience in some countries
4.2.1. Experience in performance management from the US - Germany

Konrad and Deckop (2001) applied measures to evaluate and comment on emulation. To evaluate
performance, the US government used the balanced scorecard method with four criteria: (1) Customer orientation;
(2) Financial orientation; (3) Orienting the internal operation process; (4) Orientation for improvement and
development. The US policies focused on implementation including: Work and relationships, Optimal
performance, Training.

German knowledge-sharing governance, presented by Laura Martina Zurheiden (2017), encompasses the
following policies: (1) Focus on goals and value face-to-face communication; (2) Working hours are for work
only. To serve the content of policy analysis as well as understand the priority in implementation, the study of the
symbol of policy experience from the US - Germany is CS5.

4.2.2. Japanese experience

According to Japan's Abenomics economic policy, the following policies apply: (1) Lifetime employment; (2)
Employee participation in the decision-making process; (3) Quality inspection team; (4) Team work. In order to
serve the content of policy selection to prioritize implementation, Japan's policy experience is denoted CS6.

5. POLICY SELECTION (AHP PROCESS)

Conduct a multi-objective optimization process to better understand the impact of policies and to identify
which policies should be prioritized for implementation. Start by implementing the task of determining the
weights. Weights represent the importance of a criterion; the sum of the weights is usually adjusted to 1. The use
of the Inconsistency index to validate the reasonableness of the weights. If the value of the Inconsistency index is
greater than the significance level a (usually chosen as 0.05), the conclusion is that the weight is not reasonable
(unreliable). Score the evaluation criteria as follows:
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Table 1. Pairwise comparison score matrix for evaluation criteria

Criteria Teamworking | Engagement | Belief C_ommunlcate Leadership | Commend and
with colleagues | concern reward
Teamworking 1 3 4 2 3 3
Engagement 1/3 1 2 2 1 2
Belief 1/4 Y 1 1/4 1/3 1
Communicate 172 172 4 1 1 1
with colleagues
Leadership 13 1 3 1 1 1
concern
Commend and 13 12 1 1 1 1
reward
Total 3 7 15 7 7 9

The weighted results of the evaluation criteria for the option are extracted and presented in Table 2.

Table 2. Weight results of each option evaluation criteria

Teamworking 0.353
Engagement 0.174

Belief 0.070
Communicate with colleagues 0.151
Leadership concern 0.144
Commend and reward 0.108

Based on the Inconsistency index to evaluate the normalization score: If the Inconsistency index value < the
significance level a (selected by 0.05) will stop the process, otherwise go back to Step 1; continue to process the
results using Expert Choice software, the results of the weights and the Inconsistency index are presented in Figure
2.

Teamworking 353
Engagement 174

Belief .070
Communicate with colleagues 151
Leadership concern ’

144

Commend and reward
.108

Inconsistency = 0.04
with 0 missing judgments,

Figure 2. Weight and Inconsistency results for the set of criteria

The Inconsistency index of the set of criteria reached 0.04 < significance level a. = 0.05, so the values of these
weights are reliable. The conclusion uses the criteria together with the weight values shown in Table 2 as criteria
for evaluating the plan.

6. POLICY LISTING

The author conducts a policy review based on the AHP multi-objective optimization process to better
understand the implied policies and select them to prioritize in implementation. From the policies listed above,
the writer includes the AHP process for analysis. There are six policies that are considered inputs to the AHP
process with symbols CS1 to CS6 shown in Table 3.

Table 3. Input policy of the ERP process

Cs1 CS2 CS3 CS4 CS5 CS6
N - American -
. Output . Organizational  Dedication of ! Japanese
Explanation . . Leadership German .
Orientation structure knowledge . experience
experience
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Score the alternatives (policies) according to each criterion for enough process input data to conduct the AHP
multi-objective optimal analysis process. The next section presents the scores of the options (policies) according
to the evaluation criteria listed in Table 2.

To analyze the policy, the thesis follows a 2-step process:

Sub-step 1: Scoring, use Expert Choice software to export the score results.

Sub-step 2: Sensitivity analysis, similar to using Expert Choice to output sensitivity results, should choose the
policy with the highest score and sensitivity.

The results of the priority order of policies calculated by Expert Choice software are shown in Figure 3.
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Figure 3. Score chart of policies

From Figure 3, we see that policies 1 (output orientation) and policy 6 (Japanese experience) have the highest
scores, meaning that these two policies should be prioritized for implementation. The results of the policy
sensitivity analysis according to the group work criteria (weight equal to 0.353). Similar analysis for the output
orientation criteria, openness and openness, the writer finds that policy 6 (CS6, policy experience from Japan) is
most sensitive to the evaluation criteria.

In conclusion, based on the results of sensitivity analysis, we find that policy 6 should be preferred over 1 even
though policy 1 currently has a higher score.
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00 5] 2 3 ) 5 € 7 B K] 1

Teamworking

Figure 4. Sensitivity analysis results (teamwork criteria, Expert choice)

In addition, in the space of two important criteria related to knowledge sharing behavior is teamwork and
engagement. Policies 1 and 6 have higher scores and separate distribution than the rest of the policies. Based on
the results in this policy distribution chart, the author prioritizes to choose two policies CS1 and CS6.
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Figure 5. Policy distribution results (Teamwork and Engagement Criteria)

Combination of option score (Figure 3) with sensitivity (Figure 4) and policy distribution (Figure 5), in
conclusion, it is necessary to prioritize the selection of policies 1 and 6 to develop macro policies to promote
knowledge sharing in order to improve job performance.

The results from the SEM model concluded that organizational structure has the strongest interaction with
organizational culture (normalized impact level: 0.538). Next, organizational culture affects bank employee
performance at 0.14 (normalized). Similarly, interactive knowledge dedication to knowledge sharing is at 0.295;
and knowledge dedication affects job performance at 0.37. In contrast, the results of the proposed AHP process
should prioritize the implementation of two output orientation policy groups (under the organizational culture
group) and policy experience from Japan (not shown in the SEM model). Thus, the results of the AHP process
have supported implementers to choose policies to prioritize in implementation. In addition, this AHP process
also supports the integration of experience (qualitative) into the policy implementation process.

7. CONCLUSION

The paper presents the application of the AHP multi-objective optimization process to the analysis and
selection process in the implementation of policies. In addition to identifying policies that need to be prioritized
for implementation, the AHP process also supports the integration of solutions derived from quantitative methods
with solutions generated from practical (qualitative) experience. The job performance of employees at joint stock
commercial banks in Ho Chi Minh City will be significantly improved if the analysis and solutions outlined in the
study of this paper are applied.
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Abstract

This research paper focuses on the design, analysis, and testing of a semi-automatic pipe welding machine.
The objective was to propose efficient designs and evaluate their performance for welding different pipe joints,
specifically lap joints and 90° angle joints. The machine's components were carefully calculated to ensure optimal
functionality. The experimental phase involved testing the fabricated machine on various welding tasks. The
results indicated that the welding joints achieved consistent and aesthetically pleasing quality, meeting the
rigorous standards required for industrial applications. The developed semi-automatic pipe welding machine
offers several advantages, including improved efficiency, enhanced weld quality, and reduced manual labor. It
presents a viable solution for streamlining pipe welding processes in diverse industrial sectors. This study
contributes to the advancement of welding technology by introducing an innovative machine design and validating
its performance through practical experiments. The findings support the potential for widespread adoption of the
semi-automatic pipe welding machine, fostering productivity and quality in industrial welding operations of
injection molding processes, contributing to overall productivity and quality improvements in the plastic industry.

Keywords: Erosion Machine, Ejection pin, Injection molds, Cycle

1. INTRODUCTION

The majority of manufacturing processes in automotive, bicycle, and motorcycle factories in Vietnam involve
manual labor and traditional assembly methods. This leads to limitations in productivity and quality, despite the
high demand for efficient production processes. Welding technology, one of the key technologies in heavy
industries, has rapidly advanced in recent years and is essential for various sectors such as shipbuilding,
automotive, machinery assembly, petroleum, and construction. Prominent automobile manufacturers including
Ford, GM, Mercedes, Toyota, Hyundai, Honda, and Nissan utilize automated production and assembly lines, with
40% of these lines consisting of welding processes.

Prof. Dr. Doan Quang Vinh, Vice Director of Da Nang University, and his team conducted research on "Robot
Applications in Automotive Welding Production Lines" in Vietnam, which is one of the few countries globally
engaged in automated welding research. The research topic has been successfully implemented at Truong Hai
Auto Joint Stock Company. Additionally, researchers at Ho Chi Minh City University of Technology have
designed, fabricated, and successfully deployed an automated pipe welding system with support from the
Department of Science and Technology. The system has dimensions of 2,500 x 650 x 1,300 mm, and its welding
torch can move in the x, y, and rotational directions within a range of -450 to 450 mm. The welding system
accommodates pipe diameters ranging from 20 to 200 mm, and the flexible control panel can be folded for safety
and protection. The developed welding system has been effectively utilized at Plant A41 (Ministry of Defense),
exhibiting stable weld quality and showing high commercial potential.

In heavy industries such as oil and gas, thermal power, and shipbuilding, welded connections between tube
structures have gained significant popularity. Current welding procedures for tube connections adhere to
American standards such as AWS, ASTM, API, or ASME. These procedures typically involve welding
component assembly, alignment or fitting, weld layering, and subsequent inspection for weld quality. Quality
requirements in the welding process are rigorously assessed based on parameters such as strength, leak tightness,
and heat-affected zones. However, deformation of welded components after the welding process has not been
thoroughly considered, especially for highly precise connections.
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Existing welding training programs primarily focus on basic welding movements, such as straight lines and
circles, without addressing more complex trajectories such as ellipses or waves. Square tube welding with wave-
like orbital welding has received limited discussion, mainly relying on technology adoption and importing welding
equipment, often utilizing highly advanced robotic arms that come with high commercial costs and maintenance
requirements.

As Vietnam undergoes industrialization, the manufacturing sector is experiencing rapid growth, marked by
the increasing adoption of modern machinery and automated production lines. The existence of precision
machinery and equipment is crucial for the success of mechanical enterprises. Welding, as a time-consuming,
energy-intensive, and costly process in mechanical device fabrication, significantly affects the durability and
structural integrity of welded joints. However, reliance on manual labor is unsustainable as the number of skilled
workers decreases. To address these challenges, this research proposes a solution and design for a semi-automatic
pipe welding machine suitable for industrial applications. The machine operates on a standard 220V power supply
and can adjust welding speed using a frequency converter. However, it can only handle one welding batch every
ten seconds to prevent overheating. With both manual and automatic control modes, the operation is user-friendly,
eliminating the need for specialized safety equipment and simplifying maintenance tasks.

2. DESIGN OPTIONS FOR PIPE WELDING EQUIPMENT

The semi-automatic welding equipment will be designed to weld the joint between two perpendicular square
pipes, as shown in the diagram below.

Figure 1. T-shaped Pipe Joint

The weld joint is a closed 3D curve. Therefore, when designing the automated welding machine, attention
must be given to its rotational and translational capabilities.

The proposed design options and their advantages and disadvantages are as follows:

Option 1: The two pipes are clamped perpendicular to each other on the machine table, with the center of the
table acting as a rotating axis driven directly by a motor. The welding torch is then clamped and brought into
contact with the two threaded rods, as shown above, with each rod being driven by a separate motor. The purpose
of the threaded rods is to create vertical motion along the Y -axis of the welding torch, combined with rotational
motion around the axis of the two pipes, forming a wave-like welding trajectory.

Thanh treoc
Phai han =

Mé han / -
-
/
—— Vit me

Ban may

P
Truc xoay - [J\- []\

\\'\_‘ O /6
q ,/-1’;{-:‘/\‘“/*\13/7 .

Step motor Khop ndi

Figure 2. Option 1

This option has the following advantages and disadvantages:

Advantages:
¢ No interference with the welding wire since the welding torch remains stationary.
o Relatively simple structure.
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Disadvantages:
o Lack of automated control, resulting in uncertainty regarding the welding trajectory.
o The rotating table and clamping mechanism pose significant safety risks, as the welding torch rotates,
potentially causing collisions.
Option 2: Compared to Option 1, Option 2 incorporates the following adjustments:
¢ The welding torch rotates while the clamping mechanism remains stationary.
¢ Application of an automatic control system to generate the wave-like motion of the welding torch.
e The main axis rotation is driven by an AC motor with an internal gear reducer, reducing the motor speed to
meet the welding speed requirements.
e The main motor and rotating axis are placed above.

Figure 3. Option 2

With these improvements, Option 2 has the following advantages and disadvantages:
Advantages:
¢ Resolves space constraints and facilitates easier arrangement below the machine.
Disadvantages:
o Requires additional motor clamping components.
o Increased safety risks when the entire clamping mechanism is in motion.
¢ Reliance on external assistance for the fully automated control system, limiting the scope for learning.
o Introduces unnecessary complexity when using the automatic control system.
o Interference from welding-generated magnetic fields makes the use of an automatic control system
unfeasible, as it could cause disturbances and damage expensive control components, leading to maintenance and
replacement costs.

Therefore, Option 1 is selected as the preferred design solution.
3. RESULT AND DISCUSSION

3.1. Calculation of screw and nut assembly

The selection of the screw and nut assembly depends on several factors, as follows:
Load to be transmitted.
Installation position (quick feed or slow feed).
Layout diagram (ball screw or roller screw).
Rigidity of the system.
Surface hardness (ability to run smoothly).
Manufacturing accuracy.
For the screw and nut assembly, we will choose a 1:1 transmission ratio and a ball screw.
Geometry parameters of the screw and nut assembly:
Maximum travel distance, L = 400 mm.
Lead, m=1.
Screw diameter, @d = 12 mm.

3.2. Calculation of motor selection
Calculation of the system power: Overall efficiency: n =nol X ntv X nkn
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We have: nol = 0.99: Efficiency of one pair of rolling elements. ntv = 0.9: Efficiency of one screw. nkn =
0.98: Efficiency of shaft coupling. Therefore, 1 =0.99 x 0.98 x 0.9 =0.87318.

Motor selection: To rotate the welding workpiece (consisting of two 304 stainless steel pipes with a length of
150 mm, maximum diameter of 42 mm, perpendicular arrangement, and thickness of 1.5 mm), we need to
calculate:

Density of 304 stainless steel: d = 7.93 g/cm3

Weight of the steel disc: D=d x V=7.93 x 2[15 x (2.12n — 1.9521)] =454.04 g

Moment of inertia of the steel disc: | = (1/2) x m x R2 = (1/2) x 454.04 x R2 = 17026.5 g.mm2

Force required to rotate the workpiece: F = (I x g) / (1000 x R) = (17026.5 x 9.81) / (1000 x 75) = 2.227 N

Torque: T=F xR — T =2.227 x 75 =167.025 N.mm

1 revolution — 32 seconds, so the number of revolutions per minute: n = 1.875 (revolutions/minute) T = P x
n/(9.55 x 1076) = (167.025 x 1.875) / (9.55 x 10"6) = 3.279 x 10"-5 kW Required power for the motor: Pct = P
/m=(3.279 x 10~-5) / 0.87318 = 3.756 x 10"-5 kW

We need to select a motor that meets the condition: P_motor > Pct.

There are many motors that meet this condition. Based on the given parameters and considering economic
factors, we choose a DK52-4 type motor.

The pipe welding equipment is processed and assembled as shown in the figure below.

Figure 4. Welding machine

The control unit of the device is compactly housed in a control box, with the wiring connected internally to
the vertical bar. The actuating mechanism and transmission are designed to be robust, as shown in the figure. The
welding torch is fixed at an inclined angle, and the suspension wire is positioned above to avoid interference
during machine operation.

4. CONCLUSION

In this research, various designs of semi-automatic pipe welding machines were proposed and analyzed. The
detailed components of the machine were calculated prior to the fabrication of the automated pipe welding
equipment. The constructed device was then tested with common pipe welding joints such as lap joints and 90°
angle joints. Overall, the welding joints achieved satisfactory results, displaying uniformity and aesthetic appeal.
They met the requirements for industrial products.
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Abstract

The research presents the method of designing and controlling the industrial robot via virtual reality techniques
so that human can witness diverse behaviors of the robot in many environments. Robot motions can be checked
through the simulation program and robot program can be generated for the real task execution. The algorithm
which controls the industrial robot to serve interactions with human is also analyzed. The robot is used in the
research is restored and upgraded from the damaged SCORBOT-ERVII robot which was not equipped with
electrical cabinet. After upgrading the mechanical part and electrical circuits, the virtual set which includes a
headset and 2 hand controllers are combined to the controller of the robot so that the robot can be controlled via
this device. The shared control approach and artificial potential field is exploited in control algorithm of this robot
so that it has ability to avoid obstacles according to the repulsive force and attractive force. After all, the
experimental results are presented to the real model of robot.

Keywords: Robot control, Manipulator, Cyber-Physical system, Complex system

1. INTRODUCTION

A robotic arm or robot manipulator is a programmable machine which can replace human tasks in many
aspects. The robot arm comprises links which are connected by joints. There are six different main types of joint:
revolute, prismatic, cylindrical, screw, spherical, and planar. As highlight for this point [1-3], revolute joint and
prismatic joint are the most common kinds of joint in robot arm structure: the revolute joint allows rotation
between two links while prismatic joint allows a translation between two links. The links of the manipulator can
be considered to form a kinematic chain. The number of joints in a robot will probably determine the degree of
freedom (DOF) for this device. Mostly, high DOFs can make the robot have more reachable area in movements.
The final tool which is placed in the final point of the chain of the manipulator is called end-effectors [4, 5]. This
element which depends on different applications can be a gripper, a magnet plate, a drilling tool and the like.
Apart from mechanical components, actuators are devices which drive joints to change their configurations. The
actuators can be of electric, hydraulic, or pneumatic type. Computers are commonly valued in control unit.

Figure 1. Scorbot-ER-VII robotic diagram. Top view (left). Side view (right).

In this research, Scorbot-ER [6] is used, the robot for which the spike-based controller has been developed is
a six-axis arm robot with 12V DC motors for performing axis movement and double optical encoders to register
the said movements. A descriptive image of the robot can be seen in Figure 1. The controller developed effectively
controls these six 12V DC motors through the use of a set of six H-bridges that are driven through an external
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12V-25A power supply, as shown in Figure 2. This external supply is not affected whatsoever by the controller’s
programming, other than by the PFM signal that the controller generates to command different movements to each
motor.

2. PRELIMINARIES

2.1. VR (Virtual Reality) technology

Extended reality (XR) is the combination of real and virtual environments, and this is the place where the
interaction between human and virtual object can appear via computer technology. In short, Extended Reality is
a compilation of Augmented Reality (AR), Virtual Reality (VR) & Mixed Reality (MR):

Virtual reality (VR) is the use of computer technology to create an artificial environment in which the user can
experience a three-dimensional domain. It tricks the user’s senses into thinking they are in a different environment
by wearing a headset. Moreover, virtual objects in that technique can be interacted by the user via haptic
controllers. However, all virtual subjects in this technology are formed in virtual environment so that human
cannot witness any real objects except using the external camera window inside that place. The process of VR
experience can be described as:

-The VR headset will probably replace the real world by 3D environment due to the screen in front of the eyes
of the users.

-The VR lens or autofocus lens which are placed between each eye and the screen. The lens can be adjusted
owing to the positions of each eye.

-The visuals are displayed on the screen to eyes via graphic processing unit which can be known as computers
or mobile devices. With the computer, visuals are mostly transferred to VR headsets by link cable. However, the
internet can be considered as tools to handle these issues. Mobile device is another case: The phone is mounted
directly on the headset such that the lenses of the headset simply lie over the mobile device’s display to magnify
the images to finally create the visuals.
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Figure 2. lllustration of the internal structure-for the Oculus headset.

2.2. Unity

Unity is a game engine for both 2D and 3D games that has been around since 2005. It was created by Unity
Technologies in order to give more developers access to game production tools, which was an innovative effort
at the time.

Unity includes a robust scripting API that gives easy access to the most frequently used features. This includes
both general game features and particular API calls that provide access to specific engine features and quirks.
Besides, the main programming language for this cross-platform software is C#. Many C# scripts can run at the
same time in 1 project. This means that in a specific project, many different objects can have their own scripts.
However, there are some restrictions of packages or library in C# of Unity environments.
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2.3. Camera setup

There are various types of sensors which can obtain locations of obstacles on the working area of robot arm.
To simplify the process, Kinect V1 camera is utilized to detect the coordinates of obstacles. Kinect camera is
connected to a computer, and image data is transferred to here for processing.

The general parameters of Kinect camera V1 are:

- RGB camera resolution: 640x480, 30fps.

- Infrared camera resolution: 640x480, 30fps.
- Working range: 0.8m-4m in default mode;
- 0.4m-0.35m in near mode.

Both 2D and depth images captured by Kinect cameras have a resolution of 640x480 pixels, and each pixel in
2D photos corresponds to a depth camera point. When the pixel coordinates of a point in an RGB image are
obtained, the x, y, and z values of that point may be recovered in the camera coordinates, because Kinect's true
coordinate system is defined to coincide with the color camera’s coordinate system.

3. SYSTEM DESIGN

3.1. Implementation of robot model

Unity3D does support to create 3D model in the project. However, the complicated appearance of models will
probably be tough in design with unprofessional tools of Unity3D owing to the fact that the Unity3D is more
compatible for design games.

)
PA) @blender :
SOLIDWORKS &Qurity
SOLIDWORKS BLENDER UNITY

Import as agsets of each
component, assemble with
the order and set initial
coordinates of components

STL Files Alter the coordinates of each part and save as with .oby format

Figure 3. Overall scheme for the proposed system.

Therefore, it is the most common to design a mechanical model in other professional software such as:
AutoCAD, SolidWorks, Fusion and the like. Nevertheless, there is no way to import directly 3D files to Unity3D
because it only supports specific files. By this, this thesis goes for modifying the format of files to compatible
formats of Unity. By this it means that the original files would go to a middleware to alter the format without
changing the data of original files. In this case, Blender is used to handle the problem. The process can be described
as Figure 3.

84



4% International Conference on Advanced Convergence Engineering (ICACE 2023)

August 141" — 16, 2023, Ho Chi Minh City University of Technology, VNUHCM

3.2. Process of programming
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Figure 4. Demonstration of data transmission in the proposed system.

The working in virtual environment includes 1 working table (500mm in length, 300 in width before scale)
and a leader cube. The user will lead the cube to desired positions, and the robot arm will follow the path of the
cube. In this case, the coordinate of the cube needs to be transformed to be coordinate of the robot because the
robot is controlled due to inverse kinematic method. As Fig. 5, it is prominent to pay attention to the coordinate
of Unity system: Unity uses a left-handed, Y-Up coordinate system.

Due to the different model of robot, the DH table is based on SCORBOT-ER-IX model, although the general
placement of coordinates is same as SCORBOT-ER-VII. The components are set with order parents so that
rotation angles of each link will create rotation movement for each part. Because of the automatic placements of
coordinates, each part needs to be put into a virtual coordinate which is coincident with rotation axis. This means
that it will lead whole part to rotate as demands.

Figure 5. The virtual model of the proposed robot.

3.3. Camera calibration

It is necessary to obtain data of the obstacle from the OpenCV apart from Kinect library. OpenCV (Open-
Source Computer Vision Library) is a library of programming functions mainly aimed at real-time computer
vision. The main programming language in this thesis is C#. In order to transfer the data to Unity, Socket
communication based on local host is used.

3.4. Data transmission

The sampling time based on computer is the time to produce the new control data for robot after collecting
data from VR and process them according to algorithm without caring the camera factor. This time can be
estimated less than 3ms. Therefore, the condition to select the sampling time is: Tsq, > Tsamp- Tcomputer fOF
computer program is 500ms.

Nevertheless, after setting the pose of the real robot, the time which let robot follow the next movements
cannot be determined. This means that drivers will generate new control signals to motors if the last movements
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are accomplished. In contrast, drivers will probably show bug, so they cannot be controlled anymore. Due to these
elements, the time to receive new signals of drivers is randomly chosen: 3 second with a condition: the
displacement of the end-effector is short in each sampling time.

This means that the MCU will receive the signal in every 1 second while the VR and camera program are
always implemented in every 500ms.

3.5. Design the proposed control scheme

There are 2 main components in the artificial potential field: repulsion potential energy and attractive potential
energy. In general, due to this algorithm the robot moves in the direction towards where the total potential energy
is lowered, attracting to the target while avoiding the obstacles.

* Repulsion potential energy: The obstacle will trigger a repulsive force on the robot arm from the obstacle on
a specific distance. This means that the force orientation will probably be opposite to the direction of vector from
robot arm to obstacle as Fig. 6. Due to this, the robot can avoid from obstacles. In this thesis, these kinds of force
will be applied on each joint in order to avoid obstacles for the whole manipulator. The repulsion potential energy
of each joint is calculated as:

1 1 1 3\,
Uir = EKT(a_dsafe) ,dlSdS(lfe

0,di > dsafe

@

With:

i: the order of each joint. i=3 for this thesis

Kr: repulsion gain

di: distance between joint to obstacles.

dsafe: safe distance which allow robot work in normal mode

Urep2

Urep3

Urepl

Obstacle
Joint 0

Figure 6. The modeling of repulsion forces in the proposed robot.

However, there would be many obstacles in the reality. Therefore, the total repulsion potential of manipulator

can be described as:
Urep = ¥, X2, Uir )

With:

m: the number of obstacles having influence on a manipulator.

Attractive potential energy: The target will generate gravity to the end-effector of the robot. This means that
the end-effector of the robot would try to reach the target. The attractive potential of the manipulator can be
described as:

Uatt = ~Ka(llXgoal — XI[|)? 3)
With:
Ka: attractive gain

Xgoal: coordinate of the target;
XI: coordinate of the end-effector.
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4. RESULTS OF INVESTIGATION

In this section, the real-world validations of the proposed method are performed to evaluate the feasibility and
effectiveness. The system consists of robotic platform, electric cabinet, motion controller, virtual glass and teach
pendant. The overall set-up is depicted as Fig. 7a while an operator mainly manipulated with the proposed system.
During the robot manipulation, data is collected from various sensors as Fig. 7b and it is transmitted to host
computer.

!
thetad
\ thetad
N N NAN . theta2

Y thetal

10 15 20 25

30
(b)
Figure 7. Experimental results in this study, (a) practical interaction and (b) data collection

In our tests, this system could work well in many practical situations. Also, it provides a flexible motion when
human moves or vibrate. Since the human motion is continuous and complicated, data collection needs to be
filtered in order to achieve the precise estimation. Furthermore, this data set could be utilized to predict any action
of human or support the human-robot interaction if needed.

5. CONCLUSION

In this study, a method to control the robotic platform via the virtual environment was proposed. The
motivations of the proposed system are (1) to establish the hardware connection that allows smooth transmission
and continuous data, (2) to realize the concept of cyber-physical system in the scope of robot manipulation, and
(3) to enhance the human-robot interaction. In this design, several components are to describe and install in the
specific requirements. The proposed method suggested a mechanism to exchange the data flow as well as overall
scheme to manipulate. To demonstrate the effectiveness and feasibility of this approach, the real-world example
to drive the robotic system was implemented. In future, the modern hardware platform should be deployed to
reach the high performance. In addition, the improved scheme, i.e., machine learning or human-in-loop, could be
considered enhancing the behavior of this system.
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Abstract

Most small and medium-sized logistics companies in Viet Nam are planning daily deliveries manually and
purely by experience. This is one of the reasons causing the high total transportation costs problem. Reducing
transportation costs has long been a goal that many businesses aim to increase their competitiveness in the logistics
field. One of the ways to minimize the transportation cost is by optimizing the routing of its vehicles. Therefore,
the main objective of this research is to find a set of optimal routes that minimize the total driving distance for all
vehicles to serve customers. The proposed algorithm is a variant of the Fisher and Jaikumar Algorithm (FJA),
which consists of two phases: a clustering phase and a route generation phase. After determining the numbers and
types of vehicles used, this research conducts the first phase - clustering with two steps: (1) defining the seed node
and (2) allocating the customers into each cluster by using the Generalized Assignment Problem model (GAP
model). Next, in the second phase — route generation, this research uses Branch and Bound (B&B) algorithm to
find optimum routes for each cluster. Computational results from its application to a real-world case in a logistic
company in Vietnam are presented. This paper compares the results of the FJA algorithm with the exact method
(CPLEX software) for small-scale problem instances to verify the effectiveness of the algorithm. Finally, the
obtained vehicle routes are compared against the existing daily delivery routes showing that the number of
vehicles used for delivery and the distance traveled is reduced. As a result, the daily cost of transportation,
including petrol costs and fixed costs per vehicle is significantly decreased, specifically by 12,5% of the actual.

Keywords: Capacitated vehicle routing problem, Optimization, Heterogeneous fleet, Fisher and jaikumar
algorithm, Experimental design, Cluster-first-route-second

1. INTRODUCTION

Logistics services are growing strongly, in Vietnam currently accounting for about 20.9% of the country's
GDP. In particular, Vietnam's road transport currently accounts for about 77% of the country's total freight
transport (Source: World Bank Blogs). This leads to increasing competitiveness in terms of price and service
quality - two important factors for customers. Manually planning deliveries can increase costs and delay deliveries.
Therefore, optimizing delivery routes is the way many transport businesses aim to reduce costs and increase
logistics efficiency.

The logistics company where the author conducted the study was established a long time ago. However, the
planning of daily deliveries of this company till now is done manually and purely by experience. As a result, it
takes a lot of fuel costs because the distance traveled is not optimal. With the desire to reduce the total
transportation costs and increase profits, the company needs to replace the find of delivery routes with experience
as before thanks to the optimization method. This research will support that by leveraging optimal information
technology and algorithms to improve route planning models to reduce transportation costs, thereby improving
competitiveness, building the reputation of the company.

2. LITERATURE REVIEW

The well-known Vehicle Routing Problem (VRP) was firstly introduced by Dantzig and Ramser in 1959 [2].
They tackled the optimum routing of a fleet of gasoline delivery trucks between a bulk terminal and a large number
of service stations supplied by the terminal. They tried to find a way to assign stations to trucks in such a manner
that the station demands are satisfied and the total mileage covered by the fleet is minimized. The Capacitated
VRP (CVRP) is its most common form with an additional constraint of fixed vehicle carrying capacity. In general,
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CVRP considers equal capacities for all the vehicles; although vehicles with different capacities can be used.
Laporte [3] gave good overviews on solution methodologies for VRP. Those are exact algorithms, classical
heuristics, and metaheuristics. Since no exact method can be guaranteed to find optimal tours within reasonable
computing time when the number of nodes is large, the heuristics/metaheuristics method has often been used in
solving large problems of VRPs in the literature.

The Fisher and Jaikumar (FJA) algorithm [4] is also a well-known 2-phase algorithm for CVRPs. The general
procedure of the FJA is comprised of four calculation steps [4] which are (1) assign seed points for each route,
(2) evaluate insertion cost for each customer, (3) assign customers to routes and (4) sequence customers within
route. Undoubtedly, this algorithm has a major disadvantage: the efficiency of this algorithm is very sensitive to
the location of the seed customers. To find a seed node effectively, there are many ways be proposed such as
which creates clusters with a geometric method partitioning the customer plane into equal angular cones [5], each
cluster contains equal number of nodes [6]. Moreover, there is a new clustering-based model for which all
customers are viewed as candidate seed nodes then solve MILP model [1]. This approach solved the MCVRP
problem with a heterogeneous fleet for fuel delivery efficiently and has not been applied to the heterogeneous
CVRP. Therefore, in this research, this variant of FJA algorithm was selected for solving case study at a logistics
company in Vietnam.

3. MATHEMATICAL MODEL AND PROPOSED METHODOLOGY

The heterogeneous CVRP is modelled as a Mixed Integer Programming model (MIP) in the same way as the
CVRP model, where the constraints are adjusted so that different types of vehicles are allowed.

3.1. Mathematical model of the heterogeneous capacitated vehicle routing problem

The main assumptions of the model are as follows: (1) it is assumed that there is no time restriction, (2) traffic
disruptions and weather factor are ignored, and (3) the distance between the first leg and the return leg is the same.
The mathematical model of heterogeneous CVRP is demonstrated as follows:

Notations:

N = Set of nodes {0, 1, 2, ..., n} where node 0 represents the depot and a set N’ of n customers.

K = Set of vehicles {1, 2, ..., k}

Q« = Capacity of k™ vehicle

dtjj = Actual distance from node i to node j

d; = Demand of customer j

Decision variable:

X{-‘j = 1 if vehicle k travels directly from node i to node j; Xf-‘j = 0 otherwise.

Objective function:

Minimize
Z= Yl 2o X dtini'(j 1)
Subject to
Yo 25:1)(5 =1 Jj € N\{0} (2
Lo X§ = XL XJ; j € N\{0}, Vk € K 3)
P ZiNzo(ij dj) < Q, vk €K (4)
LiXLiXE<10 vk € K )
o1 X =1 vk € K (6)
X €{0,1} ®)

The objective function (1) is for minimizing the total driving distance of the transport routes. Each customer j
can only be visited once defined by constraint (2). Constraint (3) is a flow constraint, meaning that if a vehicle
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enters customer j, it must leave it. Constraint (4) is the capacity constraint for each vehicle, which guarantees that
the demand picked up by a vehicle does not exceed the vehicle's capacity. Constraint (5) states that at most 10
customers should be visited by any vehicle. Constraint (6) and constraint (7) ensure that each vehicle assigned to
any route should leave and arrive at depot once. Constraint (8) says that X{-‘j is a binary variable.

3.2. A variant of FJA for solving the heterogeneous CVRP

To be able to solve medium-sized instances of the designated heterogeneous CVRP, we use a variant of FJA
- first proposed by Chowmali and Sukto (2020) for solving the MCVRP for fuel delivery. Due to the variety of
the candidate vehicle, determining the numbers and types of vehicles used must be evaluated first in order to
minimize the fixed cost of vehicles. Details of the steps of FJA for this research are illustrated in Fig. 1.

Step 1: Determining the numbers and types of vehicles used based on MIP model. using Excel Solver software. The
objective is to minimize the fixed cost of vehicles for delivery.

Step 2: Clustering
2.1. Selecting the seed nodes based on the clustering model. The objective is to minimize the total driving distances
of clusters.
2.2. Allocating the customers into each cluster by using GAP model. This objective is to minimize the total driving
distances of all clusters after assigning all customers.

12

Step 3: Route generation
Solving the TSP model for each clustering using B&B algorithm. The objective is to find the optimal transport route
of a vehicle that represents the shortest path between all nodes in each cluster.

Figure 1. Details of the steps of solution methodology

In this section, the mathematical model of each step will be shown.
Firstly, details of the model of step 1 are as follows:
Notations:

N = Set of customers {1, 2, ..., n}

K = Set of vehicles {1, 2, ..., k}

Q« = Capacity of k™ vehicle

dtjj = Actual distance from node i to node j

d; = Demand of customer j

Xmin = Lower limit of the total number of vehicles used = n/ 10
Decision variable:

Xk = 1 if the vehicle k is used for delivery;

Xk = 0 otherwise.

Objective function:

Minimize
Z= Y5 ve X, 9)
Subject to
25:1 Xk 2 Xmin (10)
et XQ, 2 Z]N=1 d; (11)
X, €{0,1} (12)

The objective function given by Eqg. (9) represents the total fixed cost of the selected vehicles to be minimized.
Constraint (10) ensures that the total number of vehicles used is greater than or equal to the minimum number of
vehicles. Constraint (11) states that the total capacity of the vehicles used must meet the needs of all customers.
Constraint (12) says that X is a binary variable.

Because the capacity of all vehicles is various, selecting the number and type of vehicles is very important. It
will significantly affect the final result. Using vehicles with heterogeneous capacity will occur situations where
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fixed costs are high whereas petrol costs are low because the vehicles must travel longer distance to guarantee
capacity constraint. Therefore, to avoid these situations, this research conducts trial and error method with 3 cases
and compares the final results with each other. Specifically, the cases are respectively:

+ Case 1: Get the results of the MIP model of step 1.

+ Case 2: Keep the total number of vehicles selected and replace the vehicle having the smallest capacity of
list with the vehicle having the next larger capacity.

+ Case 3: Increase the total number of vehicles selected by 1 and replace the vehicle having the highest capacity
of the results of model with two vehicles having suitable smaller capacity.

After determining the numbers and types of vehicles used, this research conducts the step 2 — clustering,

including two mathematical model. The first model is used to select the seed nodes is described as follows:

Notations:

N = Set of customers {1, 2, ..., n}

K = Set of vehicles {1, 2, ..., k} where K is determined in step 1 and K is also the number of clusters.

Q« = Capacity of k™ vehicle

dt;j = Actual distance from node i to node j

d; = Demand of customer j

Decision variable:

Xij = 1 if the customer j is serviced by seed node i; Xj; = 0 otherwise.

Yik = 1 if the vehicle k is selected by seed node i; Yik = 0 otherwise.

Objective function:

Minimize
Z=% Z§V=1 dt; X, (13)
Subject to
Vv, <1 vk € K (15)
?]=1 255:1 Yy =K (16)
5V=1(Xl]d}) < 211((=1(Yika) VieN (17)
LiX; <10 ViEN (18)
Xij, Yi € {0,1} (19)

The objective function given by Eq. (13) represents the total the total driving distance, to be minimized. Each
customer j can only be clustered into only a seed node i defined by constraint (14). Constraint (15) states that each
seed node i can select the number and type of vehicles that does not exceed one. Constraint (16) guarantees that
the number of clusters must not exceed a predetermined number of vehicles. Constraint (17) is the capacity
constraint for each vehicle, meaning that the total demand for each cluster having seed node i does not exceed the
capacity of vehicle k serving that cluster. Constraint (18) states that each cluster has at most 10 customers.
Constraint (19) means that variables X and Y are binary constraints.

Next, the second model in step 2 is used to allocate the customers into each cluster. The assignment of
customers to vehicles is done in such a way that vehicle capacity is not violated and the traveled distance is as less
as possible, specifically according to the increasing order of insertion cost. In this article, the insertion cost of
customer j (dtj) is equal to the distance if customer j is visited on the way while visiting seed node (D;) minus the
disance of visiting seed nood and returning to depot (Ds), be described by Eq. (20) below:

dtjk = Dj —Ds = (Dos + Dsj + Djo) — (Dos + Dso) = Dsj + Djo — Dos (20)

Details of the model for assigning customers to vehicles is shown as follows:

Notations:

N = Set of customers {1, 2, ..., n}

K = Set of vehicles {1, 2, ..., k} where K is determined in step 1 and K is also the number of clusters.

Q« = Capacity of k™ vehicle

dtj = The insertion cost of customer j into cluster k.
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d; = Demand of customer j

Decision variable:

Xijk = 1 if the customer j is assigned into cluster k; Xj = 0 otherwise.
Objective function:

Minimize
Z=Y5 X dtp X, (21)

Subject to
YL X <10 vk €K (23)
j.Vzl(Xjkdj) <Q, vk € K (24)
va=1(Xjkd,) = 75%*Q, vk € K (25)

]

X €{0,1} (26)

The objective function given by Eq. (21) is to minimize the total driving distance of all clusters. Each customer
j can be assigned into only a cluster k defined by constraint (22). Constraint (23) states that each cluster has at
most 10 customers. Constraint (24) is the capacity constraint, which guarantees that the demand of all customer j
in each cluster k does not exceed the vehicle's capacity serving that cluster. Constraint (25) ensures that the
efficiency of vehicle k is at least 75%. Constraint (26) says that Xj is a binary variable.

After completing step 2, this research turns to the final step — route generation to get the heterogeneous CVRP
solution with the clustered customer. The aim of it is to determine the optimal route for serving these customers.
In this step, each cluster is an individual traveling salesman problem (TSP). Because each cluster has at most 10
customers, the exact algorithm such as Branch & Bound, column generation can give optimize solution in a short
time. Therefore, this paper used the B&B algorithm to solve TSP problem using Python.

4. COMPUTATIONAL RESULTS

4.1. Algorithm testing

To evaluate the performance of the proposed FJA algorithm, this research compares the results of the FJA
algorithm with the exact method (CPLEX software) for small-scale problem instances. This paper considered
instances having the number of customers and total demand being different to evaluate two factors: solution result
and computational time. Table 1 below shows that the comparison results:

Table 1. Comparison results of the FJA algorithm with the exact method

No. of Demand . Exact method Error | Timeofexact | Time
customer (ton) Capacity (ton) (km) FIA (km) (%) method of FJA
9 4.97185 2-34 1315.508 1315.508 0 55s 8s
11 11.9781 5-8 1426.686 1426.686 0 2276s 10s
11 14.980 2-5-8 2094.109 2094.109 0 9s 3s
11 14.980 34-5-8 1741.737 1741.737 0 1877s 12s
11 14980 | 2-2-5-6.2 2510.382 2510.382 0 9s 3s
12 14.980 34-5-8 1746.188 1746.207 | 0.001% 27236s 10s

The result in Table 1 shows that if using the vehicle with the same capacity, the results of both algorithms
have no difference in 5 instances first. In instance 6, the result of the exact method is better than FJA results but
the computation time of exact method is 2700 times more than FJA and exceed maximum time that company
require (3600 seconds). Besides, the error is only equal to 0.001% so using the proposed FJA algorithm is suitable
for solving the heterogenous CVRP problem of the case study in this research.

4.2. Numerical example in a real case
After conducting the algorithm testing, this paper used the proposed FJA algorithm to solve cast study at a
logistics company located in District 12, HCM City, Vietnam. This company will deliver goods for customers
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located in 4 provinces: Dak Nong, Dak Lak, Gia Lai, Kon Tum. To implement the FJA algorithm, the locations
and demands information of customers are first defined. The number of available vehicles is also determined. The
actual distance between coordinates (x;, yi) and (X;, y;) is calculated based on Bings Map API by using Python.
Applications of FJA to solve case 18/10/2022 with 14.98 ton, this research has taken results as Table 2:

Table 2. The result of routing delivery in case 18/10/2022

Case 1 \_/ehicle 1(2ton): 01616340 666.47 km Total distance:
(15 ton) Vehicle 2 (5ton): 0215141310120 864.22 km 2318.384km
Vehicle 3(8ton): 087175911180 787.69 km
Case 2 Vehicle 1 (3.4ton):071310591211140 | 858.242km | Total distance:
(16.4 ton) Vehicle 2 (5ton): 02161581760 678.511 km 1969.85km
Vehicle 3(8ton): 0134180 433.097 km
Vehicle1 (2ton): 07510912110 856.898 km Total distance:
Case 3 Vehicle2 (2ton): 01616340 666.473 km 2644.273km '
(15.2 ton) Vehicle 3(5ton): 021317814150 698.68 km '
Vehicle 4 (6.2 ton): 018 0 422.222 km

The results from Table 2 show that the numbers and types of vehicles selected from the MIP model in step 1
are not the best solution in the final step. Therefore, conducting a trial-and-error method is necessary.

4.3. Results and discussion

Application of the proposed FJA algorithm to solve the delivery problem at the company from 03/10/2022 to
19/10/2022, the results are average total driving distances per day decreased by 773km and average total
transportation costs reduced by 12.5% compared to the actual result. Currently, the number of customers per day
ranges from 12 to 30 and the total demand of all customers per day ranges from 10 to 35 tons, which is not large-
scale instances, and the FJA algorithm can find an optimal solution quickly in the limited computation time. In
case this company wants to scale up, in what instances can the FJA algorithm get the optimal solution? This
research conducted a test with the following set of numbers: customers range from 30 to 80 and demand ranges
from 40 to 70 tons. The results are shown in Table 3 below:

Table 3. The result of larger-scale instances

Instance | Demand Capacity Diff Total distance Time (s)
40 51029 61200 10171 6344 666
40 61842 68000 6158 6743 1267
50 54950 61200 6250 6512 640
50 66839 68000 1161 6819 1369
60 40324 48600 8276 No solution in limited time
70 48644 48600 63 No solution in limited time

It can be seen that the FJA algorithm can only show instances that have at most 50 customers with the
maximum computation times. To solve larger-scale instances, we should consider metaheuristics algorithms.

5. CONCLUSION AND FUTURE WORK

In conclusion, this research proposed a variant of the Fisher and Jaikumar Algorithm (FJA) to solve the
heterogeneous CVRP. We tested the proposed algorithm on small-scale instances to see the performance of the
algorithm compared to the exact solution. The results indicated that there are several instances showing FJA is
not the optimal solution but the error is very small (only 0.001%) and the computation time of FJA is very quick.
The application of FJA helped the company in the case study reduce transportation costs by 12.5% compared to
the actual result. However, in terms of computational time, FJA needs a longer time to achieve the optimal solution
in large-scale instances. Therefore, in the future, researchers may focus on developing more effective algorithms
for solving heterogeneous CVRP instances based on this proposed.
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Abstract

Procurement is an important function for every business. Input materials account for 50% to 60% of production
cost. It is easy to see that sourcing is a high-value-added function in procurement. In addition, as technology
develops, suppliers are also expanded, so procurement requires an efficient supplier selection process and proper
supplier management. Although raw materials in the garment industry in Vietnam are largely dependent on
imports, many companies lack formal supplier selection processes appropriate to the specific context and the
industry is at an early stage. Moreover, technology 4.0 is gradually developing, it is necessary that information
technology supports the supplier selection process to ensure objectivity and accuracy.

The study has two main objectives: i) Building a tool to support supplier selection; ii) Designing a supplier
management information system. The results of the study are: i) A tool to support supplier selection based on the
VBA (Visual Basic for Applications) programming language by combining two methods AHP (Analytic
Hierarchy Process) and TOPSIS (Technique for order of preference by similarity to an ideal solution), whereby
suppliers are selected based on sustainability criteria; ii) A supplier management information system including 5
main functions: material demand management, supplier selection, order monitoring, order evaluation, and
reporting. The system is modeled by using DFD (Data Flow Diagram), use case diagram, ERD (Entity-
Relationship Diagram), and interface design.

Keywords: Supplier, Selection, Information system, Sustainability, Apparel industry

1. INTRODUCTION

In Vietnam’s garment industry, the cost of sewing materials accounts for 85% of the product's cost [11].
Currently, garment companies in Vietnam have to import most of their raw materials (about 70% - 80%) from
China, Taiwan, and Korea [10]. Although most of the materials are imported, many Vietnamese garment
companies lack formal supplier selection criteria and processes [6].

In addition, the transformation of digital technology requires Vietnamese garment enterprises to change
direction but the level of readiness is not high (2.85/5), and the fact that the garment industry is in the early stages
of digitization [10]. If companies want to succeed in digitizing their supply chain, they need to expand their
horizons beyond the sourcing departments.

Therefore, the study built a tool to support the selection of suppliers by the Vietnamese garment industry
context and design a supplier management information system following the trend of digital transformation for
the garment industry. The relationship between buyers and vendors determines the actual value-added component
of procurement activities.

2. LITERATURE REVIEW

Supplier management is an important function in supply chain optimization [5]. In some sectors, 80% or more
of product sales go directly to suppliers [5]. The significant shift in the value stream underscores the importance
of supplier management. A long and close relationship between buyers and suppliers is an important factor in the
success of the supply chain [9].

Evaluating and selecting the right suppliers in the supply chain with a focus on sustainability is extremely
important as the success of a business depends on the role of suppliers [4].
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AHP is a popular method to determine weights - one of the classic problems in multi-criteria decision analysis
[8]. AHP is characterized by the decomposition of a complex problem into a multilevel hierarchy structure: final
objectives, criteria, sub-criteria, and alternatives [8].

The TOPSIS method is a multi-criteria decision-making technique proposed by Hwang and Yoon in 1981.
The best alternative is the closest one to the positive ideal solution and the furthest from the negative ideal solution
[3]. Chen (2011) proposed a structured methodology for supplier evaluation and selection in Taiwan garment
companies. Marzouk and Sabbah [7] applied AHP and TOPSIS in selectin supplier. These techniques are useful
for supplier selection process.

Management Information System (MIS) generally involves the process of collecting, processing, storing,
retrieving, and communicating relevant information for the purpose of efficient management operations and for
business planning in the organization [1].

3. METHODOLOGY

The study implemented parallel steps to accomplish two main objectives: i) building a tool to support supplier
selection; ii) designing a supplier management information system design. Objective i) is presented in section 3.1
and objective ii) is presented in section 3.2.

3.1. Tool to assist in supplier selection

To accomplish this goal, first, the authors defined criteria for supplier evaluation by studying the academic
literature and interviewing experts working in the garment industry.

Second, the authors designed a supplier selection and evaluation model by combining two methods: AHP and
TOPSIS.

Third, VBA programming language was applied to build the support tools.

3.2. Designing a supplier management information system

To accomplish this goal, first, the authors analyzed the needs of the stakeholders who are the users of the
system, those who provide information to the system, and those who receive results from the system.

Second, from the needs analysis results, the authors conducted a system analysis including business function
flow diagram analysis (BFD), data flow diagram (DFD), and Usecase-Actor model.

Third, after analyzing the system, the authors’ group conducted system design including analysis of the entity-
relationship diagram (ERD), database design from the entity-relationship diagram, and the user interface.

4. RESULTS AND DISCUSSION

The results of the article research are shown in sections 4.1 and 4.2. Section 4.1 is the result of building a tool
to support supplier selection, and section 4.2 is the result of designing a supplier management information system.

4.1. Result of building a tool to support supplier selection

The evaluation criteria were designed according to three aspects of sustainability, including economic, social,
and environmental. By studying academic documents and interviewing experts working in the garment industry,
the authors proposed 15 evaluation criteria presented in Table 1.

Table 1. Criteria for selecting the proposed supplier

Criteria group Criteria

Supplier Profile (A1)
Production Capacity (A2)
Total cost (A3)

Leadtime (A4)

Product quality (A5)
Flexibility (A6)

Technology (A7)

Continuous Improvement (A8)

Economics (A)
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Payment Terms (A9)

Service, after-sales (A10)

Occupational Safety (B1)

Social (B) Organizational Structure (B2)

Working time (B3)

Environmentally friendly packaging (C1)
Hazardous waste treatment process (C2)

Environment (C)

The study combines two methods (AHP and TOPSIS) into the supplier selection model. In which, AHP is
used to determine the weights for the criteria, and TOPSIS is used to rank the priority order of suppliers. Figure 1
illustrates the supplier selection model proposed by the authors.

Define criteria and
supplicrs

r= AHP application == -==--==-=-nfonmmmmnmme oo '
i A 4

Determine the weight
of the criteria

Supplier evaluation

A 4

Rank and sclect
suppliers

Figure 1. Supplier selection model

The authors applied the VBA programming language to build a tool to support supplier selection based on the
proposed model and 15 criteria were designed. Figure 2a and Figure 2b are the main interface of the tool.

:
i

a. AHP interface b. TOPSIS interface

Figure 2. The main interface of the tool to support supplier selection

4.2. Design results of supplier management information system

From the results of the stakeholder needs analysis, the major functional groups and their sub-functions are
identified and presented in Figure 3.

The context diagram presents an overview of the system scope, that is, the operating environment of the
system. It is a diagram that identifies external objects, specifically the place that provides input data or receives
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output from the system. The main functional groups are represented by the Vendor Management Information
System located at the center of the diagram. The context diagram is presented in Figure 4.

Level-0 DFD of the supplier management information system is decomposed from the context diagram,
including the main modules based on the BFD diagram, representing the data flow between the major functions
of the system and presented in Figure 5.

Usecase — actor illustrates the context of the interaction between the actor and the system. The system consists
of 2 actors and 19 use cases. The use-case diagram is presented in Figure 6.

The authors determined that 17 entities will be built based on the analysis of the data flow diagram and the
entity relationship diagram presented in Figure 7a and Figure 7b.

Finally, the interface was designed based on the properties of the database shown in Figure 8.
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5. CONCLUSION

The global textile and garment industry is witnessing a clear change toward a more sustainable supply chain
and becoming a new trend that directly affects the competitiveness of the global textile and garment industry,
including Vietnam.

The authors have designed a set of supplier evaluation criteria based on sustainability and proposed a model
to evaluate and rank suppliers by combining two methods, AHP and TOPSIS, which are relatively simple and
easy to understand. From there, a support tool was built using the VBA programming language. In addition, the
authors have designed a supplier management information system sequentially, including analyzing needs and
providing 5 main functions of the system, using function and data modeling tools. The design phase has designed
the database; the interface is suitable for the user's needs.

In the future, the authors will try to integrate the supplier selection support tool into the supplier management
information system. Furthermore, the author team will continuously edit the evaluation criteria to suit the actual
context.
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Abstract

The dissimilar joint of sapphire/Invar alloy was prepared using femtosecond laser selective welding
technology, and the effects of laser power on the sealing performance, microstructure, and shear strength of the
joint were investigated. The interface welding defects, elemental distribution, and fracture behavior of the joint
were characterized using scanning electron microscopy (SEM), energy dispersive spectroscopy (EDS), and laser
scanning confocal microscope (LSCM). The results showed that under ultrafast laser irradiation, sapphire and
Invar alloy underwent melting, mixing, and diffusion processes through nonlinear absorption and linear
absorption, respectively. This resulted in the formation of interlocking interfaces with intermingled features,
indicating the presence of both metallurgical bonding and mechanical interlocking. The shear strength of the joint
increased initially and then decreased with increasing laser power, reaching a maximum shear strength of 182
MPa. Fracture analysis revealed the presence of island-like and granular alloy residues on the sapphire side, while
various morphologies of micro/nano-stripes and void structures were observed on the alloy side, further indicating
the promotion of metallurgical reactions at the interface by the ultrafast laser.

Keywords: Ultrafast laser selective welding, Sapphire and Invar alloy
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Abstract

Pure MXene exhibits severe interlayer stacking and is prone to oxidation in water/oxygen environments. It has
been found that when MXene is doped with other materials, some composite materials with better performance
can be obtained. Therefore, MXene can be intercalated, modified, doped, or composite with other materials to
prevent its stacking, inhibit its oxidation, and improve its stability.

In this work, graphite oxide was introduced into MXene to prepare MXene-Graphite oxide films. Through the
interdependence between graphite oxide and MXene, the humidity driving properties of composite films were
studied, and the mechanical properties and stability of the films were explored. The driving properties of MXene-
Graphite oxide films under different humidity conditions were studied by comparing the indoor relative humidity
and film bending angle, and the related driving mechanism was discussed based on the characterization of
composite films. The results show that the bending rate of MXene-Graphite oxide film in high humidity
environment is 29°/s, the maximum bending angle is 116° and it has highly reversible characteristics. The
mechanical properties of MXene-Graphite oxide films were studied based on the atomic force microscope
nanoindentation. The Young's modulus (Er) and hardness (H) of the films were calculated to be 8.38 GPa and
0.48 GPa respectively through the force displacement curve.

Keywords: Graphene oxide, MXene, Humidity drive, Drive
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Abstract

This study investigates the behavior of small-scale plain concrete beams with notches, strengthened using
GFRP sheets using epoxy, under sustained loading for 6 and 13 years in indoor and outdoor environments.
Flexural testing was conducted to assess changes in debond onset strain and fracture energy of the GFRP sheets
attached to the surface of the concrete. Indoor conditioning revealed a decrease in debond onset strain, while
outdoor conditioning resulted in significant reductions in debond onset strain. The interfacial fracture energy (Gg)
between GFRP and concrete was also evaluated. The experiments demonstrated higher Gg values as the debonded
zone moved away from the notch, particularly in beams exposed to outdoor conditions. Both indoor and outdoor
environments showed reductions in Gr. Notably, direct sunlight exposure did not induce additional degradation
in Gr compared to indirect exposure.

Keywords: Fracture energy, Environmental degradation, Debonding, GFRP-Concrete interface

Acknowledgments

This work was supported by the National Research Foundation of Korea (NRF) grant funded by the Korea
government (MSIT) (No. 2021R111A3044831)

References

[1] Lee, J, Kim, J., Bakis, C. E., & Boothby, T. E. (2021). Durability assessment of FRP-concrete bond after
sustained load for up to thirteen years. Composites Part B: Engineering, 224, 109180.

[21 Zhou, Y. W., Wu, Y. F., & Yun, Y. (2010). Analytical modeling of the bond-slip relationship at FRP-
concrete interfaces for adhesively-bonded joints. Composites Part B: Engineering, 41(6), 423-433.

104


mailto:jeaha@kmou.ac.kr

4" International Conference on Advanced Convergence Engineering (ICACE 2023)

August 14" — 16'™, 2023, Ho Chi Minh City University of Technology, VNUHCM

[P-59] Applying Grey Wolf Optimization to Stochastic Inventory with Multi-Objective

Nguyen Duy Tan?!, Hwan-Seong Kim?”, Sam-Sang You?

12 Department of Logistics, Korea Maritime and Ocean University, Busan, Republic of Korea
3 Division of Mechanical Engineering, Korea Maritime and Ocean University, Busan, Republic of Korea
*Corresponding author: kimhs@kmou.ac.kr

Abstract

This study considers multi-period inventory systems for optimizing profit and storage space under stochastic
demand. A nonlinear programming model based on random demand is proposed to simulate the inventory
operation. The effective inventory management system is realized using a multi-objective grey wolf optimization
(MOGWO) method, reducing storage space while maximizing profit. Numerical outcomes are used to confirm
the efficacy of the optimal solutions. The numerical analysis and tests for multi-objective inventory optimization
are performed in the four practical scenarios. The inventory model’s sensitivity analysis is performed to verify the
optimal solutions further. Especially the proposed approach allows businesses to optimize profits while regulating
the storage space required to operate in inventory management. The supply chain performance can be significantly
enhanced using novel inventory management strategies and inventory management practices.

Keywords: Multi-item multi-period inventory, Stochastic demand, Grey wolf optimizer (GWO), Multi-
objective optimization

1. INTRODUCTION

Over the past several decades, several inventory models have been an attractive topic of conversation in
operations research, highlighting the distinctions between historical academic research and real-world
implementations. While academic research focuses on employing mathematical control techniques for a few
unigue inventory models, industrial situations attempt to address practical issues by examining the maximal
revenues or the minor expenses rather than balancing several objectives. Most inventory management issues are
focused on a single goal, mainly using the classic inventory model, which defines an item as manufactured or
acquired by management. However, those assumptions might not hold for a real test of business resilience and
risk management in logistics and supply chain management.

2. METHODOLOGY

A company might randomly handle several items to meet customer needs over time within a finite planning
horizon covering several periods. The planning horizon begins with a period and stops at a specific time. The
shortage might impact the inventory carrying policy as the lost sale, and the storage space cost is formulated from
the batch sizes of each item and the required space storage per unit item. The total available budget is limited and
not changing. There exist limitations on ordering or production that regulate the order quantities of all items during
different periods to their upper limits. Holding costs, backorder costs, and lost sales are associated with the
inventory management policy. In addition, new production policies (such as installing a new manufacturing line,
expanding a warehouse, or constructing a new storage area) will require optimum total storage space and profit.
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Figure 1. Inventory level of an item with multiple periods (discrete demand)
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3. MULTI-OBJECTIVE OPTIMIZATION USING THE GWO ALGORITHM

The grey wolf algorithm mimicking wolves’ social structures and hunting behavior in multi-objective search
spaces is a novel swarm intelligence and metaheuristic algorithm [1]. First, it is essential to note that grey wolves
hunt in groups and have a hierarchy within their herds. Wolves will take on quests of the corresponding difficulty
with higher ranks, and levels will also be adjusted to match related requirements as they decrease. They have a
strict social dominance hierarchy, as depicted in Fig. 2.

Figure 2. Implementation of positions updating in grey wolf optimizer
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Figure 3. Random demand for four items in 365 days and Convergence analysis for the optimal solutions in
the search space

The convergence processes of four items are all guaranteed. In the first iterations of each item, all the particles
are placed randomly in different positions of the solution spaces, which could not reveal optimal points for
objective functions. Finally, all the particles are guided toward the best-known positions in the search space that
could satisfy the requirements of objective, targeted goals.

5. CONCLUSION AND FUTURE WORKS

This article presents an efficient inventory management model employing a multi-objective optimization
framework under stochastic demand. The beginning inventory level in the prior period is different for each item,
and the lead time in each unit varies. The multiple goals are to maximize profit and minimize the required storage
space. The study aims to determine each product’s optimal order quantity and reorder point to optimize the
objective functions with the constraints. The developed model is an integer nonlinear programming model mixed
with binary variables, and the optimization algorithms have been realized to solve the inventory management
problem.
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Abstract

This paper proposes an active decision-making strategy in supply chain management. A four-echelon supply
chain model, including the manufacturer, distributor, retailer, and customer, is considered with the addition of a
recycling channel. The stochastic customer demand is mentioned in this study, which affects chains in the system.
The problem is solved by using active decision-making, which is designed based on the combination of adaptive
super-twisting sliding mode control (ASTSMC) and metaheuristics optimization algorithm. The particle swarm
optimization algorithm (PSO) chooses and updates the parameters of STSMC. The novel decision-making strategy
can offer new insights into effectively managing digital supply chain networks against market volatility.

Keywords: Stochastic environment, Supply chain management, Super twisting sliding mode control, Adaptive
particle swarm optimization.

1. INTRODUCTION

Efficient supply chain management is crucial to business success and customer satisfaction. Customer demand
is changing rapidly and typically unknown, so it must be correctly predicted to improve supply chain efficiency.
Currently, most works deal with managing supply chains using continuous-time models, and just a few papers
analyze the systems with discrete-time models. The discrete-time models fit more naturally to describe supply
chain activities. The objective of control theory is to ensure that a supply chain network operates in perfect
harmony at its optimal performance and efficiency by continuously monitoring and adjusting its parameters. In
the context of decision-making strategy, control theory is used to regulate inventory levels, production rates, and
transportation schedules in order to optimize the supply chain network for resilience, efficiency, and agility.
Recently, many studies have applied the control theory to manage the supply chain system: linear control theory
[1], nonlinear control theory [2,3], adaptive control [4], and intelligent controller. From that, this study focuses on
applying control theory to supply chain management with using STSMC and APSO.

2. METHODOLOGY
The concept of the proposed model is described in Figure 1. For the control synthesis, the sliding surface is

pi€i T ﬂvn
i

Ajand Ay are the positive PID coefficients, respectively; e; is the error as e =x, —x . The control law

proposed based on the Proportional-Integral-Differential (PID) concepts, = 4, g, + AnAe, , Where A,
=1

u = [uzi U, sU, ]T is realized as u, =k; \/msgn(si )+ Ky, leej . For testing closed-loop stability, the Lyapunov
=

1
function is defined in discrete time as follows, V; = EsiT Ps; . The sliding surface can be described as s;,; = ¢s;,

the assumption is set as |¢| <1. For the parameter vector & =[4,,4, ,AD,kl,kz]T, the optimal parameters are
determined using PSO algorithm. The position and update speed are expressed as
“1 = @i +orand,; (P — &) +C,rand, (G — &), and & = & + v, respectively.
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Figure 1. Generic diagram of the proposed supply chain model and mathematical model

3. EXPERIMENT SIMULATION

The numerical simulation is conducted to compare the performance of the control algorithms, including PID,
super-twisting sliding mode controller (STSMC), and the proposed method (APSO-STSMC). The results are
shown in Figure 2 and Table 1.
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Figure 2. The transient responses of the supply chain system: (a) customer demand, (b) retailer, (c)
distributor, (d) manufacturer, (e) recovery center, and (f) tracking error (PSO-ASTSMC)

Table 1. Simulation result (Unit: second)

PSO-ASTSMC STSMC PID PSO-ASTSMC STSMC PID
Retailer 978 5563 15496 | Manufacturer 4397 4098 8353
Distributor 1433 7866 8795 | Total error 6808 17527 32644

4. DISCUSSION AND CONCLUSION
In the 1AE criterion, the proposed algorithm reduces the errors by 61.16% compared to STSMC, and 79.14%
compared to PID in this numerical scenario. The hybrid PSO-ASTSMC algorithm offers a robust and flexible
method for addressing uncertainties and optimizing system performance in the supply chain context. Further
research could be conducted to explore the applicability of the proposed approach to other supply chain systems
under more realistic market scenarios.
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Abstract

Understanding the dynamic behavior of the port system is crucial for port planning and development, but doing
so is challenging due to risk and disruption. This paper presented a novel approach to reconstructing, analyzing,
and forecasting the complex underlying mechanism of the disrupted port throughput using data processing and
adaptive curve fitting techniques. DWT is employed to decompose the original data into a finite set of frequency
components, so that the various hidden features of cargo throughput can be extracted via different modes, such as
the trend, residual, and seasonal components. Thereafter, each component, obtained from the DWT spectra, is
reconstructed via adaptive curve fitting techniques. Additionally, hypothesis testing, model evaluation, and
statistical significance tests are employed to comprehensively evaluate the introduced forecasting models. Based
on the experimental results and related analysis, it can be found that the proposed hybrid method is superior to the
three comparison models in terms of prediction accuracy, thus, advocating for the accuracy and robustness of the
proposed hybrid strategy as well as the suitability in perturbed container throughput forecasting. The presented
state space reconstruction method can also be utilized for providing managerial insights and solutions on efficient
port operations and development. These findings can help decision-makers understand disruption mechanisms in
port systems, thus enabling them to successfully achieve their business goals.

Keywords: Container throughput, State space reconstruction, Wavelet decomposition, Adaptation mechanism

1. INTRODUCTION

Container throughput is crucial for a port since it serves as the most fundamental production indicator for
gauging the port's development and as a crucial benchmark for organizing production, creating development plans,
and building projects. Understanding the underlying mechanism of port throughput is a key component of port
business and development strategies, along with a scientific port layout and infrastructure investment [1].
However, due to endogenous disturbances, it has become an important and challenging issue to examine the
dynamic behavior and explain the evolving patterns of port throughput systems. Determining dynamical
characteristics in a system using time series data may be accomplished in several ways. In this study, the data
processing method and the adaptive curve fitting algorithm are used to reconstruct the state space of the container
throughput system [2]. Particularly, wavelet decomposition methods are used first to divide complex time series
data into smaller parts. Curve fitting is then applied to find a mathematical function in an analytic form that best
fits each smaller data set. The mathematical model of the state space of the container throughput system is then
produced by combining the state spaces of these components.

2. PHASE SPACE RECONSTRUCTION OF PORT THROUGHPUT SYSTEM

2.1. State space reconstruction by hybrid curve filtering and wavelet method

To enhance the degree of the accuracy of state space reconstruction, a novel hybrid methodology is proposed
based on the wavelet decomposition and adaptive curve fitting technique. The proposed approach can improve
the existing reconstruction method to cope with highly complex and chaotic trends. Figure 1 shows the overall
process of the proposed methodology.
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Figure 1. State space reconstruction by combining wavelet decomposition and curve fitting techniques

2.2. Case study of Busan Port
In most cases, a DWT is offered to enhance computing; in this study, the wavelet filter bank employed is the
Haar wavelet. It divides the input data f into three distinct levels (a2, d1, d2). a and d stand for approximation and

detail, respectively (f = a2 + d2 + d1). The results of wavelet transform 1D level 2 for Busan is shown in Figure
2.
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Figure 2. Wavelet decomposition for Busan port
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Mathematical equation (1) represents the reconstruction form of container data of Korean ports
5 3 2
X =a +hX +CX +d; + XX,
X, = a,X5 +b,X2 +C,%, +d, +a, XX, 1)
%, = a + b2 + ¢, +d, + X X,

Where x;, (i=1,2,3) represent for throughput of Busan, Incheon and Gwangyang port, respectively

3. CONCLUSION

In this paper, optimal decision-making approaches are proposed for reconstructing and managing the dynamic
behavior of seaports in the marine logistics system. The hybrid data processing technique, including wavelet
decomposition and adaptive curve fitting, is employed for reconstructing the complex underlying mechanism of
port throughput under disruption. The case studies are presented to manage maritime supply chain risks for Korean
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ports. The evaluation results indicated that the proposed method outperforms all other benchmarks that are widely
employed in the data science community.
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Abstract

This study investigates maritime vessels' roll and pitch motions when they operate at different speeds.
Simulated equations are used to model the ship's motion behavior and wave-encounter frequency. After adjusting
parameters, the analysis reveals significant variations regarding velocity, the start time of velocity change, and
acceleration. These results indicate the need to consider velocity and acceleration when constructing vessel control
algorithms for better decision-making and increased safety.

Keywords: Pitch-roll motion, Maritime vessels, Forward-speed effects

1. INTRODUCTION

Analyzing a maritime vessel's pitch and roll motion requires understanding the relationship between forward
velocity, acceleration, initial value, etc. Studies (Laarhoven, 2009; Deleanu et al., 2020) have examined roll
motion with changing velocity. However, they do not consider pitch-roll coupling or multiple scenarios, like
departing, approaching ports, and adjusting arrival times. This study analyzes the pitch and roll response to varying
velocities to understand vessel behavior and ensure stability and safety.

2. METHODOLOGY
This study utilizes two equations to simulate ship pitch-roll motion (Pan et al., 1996; Lee et al., 2021):
0 = - ,,0+5(—2£,0 - 0,6° — 5,0°) + fcos(at),
§=—0",p+(=28,p- 50| 9| -0300) + T,c08(e0,1)
where @ and ¢ (rad) are pitch and roll of the vessel, respectively; w,;, w,, (rad/s') are natural angular

@

frequencies; &,,¢,(s?) and &, (rad?) are damping coefficients; o, 0,, o5 (rad/s?) are nonlinear restoring
coefficients; f, f, (rad/s?) are the amplitudes of wave excitation; ¢ is small dimensionless oscillation parameter.
Encounter frequency can be given by (Fossen, 2011):

Lo

gz U (t)cosp O]

W, = W, +

where § (m/s?) is acceleration of gravity; U (m/s) is forward velocity; e, is wave frequency; /£ is the angle
between the heading and the direction of the wave.

3. RESULT

Simulation followed these parameters. The speed started to change after at specific time. U ,,, =15(m/s) with

an acceleration range is [0.001,0.06]. The initial speed range is [1,11] and time span is 2000s. The values of main
parameters are selected as follows (Lee et.al., 2021):
wpy = 084, wy = 20,4, =0.1,¢§, =02,$, =01,6=001,0y =1,0,=1, 03 =2
Initial conditions: 8 =0.01,9 =0.01, 5 =0.
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Roll motion exhibits similar behavior between Figures 1 and 2. However, pitch motion is noticeably different.
Figure 2. shows following the change time grows, pitch amplitudes will rise significantly, especially with greater
acceleration and lower initial speed.

4. CONCLUSION

In this study highlights the importance of understanding how changes in velocity and acceleration can affect
the pitch and roll behavior of a maritime vessel. The results indicate that acceleration plays a crucial role in vessel
motion. Further research could create a reinforcement learning model to optimize the pitch-roll motion based on
this study's simulation data, considering the velocity control start and end times.
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Abstract

Quay crane scheduling problem (QCSP) is one of the most important optimization problems for container
terminal operation at the quayside and has been immensely studied in the literature. Many metaheuristic
approaches have been proposed in the past, which mainly aim to figure out the best schedule to handle all
containers at the assigned vessel, given a list of available quay cranes (QCs). In this study, a novel combination
between Greedy Randomized Adaptive Search Procedure (GRASP) and Ant Colony Optimization (ACO) — two
well-known metaheuristics, is introduced to solve the QCSP. GRASP generates a probabilistic mechanism for the
QCs to select the next task for each moment. At the same time, ACO enhances this selection by a nature-inspired
mechanism mimicking the biological attraction of ants. The performance of the proposed approach is
demonstrated via simulations for two key scenarios: single QC and multiple QCs working simultaneously. The
final output of the algorithm vyields the best sequence of tasks to be handled by each QC, which would be
considerably useful in practice as it helps significantly reduce operational costs.

Keywords: Quay crane scheduling problem, Metaheuristics, Combinatorial optimization, Greedy randomized
adaptive search procedure, Ant colony optimization

1. INTRODUCTION

Following the surprising growth of maritime trade in the last two decades, container terminals must improve
their capacity and efficiency to earn competitive advantages against others by applying new technologies and
optimization methods. Numerous studies on container terminal operations have been conducted and gained
immense attraction from academics and industrial organizations. The Quay crane (QC) is the main equipment of
the quayside area that is responsible for loading and discharging containers on vessels, whose performance
contributes a great proportion to the overall efficiency at the quayside. Optimization for QC, such as QCSP, is a
crucial topic in operational management. According to the survey of Kizilay and Elliyi (2020), the objective of
the optimal schedule will vary, in which minimization of the task completion time was considered the critical
factor in terms of port competitiveness (Steenken et al., 2004) and has dominated among other objectives in the
literature.

2. MATHEMATICAL FORMULATION
The optimization problem for QCSP can be formulated as follows:

minW @)

Subject to: 0<E,<W, VqeQ )
Zjeﬁxgj :1’ ZjeQXi?: :1’ vqu (3)

Do Xi =1, VieQ 4)

Zieﬂxi?_ o X5 =00 VieQqeQ ®)

C +p;—C; <M(@1-Z;), C;+p,-C <MzZ;, ¥(i,]) e ® (6)

r,+t4,+p,—~C, <M@-X{), C,~E, <M@-X%), VqeQ,jeQ @)

Egs. (1) and (2) define the make span W of the operation as the latest completion time E, of all QCs. Eq. (3)
describes that every QC ¢ has an initial state 0 and a final state F (0 and F are two dummy indices in the task
list), respectively. Egs. (4) and (5) indicate the balance flow of the QCs in which each task can only be performed
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by one QC. Eq (6) implies the relationship between the pair task (i, j) in precedence set ® that cannot be handled
simultaneously. Finally, Eq. (7) explicitly defines the relations between ready time r,, moving time tg;,

processing time p; , task completion time C; and crane completion time E, of every task J and crane q.

3. METHODOLOGY

3.1. Greedy Randomized Adaptive Search Procedure (GRASP)

GRASP is specialized to solve the combinatorial optimization, by including many iterations of search based
on traditional greedy algorithm and a randomized selection to bypass the local optimum points. By considering
every required task as a step in the sequence of action, for every iteration, GRASP tries to search for the optimal
next task based on current status and repeats step-by-step until all given tasks are assigned.

3.2. Ant Colony Optimization (ACO)

ACO is a swarm-based intelligent metaheuristic approach that specialized for solving sequential problems
such as path-finding issues, which is inspired by biological attraction of ant’s pheromone. It is considered that
each step solved in the sequence leaves a trace that could enhance the selection of that step in later stages.

4. NUMERICAL RESULTS

Two scenarios are considered: single QC and two QCs at the same time. For the multiple-QC case, it is noted
that the safety margin between two nearby QCs must be maintained during the whole operation. Also, two QCs
cannot interfere each other since they are mounted on a same track. These constraints must be added in the model

for the practicability.
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Figure 1. Performance of the proposed approach in two scenarios

5. CONCLUSION

This study proposes a novel approach to solve the QCSP by combining two well-known metaheuristics
(GRASP and ACO). The simulation results highlight the remarkable performance of the algorithm that could be
applied for both single and multiple QCs, while still preserve the physical and logical constraints of the problem.
This will aid to the decision-making process of the quayside operation and have great managerial implications.
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Abstract

Inventory control is essential for a manufacturer to achieve the desired profit in successful supply chain
management. The manufacturer's profit comes from importing raw materials, processing, producing, storing, and
supplying items. Finding the initial value of the production rate can make the inventory level and production rate
ensure their desired value and get the target profit within a specified time. This paper employs the economic order
quantity (EOQ) framework to evaluate costs in the inventory model. For optimizing the manufacturer's profit with
stochastic factor, Hamilton—Jacobi—Bellman (HJB) equation is presented to find the production rate to make the
inventory model to ensure their intended goals.

Keywords: Inventory model, Deteriorating items, Stochastic optimal control, HIB equation

1. INTRODUCTION

Production-inventory management helps adjust production strategies based on changing customer demands
and imported raw materials. Manufacturers set targets for production rate and inventory level to ensure adequate
supply and smooth business operations. This paper aims to determine the initial production rate that achieves
desired inventory and production values, leading to target profits. The deteriorating inventory model is a
significant concern for manufacturers. Inventory management involves costs like replenishment and maintenance.
The economic order quantity (EOQ) is a widely appreciated approach for evaluating total costs in efficient
inventory management. The optimization problem is analytically solved by the HIB equation, demonstrated by
numerical simulation.

This paper is organized as follows. Section 2 provides a problem description with the notations and the
inventory model. Section 3 presents the methodology and the optimal solution. Section 4 provides the numerical
experiment to demonstrate the feasibility and efficacy of the proposed method. Finally, the conclusions are
presented in Section 5.

2. NOTATIONS AND PROBLEM DEFINITION
This paper will deal with a deteriorating inventory model with a stochastic factor in inventory level. In this
study, it is assumed that the inventory is deteriorating at the beginning of the cycle with keeping customer demand
constant. The objective is to find an optimal production-production rate to maximize company profit.

Table 1. Notation

Variable Definition Variable Definition
D(t) Customer’s demand rate 0 Ordering cost for 1 item
u(t) Production rate h Holding cost for 1 item
1(t) Inventory level s Shortage cost for 1 item

Uy The desired production rate p Price unit

Iy The desired inventory level (0] Ordering cost

0 Deteriorating rate H Holding cost
dz(t) Stochastic variable TP Total profit

o Diffusion coefficient B Desired profit rate
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The stochastic inventory model can be described as follows,

di (t)=[u(t)-D(t)-6l,(t)]dt+odz(t) 1)
0= o(u-u,)dt @

H=h[ (1-1,) dt ®)

TP = Desired profit — [ (O+H )t 4

The objective functions for inventory levels are described as follows,
T
J=max{j[—o(u—ud)2—h(|—|d)2]dt+Bp|} ()
0

3. METHODOLOGY

Besides the HIB equation, other methods, such as particle swarm optimization (PSO) or grey wolf optimization
(GWO), are often used to optimize the inventory models. Both methods above will search for the optimal value
in a given domain. This topic uses the HIB equation because the results from this method will give the formula
for calculating the value of the optimal variable, which can easily be re-calculated when the model’s parameters

are changed. Let V(I,t)denote the expected value of the objective function J such that it satisfies the HIB
equation [1] described by,

2 2 1
0= Tgf({[—o(u—ud) —h(1-1,) J+Vt +V,[u-D-0I ]+552V” } (6)
Where, V, =ﬁ,vl =ﬂ,v,, 2@
ot ol o’
Solving the equation (6), we have the optimal production rate,
U _ Vi +20u, (6)
20

4. NUMERICAL EXPERIMENT
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Figure 1. Optimal result using HIB equation

Using the optimal production rate equation (7), we determined the starting value of the production rate.
Production rate values and inventory levels always follow the manufacturer's desired values. The producer can
thus obtain the desired total profit as the objective function (5).

5. CONCLUSION

During production, a manufacturer may experience a decrease in inventory due to quality deterioration. At the
same time, balancing production costs and storage costs is necessary. Selecting the starting value of the production
rate can help the manufacturer maintain the required inventory and achieve the desired profit.
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Abstract

Obiject detection and distance estimation technology is essential in-vehicle assistance in civil cases. To exploit
the advantage of this technology, terminal port environments are applied to ensure safety and provide operational
assistance. By harnessing the power of advanced computer vision techniques, this research utilizes Single Shot
MultiBox Detector (SSD) model to identify handled containers from the reach stacker view in terminal space and
estimate the object’s distances accurately by using the Pinhole camera rule. It enables real-time monitoring and
alerts, allowing terminal operators to proactively address collision risks or hazardous conditions. This technology
assists in preventing accidents and improving overall safety measures. Additionally, to enhance the robustness of
the proposed method, various terminal port scenarios with multi-environmental conditions are collected to build
up the dataset more abundantly. The application of object detection and distance estimation in terminal
environments not only elevates safety levels but also enhances operational efficiency, creating a smart port with
the support of advanced technology.

Keywords: Container terminal, Reach stacker assistance, Computer vision, Object detection, Distance
estimation

1. INTRODUCTION

With an average annual growth rate of around 8% from 1996 until now, the global maritime containerization
market expected that container terminal operations will experience a surge in demand in the near future [1].
Consequently, there is a growing focus among leading researchers worldwide on developing Autonomous
Container Trucks (ACTs) and smart ports. The primary objective behind this attention is to enhance productivity,
achieve cost-effective management, lean operations, and minimize idle time. These efforts are driven by the aim
of optimizing container handling processes and meeting the increasing demands of the industry. One of the most
important criteria in terminal ports is safety container handling. Implementing the advanced technologies of the
4.0 revolution (Blockchain, Big Data, Artificial Intelligence, Internet of Things, etc.) provides a significant
improvement in container port operations. In this paper, a neural network model is employed to assist the Reach
Stacker handling operation in the terminal port.

2. METHODOLOGY

Container handling is a fundamental and recurrent operation in terminal ports, necessitating utmost attention
to safety. The proposed method integrates the SSD model and Pinhole camera rule to address this paper. By
combining these techniques, the method effectively improves the overall safety level of reach stackers involved
in container handling activities within port operations, ensuring the secure and efficient handling of containers.

2.1. Object detection in terminal port with SSD model

The SSD model is a state-of-the-art deep learning algorithm designed to accurately detect objects in images
or video frames in real-time [2]. In the context of terminal ports, the SSD model can be utilized to detect and
localize various objects of interest, such as containers, cranes, vehicles, and personnel. Furthermore, the SSD
model’s real-time detection capabilities enable quick response and decision-making, facilitating timely
intervention in case of any safety concerns.

The algorithm applies a convolutional approach that evaluates a small set (e.g., 4) of default boxes with varying
aspect ratios at each location in different feature maps, utilizing multiple scales for enhanced accuracy (e.g., 8 x
8 in Figure 1(b) and 4 x 4 in Figure 1(c)). The SSD model predicts shape offsets and confidences for each default
box for all object categories.
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Figure 1. The Single Shot MultiBox Detector Framework:
(a) Ground truth boxes for object; (b) 8 x 8 feature map; (c) 4 x 4 feature map

The proposed methodology aims to identify and extract crucial information, specifically the container and its
corresponding container code, from the perspective of reach stackers.

Figure 2. The results of object detection in container terminal ports

2.2. Distance estimation with Pinhole camera rule

Various techniques can be employed to estimate the distance, known as depth. One common approach is to
use reference objects of dimensions within the scene, namely the Pinhole camera rule. By comparing the size of
these reference objects in the image to their known dimensions, it is possible to calculate the distance to other
objects in the scene based on their relative size.

Figure 3. The results of the distance estimation method

3. CONCLUSION

In conclusion, applying the SSD model combined with the Pinhole camera rule in terminal port operations,
particularly from the reach stackers’ perspective, holds significant potential for improving the safety of container
handling. By utilizing the SSD model, the system can effectively detect containers and container codes, providing
real-time awareness of their presence and location. This enables operators to have better visibility and reduce the
risk of accidents for mishandling during container operations. In terms of future research, a container code
recognition method will be employed to build an automated system for real-time tracking containers during
transshipment.
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Abstract

This paper aims to propose an optimal method to evaluate and cumulate the daily net profit for liner shipping
services to support the shipping lines in making optimal decisions under risk in the choice of the optimal route
with the highest average daily profit for container liner shipping under the uncertain combination factors: freight
rate, shipment demand, and fuel oil price. A cumulative prospect theory (CPT) approach considers the decision-
makers’ attitude under uncertainty applicable for any number of consequences to calculate the daily net profit
model for container vessels. The results are compared to benchmark methods such as the expected utility theory.
In addition, the adaptive parameters proposed can enhance a model's performance when the data distribution varies
either chronologically or in different scenarios. An application is Hai An container shipping lines in 2022 as a
case study in Vietnam is presented in this paper. The obtained results indicate that Hai Phong (HP)-Tan Cang Cai
Mep (TCIT) - Ho Chi Minh (HCM) — Hai Phong is the most effective route with the finest economics. However,
in reality, Hai Phong — Ho Chi Minh — Hai Phong is the first preference option.

Keywords: Adaptive cumulative prospect theory, Cumulative prospect theory, Daily profit model, Decision-
making, Expected utility theory, Shipping network

1. INTRODUCTION

Route selection models play a crucial role for decision-makers in determining the most effective strategies to
improve efficiency. There are a few methods that can be used to support decision-making; however, they are too
complex, difficult for many decision-makers, and often lack a reflection of the complexity of human psychology
in decision-making under risk and uncertainty. Therefore, this paper suggests an average daily profit model with
uncertain combination factors influencing shipping route choice behavior by applying adaptive cumulative
prospect theory (CPT) [1]. The rest of this work is structured as follows. Section 2 proposes system modeling and
methodology for evaluating daily business effectiveness in container operation. The third section contains an
empirical study of Vietnam. Finally, in section 4, the conclusions are presented.

2. METHODOLOGY

Assume that the variable elements that influence to the results of daily average profit are divided into
probabilistic ranges including shipment demand, freight rate, and fuel oil price. A daily profit model from
cumulating the prospect approach of daily profit equals the resulting daily revenue minus daily cost.

rt—ct
prd = o @
Where: ¢' presents the total cost of the round voyage; ' shows total revenue of the round voyage; pr<presents

daily profit of the round voyage and ' total time spent for the round voyage (day). The cumulative prospect
value (CPV ) is calculated by accumulating losses and gains. Assume the pair (pr®; p,)wherei=(-m,...,n) is

the corresponding risk. The positive part CPV , denoted by CPV (pr?*) and the negative part of CPV (pr?),
denoted CPV (pr?") . Hence, cumulative decision weight is defined as follows:

CPV(pr")=CPV(prd*)+CPV(pr“‘)=__Zv(pnd)ﬂ‘(pi)+iv(pn“)7r*(pi) @)
”_(pi)zw(ZL:,m pk)_W(IZ: P) =W (P et P) =W (P, +.t P y) if —-M<i<0 (3)
7 (P) = WS P)~WD Py — W (P, . B,) =W (Pry +ot p,) if O @

k=1 k=1+i
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(pr*) if (pr’) =0
-2.25(pr’)” if (pr) <0
The median exponent of the value function was @ = f# = 0.88 <1 in accordance with diminishing sensitivity;

it is convexity in losses and concave in gains. The loss aversion coefficient 4 =2.25>1 means that individual
perceives loss 2.5 times more than gain. In order to improve the performance of a model in situations where the
distribution of the data changes over time or across different contexts, a parametric parameter was proposed.

Therefore, the adaptiveness of weighting function is proposed by the designer as below:
0.61+0;

W'(p,) = [p°%57 + (1 +| D, )P ]1/(0.61+o’1) (5)

The value function of an alternative is: v(pr") = {

0.69+0,

W_ ( p|) = [pio,egﬂrz + (1+I pi )0.69+aZ ]1/(0,69+az) (6)

People are overweight on low probabilities and underweight on moderate and high probabilities. Where
W*(p;) and W (p,) are adaptive parameters, which are automatically updated by using gains and loss function.

o, = p(frYpf® |, o, = 1, p(fr*)p/°; and u,, u,are the positive parametric adaptation coefficients in gains,
and losses respectively that are used to update parameter for » and o .

3. ACASE STUDY IN VIETNAM

Data for three main routes are gathered, three main routes including Hai Phong to Ho Chi Minh and vice versus
is called alternative 1; alternative 2 is the journey Hai Phong — TCIT — Ho Chi Minh — Hai Phong (directly) and
the journey Hai Phong — Ho Chi Minh — TCIT — Ho Chi Minh — Hai Phong (transshipment between Ho Chi Minh
and TCIT) is considered the alternative 3. The round voyages of the vessel named HAI AN TIME are deployed
in 1 year from 2021. This paper refers to calculation steps was introduced by Aytek Gilingor and Barig Barlas
(2021) [2]. The obtained results from the two methods are illustrated as below:

8 600,000,000

5 500,000,000

8

% 400,000,000

5 300,000,000

=

5 200,000,000

-}

£ 100,000,000

o

E o . NEN NN mm

cpv EUV

® Alternative 1 144,371,043 493,002,474
 Alternative 2 14470292 500,414,678
W Alternative 3 42,694,100 478,634,306

Figure 1. CPV and EUV of alternatives

4. CONCLUSION

This paper proposes a quantitative method that has used econometric cognitive parameters to calculate the
round voyage efficiency on shipping network decisions. This paper has demonstrated and compared values from
two backbone methods for decision analysis are EUT and CPT. This work will be useful and easier for strategy
makers of liner shipping companies to consider decision-making under uncertain environmental. This fact can be
explained that the decision-makers prefer certainty tend to be averse to risks in gains, and are willing to sacrifice
potentially high profit for a greater level of assurance.
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Abstract

It would appear that capturing the impact of fluid for the purpose of designing bio-inspired underwater vehicles
is not only a crucial process to stabilize energy, but it is also endurance enhancement. To what extent, shape
optimization and drag coefficient are two concerned critical factors in the fields of fluid mechanics and
aerodynamics to reduce drag force or improve lift force. In this day and age, with the goal to determine the optimal
shape that can provide the benefit in terms of drag coefficient reduction, numerous methods are used. In
comparison with conventional calculation with experiments, computational fluid dynamics have unceasingly
ameliorated to aid engineers to achieve a suitable shape with quick-time saving as well as precise estimations. In
this paper, shape optimization for an amphibious bionic fish robot using elongated undulating fins, that is, based
on determining the benefit drag coefficient will be depicted beneath elucidations and simulations.

Keywords: Bio-inspired underwater vehicles, Computational fluid dynamics, Drag coefficient, shape
optimization, Elongated undulating fins

1. INTRODUCTION

The enhancement of autonomous underwater vehicles (AUVs) has been concerned and revolutionized with
distinguishing purposes namely coastal structure inspection, ocean exploration, object underwater detection, and
military defense [1]. These days, it is an unceasing progress in technology as well as science, bio-inspired robot
has a tendency to achieve far more replacement compared to classical propulsion systems. Due to fins and torso
for movement providing flexible maneuverability and good posture correction, bio-inspired robot fish has become
much more special. These capabilities inspire innovative designs that improve the way artificial systems work and
interact with aquatic environments. Underwater ecology is also a vital enthusiasm in biomimetic fish robot
research, in specific, marine life is being degraded by the use of high-bandwidth noise-producing propellers.

Devising a biological fish robot is to serve humans. Wave-like propulsion is well-known by virtue of high
efficiency and stable maneuvers as performed by stingrays, knife fish, and cuttlefish. Researchers the whole world
over realized the realization of this requires studies in many aspects: mechanical design, materials of biomimetic
propulsion, actuator design, sensor system, and electronic system to measure as well as control robot movement
with high performance.

Albeit et al., there have been studies on the hydrodynamics of biologically-inspired UAVs with fish-like
underwater vehicles that have undulating fins, nonetheless, there are quite a few foci on the hydrodynamic analysis
of UAVs with two symmetrical elongated long fins. To ensure a well-designed robot, it is essential to analyze
how the drag coefficient can lead to optimizing the design [2].

In this paper, the 3D Computational Fluid Dynamics simulation was carried out to evaluate the drag coefficient
of the hull shape of two symmetrical bilateral continuous undulating fins with distinct designs. The beneath-
mentioned results will be depicted by valid numerical simulation.

2. DEFINITIONS OF FLOW PAST IMMERSED BODY

2.1. Forces generated on a body

As can be seen that whenever a body is placed in a flow, the body is subject to a force from the surrounding
fluid. The force in the direction of flow exerted by the fluid on the solid is called drag. By Newton’s third law of
motion, an equal and opposite net force is exerted by the body on the fluid. For instance, when a flat surface is
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placed parallel to a moving stream of fluid, it is only subject to a force in the downstream direction. An airplane
wing in a moving stream of fluid, nevertheless, is subject to the force R, which can be resolved into two
components: a lift force L (perpendicular to the direction of the velocity) and a drag force D (parallel to the
direction of the velocity) [3].

The lift and drag forces originate from the distribution of pressure and frictional stress on the surface: pressure
force D, perpendicular to the surface and friction force D/ tangential to the surface. Let the pressure of fluid acting
on a given minute area dA on the body surface be p, and the friction force per unit area be . The drag D,, and D
are the integrations over the whole body surface of the component in the direction of the flow velocity U of force
pdA and force TdA. The drag D,, and D, equations are described as follows:

D, = L pcosfdA

1)

Df = f TsinfdA
A

|

Yyvyy
w

Figure 1. Force acting on the robot's body

The total drag D on a body is the sum of the pressure force and friction force. However, the body has a complex
shape, so the calculation based on the above formula is difficult. Consequently, it is proven by experiments and
empirical data to conclude a new formula for drag force, which is shown as follows:

1
D= EC,,lApU2 (2)

where p is the density of fluids; U is the speed of the object relative to the fluid; A is the characteristic area,
with distinct interpretations that encompass the frontal area, corresponding to the perpendicular cross-sectional
area; the platform area, associated with the surface area visible from a top-down perspective and the wetted area,

which denotes the portion of the surface that comes into direct contact with the fluid; C, is the non-dimensional
number called the drag coefficient.

2.2. Drag coefficient

For different objects such as spheres, cylinders, and other shapes, the drag coefficient depends on several
factors, including size, shape, the surface of the object, or the thickness of the fluid. Smooth objects tend to have
a lower drag coefficient than rough, complex objects.

The drag coefficient also depends on the Reynolds number of the fluid flowing around the object. The
Reynolds number is a physical parameter used to determine the motion of the fluid, including its viscosity, density,
velocity, and the size of the object. As the Reynolds number increases, the fluid motion becomes unsteady,
producing vortices and other fluid dynamic phenomena that can increase the drag coefficient. In some cases,
increasing the Reynolds number may reduce the drag coefficient because the fluid becomes less viscous and less
prone to vortex formation. Thus, the drag coefficient for complex objects is often based on experimental data
tables and charts that relate the coefficient to the Reynolds number [4].

3. CALCULATION AND SIMULATION

3.1. Principle diagram of simulation

The simulation implementation process includes steps: geometry creation, geometry environment, geometry
processing, meshing method, parameter settings, solutions settings, simulation implementation, convergence
check, data analysis, optimization evaluation check, and result processing. In ANSY'S, the simulation requires
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four parts, namely: Geometry, Mesh, Solution, and Results. In the geometry step, the geometry can be created
with CAD commercial software such as SolidWorks, NX, Inventor, and Catia to create 3D models. After that,
ANSY'S software performs simulation. In the Meshing part, ANSYS then reads the file and generates the initial
2D mesh in Fluent in order to carry out a primary simulation. The more complex the object it is, the more
complicated the meshing it made. The solving part requires knowledge of computer parameters such as Sockets,
Cores, and Logical processors to properly handle the calculation. Capturing computer parameters, particularly
those of workstations, can be beneficial in reducing time and maintaining consistent quality for large and intricate
models. The main outcome of the solution part involves adjusting the mesh refinement level and conducting
another interaction, which can be advantageous in obtaining an accurate drag value. This value holds significant
importance in ensuring the reliability of optimization. The principle diagram of the simulation for the drag
coefficient can be depicted by the flow chart in Fig. 2.

( Begin )

Y

Create Geometry > Meshing method _| Drag coefficient
> data output
Creal : try 1 L
reate geome
environemt Pg;?tmgt:r Data analysis
A
y
Geometry Solution settings
processing for model g Optimization
evaluation
A\ i
Simulation
implementation

Convergence

Figure 2. Flow chart of the optimization procedure
The results section serves to demonstrate the correlation between discovered elements throughout a given
timeframe. Parameters such as velocity, pressure, resistance, and kinematic viscosity can be included in this
section. The information can be saved in the form of photos or videos.
3.2. Design model
3.2.1. Design based on numerical basis

The deformation of the shell layer only affects the drag coefficient of the shell layer concerning the fluid.
According to D.F Myring [5], the optimal shell profile including the nose and tail will be determined by the

formulas:

1

1 X — a\2)n
== _ 3)

w ZdA{l ( a ) }

1 3d tané d tanf
_ gy 2 i 3

Tr_Zd {Zc2 c }C +{c3 c? }C @

With n as the degree of the nose contour, the parameters are also given in Fig. 3. In which a, b, ¢, d are the
size parameters depending on the desired design (the design goal is as small as possible), it is necessary to
determine n and 6. In a research paper on the optimal profile of the shell [6], Jodo et al. gave an optimal design
for a torpedo with n = 2,6 = 20°. The drag coefficient is determined by the following formula:
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C, = 0.12 4+ 0.000096((3.2 + 1.22n)? + (10.5 — 0.540)?) = 0.133 5)
I

Figure 3. Shell profile parameters

Shell profile parameters shown as shown in Fig. 3. Based on the relates the coefficient to the Reynolds number,
this paper demonstrates that the drag coefficient for a spherical object (disk) usually reaches a value of about 1.2.
Fora2:1 ellipsoid, the drag coefficient is 0.5 to 0.1, while for an airship hull with high velocity, the drag coefficient
is more or less 0.1. The best shape should be elliptic. To be able to find the drag coefficient for the robot, the
Reynolds number is calculated:

pUL UL UL 05x0.2 s
Re= ==y " e 10 (6)
p

With p is the density of fluid; v is the viscous coefficient of fluid, with water, v = 107¢ m?2/s. U is the speed
of the object relative to the fluid, U = 0.5 m/s. L is characteristic length determined by L = V /A where V is the
volume and A is the section of individuals. For spherical shape, L = D.

With the Reynolds number 10°, the drag coefficient for ellipsoid objects is just about 0.1 [4]. Thus, it is better
to design with a drag coefficient lower than 0.133.

Designing environment for simulation

In these three designs, there is respectively a spherical deformation, the first improved deformation, and the
second improved deformation. These dimensions are 1m X ¢0.3 m, 1m x 0.3m x 0.2 m and 1m X 0.35m X
0.1 m as shown in Fig. 4.

Figure 4. Shell profile design

To simulate the object in a liquid environment, create a fluid environment for the object. The dimensions of
the surrounding are 1200mm x 1800mm x 1000mm as shown in Fig. 5.

Figure 5. Shell profile design

In ANSYSS software, the created fluid medium is supported to select the region of fluid motion. The flow will
select to move from the inlet (blue) to the outlet (red) as shown in Fig. 6.
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Figure 6. Flow direction in fluid environment

3.3. Meshing method

Meshing methods consist of three sub-methods: Finite Difference Method (FDM), Finite Volume Method
(FVM), and Finite Element Method (FEM). With FDM, the method is based on solving differential equations by
approximating derivatives with a finite difference. However, in CFD, the FDM is limited by its dependence on
structured grids, making it hard to use such a method for problems involving complex-shaped boundaries. With
FVM, this is a method that evolved from the conservation laws of physics. The basic idea is to subdivide the
whole domain into small control volumes. In F\VM, the unstructured grid can be utilized, which makes the method
very attractive for flows that interact with complex geometries. With FEM, this is a method of discretizing the
definite domain of the problem, by dividing it into many subdomains (elements). These elements are linked
together at common nodes. In the range of each selected element, a certain function is determined through the
unknown values at the nodes of the element called an approximation function satisfying the equilibrium condition
of the element. Specifically, this method is powerfully and widely used.

When simulating the flow around a body of revolution, a 3D simulation method utilizing a structured mesh
is commonly employed. In other to improve computational efficiency, the simulation focused on the flow past a
stationary body instead of moving bodies in a still-water scenario [7]. For the given model, the physics preference
is CFD, the solver preference is fluent, element size of the environment is 0.1. The boundary of the model has a
sizing is 0.01. The smaller the sizing element is, the more accurate the results will be. Even if the correction for
the element size is either excessively small or large, it may lead to negative-cell error in the solution part, i.e.,
causing a waste of simulation time and generating inaccurate outcomes. Hence, the process of selecting the
appropriate meshing necessitates the expertise and computational skills of the engineer before initiating the
simulation. Mesh calculation is shown in Fig. 7.

Figure 7. Mesh calculation

4. SIMULATION RESULTS

The simulation is conducted over a period of 5 seconds, with each shell shape simulated sequentially to obtain
the drag coefficient. The shaped body has a gradual enlargement in its diameter, which causes a favorable pressure
gradient over the front part. As a result, the friction drag is significantly reduced. Additionally, the smoother the
nose is, the lower the drag force is as shown in Fig. 8 and Fig. 9.
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Figure 9. Simulation of second improved deformation

The obtained results show that all drag coefficients satisfy the criterion set, which is less than 0.133. The above
model was executed multiple times by adjusting the 8, front surface deformation, and back surface deformation
to achieve lower drag results as shown in Fig. 10.
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Figure 10. Results of drag coefficient for each shape
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Abstract

Muscle fatigue is a prevalent issue in daily life, particularly for individuals whose occupations involve
continuous use of the upper and lower extremities or torso. It can cause discomfort and pain, as well as decreased
work performance and quality of life. This study aims to classify muscle fatigue utilizing the Root Mean Square
(RMS) and Mean Absolute Value (MAV) features based on EMG signal. The dataset comprises 64-channel
electromyographic recordings from 10 subjects. Muscle fatigue was labeled using the MVC criterion, with a
threshold value greater than 60% MV C. The wavelet algorithm denoises the signal before feeding it to the Support
Vector Machine classifier. The results show that the machine learning classifier is effective and feasible, with an
accuracy of 82.81%. These findings have practical applications, such as rehabilitation for people with mobility
impairments or muscle disorders, as well as improving the efficiency and quality of life for workers whose jobs
require continuous use of the upper and lower extremities or torso.

Keywords: Muscle fatigue, Root Mean Square, Mean Absolute Value, EMG signal, MVC, Support vector
machine

1. INTRODUCTION

Muscle fatigue is a complicated phenomenon with several origins, processes, and manifestations. Changes in
the effectiveness of the neurological system and a cascade of metabolic, structural, and energetic alterations
brought on by a lack of oxygen and nutritive substances in the blood contribute to its onset [1]. It is generally
recognized that muscle depletion occurs in healthy individuals when the muscle is required to generate a force
greater than 60 percent of its MVC. This means that if a person is performing a task that requires repetitive use of
a muscle, such as raising weights or maintaining a posture, the muscle will begin to fatigue when required to
generate a force greater than 60 percent of its maximum capacity [2].

The electromyogram (EMG) is a bioelectrical measurement used to record the electrical activity of muscles
during contraction and rest. Muscle contractions result in the generation and transmission of electrical signals
along nerve fibers. Researchers measured the amount that individual electrodes contributed to the EMG signal in
order to use it as a tool for determining when muscles had become fatigued. When a muscle is fatigued, its fibers
become less excitable and create fewer electrodes. A notable drop in the EMG signal will be observed as a
consequence of this [3]. Muscle fiber conduction velocity and myoelectric signal spectral parameters (mean and
median frequency) show a linear or curvilinear decrease in time, depending on the level of voluntary or electrically
elicited contraction [4]. Muscle fatigue may be detected using measurements of force [5] and muscular torsion [6]
in addition to the EMG. Compared to these techniques, EMG signaling provides a number of benefits for
identifying when muscles are exhausted. It is superior since it provides information in real time on muscle activity
and fatigue during exercise, which is useful for creating individualized workout plans. SEMG (surface
electromyogram) is also a method for quantifying the electrical activity of muscles that differs slightly from EMG.
Regarding EMG, a needle electrode is directly implanted into a muscle to record the electrical activity produced
by muscle fibers. This method provides a precise measurement of muscle activity, but it is invasive and must be
performed by a trained professional. SEMG, on the other hand, entails positioning surface electrodes on the skin
above the muscle in order to detect the electrical signals generated by the muscle fibers below. This technique is
non-invasive and can be executed with minimal instruction. SEMG measurements, however, are less precise than
EMG measurements. Both EMG and SEMG have their own benefits and drawbacks, and the choice of technique
depends on the application and level of detail required. EMG is typically employed in clinical contexts to diagnose
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and monitor neuromuscular disorders, whereas SEMG is typically employed in sports science and rehabilitation
to evaluate muscle function and performance [7]. Moreover, SEMG was deemed more suitable than ultrasound
for detecting alterations in the muscle activation of a fatigued muscle during submaximal isometric contractions
[8]. This indicates that SEMG is the measurement most suited for the identification and forecasting of muscle
fatigue; hence, the emphasis of this research will be on SEMG signal analysis.

The literature contains a wide variety of classifiers, including but not limited to: Simple Logistic Regression
(SLR), Artificial Neural Networks (ANN), Linear Discriminant Analysis (LDA), Naive Bayes (NB), K-nearest
neighbor (KNN), Nonlinear Logistic Regression (NLR), Multi-Layer Perceptron (MLP), and Support Vector
Machines (SVM). However, classification of EMG with SVM has shown increased performance in terms of
accuracy in some circumstances [9] [10]. Support Vector Machine (SVM) is a well-known machine learning
algorithm employed in the prediction of muscle fatigue. SVM operates by locating a hyperplane that best separates
the data into distinct classes, with the goal of classifying new data points with the utmost possible precision. SVM
can be trained on a dataset of muscle activity data, such as electromyography (EMG) signals, and used to predict
the level of fatigue in a muscle based on new input data in the context of muscle fatigue prediction. It has been
demonstrated that SVM can accurately predict muscle fatigue in multiple muscle groups, including the forearm,
biceps, and triceps. An advantage of SVM is that it can accurately manage high-dimensional data, such as EMG
signals. SVM is also less susceptible to overfitting than other machine learning algorithms, which can be
advantageous when working with limited datasets. Nevertheless, SVM has some limitations. It can be
computationally intensive and may necessitate fine-tuning of multiple hyperparameters for optimal performance.
The kernel-based SVM has a strong theoretical basis and is becoming popular for classification and regression
machine learning problems. The kernel used in this technique must be strategically selected because it results in
a trade-off between classifier performance and computational complexity [11]. SVM has the potential to be
implemented in clinical and athletic contexts to enhance physical performance and prevent injury [12]. In this
paper, the SVM algorithm is implemented to classify muscle fatigue based on MAV and RMS features. Those
features have gained popularity in this discipline, as demonstrated by a previous study [9] [13] [14].

2. MATERIALS

10 healthy subjects, 3 women and 7 men (mean age 24, standard deviation 1.5 years) were studied. The
maximal voluntary contraction of a single subject will be defined as the average of three maximum force
measurements separated by five minutes. After the MVC has been determined, measurements can be conducted
at various force levels, expressed as a percentage of MVC. If feasible, the subject should maintain the force for at
least 10 seconds. The steps are as follows: So that the subject could learn to maintain a particular force level, we
began with a test at 10% of MVC. Then, random order experiments should be conducted at 20%, 40%, 60%, and
90% of MVC. Next, an exhaustion test is conducted at 70% of MVC. Finally, we concluded with a 10% MVC
final exam. There is a 5-minute break between each examination. In the following sections, 10% MVC, 20%
MVC, 40% MVC, 60% MVC, and 90% MV C are implicitly understood. If nothing else is described, the condition
preceding muscle fatigue will be indicated. Clearly characterized as 70% MVC during muscle fatigue and
10%MVC after muscle fatigue.

At a sampling frequency of 2KHz, the sensor matrix captures the EMG signal from the right biceps. To
minimize noise, the SEMG signals from all electrodes obtained from the MV C levels were filtered (20Hz - 400Hz).

3. METHOD

3.1. Preprocessing
3.1.1. Wavelet denoising

Wavelet transform is one of the compelling approaches that may be used to minimize noise. The fundamental
concept underlying wavelet transforms is the decomposition of a signal or image into a set of wavelets, which are
small, localized waves that can represent complex patterns and structures. By analyzing the wavelet coefficients
at various scales, it is possible to identify and eliminate noise while preserving the signal's or image's essential
characteristics. As a result, the data can be analyzed with greater precision, as distinct features can be isolated and
treated independently. “wdenoise” built-in function of MATLAB to implement Wavelet signal denoising.
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The used syntax is XDEN = wdenoise(___,Name,Value). The “Coiflet” family of wavelets has been shown to
perform very well in signal recovery, typically Coiflet 3 [15] [9]. In addition, the decomposition level parameter
is set to 4 to obtain useful EMG information. In addition, the parameters of denoising method and threshold rule
need to be further studied for appropriate evaluation.

3.1.2. Frequency filter

Band-pass filter is used to extract useful frequency components within the range of 10Hz to 500Hz. Then,
high-pass and low-pass filter should be considered to apply again to improve frequency filtering efficiency. A
digital notch filter would be effective at suppressing electrical noise at 50Hz or 60Hz, depending on the
geographical location. In this paper, the data set has previously been filtered by hardware, so this step is not
repeated. Nevertheless, for the EMG signal processing we propose, filters are required for classifying the
underlying muscle fatigue signal.

3.2. Feature extraction
3.2.1. Mean absolute value (MAV)

The EMG signal represents the electrical activity produced by contracting and relaxing muscle fibers. The
MAV characteristic is computed by calculating the absolute value of each EMG signal sample and then averaging
these absolute values over a predetermined time window. This yields a single value that represents the average

amount of electrical activity in the muscle during the specified interval of time.
t+T

1
MAV(x) = Tf [x(t)|dt
¢

Where |x(t)| represents the absolute value of the signal x(t) at time t.
3.2.2. Root mean square (RMS)

Similar to MAV, the EMG signal is first rectified to derive each sample's absolute value. The RMS
characteristic is then computed by taking the square root of the mean of the squared values of the rectified signal
over a given time interval. This results in a singular value that represents the aggregate magnitude of the EMG
signal during the specified time interval.

t+T

RMS() = |- f (x,)2dt

Where T is the time interval of the signal and ft t+T(xt)2dt represents the integral of the square of the signal
over that time interval.

3.3. SVM classifier

In this paper, the SVM algorithm was used to classify muscle fatigue signals. For cross validation, the input
data of the SVM model was split into 80% train and 20% test. Then the SVM classifier is subsequently constructed
using a Kernal Gaussian. It was also found that Linear kernel and Gaussian kernel were equally good to identify
intra-individual fatigue features [16].

4. RESULT AND DISCUSSION

The SVM model achieved a macro F1 score of 0.80679, indicating remarkable performance in classifying the
muscle fatigue based on EMG signal features. The proposed signal processing framework was illustrated in the
Figure 1 below.
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Figure 1. The proposed framework

Additionally, ROC analysis, shown in Figure 2, was also quite good, with an area under the curve (AUC) of
0.90264.

ROC Curve (AUC = 0.90264)

True positive rate
© © © © 9 © ©o ©
o w P W [=)] ~ [=-] w0

S

(=}

0 0.1 0.2 0.3 0.4 0.5 06 07 0.8 0.9 1
False positive rate

Figure 2. Model performance by the ROC curve

It should be noted that the input signal contained many erroneous data points, represented by the zero-value
in the data table, due to the acquisition phase mistaken. To overcome this issue and retain useful signal, we applied
several preprocessing techniques above.

Further analysis of the confusion matrix revealed that the model achieved high precision and recall for both
fatigued and non-fatigued classes, with only a small number of misclassifications. These results have shown a
robust and reliable SVM model for classifying muscle fatigue based on EMG signal features, even when the input
signal contains many erroneous data points. Overall, this study demonstrated the robustness of using SVM
classification models for muscle fatigue classification based on RMS and MAYV features. Future research should
explore the kernel selection, the use of variant classifiers, and feature selection techniques to further improve the
performance of the model.

Predicted

n = 460 Positive (1) Negative(0)

Positive (1) 190 27

Actual

Negative(0) 64 179

Figure 3. Confusion matrix
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Abstract

Additive Manufacturing technology, also known as 3D printing technology, has been widely applied in
prototyping, products serving in life as well as the manufacturing process especially in important fields such as
processing industry, manufacturing, automobile, national security,... However, many open source 3D printing
devices are currently not capable of manufacturing products of all kinds. Plastic materials are often used in
industry such as PC (Polycarbonate), HIPS (High Impact Polystyrene), PEEK (Polyether Ether Ketone), ABS
(Acrylonitrile Butadiene Styrene),... have high shrinkage leading to warping, deformation of layers. The purpose
of the article is to study and adjust technological parameters, focusing on the temperature parameters of the
product chamber to make 3D printed products using ABS materials. Experimental results on many different
samples show that product quality has been significantly improved with the parameters found.

Keywords: 3D printers, Open source, ABS, Parameter process, Temperature chamber

1. INTRODUCTION

3D printing is an advanced manufacturing method that involves adding and bonding materials layer by layer.
Industrial and open-source 3D printing devices are commercially available from well-known corporations such as
3D Systems, Stratasys, and Z Corporation. In Viet Nam, 3D printing technology is increasingly popular and
widely applied. In addition to research on the fabrication of 3D printing devices to meet domestic needs, there are
numerous studies aiming to improve the quality of the printed products. One research direction focuses on
expanding the range of materials used in industrial applications, allowing the production of products using various
materials. However, currently, most domestic 3D printers are unable to fabricate products using materials like PC
(Polycarbonate), HIPS (High Impact Polystyrene), PEEK (Polyether Ether Ketone), and ABS (Acrylonitrile
Butadiene Styrene) due to their high shrinkage. Therefore, the research group has designed and developed an
open-source 3D printer capable of providing a controlled chamber temperature to reduce residual stress between
layers (caused by temperature differences) and minimize shrinkage during the fabrication process. Additionally,
the study investigates the optimization of process parameters to enhance the quality of 3D printed products using
ABS material. The technology parameters utilized in the research include: stepper motor increment, extrusion
multiplier, extrusion width, extra inflation distance, density infill, and temperature chamber. Experimental results
demonstrate significant improvements in overall shape and geometric accuracy of the printed products.

The equipment used in the experiment is an open source FDM 3D printer with a product size of 200 x 200 x
200 mm, consisting of two extruders, one for creating the product and the other for creating support structures.
The device is equipped with a convection chamber heated by resistors placed on both sides of the enclosed walls,
unaffected by external temperatures. The fan speed is set to ensure even temperature distribution within the
product fabrication area. ABS (Acrylonitrile Butadiene Styrene) is one of the first materials used in the 3D printing
industry, composed of polymers Acrylonitrile, Butadiene, and Styrene. ABS plastic exhibits both flexibility and
excellent impact resistance. It enables the production of high-strength and wear-resistant products, and its melting
temperature transitions into a molten glass state at 105°C. These advantages make ABS suitable for manufacturing
mechanical products and replacing some metal parts in industrial production. The quality of 3D printed products,
specifically those made of ABS, and generally, other materials, depends significantly on various technological
parameters. Some important technological parameters include:

134



4" International Conference on Advanced Convergence Engineering (ICACE 2023)

August 14" — 16™, 2023, Ho Chi Minh City University of Technology, VNUHCM

Extrusion multiplier: also known as the flow rate factor, allows the adjustment of the material flow rate through
the extruder. This parameter is applicable when excessive or insufficient material extrusion occurs on the detail
surface.

Step of the motor: used to regulate the motions along the X, Y, and Z axes and push the filament into the
extruder.

Extrusion width: the width of the extruded filament, which remains stable on the machine bed or the previous
layer. Extrusion width and layer height are two important parameters that determine the shape and size of the
extruded lines in product fabrication.

Extra inflation distance: supports the creation of short material bridges between separate parts of a product.
Additionally, it facilitates the printing of products with gradually widening and narrowing bases. Current
experiments have shown that the device can create bridges with a maximum size of 30 mm and horizontal
overhangs with a maximum size of 2 mm.

Density infill: the amount of material filled inside the product, ranging from 0 to 100%. Higher infill density
results in increased weight and improved mechanical properties of the product. Density infill also affects
manufacturing time and material consumption.

Print speed: one of the key parameters influencing the quality of the product. Excessively slow print speed
can cause distortion in the printed model due to the nozzle staying on the plastic layer for too long. Conversely, it
can lead to blurred surfaces and deformation caused by insufficient cooling time, inadequate material supply, and
weak adhesion between layers. For ABS material, the optimal print speed falls within the range of 40 to 60 mm/s.
For highly complex surfaces, the print speed should be set at 40 mm/s, while for products with less complexity in
the shaping process and requiring longer manufacturing time, the print speed can be set at 60 mm/s. Furthermore,
for ABS material, the initial layer should be printed at 50% of the normal print speed to enhance material adhesion
to the print bed.

2. EXPERIMENTATION

Table 1. List of sample models

No Sample model Shape Purpose Context
The  accuracy  of
machine  dimensions, | Adjustment of the
head extrusion | step values for the
temperature, extrusion | drive motors was
level, and vibration | performed.

level.
The shrinkage factor, | Adjustment of
ability to manufacture | Extrusion
bridge-shaped multiplier to
products, dimensional | regulate the
accuracy, and interlayer | amount of plastic
shifting phenomena | passing through the
were assessed. extrusion head.
The surface quality in
terms of layer height,
dimensional accuracy,

The XYZ model,
measuring 25 x 25 x 25
1 | mm, designed and
proposed by
iDig3Dprinting.

The 30 x 30 x 30 mm
wire frame cubic model
was designed by
Orionwnix.

The staircase-like cubic

attern composed  of fan coolin .
P L P . 9 Adjustment of
3 | cubic units measuring 5 x performance, and . .
. . . Extrusion width
5 x 5 mm, designed by material extrusion

Mecroucher.

motor operation were
examined to assess their
quality.
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Test tightness tolerance

of the components
The clamp sample .
. . assembly. Influence of | Adjustment on
designed by Alejandra
4 . the chamber | chamber
Cervantes Tetrika.
temperature on product | temperature

quality was compared
and analyzed.

The experimental process was sequentially conducted using standard samples to determine optimal
parameters. In this process, the XYZ cubic model was employed to evaluate dimensional accuracy, extrusion head
temperature, extrusion level, and machine vibration. The wire frame cubic model was utilized to test shrinkage,
the ability to manufacture bridge-shaped products, dimensional accuracy, and interlayer shifting phenomena. The
staircase model was used to examine surface quality in terms of layer height, dimensional accuracy, fan cooling
performance, and material extrusion motor operation. The clamp model was employed to assess the assembly
tightness of the components assembly. A comparison of the chamber temperature's impact on the clamp product's
quality was conducted by printing on two machines with identical parameters, differing only in the presence or
absence of a heating chamber. The products were then re-manufactured using the optimized parameters for further
testing and evaluation. The list of test samples and the testing sequence are presented in Table 1. The parameter
values were determined based on the manufacturer's recommendations, equipment operation experience, and the
calibration process to establish the optimal parameter values by the research team.

3. RESULT AND DISCUSSION

3.1. Results
The results of parameter adjustment and the achieved products are presented from Table 2 to Table 5.

Table 2. Parameter adjustment results and products of the XYZ model

No Number of motor steps Sample dimensions Product
X axis: 80 steps/mm X axis: 25.2 mm
1 Y axis: 80 steps/mm Y axis: 25.18 mm
Z axis: 400 steps/mm Z axis: 25.3 mm
E 192 steps/mm
X axis: 80 steps/mm X axis: 25.22 mm
) Y axis: 80 steps/mm Y axis: 25.2 mm
Z axis: 400 steps/mm Z axis: 25.28mm
E 192 steps/mm
X axis: 80 steps/mm X axis: 25.22 mm
3 Y axis: 80 steps/mm Y axis: 25.22 mm
Z axis: 400 steps/mm Z axis: 25.32 mm
E 192 steps/mm
X axis: 80 steps/mm X axis: 25.18mm
Y axis: 80 steps/mm .
4 . Y axis: 25.18mm
Z axis: 400 steps/mm 7 axis: 25.28mm
E 192 steps/mm T
X ax!s: 80 steps/mm X axis: 25.2mm
Y axis: 80 steps/mm .
5 . Y axis: 25.2mm
Z axis: 400 steps/mm 7 axis: 25.3mm
E 192 steps/mm T
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Table 3. Parameter adjustment results and products of the wire frame cubic model

No Parameter Value Other settings Result

Support  structures  were
implemented to mitigate the
1.0 impact of the extra inflation
distance  parameter on
product quality.

Extrusion multiplier

Support  structures were
created to prevent the
2 Extrusion multiplier 0.8 influence of the extra
inflation distance parameter
on product quality.

Support  structures were
generated to mitigate the
3 Extrusion multiplier 0.7 impact of the extra inflation
distance parameter on the
quality of the product.

No support structures were
created to evaluate the
4 Extrusion multiplier 0.7 impact of the extra inflation
distance  parameter on
product quality.

No support structures were
created to evaluate the
5 Extrusion multiplier 0.7 impact of the extra inflation Front
distance  parameter on
product quality.

Side
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Table 4. Results of parameter calibration and product of the step pyramid model

No Parameter Value Other settings Result

The extrusion angle is

1 Extrusion width 0.3 xd (mm) | setto 45° to maximize
(d’ =0.4mm) | the number of printed
lines on a surface.

Extrusion width , The extrusion angle is
2 0.35 x d’ (mm) set 1o 45°

Extrusion width , The extrusion angle is
3 0.4 xd (mm) set 10 45°

Table 5. Results of parameter calibration and product assembly for the clamp assembly model

No Parameter Value Other settings Result
1 | The chamber | 70°C | Density Infill: 35%

temperature for product Velocity Extruder: 60 mm/s
formation is applied. Support: No i

2 | There is no chamber No Density Infill: 35%
temperature for product Velocity Extruder: 60 mm/s
formation, and the Support: No

heated bed temperature
is set to 34°C.

3.2. Discussion
For XYZ sample:
The average dimension values along the X, Y, and Z axes are determined as follows:

2%

X =L =25 204mm

y=-=L  =25196mm

7="L =25 296mm
n

Whereas the ratio "a" for each axis is:
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25

a, =———=0,9919
25,204
a, = 5 0,9923
25,196
a, = 2 __ 0,9883
Y 25,296
a,=0,7

Therefore, the new adjusted step parameter values are as follows:

X =80.0,9919=79,352 steps/mm
Y =80.0,9923 =79,384 steps/mm
Z =400.0,9883=395,32 steps/mm
E =192.0,7=134,4 steps/mm

For the wire frame cubic model, the adjusted step parameter values are as follows:

Sample 1: The observation results indicate that the detailed surfaces are deformed, and the layers are stacked
on top of each other due to the lack of bonding between layers. The extruded material on each layer takes the form
of droplets instead of fibers, indicating an excessive amount of extruded resin. This leads to dimensional
discrepancies in all three X, Y, and Z directions. The size of the product measures 32.6 x 32.4 x 35 mm compared
to the designed value of 30 x 30 x 30 mm.

Sample 2: The primary size discrepancies occur in the initial and final layers. The phenomenon of extruded
material taking the form of particles only occurs in the first layer and at positions adjacent to the support layer.
The dimensional discrepancies decrease, and the measured result is 30.6 x 30.6 x 30.2 mm compared to the
designed value of 30 x 30 x 30 mm.

Sample 3: The primary size discrepancies occur in the initial and final printed layers. The phenomenon of
extruded material taking the form of particles only occurs at positions adjacent to the support layer. The
dimensional discrepancies continue to improve, and the measured result is 30.2 x 30.2 x 30.2 mm compared to
the designed value of 30 x 30 x 30 mm.

Sample 4: The primary size discrepancies occur in the initial and final printed layers. The phenomenon of
extruded material taking the form of particles no longer exists. With an extra inflation distance parameter set to
20 mm, the horizontal crossbars of the front and back material spheres of the product exhibit greater sagging
compared to the two side crosshars, as they are not in contact with the hot air flow in the chamber. The two side
crossbars cool down to 70°C faster, resulting in lower sagging. The measurement results show that the maximum
width of the front and back crossbars is 5.68 mm and 5.2 mm, respectively, while the width of the two side
crosshars is 4.6 mm. The size in the X and Y directions measures 30.2 x 30.2 mm compared to the designed value
of 30 x 30 mm. The size in the Z direction measures 30.2 mm compared to the designed value of 30 mm. When
the extrusion multiplier value is set lower than 0.7 on the sample with the phenomenon of porosity and missing
material, the amount of material extruded through the nozzle is optimized for the testing machine.

Sample 5: The primary size discrepancies occur in the initial and final printed layers. The phenomenon of
extruded material taking the form of particles no longer exists. With an extra inflation distance parameter set to
20 mm, the horizontal crossbars of the front and back material spheres of the product exhibit greater sagging
compared to the two side crosshars, as they are not in contact with the hot air flow in the chamber. The two side
crossbars cool down to 70°C faster, resulting in lower sagging. The measurement results show that the maximum
width of the front and back crossbars is 5.68 mm and 5.2 mm, respectively, while the width of the two side
crosshars is 4.6 mm. The size in the X and Y directions measures 30.06 x 30.06 mm compared to the designed
value of 30 x 30 mm. The size in the Z direction measures 30.04 mm compared to the designed value of 30 mm.
When the extrusion multiplier value is set lower than 0.7 on the sample with the phenomenon of porosity and
missing material, the amount of material extruded through the nozzle is optimized for the testing machine.

For the staircase model, the adjusted step parameter values are as follows:

The surface areas of the measured block are 25 mm? at different heights, which helps evaluate the surface
filling capability of the product. For surfaces in close proximity to the machine bed, the plastic fibers bond well
with each other, showing minimal variation. On the other hand, for surfaces located at the top, there is poor
bonding between the plastic fibers, and the extrusion width value only affects the number of extrusion lines on
each surface. Having too many extrusion lines on the same surface results in overlapping lines, leading to a
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decrease in surface quality. Conversely, having too few extrusion lines can result in gaps, sinking, or unevenness

on the surface. The diagonal dimension of the square surface is 5mm: 5\/§mm
In sample 1, the calculated dimensions are as follows: 0.3 x 0.4 = 0.12 mm

5\/5_{(5\/5{5\/5}).0'4}
% = 94,7%

0,12 |0,12

52

In sample 2, the calculated dimensions are as follows: 0.35 x 0.4 = 0.14 mm

502 |52
5\/5_{(0'14{0'14}).0,4}fy =97,13%
5\/5 =97, 0

In sample 3, the calculated dimensions are as follows: 0.4 x 0.4 = 0.16 mm

52 |52
Sﬁ_{(o'16 {0’16}0, 4}0/ =99,19%
5\/5 =99, ()}

Therefore, the optimal value for the Extrusion width parameter is 0.4 x d> mm, with a filling ratio of 99.19%.

The filling ratio is as follows:

The filling ratio is as follows:

The filling ratio is as follows:

For the clamp assembly component.

When manufacturing the product with a temperature chamber, the following observations were made: there
was no shrinkage or delamination phenomenon; the surface of the details exhibited good glossiness and
smoothness; the threaded portions were well-defined and sharp; the components did not exhibit warping and fit
together well during assembly.

When manufacturing the sample without a temperature chamber, the following observations were made:
delamination occurred in the early layers (approximately 3-4 layers away from the build plate), despite the use of
a heated bed. Shrinkage also occurred at various heights of the product, resulting in misalignment of the
components during assembly. The dimensional accuracy of the component axis deviated significantly, with a
measured value of 9.5 mm compared to the intended design value of 10 mm. These findings indicate that when
manufacturing the product using ABS plastic material, a temperature chamber with a value of 70°C or higher is
necessary.

Using the optimized parameter values obtained, the cang-shaped product shown in Figure 1 was manufactured
to evaluate the specified criteria. The results showed that the product no longer exhibited warping, delamination,
and the dimensional error significantly decreased within an acceptable range for products manufactured using
FDM technology. Specifically:

- The outer diameters of the cylindrical blocks (D1, D,) were measured as 24.42 mm, 24.43 mm, and 47.18
mm, 47.2 mm, respectively.

- The inner diameters of the holes (di, d2) were measured as 14.4 mm, 14.38 mm, and 31.6 mm, 31.58 mm,
respectively.

- The parallelism of the top and bottom surfaces was within 0.15 mm. This error was mainly due to the surface
quality of the top and bottom layers. Additionally, some level of warping still existed in the product. However,
the deviation values remained within an acceptable range.

D47.2(D1)

231.6(d1) B524.4(D2)

@14.4(d2)

400

200

119.0

Figure 1. Clamp component
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4. CONCLUSION

The article presents the results of optimizing the technological parameters for an open-source FDM 3D printer
using ABS material. The findings demonstrate that the quality of FDM products depends on several technological
parameters, which can be effectively controlled and adjusted to improve the overall results. During the
manufacturing process with ABS material, there is a phenomenon of shrinkage caused by temperature differences
between layers and between the newly formed layer and the layer being formed. This phenomenon can be
effectively addressed by providing and maintaining a region with a constant temperature value around the product
formation area. The parameter optimization process shows a significant improvement in the quality of 3D printed
products using ABS material in terms of dimensional accuracy and layer adhesion. To enable the practical
application of 3D printed products using ABS material in the industrial field, further investigation is needed to
determine and evaluate the influence of technological parameters, particularly the chamber temperature, on quality
indicators such as surface roughness, dimensional accuracy, and mechanical properties.
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Abstract

A structure of a nested-stator coaxial BLDC motor, which comprises a stator positioned between the outer and
inner rotor, is presented in this paper. The procedure of computational design of each rotor is provided based on
the initially required specification. Subsequently, the electromagnetic simulation is implemented to verify the
feasibility of design outcomes. Moreover, a coaxial BLDC motor prototype is also manufactured to validate the
reliability of the proposed design through experimentally recorded motor speed and power.

Keywords: BLDC motor, Coaxial structure, Nested-stator, Underwater vehicle

1. INTRODUCTION

BLDC motors have high torque density, high performance, and efficiency, they are recommended for use in
many applications, such as unmanned underwater vehicles [1], variable-speed air conditioners [2], electric
superbikes [3], Plug-in Electric Vehicles (PEV) [4],... And coaxial BLDC motors which drive contra-rotating
propellers have undergone extensive research because of their high-efficiency propulsion capabilities for use in
underwater vehicles, in comparison to single propellers.

There are numerous coaxial motor types, which are represented in Figure 1, and a nested-stator radial-flux
coaxial motor is the most popular type which has been studied recently by many researchers. In [5] and [6], the
arrangement of the magnets in Halbach array structure was analyzed exactly based on the accurate solution of
Laplace’s and Poisson’s partial differential equations by using a method of separation of variables, and proposed
design principles of Dual-Rotor Hybrid PM Machine for Traction Application. In [3], and [7], these authors have
indicated and analyzed the double salient dual air-gap structure — a method to improve the magnetic flux control
and reduce the cogging torque and associated noise. Meanwhile, regarding dual rotor multiphase BLDC motors,
[8] investigated the impact of phase numbers that the increased phase number makes the motor more fault tolerant
and increases reliability in turn, decreasing phase current and torque ripples. These characteristics were specified
in a five-phase dual-rotor permanent magnet synchronous motor [9], [10].

Coaxial motor

Radial flux Axial flux

L L
| Doubled stator | | Singlestator | | Gearbox |

Y y y y
| Nested | | Un-Nested | | Mechanical | | Megnetic |

Figure 1. Coaxial structure classification chart

A common characteristic among all the aforementioned studies is their purely theoretical nature, lacking any
experimental validation. Consequently, this paper takes into account the restrictions of designing the nested-stator
radial-flux coaxial motor whose principal diagram is expressed as shown in Figure 2. In order to gain high
propulsion efficiency and smooth movement in practical underwater vehicle applications, it is important to
achieve a torque balance state through the reliance on a controller which serves to diminish the negative effect
caused by noises. Therefore, quantitative such as torque, speed, and power of two rotors are designed to ensure as
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the consistency as possible. The design procedures of the inner rotor, as well as the outer rotor, are presented in
section 2. The simulation results and experimental results are carried out in section 3. In section 4, the conclusion
expresses the achievements of this study.

Rotor 2
Stator1 & 2
Rotor 1

Stator 1 & 2 | f
Rotor 2
Figure 2. The principal diagram of nested-stator radial-flux coaxial motor
2. THE NESTED-STATOR COAXIAL BLDC MOTOR

i

2.1. Design
The design procedure of the outer rotor has been given in [11], so only the redesign progress of the inner rotor

is presented. Each rotor is individually separated and designed as a single shaft motor, with the haft of the total
power allocated for each rotor, expressed in (1).

peach_rotor = ptotal/z (1)

Table 1. Specifications of each rotor

Parameters Value
Power, w 400
Voltage, v 24

Speed, rpm 2500

According to traditional BLDC motor models, two rotors are redesigned referring to [12], [13] with the change
of rotor winding parameters, which attempts to obtain the consistent specifications of both rotors as shown in
Figure 2. A number of turns in a single coil are calculated:

N E,, X 1000
“2xnxe, xk, Xk xN,

where E,,;, is the phase back EMF (V); n is the speed of the rotor (rps); k,,is the winding factor; k; is the slope

@

factor, N, is the number of stator teeth.
The total air gap flux is calculated as follows:

¢, = Bay X TX D X L X 0.001 @)

where B,,, is the magnetic loading (T); D is the bore diameter (mm); L is the stack length (mm).
Phase back EMF is proportional to the input voltage:

E. = yemf X Vdf (4)
ph 2
wherey, ;- Back EMF factor
The constants of geometrical parameters (D, L, N, B,,) have known, thus the number of turns in a single coil
could be found out completely by choosing the proper factors such as winding factor, slope factor, and back EMF

factor thanks to winding configuration, and results are expressed in Table 2.

Table 2. Redesigned Parameters of each rotor

Inner rotor Outer rotor
Number of magnet pair 2 20
Number of teeth 6 36
Length, mm 90 20
Number of winding 24 8
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a) b)
Figure 3. Flux density simulation results: a) Inner rotor b) Outer rotor

From the above parameters, models are built to verify the feasibility of material through electromagnetic
analysis in transient simulation mode as shown in Figure 3. Observing Figure 3a), approximately 2565 (rpm) is
the max speed that the inner rotor could reach. In this state, the ubiquitous value of flux density is concentrated
on teeth, frame, and magnet at about 1.7 (T), this figure gains max value inside a small area of the magnet with
around 2.3 (T). Regarding Figure 3b), the popular value and max value of flux density achieve nearly 1.1 (T) and
1.5 (T) respectively, at the max speed of 2726 (rpm).

The flux density obtained from simulation results is much smaller than the maximum allowable flux density
of electrical steel materials, which is about 2.3 (T). Hence, all redesign parameters are feasible to manufacture
both rotors.

2.2. Electromagnetic analysis of the nested stator

Quter rotor  Coincident  Inner rotor 3000 4

[tesla)
27108
2501
2349
21687
1.9880
18072
16265 I’

14458
12651 R
1.0843
0.503

07z9
0.5422
0.3615
0.1807
0.0000

- ~ - Outer rotor
—— Inner rotor

Outer o Inner stator
stator teeth teeth Time (s)

Figure 4. The electromagnetic interaction simulation result on the nested stator (left) and step response
(right)

Two stators are connected to form a nested stator; design specifications may be affected due to the interaction
of both stator fluxes. A simulation of two rotors combination is built as shown in Figure 4 to analyze these
interactions. With the outer stator combining the inner stator, the max flux density reaches a higher value of about
2.7 (T) because both stators are excited causing the fluxes of both to resonate with each other. In terms of speed,
this may cause fluctuations during the operation and prevent in start-up process because the electrical cycle of the
two stators is not identical. The step response of two rotors shows that the speed of the inner rotor fluctuates with
a large amplitude and is difficult to stabilize in the transition period while the speed of the outer rotor is not
significantly affected. The main reason is that the excitation area of the outer rotor is wider and covers almost all
of the outside area of the inner one in spite of the same magnitude of flux density of the two rotors. The simulation
results of the line voltage of the inner rotor as shown in Figure 5 has greater distortion than the outer one.
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Figure 5. Line voltage waveform of the inner rotor (left) and the outer rotor (right)

There are some solutions to overcome these problems such as the aid of a magnetic field barrier between the
two stators or separating the two stators independently; and the introduction of the manufacture of nested-stator
coaxial BLDC motor in this research.

3. EXPERIMENT

Outer rotor Inner rotor Common stator 3000 -

2000~ /
1000

—— Outer rotor speed
Inner rotor speed

Speed (RPM)
<
1

Time (8)
Figure 6. Experimental prototype (left) and step response (right) of the nested-stator coaxial BLDC motor

Figure 6 shows the step response of speed of the outer and inner rotor which rotate in opposite directions with
the max speed of about 2500 (rpm). Although the max speed of the two rotors shows nearly uniform quantitative,
the setting time of the inner and outer rotor is observed as 1.5 (s) and 2 (), respectively. However, this problem
can be addressed by applying a suitable control law. Hence this experimental result proves that the proposed
BLDC motor might apply to underwater vehicle applications.

4. CONCLUSION

In this study, a design of the nested-stator coaxial BLDC motor is expressed and the results of the theoretical
computation have been verified through simulation by the specialized software. The impact of flux interaction on
the shared stator, specifically in terms of speed and power, is also examined. Furthermore, potential solutions to
mitigate this influence are identified. Moreover, several reasons have been presented for the failure to gain design
speed through the experiment with the prototype of a nested-stator coaxial BLDC motor. In the next study, an
anti-torque controller is going to be studied to apply for this nested-stator coaxial BLDC motor in underwater
vehicle applications.
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Abstract

Wave-powered vessels are a type of vehicle that has been introduced for decades. Compared with conventional
vessels, it has apparent advantages, such as harnessing wave energy to propel the ship, supporting the primary
propulsion device, and optimizing the ship's hull design. This study presents a new concept of the wave actuator
for ship propulsion. The wave actuator efficiently converts the hydraulic force of the wave surge force to the ship
into thrusting forces. In the thesis, the modeling of the wave actuator was studied. For this, the hydrodynamical
modeling of the new wave actuator is presented through an analysis of the structure of the wave actuator. Also,
ship motion excited by wave forces is studied. Based on the modeling of the wave actuator, analyses of the energy
conversion capacity of the wave actuator were performed. To validate the good performance of the proposed wave
actuator, numerous computer simulations were performed in several sea environments using MATLAB.
Computational fluid dynamics (CFD) techniques are used for the hydrodynamic analysis of ships. The simulation
results show that the cruise speed of the ship is exploited very efficiently by the wave energy absorption system.

Keywords: The wave actuator, Regular wave, The cruise speed, Capture width ratio of wave energy converters

References

[1] Joseph A. Gause, 1348 Dundas St., Burlington, Ontario, Canada, Water-borne vessel comprising propulsion
system incorporating flexible fin propulsion members, US3453981A

[2] M. Reichela and A. Bednareka, The experimental studies on hydrofoil resistance at Ship Design and
Research Centre (CTO S.A).

[3] Yang Song-Lin, Ma Qing-Wei, Chen Shu-Ling, Gao Lei and Wu An, Experimental Research on Resistance
Performance of Gliding-Hydrofoil Craft with a T-Formed Hydrofoil and Shallow V-Shaped Bottom. The
International Conference on Computational & Experimental Engineering and Sciences, 2008, 5(1), pp. 7-14.

[4] J. E. Manley, G. Hine, Unmanned surface vessels (usvs) as tow platforms: Wave glider experience and
results, Oceans 2016 Mts/leee Monterey (2016), pp. 1-5.

[5] Prof. Dr.-Ing. habil. Nikolai Kornev, Rostock (2012), Ship dynamics in waves (Ship Theory 1), Faculty of
Mechanical Engineering and Sea Technology Chair of Modelling and Simulation.

[6] J.M.J.Journée and W.W. Massie (2001), Offshore hydromechanics, Delft University of Technology.

[7] Shu-Xia Bua, Min Gua, Jiang Lua, Moustafa Abdel-Maksoud, Effects of radiation and diffraction forces on
the prediction of parametric roll, Ocean Engineering 175 (2019), pp. 262-272.

[8] A.G. Abul-Azma, M. R. Gesraha, Approximation to the hydrodynamics of floating pontoons under oblique
waves, Ocean Engineering, 27 (2000), pp. 365-384.

[9] ITTC 1957 Recommended procedures and guidelines 7.5-02-02-02

147



4" International Conference on Advanced Convergence Engineering (ICACE 2023)

August 14" — 16'™, 2023, Ho Chi Minh City University of Technology, VNUHCM

[S1-1] Design of Two-Shaft Crusher in Domestic Waste Treatment System

Phung Tran Hanh'%, Thanh-Long Le'?>", Thi-Hong-Nhi Vuong 3®°, Nguyen Quang Minh*®, Nguyen
Thanh Hai'® , Tran Dang Long®®, Tran Quang Lam®®, Tran Thien Hau*°, Tran Trong Hy*®

1 Faculty of Mechanical Engineering, Ho Chi Minh City University of Technology (HCMUT), 268 Ly
Thuong Kiet Street, District 10, Ho Chi Minh City, Viet Nam
2 National Key Laboratory of Digital Control and System Engineering (DCSELab), HCMUT, 268 Ly Thuong
Kiet Street, District 10, Ho Chi Minh City, Viet Nam
3 Faculty of Transportation Engineering, Ho Chi Minh City University of Technology (HCMUT), 268 Ly Thuong
Kiet Street, District 10, Ho Chi Minh City, Viet Nam
4 Faculty of Applied Science, Ho Chi Minh City University of Technology (HCMUT), 268 Ly Thuong Kiet
Street, District 10, Ho Chi Minh City, Viet Nam
SViet Nam National University Ho Chi Minh City, Linh Trung Ward, Thu Duc City, Ho Chi Minh City, Viet Nam
"Corresponding author: Itlong@hcmut.edu.vn

Abstract

This paper presents a novel design of a two-shaft crusher aimed at improving its energy efficiency and
throughput. A detailed analysis of the crusher's design and operating parameters was conducted and optimized its
performance. Blade angle, thickness, and rotation speed were adjusted to determine their effects on the shredder's
throughput and energy efficiency. The experimental results showed a significant improvement in the shredder's
performance, particularly in energy efficiency. The study showed the details of the crusher's design parameters.
The findings can contribute to the development of more efficient waste processing systems. The optimized design
of the crusher can be adopted by industries that use two-shaft crushers for waste reduction.

Keywords: Crusher machine, Two-shaft crusher, Blades shafts, Optimized design, Crushing process

1. INTRODUCTION

In recent years, with the increasing demand for all aspects of human life, the issue of dealing with enormous
amounts of waste has become a top priority. As a result, we need effective, safe, and environmentally friendly
waste treatment measures. Currently, in Viet Nam, the issue of waste treatment and recycling is receiving more
attention than ever before. In recycling areas, they have contributed to reducing costs for solid waste treatment in
urban areas [1]. Modern waste treatment solutions such as waste sorting at the source, smart trash cans, and MFC
(a green, clean process that generates electricity from liquid waste, especially wastewater) [2]. However, in the
current situation in Viet Nam, these modern solutions have not been thoroughly researched and invested in.

The crushing process can also be applied in recycling thermoplastic and thermosetting composite materials.
The product of the composite recycling process is plywood, which can be used to produce manhole covers,
electrical cabinets, bricks, and a new composite recycling process in the future could convert composite materials
into recycled components, oil, and original fiber [3]. The crusher has the function of classifying and crushing
waste, reducing the volume of waste, and facilitating subsequent processes such as transportation and recycling.
Such as being able to crush many types of waste, having a simple and sturdy structure, easy to operate and
maintain, and having high productivity [4 — 7].

In this paper, we propose the design of a two-shaft crusher to increase productivity and be easy to use. The
adoption of the optimized design has the potential to result in significant energy savings and cost reduction for
operations.

2. DESIGN OPTIONS

2.1. Technical requirements

The two-shaft crusher is an important piece of equipment in the recycling and processing of scrap. To
perform well the crushing and processing of scrap, the two-shaft crusher needs to meet some of the following
technical requirements:
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+ Simple structure, low energy consumption, suitable deceleration ratio.
+ High yield, suitable for both dry and wet grinding.

+ Easy to disassemble and maintain.

+ Maintenance, easy maintenance with low cost.

+ The output material size is guaranteed compared to the requirement.

2.2. Working principle

Figure 1 shows the design of a two-shaft crusher including the following parts: Motor, Belt, Cutter shaft, Lists,
and Blade. Garbage is dropped through the number position. Two motors work to rotate two pulleys of the belt
drive. The belt drives 5 drives two rotating shafts to cut waste to the required level. The number 2 plate works to
keep the garbage from running through. Waste after being chopped will be discharged at door 4 and go down to
the conveyor system at the bottom.

Option 1: Curshing machine using two engines
Using gears and reducers

Garbage is brought in

Lists

Cutter shaft

Material discharge

Ladder belt transmission

Engine

o

Figure 1. Crusher design plan

3. DESIGNING THE CRUSHERS MACHINE

3.1. Shaft diameter

According to theoretically calculate the minimum shaft diameter for the crusher [8], in the crushers, the actual
grinding shaft diameter is usually 2.5 - 3.0 times the diameter of the shaft Dmin. Here we choose Dmin = 100 mm.
To ensure the grinding shaft has high rigidity and withstands the torque when operating:

So, we have the diameter of the shaft:

D =(2+3) Dy, =200 +300mm 1)
Choose a shaft whose diameter is: D; = D, = 280 mm.
For the cutter and the mill shaft to work stably without shaking, we choose the inner diameter of the knife as

D =280 mm.

3.2. Determination of the energy requirement
According to the durable condition of the material, the force acting on the material:

Ez[rc]—wz[rc]xl: @

where P is the force acting on the material (N), F is the sectional cross-section of the material F = 80 x
180 mm?, and [t] is the shear strength of the material which is said to be equivalent to aluminum: 60 (Mpa).
So, we get P > 86400 N.
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3.3. Shaft speed
For the material not to slip back on the shaft, reducing the machine's productivity, the limited number of
revolutions (n) is calculated [9]:

n =616 x (rpm/m) 3)

where, p is the density of the material to be crushed p = 180 kg/m3, =~ 0.15 x D, dy is the material diameter
when inserted do = 0.25 m. Get n = 35 rpm/m.

3.4. Theoretical productivity of the machine
Estimated capacity (Q) of two-shaft crusher in an hour:

Q=0235xuxpxLxDxdxn=8.36tons/h 4)

where u is the material breaking coefficient, we choose u = 0.2, p is the density of the material to be crushed
kg/cm?, L is the length of the shaft, we choose L = 120 cm, d is the material diameter after crushing, d = 100 mm
=10 cm, and n is the number of revolutions of the shaft n = 35 rpm/m.

3.5. Productivity of working part
The power required to overcome the material friction on the shaft, the friction on the bearing. Power (N) is
calculated by:

LxDxn{ d D’
N:—(_u j ®

35300 2 24000

where do is the material diameter before grinding 25 cm, get N = 35 kW.
The power of the motor to be supplied to the two-shaft crusher [10] is:

N 35
P=—=— —397kW (6)

Choose the engine with productivity P = 45 kW and n = 1470 rpm/h.

3.6. Belt design
The number of belts (z) used in the belt drive [11]:
P
z2>
[PRICCCC,CC

L~z v

U]

where P is the power of the belt (kW), [Po] is the allowable effective power determined experimentally,
Cn Cy, C, C,, Gy, C,. are the influence coefficients, we have:

z = 3.58 Choose z = 4.

The length of a belt (L) in the belt drive is:
2
74, +dy) (d,-d,)
4a
Where d; va d- is the diameter of the pulley used respectively 250 mm and 500 mm
a is the distance between the pulleys and is 600 mm.

Therefore, L = 2404.14 mm.
According to the standard, choose L = 2500 mm.

L =2a 8)

3.7. Design of two-shaft crusher

After calculating the main parameters for the two-shaft crusher, the machine is modeled in SOLIDWORKS
2021 software. Figure 2 demonstrates the completed model of the two-shaft crusher with vertical, level, and side
views.
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Figure 2. Design drawings of crushers

4. CONCLUSION

In this paper, we have discussed the design of a two-shaft crusher. This crusher can be used to crush and
recycle a range of materials, from plastic to metal. With its simple structure and ease of use, the two-shaft crusher
can help increase productivity and reduce costs, while also contributing to reducing our impact on the
environment. It is important to comply with occupational safety regulations and use protective equipment to avoid
accidents. Eventually, the two-shaft crusher is an effective solution for crushing and recycling materials in
manufacturing plants.
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Abstract

Generally, large cranes are used for the installation or maintenance of onshore wind power systems. However,
the limitations of available large cranes and the mobility challenges posed by mountainous terrain increase
construction costs and time. In response to the global trend of increasing wind turbine size and reducing
construction costs, the development of Self-Elevating crane (SE crane) systems for the installation and
maintenance of wind towers is underway worldwide. This system utilizes the rigidity of the wind tower to enable
self-elevation and has a maximum lifting capacity of 100 tons and a maximum working radius of 15 meters. The
objective of this study is to evaluate the structural characteristics of the SE crane system and wind tower under
operational conditions to ensure their safety during various operations, including elevating and lifting operations.

The safety of both the SE crane system and the wind tower must be ensured during various operations,
including lifting and hoisting. It created a complete model consisting of the SE crane system attached to the
elevated wind tower and observed the stress state, attachment state, and clamping load of the crane and wind tower
under operating conditions. Computational structural analysis was performed on the generated model. The stress
state in the SE crane system and wind tower, as well as the reaction forces on the clamping pads, were observed
for elevating and lifting operation radius. As a result, we were able to determine the structural characteristics and
clamping load under various operating conditions. The maximum stress and clamping load were observed during
the hoisting operation at the maximum working radius. As the cylindrical shell-shaped wind tower is subjected to
various clamping loads during operation, it is necessary to observe its stress and buckling characteristics. Buckling
analysis was performed to evaluate the stability of the wind tower, and local buckling modes were observed at the
locations where the clamping load was applied. Buckling modes and buckling critical load factors were provided.

Climbing up Boom down Boom up SE crane system Elevating module

{ y & L )
J {

;."‘\ A gl I
9 79%y

| axon apon  wdew
«TTe
1y ) oI (=28 2as opao
Figure 1. Main operating conditions Figure 2. 3D CAD model of SE crane system
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Abstract

In this paper, we propose a method for harvesting the magnetic field generated by a household power line and
utilizing it as a power source for a wireless sensor system. The power harvesting device is designed and simulated
using COMSOL software. The device incorporates a silicon steel plate as a magnetic core and successfully
harvests 400 mW of power with a primary current of 5.8 A. This harvested power is sufficient to operate an
Arduino-based temperature and humidity sensing system. The proposed power harvesting method could be an
effective solution for powering wireless sensor systems that monitor environmental parameters in residential or
commercial settings.

Keywords: Magnetic energy harvesting, Soft magnetic core, Self-powered sensors, Wireless sensors

1. INTRODUCTION

This paper focuses on energy harvesting technology as a self-power generation method for a low-power
wireless sensor system deployed in any location. Typically, these systems rely on replaceable batteries, but as the
number of sensor nodes increases, regular inspection and replacement become labor-intensive tasks. Energy
harvesting technologies encompass various methods such as light [1], electromagnetic radiation [2], piezoelectric
vibration [3], static electricity [4], and thermoelectric energy [5]. They capture and convert wasted or discarded
energy from the surrounding environment into electrical power [6]. We present a system that converts the
magnetic field generated by a wire into electrical energy. The utilization of magnetic cores in the inductive
coupling method allows for the generation of a relatively substantial amount of electrical energy compared to
other forms of energy harvesting.

2. DESIGN AND EXPERIMENTAL RESULTS OF ENERGY HARVESTER

As illustrated in Figure 1, the proposed self-powered wireless sensor system comprises three main
components: an energy harvester, an AC-DC converter, and a wireless sensor system. One crucial element of the
energy harvester is the current transformer (CT), which extracts AC voltage from the magnetic field of the power
line. The harvested AC voltage is then converted into a stable DC voltage using an AC-DC converter. This
converted voltage is adjusted to fall within the allowable voltage range required by the Arduino processor circuit,
guaranteeing a stable and consistent power source for the system'’s operation.

Wireless

pri_ lsecA f? —
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Energy harvester AC-DC converter
@ (b)

Figure 1. Magnetic energy harvesting system. (a) Schematic diagram, (b) experimental setup
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To measure the output power, the load resistance was varied while different currents flowed through the wire.
The results are shown in Figure 2. In the unsaturated region, as the load resistance increases, the power output
also increases proportionally. However, in the saturation region, the power decreases with an increasing load
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resistance. The maximum harvested power is achieved at the peak value between these two extremes. For instance,
to harvest 500 mW of power from a primary current of 5.8 A, a load resistance of 200 Q is sufficient.

Harvested average power, P_ (W)

OD;"_‘.‘A I _—— |
T

T T T T T
0 200 400 600 800 1000
Load resistor (ochm)

Figure 2. Harvested power measured as a function of primary current and load resistance

The self-powered wireless sensor system is composed of a temperature and humidity sensor (DHT-11 sensor)
for data collection, and Bluetooth (HC-06) is employed for data transmission. The power consumption of the
Arduino sensor system that was manufactured amounts to 330mW. Taking into account the power consumption
margin, a primary current of 5.8 A and a load resistance of 330 Q were chosen to harvest 400 mW. At these
settings, the power density harvested per unit volume of the magnetic core is measured to be 25.6 mW/cmg.

3. CONCLUSION

This paper presents a magnetic field energy harvester that achieves a high-power density per unit volume of the
core. The proposed design was evaluated through COMSOL simulations and experimental testing, demonstrating
its performance. Our findings indicate that silicon steel is more suitable for magnetic energy harvesting compared
to ferrite or nanocrystals due to its higher saturation magnetic flux density.
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Abstract

With the rapid advancement of cloud computing, the migration of various applications to cloud platforms has
become increasingly prevalent across diverse fields. Among the challenges associated with cloud computing,
workflow scheduling stands out as a critical issue that aims to ensure the efficient execution of workflows while
considering important constraints such as deadlines and budget limitations. Although heuristic algorithms have
been utilized to address simplified versions of the problem, they often encounter difficulties in finding feasible
solutions or achieving optimization objectives. To address these challenges, this study proposes a novel approach
for cost-effective workflow scheduling by employing a Mixed Integer Linear Programming (MILP) framework.
The objective of the proposed scheme is to schedule workflows with the lowest possible cost while satisfying the
given deadline constraint. By formulating the problem as an MILP model, the study aims to provide an optimal
and efficient solution to workflow scheduling in cloud environments. The experimental results based on two
common scientific workflows provide evidence of the approach's effectiveness in achieving the desired objectives,
thereby highlighting its applicability and potential for enhancing workflow scheduling in cloud-based systems.

Keywords: Cloud computing, Mathematical, Mixed integer linear programming, Optimization, Workflow
scheduling

1. INTRODUCTION

The introduction of cloud computing has emerged as a solution to address the complexities and escalating
computational demand associated with large-scale scientific applications. In present times, cloud computing has
become an integral part of information technology, offering virtual resources to support back-end processing
across various multi-tier applications. Notably, according to IDC, the global spending on cloud computing
services has surpassed $706 billion and is projected to reach $1.3 trillion by 2025 [1]. Gartner has estimated that
the global public cloud services end-user spending will rise to $600 billion by 2023 [2]. Moreover, a report by
McKinsey & Company indicates that Fortune 500 companies can potentially leverage cloud cost-optimization
levers and value-oriented business use cases, resulting in more than $1 trillion in run-rate EBITDA by 2030. As
aresult, in 2022, over $1.3 trillion in enterprise IT spending is expected to shift towards cloud computing, with
this number growing to almost $1.8 trillion by 2025, according to Gartner.

The rapid growth of cloud computing is widely recognized by both academic researchers and industry
professionals, as it presents an effective solution to address the issue of limited resources and significantly reduces
the costs associated with acquiring and maintaining physical resources. Additionally, cloud computing offers
virtually unlimited resources at varying price points, which can be dynamically and elastically allocated to meet
diverse application requirements. Consequently, a significant amount of research has been conducted in the area
of optimally allocating computing resources for workflows submitted to clouds. This is due to the fact that the
workflow scheduling problem is an NP-hard problem, and therefore requires tailored algorithms to minimize the
total cost of VM leasing while meeting workflow deadline constraints. Previous research has primarily focused
on minimizing total execution time or maximizing energy efficiency in clusters and grids. Nevertheless, tackling
the complexity of workflow scheduling problems remains a significant challenge, as heuristic reasoning alone
often fails to produce high-quality solutions. Even finding a feasible solution that satisfies all the problem'’s
constraints is a formidable task. Previous research has primarily focused on simplified versions of these problems
and has relied on heuristic algorithms that frequently generate solutions that violate workflow deadlines [3-7]. To
confront this challenge, this study explores the utilization of mixed linear integer programming (MILP) to
formulate and solve intricate workflow scheduling problems. The MILP framework has been underutilized in
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previous studies within this domain. By applying MILP, workflow scheduling problems are described precisely,
capturing all complex constraints, requirements, and objectives, yielding the most optimal solutions.
The highlights of the research paper are summarized as follows:
e Proposed a cost-effective workflow scheduling algorithm with deadline constraints with the objective to
reduce the total cost of the scheduling process while meeting the deadline constraints.
o Numerical experiments are conducted to evaluate the effectiveness of the MILP approach.

2. PROBLEM DESCRIPTION

2.1. Application tasks

Workflows are often used to model the cloud application task of many fields such as real-time analytics or
online advertising industries. These tasks are executed based on their data dependencies. These tasks have parent
child relationship. The parent task should be executed before its child task. It can be modeled as a Direct Acyclic
Graph (DAG) consisting of nodes and edges. Workflows can be represented as W = (T, E), where T is a set of
tasks ti, to, ..., tn and E is an edge (ta, tv). Following diagram shows a workflow.

Figure 1. A simple DAG workflow

The figure above shows the dependencies among different tasks in a workflow graph G. The child tasks 1, 2 are
executed after parent task 0. The child node takes input from the output of parent node. The task 0 acts as entry
node and task 5 acts as an exit node. After the completion of tasks 3, 4, the task 5 is executed.

2.2. Cloud resources

In cloud computing, resources such as virtual machines (VMs) are provisioned to meet the computing needs
of users and organizations. Cloud service providers offer VMs with varying configurations and performance
capabilities. In some cases, VMs may have the same processing power and efficiency, but their cost rates can vary
based on specific time intervals.

Time-based cost variations enable cloud service providers to offer flexible pricing models that align with
market demand and resource availability. By adjusting the cost rates over time, users can optimize their resource
utilization and costs based on their specific requirements and budgetary constraints. For example, consider a cloud
provider offering VMs with identical computing power and performance capabilities. However, they implement
different cost rates depending on the time of day or other predefined time intervals. This means that the cost of
using the same VM can vary throughout the day. During peak usage hours when demand for cloud resources is
high, the cost rate for VMs may be higher compared to off-peak hours when resource utilization is lower. This
pricing model encourages users to schedule their resource-intensive tasks during non-peak hours to take advantage
of lower costs.

By considering cloud resources with VMs that work with the same efficiency but have different cost rates
based on time, users can strategically plan their workload scheduling to optimize cost efficiency. They can take
advantage of lower cost rates during periods of lower demand while ensuring their computing requirements are
met effectively.

3. THE PROPOSED WORKFLOW SCHEDULING

3.1. Assumptions
e The given resources are working in good performance, there is no VM breakdown or no interruption
to the operation.
e VM can only perform one job at the time.
e The workflow can be split into jobs and these jobs can be performed by different VM.
e  The completion time of the last job is the total completion time of the corresponding workflow.
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3.2. Mathematical model

Sets and Indices Parameters

JM: set of tuples <j,m> job, VM A: the starting time of worflow

JJ: set of tuples <j1,j2> D: the deadline of workflow

J={1..j} set of task pj- the processing time of job j

W={1..w}: set of workflow C,: the leasing price to operate VM at time t

M ={1..m}: set of VM
T ={0..t}: set of time slot

Decision variable

B;: beginning time of job j

E;: ending time of job j

X<jm>: binary variable = 1 if job j is assigned to VM m
S<jms>- the starting time of of job j on VM m

F_jm>: the finishing time of job j on VM m

Rjtm: binary variable = 1 if job j is processing by VM m in time t
yt.: binary variable = 1 if job is assigned to VM m at time t
Ufn=1if t = S_; 5, otherwise Vi, = 0

Vin=1if t < F_j ., otherwise U, = 0

R}, = 1if Sj, <t < Fj,, otherwise R}, = 0

jm =

Objective function
Minimize ¥ ey Cr X vi (1)
Subject to
Ymem Xim = L,Vj €] (2)
Bj = ZmeMSjm V< j,m>€e]M (3)
Ej = Yoem Fjm , ¥< j,m >€ JM (4)
Xim = Sjm, V< j,m >€ JM (5)
Xim = Fim, V< j,m >€ |M (6)
BigM X (1= Xj,) + Fym = Sjm +pj — 1L,Y< j,m >€ JM (7)
—BigM X (1 — Xjpy) + Fjm < Sjm +pj — 1,V<j,m >€ JM(8)
ZmEMSjm 2 A' v< j,m >E]M (9)
Ymem Fpm < D, V< j,m >€ M (10)
Precedence and processing time constraints:
Ymem Fejyms> < Ximem S<jpm>, V< J1,J2 >€J] (11)
Constraint for U, and V};,
t > Sy — 1 —BigM x (1 - Uf,),Vv<j,m >€ JM,t € T (12)
t < Sjy — 1+ BigM x Uf,,, V< j,m >€ JM,t € T (13)
t < Fjm+ 14 BigM x (1 -V},),V<j,m>€ M, t € T (14)
t 2 Fjp, + 1 — BigM XV}, V< j,m >€ JM,t € T (15)
Constraints for R},
Rt < Ut

jm = Yjms

V< j,m >€ JM,t € T (16)
Riy S Vi, V< j,m >€ JM,t € T (17)
Ri 2 Vi + Ul — 1,V< j,m >€ JM,t € T (18)
Xim = R, V< j,m >€ JM (19)
Constraints for y,
Vm = i<jm>e/M Rjtm, vt eT,vm e M (20)
Y<jmsem Rim, < 1Vt €T, Vm € M (21)
Vin < Yomem R, Vt € T,V< j,m >€ JM (22)
Yier Rim, < pj, V< j,m >€ JM (23)
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Mathematical model description

The total production cost is minimized by objective function (1).

Constraint (2) ensures that each work station can only perform one job at time t.

Constraints (3) and (4) calculate the beginning time and ending time of job j, respectively.

According to constraints (5) and (6), if X;,, = 0, which means job j is not assigned in work station m, the
starting time and finishing time of that job in work station m are zero.

If X;m = 1, constraint (7), (8) calcultates the finishing time of job j in work station m.

Constraint (9) assigns the starting time of job j is greater than or equal to the corresponding workflow, while
constraint (10) ensures that job j is done before the deadline of the corresponding workflow.

Constraint (11) show that with job j1 different from job j2 is not overlap on work station m, with the finishing
time of the preceding job on work station m is smaller than or equal to the beginning time of the next job on work
station m.

If job j is processed by machine m at time t (R]Fm =1&X;,m = 1), tis greater than or equal to the starting time
of job j and smaller than or equal to the finishing time of job j. On the other hand, when Rf,, = 0, job j is not
assigned in work station m (X;,, = 0), with tis smaller than the starting time of job j and greater than the finishing
time of job j (constraint (12)-(19))

Constraint (20) determine whether job j is processed by work station m at time t.

Constraint (21), (22) ensures that there is only one job that can be processed by work station m at time t.

Constraint (23) ensures each job can only be processed once.

4. EXPERIMENTS

Verification is an essential process conducted by the modeler to ensure the proper functioning of the model.
In order to verify and debug the models, the ILOG CPLEX v20.1 solver is utilized with default settings to solve
the MILP model of the proposed heuristic. The experimental evaluations are performed using real-world scientific
workflows, specifically CyberShake and Montage.

d Task

p———is Partitioned Task

Aggregated Task

Figure 2. CyberShake workflow Figure 3. Montage workflow

4.1. Performance by varying VMs

In this section, the experiment is conducted to estimate performance of the proposed heuristic considering
different number of VMs. The model was run with 20 tasks, under moderate deadline and the operational cost
increase 1 unit after 5 timeslots

78., 40 2 M40
s 5 40 )
S z 27 27 S \‘3: - 2
= 3 an
= 30 -
20
2 3 4 5 3 7 25
Number of VM o 1 2 3 4 5 6 7
MNumber of VMs
Figure 4. CyberShake workflow result Figure 5. Montage workflow result
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The obtained resulted are shown in Figs. 5 and 6. It is clearly seen that the amount of money saving increases
as the VMs size increases. This happen due to the fact that when the number of VMs increases, a smaller number
of tasks are allocated to each processor, and it increases the probability of finishing before deadline, hence, the
operational cost for the schedule is decreased.

4.2. Performance by varying deadline

If the deadline is generously relaxed, there is enough slack time to accommaodate for the VM acquisition delay
and the performance variation. Therefore, a comprehensive evaluation requires performance analysis on all
possible deadlines: Strict, Moderate and relaxed. To this end, the deadlines were set using the rule as specified in
equation (23). In this section, we have taken 20 numbers of task with 4 available VMs, the operational cost increase
1 unit after 5 timeslots.

Deadline D = (1 + p) X MET (23)
With MET is the minimum execution time of the workflow, p is the dealine factor define as follows:
e For Strict Deadlines: 0 <pu<1.5
e For Moderate Deadlines: 1.5<pu<3
o For Relaxed Deadlines: 3 < <4.5
For the experiments, the value of W is varied with a step length of 0.5.
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Figure 6. CyberShake workflow result Figure 7. Montage workflow result

For all the workflows, the model successfully meets all the deadlines. In addition, the operational cost does
not vary under different deadlines. This is not only because the objective is to generate cheaper schedule but also
because the operational cost varies with different timeslot, hence, the model generates the schedule that finish as
soon as possible to minimize the cost.

5. CONCLUSION

The objective of this paper is to investigate the feasibility of employing MILP formulations and algorithms
for scheduling complex workflows in the cloud. The paper highlights the significant challenges associated with
workflow scheduling problems due to their intricate constraints. Developing effective heuristic algorithms for
solving such problems is a difficult task. Existing heuristic algorithms often work well for simplified versions of
the problems but struggle to find feasible solutions or achieve optimization objectives.

Based on the findings of this study, it can be concluded that the MILP approach is highly suitable for problems
up to a certain size. With MILP, one can precisely describe the problem and employ MILP algorithms to find both
feasible and optimal solutions. In cases where MILP is capable of solving the problems, there is minimal need to
seek out heuristic algorithms. Heuristic algorithms become more valuable when dealing with larger problems.
Additionally, MILP-based heuristics, such as decomposition, can be employed to address large-scale problems.

The workflow scheduling problems analyzed in this study pertain to the in-advance reservation type. However,
to handle workflow dynamics or manage a large number of small workflows or tasks, real-time dynamic
scheduling algorithms are still necessary.
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Abstract

A 3D printer is a printer that can print three-dimensional structures using models based on computer-aided
design. FDM printers are one of the most basic 3D printing methods in which thermoplastic resin (filament) is
heated and extruded with an extruder among the methods of 3D printers. There are several types of FDM systems
and they are single chamber single nozzle, dual chamber dual nozzle and single chamber dual nozzle. The single
chamber single nozzle system is one of the most basic FDM 3D printing methods. With Single Nozzle and Single
Extruder, only one material can be used for one product. A dual chamber dual nozzle system was proposed to
expand the printing area. Two nozzles and two extruders correspond 1:1, so two materials can be used in a product.
Each material property can therefore be used individually. However, dual-chamber dual-nozzle systems have the
disadvantage of requiring additional extruder control and being more expensive than single-chamber single-nozzle
systems that require only one extruder control. Finally, the single-chamber dual-nozzle system has two nozzles
and one extruder. Like the dual chamber dual nozzle, this method can also use two materials in one product.
However, since the two nozzles share one extruder, two different materials can be mixed. Thus, properties may
not be maintained. However, it has the advantage of shorter transit time than the dual chamber dual nozzle system.

There is no problem in printing two different materials separately with the dual-nozzle 3D printing system,
but it could not be used for systems that require the properties of two materials at the same time, such as bio-
printers or architectural 3D printers. This is because single chamber single nozzle systems cannot use two
materials. And while the dual chamber dual nozzle system can use two different materials, it requires an advanced
transport control system and takes a significant amount of time to print. Also, micro-level control, which is a
measure of precision machining, is impossible. Therefore, it is not suitable for applications requiring micro-scale
printing using two different materials. In addition, the single chamber dual nozzle system is less expensive to
transport, but the material properties are not preserved because the two materials are mixed proportionately in the
single chamber. Therefore, we propose a multi-layer nozzle method that can be controlled on a micro scale and
simultaneously print without mixing two materials.

The multi-layer nozzle system is a development of a dual nozzle system that can create a separate layer on a
cross section without mixing the two materials. Single chamber dual nozzle system consists of two nozzles and
one extruder, reducing transportation time. However, unlike the single chamber dual nozzle method, the two
different materials can be used separately by separating the layers inside the nozzle, so it is easier to output
products using the properties of the two different materials using the multi-layer nozzle system than the existing
dual nozzle system.

The biggest feature of the multi-layer nozzle system is the composition of the separation layer cross section,
and in the previous experiment, the relationship between the input material cost and the output material cost was
verified with one output. In this experiment, the method for verifying the multi-layer function under various
printing conditions in deposition printing is as follows. 1. The printing direction was set as an experimental
condition to determine whether layers were formed according to the shape of the cross section. 2. The number of
multipliers that determine the number of independent layers and the input feed rate ratio are different. Therefore,
a total of 20 experimental conditions were set as variables: 2 conditions for the printing direction, 2 conditions for
the multiplier, and 5 conditions for the ratio. After the experiment, the analysis process proceeded as follows. 1.
Cut the printout to secure the cross section. 2. After removing fine dust from the secured cross section through
post-processing, obtain an image with an optical microscope. 3. Convert the obtained image into pixel data using
MATLAB software and analyze the data.

In this experiment, we investigated whether the multi-layer nozzle system functions well as a multi-layer under
various conditions in deposition printing. It can be determined by differential data of pixel data because sharp
changes of value occur at the boundary of the separated layers. The degree of how multi-layered the cross section
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was determined by how spread out the normal distribution of the differential value of the pixel color data was. It
shows if cross sections were single color, value of differential gather 0. If cross section were multi-layered, value
of differential spread to high value. Based on this, cross sections made by multi-layer nozzle system has more
extreme changes of value than single color cross sections so we figure out that multi-layer nozzle system can
make separated layer cross sections successfully. Therefore, the multi-layer nozzle system can realize
simultaneous printing of various materials, which is the advantage of dual nozzle system. In addition, we believe
that it will be greatly utilized in fields such as Bio printer and Architecture 3D printer, which are research areas
where two different materials are reluctant to mix.

Keywords: Multi-layer, Separated layer cross section, FDM, Plural materials, Dual nozzle system, Bioprinter
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Abstract

Agriculture is an important basic industry that sustains modern civilization and sustains people's lives.
However, agriculture often involves hard labor. In most outdoor agricultural fields, agricultural products can be
harvested only by wrestling with the soil, plowing the field, applying fertilizer, and preventing pests and rain and
wind damage. Due to these factors, the number of agricultural population is decreasing. So, we developed a smart
farm that can minimize labor and remotely and automatically manage the cultivation environment.

A large amount of electrical energy is required to use smart farms. However, depletion of fossil fuels, one of
the largest energy sources for electric energy production, is predicted, and various environmental problems are
caused by the use of fossil fuels. Renewable energy has been used to solve these problems. In addition, for more
convenient system management, the hydroponic cultivation method was selected. Currently, various studies are
underway on renewable energy and smart farms, and technologies are emerging. However, studies that have
conducted linking the two technologies are lacking. Therefore, this study will be meaningful as a research case
showing the possibility of smart farms using renewable energy.

The power generation system was installed by combining a wind generator and a photovoltaic generator with
a battery on a steel frame. The cultivation system consists of a temperature controller, water level controller,
humidity controller, and LED inside a plastic water tank. The temperature controller maintains a constant
temperature inside the tank and is divided into a warming device and a cooling device. The thermostat receives
the temperature value from the temperature sensor inside the water tank, and if the temperature is lower than the
set temperature, electricity is supplied to the heating coil to heat the water. The cooling device similarly receives
the temperature value from the temperature sensor, and when the temperature exceeds the set temperature, the
cooling device inside the water tank operates. The water level controller is a device that keeps the total amount of
nutrient solution absorbed and evaporated by plants constant. When the water level is lower than the water level
set by the water level sensor inside the tank, the pump is operated in the container containing the nutrient solution
and water is supplied to the tank. Humidity controller is a device for preventing the accumulation of moisture
inside a closed water tank. Data is received from the humidity sensor inside the tank, and if the humidity is higher
than the set value, the fan is operated to lower the humidity. The LED is a device to help plants photosynthesize,
and was controlled to turn on between 12 and 4 a.m. when photosynthesis is impossible due to sunlight.

In order to verify the performance of the system, a cultivation experiment was conducted on lettuce. When the
inside temperature of the water tank is below 24°C, the thermostat operates, and when it exceeds 30°C, the cooling
system operates, confirming that the temperature is maintained at 24~30°C. It was confirmed that the water level
controller continuously maintains the set water level (160mm). When the humidity inside the tank reached 50%
or more, it was confirmed that the fan operated and the humidity did not rise any further, and that the LED also
operated at the set time. As a result of the experiment on energy generation, the sum of solar power generation
and wind power generation was measured as an average of 1060 Wh per day, including cloudy and sunny days.

As a result of the experiment, it was confirmed that plant cultivation is possible with the current system alone.
In addition, the average daily consumption of the system is 400 Wh, and the current amount of electricity is used
as a battery, and the system operates for 2.5 days when used without power generation. In addition, the problem
of smart farms using existing renewable energy, which uses a lot of energy to maintain temperature, was changed
to hydroponic cultivation, showing smoother temperature management.

Keywords: Agriculture, Smart farm, Renewable energy, Hydroponic cultivation
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Abstract

Currently, most cancers are considered treatable diseases. This is because, unlike the poor outcomes associated
with cancer treatment in the past, mortality is now gradually decreasing. However, there are still many problems
in the treatment process, and it is a disease that has been sentenced to a time limit. While treatment for end-stage
cancer sometimes aims for a full recovery, some patients voluntarily sign a non-resuscitation pledge, receive
hospice care, and prepare for death by alleviating symptoms with the goal of improving their quality of life.

The factors that affect the quality of life of cancer patients can be divided into five factors: Mobility, Self-care,
Usual activities, Pain/Discomfort, and Anxiety/Depression. At this time, malignant ascites accumulated in the
abdominal cavity (AC) is one of the cancer symptoms that affects the patient's daily activities and quality of life
due to Pain/Discomfort. Because this symptom interferes with the patient's behavior and daily life, the patient
needs to visit the hospital frequently for drainage. The medical staff will drain ascites using ascites, which can
take anywhere from 30 minutes to up to 24 hours for the procedure. It can be a catastrophic loss of time for patients
who have been sentenced to a time limit and are running out of time on probation. In addition, ascites discharge
can cause infection, intestinal perforation, and bleeding, which can threaten patients.

In order to overcome this loss of time and surgical complications, various methods and devices of multiple
drainage have been devised. Solbach et al. have focused on catheter systems that can be implanted in the abdomen,
researching time-efficient puncture catheters, which can drain ascites anytime, anywhere, when the patient has
access to an appropriate drainage device. Stirnimann et al. and Fotopoulou et al. have researched a new type of
multiple drainage method. It is a method of draining ascites in AC through the bladder using an 'Alfapump’. Their
studies have observed positive results in puncture flow rate and frequency of procedures, but batteries must be
prepared to operate these electrical devices.

In addition, we have devised another implantable puncture method in which an implantable catheter is inserted
between the bladder wall and the bladder in a previous study. This catheter is designed based on a pigtail catheter
and has a silicone membrane and holes. It uses the pressure difference between BC and AC to aid in drainage of
ascites through the bladder cavity (BC) and urethra. In previous studies, the flow rate and water level were
controlled to observe changes in the flow rate of the catheter, the activation pressure with rotation, and the change
in cycle time. As a result, it was confirmed that the cycle time was affected by the flow rate, and the effect of the
flow rate on the activation pressure was not identified. In contrast, no effect of cycle time on the number of
revolutions of the catheter was identified, and the effect of activation pressure on the number of revolutions was
identified.

Based on the results of previous experiments, we designed and built an improved version of the implantable
catheter. This version of the catheter has a uniform number of revolutions of 1.5 revolutions. In addition, the size
of the catheter was reduced and the holes in the silicone membrane were standardized. We conducted an
experiment to see if the catheter was performing its drainage function normally while preventing reflux.
Experiments were then conducted to measure the drainage performance of the catheter under pressure.

The equipment for the experiment was first equipped with two cylinders. The bottom of these two cylinders
is connected so that the water level can be shared. A water level sensor was installed in one cylinder to measure
the water level, and a catheter was installed in the other. Another hole was drilled at the bottom to connect a
syringe pump to supply water. This syringe pump supplies water to the cylinder in which the catheter is installed,
and the catheter is activated by the pressure. The syringe pump was operated by a stepper motor. In this case, the
stepper motor was set up to push the syringe pump to inject 40 ml and 60 ml of water per hour through a
preliminary experiment.

The experiment was carried out according to the following procedure: First, a water level sensor and a catheter
were installed in each cylinder. Then fill it with water to the initial position. Second, for stepper motors, we set
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two flow rates: 40 ml and 60 ml per hour. The final step is to rotate the stepper motor to observe the experimental
data for 3 hours. The experimental data records the amount of change in the water level in seconds using the water
level sensor and observes the amount of change. The water level in the cylinder should be increased at a constant
rate by the syringe pump, but if the catheter is activated, the rate of increase will decrease or, conversely, show a
tendency to decrease. By analyzing the amount of this change, the drainage performance of the catheter can be
measured.

In addition, if the catheter is installed in the opposite direction, the performance of preventing reflux can be
confirmed. It is possible to measure whether backflow can be completely prevented within the experimental range,
or to what extent backflow can be prevented at a certain pressure.

In this study, we focused on preventing backflow, which was a problem in the previous experiment. Based on
the results of the experiment, it is judged that if reflux prevention is successfully completed, it can sufficiently
improve the quality of life of terminal cancer patients.

Keywords: Implantable catheter, Malignant ascites, Terminal cancer, Time efficiency
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Abstract

Recently, drones are widely used for generation of 3D geospatial information in the fields of mapping and
construction. Mostly visible cameras are adopted for the studies but thermal cameras have high potential for 3D
model with temperature information. However, unlike visible images, thermal images have low spatial resolution
such that there is a limitation to high density 3D data generation. Therefore, in this study we carried out two
experiments. First experiment is the dense thermal point cloud generation by integrating the visible and thermal
images. A dense point cloud is generated using the high resolution visible images and the cloud is textured using
the thermal infrared images. In addition, we considered occlusions in the target area for more accurate texturing.
In second experiment, the conversion of thermal image DN (digital number) to the surface temperature is tested
for the target surface materials including asphalt parking lot, reinforced concrete, and glass in the target building.
And we checked the reliability of the estimated temperature with the field data from a thermometer. First
experiment showed that the surface of the building was represented more like a real building when considering
the occlusion area. In this process, when the average distance between the projection center and the 3D spatial
point is used, the corners of the building showed more clearly than when the minimum and maximum values are
used. Second experiment, both the value of converting the DN value into temperature and the actual surface
temperature measured with thermometer obtained high values in the order of asphalt, reinforced concrete, and
glass. In the case of asphalt and reinforced concrete, there was a difference of less than 2°C between the
temperature converted from the DN value and the actual surface temperature measured by thermometer. But, in
the case of glass, there was a big difference between the temperature converted from the DN value and the actual
surface temperature measured with thermometer because of the low emissivity of glass.

Keywords: Point cloud, DN (Digital number), Digital twin, Thermal image processing
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Abstract

Blockchain technology has emerged as a transformative solution with the potential to revolutionize various
industries, including logistics and supply chain management. This abstract presents a comprehensive study that
explores the integration of blockchain in the logistics sector and its impact on transparency, efficiency, trust, and
security.

The primary objective of this research is to examine the benefits and challenges associated with implementing
blockchain technology in logistics operations. By leveraging the decentralized and immutable nature of
blockchain, logistics companies can transform the way they track, verify, and manage the movement of goods.
This technology holds the promise of reducing fraud and counterfeiting risks, streamlining processes, and creating
a more reliable and efficient supply chain ecosystem.

The proposed approach incorporates blockchain technology as a foundational layer within logistics operations.
Blockchain facilitates secure and transparent data sharing among stakeholders, ensuring the integrity and
authenticity of information throughout the supply chain. The integration of smart contracts enables the automation
and execution of contractual agreements, enhancing compliance and reducing the need for intermediaries.

Through a comprehensive analysis of case studies and real-world applications, this research showcases the
transformative potential of blockchain in logistics. It demonstrates how blockchain can enhance transparency by
providing a verifiable record of all transactions and events within the supply chain. This level of transparency not
only improves trust among stakeholders but also enables better traceability and accountability.

Furthermore, this study addresses the challenges associated with implementing blockchain in logistics,
including scalability, interoperability, regulatory compliance, data privacy, and security. By examining these
challenges, the research provides valuable insights and recommendations for overcoming barriers to successful
blockchain adoption in the logistics industry.

The uniqueness and novelty of this research lie in its comprehensive analysis of the benefits and challenges of
blockchain technology in logistics. By combining the strengths of blockchain with logistics operations, this study
contributes to the existing body of knowledge and provides practical implications for logistics practitioners and
policymakers.

The expected outcomes of this research encompass enhanced transparency, improved operational efficiency,
reduced fraud risks, streamlined processes, and increased trust among stakeholders. Blockchain implementation
in logistics has the potential to reshape the industry by creating a more secure, transparent, and efficient supply
chain ecosystem.

In conclusion, this research highlights the transformative power of blockchain technology in the logistics
sector. By leveraging blockchain's decentralized and immutable characteristics, logistics companies can enhance
transparency, efficiency, trust, and security in supply chain management. The findings of this study provide
valuable insights for both academia and industry, paving the way for further research, collaboration, and
implementation of blockchain in the logistics landscape.

Keywords: Blockchain technology, Logistics, Supply chain management, Transparency, Supply chain
ecosystem, Smart contracts, Verification, Blockchain adoption, Efficiency, Counterfeit goods, Fraud mitigation
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Abstract

In the last few decades, solar panel cleaning robots (SPCR) have been widely used for sanitizing photovoltaic
(PV) panels as an effective solution for ensuring PV efficiency. However, the dynamic load generated by the
SPCR during operation might have a negative impact on PV panels. To reduce these effects, this paper presents
the utilization of ANSY'S software to simulate multiple scenarios involving the impact of SPCR on PV panels.
The simulation scenarios provided in the paper are derived from the typical movements of SPCR observed during
practical operations. The simulation results show the deformation process of PV panels, and a second-order
polynomial is established to describe the deformed amplitude along the centerline of PV panels. This second-
order polynomial contributes to the design process of a damper system for SPCR aiming to reduce the influence
of SPCR on PV panels. Moreover, the experiments are conducted to examine the correlation between the results
of the simulation and the experiment.

Keywords: Solar energy, Photovoltaic panel, Solar panel cleaning robot, PV deflection

1. INTRODUCTION

In the 4.0 industrial revolution period, the human necessity to use energy is higher than ever before, and it is
a big challenge for the energy industry in the world. In that context, many countries are conducting a transition
from fossil fuels to renewable energy sources. Among the various renewable energy sources, solar energy has
emerged as a solution for a sustainable future due to its cost-effectiveness, smaller installation space requirement,
lower maintenance costs, and high performance compared to other energy sources[1]. In fact, the total installed
solar panels have increased by nearly 650 GW [2] over the past decade, which is expected to increase by 1,100
GW in 2026 [3]. However, maintaining the performance of a photovoltaic (PV) panel system poses significant
challenges due to various factors. One of the major issues is the accumulation of dust and debris on the surface of
PV panels, which can lead to a decrease in efficiency of up to 30% [4]. Therefore, periodic cleaning of the PV
panel system is necessary to ensure its efficiency.

Currently, there are numerous studies on cleaning PV panels that have shown many cleaning methods around
the world, such as manual brushing, nanocoatings, chemicals, electrostatic force, ultrasonic waves, and automated
approaches such as an automatic water spraying system or a robot with cleaning tools [5], [6]. Each method of
cleaning PV panels has its advantages and disadvantages, which depends on factors such as the installation
structure of the panels and the characteristics of dust in a particular area. Among these methods, the utilization of
mobile robots is considered a popular solution, to date, due to its high level of automation, fast cleaning speed,
and overall efficiency [7]. Nevertheless, the dynamic load generated by the cleaning robot when moving on the
surface of the PV panel can experience deformation and induce microcracks in the silicon cells, which directly
impact the panels' lifespan and performance [8]. Consequently, the panels degrade at a rate of approximately 0.8%
to 1.1% per year [9], resulting in a decrease in photovoltaic efficiency of around 20% [10]. To solve the above
problem, the application of damping mechanisms has become widely adopted in order to minimize the effects of
robots on the PV panel during the cleaning process [11]. Besides the fact that there is limited research on the
surface of PV panels, the design of the shock absorber assembly depends on the particular terrain where the robot
operates. Thus, there are restricted studies on the design of damper systems for solar panel cleaning robots (SPCR).
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This paper examines the deformation of PV panels caused by the weight of the SPCR and presents a
polynomial describing the profile of the PV panel at maximum deformation. This polynomial describes the
coordinates of the deformation points at the most dangerous cross-section, which are exerted by the wheel of the
SPCR. The equation contributes to the design process for shock absorbers. The procedure to obtain the objective
of this research is as follows:

e The deformation of the PV panel is investigated by computational simulation through ANSYS based
on the panel structure and parameters of SPCR.

e  The polynomial describing the deformation of the PV panel at the cross-section exhibiting the highest
amplitude is determined.

e The correlation between simulation studies and experimental results is achieved.

2. OVERALL SYSTEM DESCRIPTION

Figure 1. 3D CAD of test bed

Figure 1 depicts the test bed to examine the deformation of the PV module under the load of the SPCR. The
experimental system consists of five components: SPCR (2), PV panel (3), support frame (4), 2-axis sliding
examine (5), and Mitutoyo 543-400B round-type dial gauge (6). SPCR functions as a load on the PV panel (3),
with two-wheel assemblies being contact areas. The PV panel (3) is attached to the support frame (4) using two
support bars (1), similar to the actual installation at PV power plants. Because the slippage is not considered in
this research, the installation of PV panels is parallel to the ground without loss of generality. To measure the
deformation, the round-type dial gauge is traversed across the PV panel thanks to a 2-axis sliding mechanism (5).
To measure the deformation of PV panels, the locking nuts (7) are utilized to block the sliders at the location of
measured deformation.

3. MATERIAL AND METHOD

3.1. Physical model

In this simulation, the support bars are assumed to be perfectly rigid, with negligible deformation.
Additionally, a PV panel has five adjacent layers in the sequence of protective cover (tempered glass), encapsulant
(EVA), semiconductor (Silic), encapsulant (EVA), and back sheet (Tedlar or Polypropylene) [12]. Besides, these
layers together form a compact and robust unit, firmly held within an aluminum frame. In these layers, the
protective cover, made of tempered glass, serves as the main bearing component and protects the PV panel from
external payloads. The EVA and Tedlar layers are thin film materials and do not greatly affect the bearing
capabilities of the PV panel. The PV cell layer is the most sensitive and requires protection as it is prone to the
formation of microcracks under vibrations, as discussed in Section 1. Therefore, to reduce computational time and
simplify the physical model, only the tempered glass layer is investigated. For monocrystalline or polycrystalline
PV panels, the standard thickness of the tempered glass layer ranges from 3-4mm [13], [14] and 3.5mm tempered
glass was used for this simulation. Additionally, the aluminum frame is also another bearing element in a PV
panel. According to Smartclima [15], there are various cross-section profiles available for aluminum frames, with
up to 60 different profiles, but the TNY038 one was chosen for modeling the aluminum frame because it is
compatible with the parameter of PV panel type RD320TU-36MD. Moreover, insignificant factors like fillets and
tiny grooves in PV panels were ignored to avoid errors when meshing and calculating. Hence, based on the
combination of some pre-processing conditions, the cross-sectional profile of the frame is shown in Figure 2.
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Figure 2. The profile of aluminum frame cross-section

To simulate the deformation of a PV panel, three important parameters of the tempered glass layer need to be
considered, including mass density, Young’s modulus, and Poisson ratio [16]. Referring to previous studies [17],
[18], the mechanical properties of aluminum frames and tempered glass are summarized in Table 1.

Table 1. Material properties for simulation

Materials Young’s modulus,  pojsson ratio ~ Mass density, kg.m
GPa
6063-T5 Aluminium
70 0.3 2700
Tempered Glass
73 0.23 2500

According to [19], [20], the PV panels recommended for the installation are located approximately 200 to
400mm from the short edges of the aluminum frame. In addition, areas outside of this zone are considered
hazardous where the PV panel might be subjected to wind loads, potentially causing damage. In some cases, the
PV panel installation does not adhere to standards, so the PV panels can become highly susceptible to an external
load. To assess the worst-case scenario, the clamps, which are the pads to fix between the PV panel and support
frame, were positioned at a distance of 200mm from the short edge of the aluminum frame. Specifically, this is
done to account for the potential risks and ensure a comprehensive evaluation of the system under adverse
conditions. The investigation also revealed that the robot barely slips when operating on PV frames with an incline
of 10° [21]. Therefore, in the static state, the SPCR with a mass of 83kg exerts a force of approximately 81.5kg
on the PV panel surface. Besides, the boundary conditions for the simulation process are described in Table 2.

Table 2. Boundary conditions for the simulation process

Parameters Value
Overall dimensions, mm
1956x992x40
Width of clamping area, mm 40
External load, kg
81.5
Length of contact area, mm
g 590
Distance between two belts, mm
673

3.2. Simulation method

The finite element method (FEM) is used for strain analysis of PV panels, with the simulation process
described in Figure 3. Initially, the mechanical properties shown in Table 1 were defined. Subsequently, a physical
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model of the PV panel was created using Ansys SpaceClaim. The contact areas between the belt and the surface
of the PV panel, as well as between the support bars and the aluminum truss, were also generated. The physical
model of the PV panel was then discretized into smaller elements by Ansys Meshing. The tempered glass sheet,
with its simple structure, was meshed using 10 mm-hexahedral elements, while the aluminum frame was meshed
using 5 mm-tetrahedral ones. This approach facilitates convergence and enhances result accuracy, considering the
complexity of the aluminum frame compared to the tempered glass. Next, the boundary conditions for fixed
support and external load were set according to the parameters mentioned in Table 2. Finally, the solution for
directional deformation was defined, and the necessary data was extracted for determining the curvature
deformation of the PV panel.

Materials Geometry . Bour_ld_ary Solution and
- > . »  Meshing »  conditions > .
defination modelling setup Post-processing

Figure 3. Steps for a FEM simulation using Ansys software

The PV panel was investigated in two different trajectories of SPCR, as shown in Figure 4. These trajectories
represent the typical SPCR motions across consecutive PV panels in practice. Hence, in the scope of this paper,
the robot moves along the length of the PV panel chosen to be considered (Figure 4). The magnitude and position
of the force applied to the PV panel vary depending on the position of the SPCR. Assuming the force created by
SPCR's mass is evenly distributed on the belts, the force acting on the PV panel in any situation is proportional to
the belt contact area.

SPCR PV Panel SPCR PV Panel
A EEVIEEEE | T T
| Co H [EawaDemmaaamas

A [P BT o o
L [ o A M S A | /N A PR
T I [ U S B
L o L Aomm
. 1170mm AN TS S S
a) Central linear movement b) Side linear movement

Figure 4. Simulation cases for robot movement on the surface of PV panels

Since the system is symmetric, only one-quarter of the panel dimensions were considered. The scenarios are
described in detail in Table 3.

Table 3. Scenarios descriptions

Scenarios Descriptions

The SPCR was moved from point A to point B along the centerline of PV panels,
Central linear movement | a5 shown in Figure 4. The simulation was conducted at 10 positions, each spaced
120 mm apart.

Side linear movement The SPCR's position was moved from point C to point D along to the sides of PV
panels.
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4. RESULTS AND DISCUSSION

4.1. Simulation result

Figure 5 shows the deformation contour of the PV panel in the two scenarios. In the first case as shown in
Figure 5a), the SPCR moves closer to the center of the PV panel, and the deformation becomes increasingly
pronounced due to the growing pressure exerted on the PV panel. The region of significant deformation is
primarily focused beneath the center of gravity of the SPCR. The PV panel experiences a maximum displacement
of 10.4 mm in this area, which afterward gradually diminishes towards the edges of the support frame. In the
second as shown in Figure 5b), the contour shows the same trends as in the first case. However, there is a slight
difference in the maximum displacement, that is, the region located near the contact area between the inner belt-
based track of the SPCR and the PV panel surface shows the deformation of 11.3 mm.

Umaxy = —0.72Mmm Upax = —2.4mm Upax = —5.93mm Upax = —9.17mm Upax = —10.4mm

a) Displacement contours of the PV panel in the first scenario

VDpYVIVDIS

Umay = —0.82mm = —2.91mm Upaxy = —6.78mm Upaxy = —9.87mm Upay = —11.03mm

b) Displacement contours of the PV panel in the second scenario

Figure 5. Simulation results of the central and slide linear movement cases

Based on the above results, the simulation of deformation at the center of the PV panel in the second case is
further considered. Place the origin at the point lying on the short edge of the panel; the x-axis is parallel to the
long side of the PV panel under non-deformed; the x-axis is perpendicular to the surface of the PV panel, in Figure
6. Equation (1), derived from the simulation results, characterizes the relationship between the deformation of the
PV panel and its length.

y = 2.032x107°x? + 0.039x + 8.414

where X represents the horizontal coordinate and y represents the deformation at that specific point.

Photovoltaic Panel

Most dangerous cross-section

18 Line graph of the deformation PV panel

~.

Figure 6. Hazardous zone cross-sections of PV panels following the result of the simulation
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4.2. Experiment result
Figure 7 shows the experimental setup that examines the most dangerous position of the PV panel as

concluded in subsection 4.1. In this study, the Mitutoyo 543-400B round-type dial gauge was employed, offering
a precision of 0.01mm. Furthermore, considering the extensive data collection required for the PV panel in
experiments, a systematic approach is adopted to maintain the consistency of the measurements. This approach
consists of four sequential steps outlined in Table 4.

Table 4. Experimental steps to measure the deformation of the panel in the most dangerous case

Step Descriptions

Zero-return the Mitutoyo 543-400B measuring device corresponding to the flat surface of the PV
panel without the SPCR.

2 Place the SPCR at the position where the maximum deformation occurs according to the simulation.

3 Mount the measurement tool along the line graph of the deformation PV panel.
Proceed by systematically moving the measurement tool linearly along two designated points on the
4 PV panel. Maintain a consistent increment of 10mm between each measurement, recording the
deformation observed at each point.

Mriarind A AT TR

i
2

Figure 7. Experimental system to measure the deformation of the PV panel in the most dangerous case

Figure 8 describes the line graph of the PV panel at the most dangerous cross-section in both simulation and
experimental cases. The horizontal axis is the position where the round-type dial gauge is located, and the vertical
axis is the deformation at that specific point. The experimental graph reveals that the deformation pattern of the
PV panel, with the SPCR positioned at the middle of the right/left edge, follows a parabolic trend. The point of
minimum deformation (-10.88mm), belonging to the parabolic trend, represents the location of the most
pronounced deflection.

Figure 8 illustrates two-line graphs derived from simulation data and experimental data. To evaluate the
accuracy of the simulation, the correlation coefficient between the deformation line graphs of the simulation data
and the experimental data is calculated. According to [22], the correlation coefficient (r) between two-line graphs
is determined as follows:

. 2i=1 (i =) (i — ¥) @)

(n = 575
where x; and y; are the individual data points of the simulation and experimental data sets. x and y are the means
of two datasets. n = 126 is the number of samples. s} and s; are the variances of two datasets, a =

177




4" International Conference on Advanced Convergence Engineering (ICACE 2023)

August 14" — 16'™, 2023, Ho Chi Minh City University of Technology, VNUHCM

{x, v}, calculated as follows:
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Figure 8. Graph of PV panel at the most dangerous cross-section by experiment and simulation

Besides, the correlation coefficient calculated as r = 0.988 (close to +1), which shows experimental result data
and simulation result data are positive strong linear relationships according to [22]. The experiment results show
minimal deformation at position 975 mm, closely aligning with the simulation result (with an error of
approximately 1.31%). In the line graph, the lowest point of deflection is important as it is the basis for designing
the range of the working area of the damper system which aims to diminish the negative impact of the SPCR on
PV panels. Notably, the experimental result (10.88mm) at the lowest point of deflection is lower than that of the
simulation result (11.03 mm), so these conditions are completely valid for the calculations involved. Particularly
considering that this study explores the most critical scenario for PV panel mountings (section 3), variations that
result in lesser deformation of the panels do not diminish the significance of equation (1). It still remains relevant
and valuable in informing the design of damper systems. With the given results, the initial simulation conditions
and physical model in Section 3 are suitable. Moreover, the correlation serves as a confirmation of the underlying
assumption that tempered glass and aluminum frames are primary load-bearing components of PV panels.

5. CONCLUSION

This paper studies the impact of the SPCR on PV panel deflection. A simulation model with appropriate
boundary conditions was established to investigate the different deformations of the PV panel in two different
scenarios. The results indicated that as the SPCR approached the center of the PV panel, the deformation of the
PV panel increased gradually in both cases of central linear movement and side linear movement. Moreover, for
maximum deformation of the PV panel, the research provided an equation that was assessed through experimental
results with a reasonable difference. The experimental results also demonstrated the reliability of this estimated
equation and provided a theoretical basis for the calculation of damper system designs in the future.

However, the paper has some limitations when ignoring the periodic vibrations caused by the rotating brush
assembly of the SPCR. These vibrations can contribute to the degradation of the support frame, and the PV panel
and induce microcracks. Hence, the impact of the brush assembly on the SPCR will be investigated through
experimentation and simulation in the future. Additionally, the PV panel deformation in different mounting
configurations will be studied to provide a more comprehensive understanding of the addressed issues.
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Abstract

This study focuses on the development of a biomimetic underwater robot that mimics the swimming behavior
of Rajiform fishes. The proposed robot utilizes two undulating fins for locomotion control, aiming to provide an
alternative to conventional propulsion systems in autonomous underwater vehicles. To achieve effective
locomotion control, a sliding mode control algorithm with a hyperbolic tangent reaching law is employed. First,
the study begins by modeling the robot system, describing the relationship between the vehicle's membrane and
the dynamic forces generated, considering its position on a two-dimensional surface is obtained. Subsequently, a
hyperbolic tangent-based sliding mode controller is implemented to ensure the proposed robot follows a desired
path while minimizing tracking errors, in contrast to the traditional signum function. To evaluate the efficacy of
the proposed solution, simulations are conducted as a means of proof-of-concept. These simulations demonstrate
the feasibility of the suggested approach and its potential to provide an effective solution for controlling the
locomotion of the biomimetic underwater robot.

Keywords: Rajiform, Underwater biomimetic robot, Autonomous underwater vehicle, Position control, Sliding
mode control

1. INTRODUCTION

Recent research studies [1]-[3] have demonstrated that the Rajiform swimming type, which involves an
undulatory fin motion employed by fish for efficient and rapid movement in water, exhibits smooth and flexible
propulsion, surpassing the performance of conventional underwater vehicles propelled by screw propellers.
Robotic fish that utilize Rajiform locomotion offer advantages in terms of propulsive efficiency, maneuverability,
and stealth, while mitigating the drawbacks associated with large-scale systems, low energy efficiency, and
environmental disturbance [4], [5]. Various approaches utilizing different control methods have been explored to
enable effective locomotion control for this swimming type.

Chunlin Zhou and K. H. Low [6] introduced a CPG-Based motion control structure of the flapping motion for
RoMan Il — A fish-like AUV inspired by a manta ray, a kind of fish using the Rajiform swimming type. This
research shows the results in contributing the swimming locomotion through controller design and experimental
results. The proposed control method in this paper presents a versatile framework that can address locomotion
control challenges in various systems. Specifically, it can be applied to tackle the locomotion control problems of
fish robots equipped with multiple fins or even more broadly to robots exhibiting rhythmic movement patterns.
The model formulation adopted in this study is of a generic nature, allowing for its potential application in a wide
range of robotic systems. However, the research did not mention the relationship between the created fin pattern
with the robot’s motion, which did not clarify the efficiency of the calculated system.

On the other hand, Tiandong Zhang, etc. [7] gained the design and implementation of an innovative biomimetic
underwater vehicle (BUV) and its locomotion controller using the CPGs Model and Fuzzy Adaptive PID. A bio-
inspired BUV named RoboDact with high maneuverability and good low-speed locomotion stability has been
developed. Physical experiments verify the feasibility and effectiveness of the mechanism design and locomotion
control system. However, the presented controller is formed in a PID based, which is a linear controller. Thus, the
results contained the linear controller problems, in which responses were proved to be more disadvantaged than
that of nonlinear controllers.
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As a result, Rajiform undulating movement has gained significant interest and research worldwide, with many
approaches aiming to control its locomotion in six degrees of freedom (6-DOF) space. This paper presents a
different approach to the input-output relationship and 2D locomotion control using a nonlinear controller. Thus,
the system’s locomotion modeling process is formed, and the sliding mode controller with hyperbolic tangent-
based reaching law is designed, followed by the simulation and experiment results in this paper.

2. UNDERWATER BIOMIMETIC ROBOT LOCOMOTION SYSTEM MODELING

A typical Rajiform underwater biomimetic simulation robot is described in Figure 1. The force analysis is
applied to show the interacting relationship between the robot itself and the outer environment.

RC Servo motor body

fin membrane

Figure 1. Rajiform robot model

Where G, and G, are the generated forces of the fin membrane through the pattern produced by the movement
of the fin rays (N); Fyrag, and Fy,q4, are the resisting forces that the water affects on the robot’s body, in both
straight and turn motion of the robot (N); L is the length of the proposed robot (1m); and R is the distance from
the center line of the robot to the midpoint of the fin membrane (m) in a straight alignment.

Assume that the force is generated in the center of the fin membrane, the following equation system is formed
to describe the dynamic relationship among related forces through 2D motion, including the translational motion
equation and turning motion equation following Newton 37¢ law.

mv, = Gy + G = Farag,
. L €Y)
lo, =R(G, — Gp) — ZEFdragz

Where m and I are the proposed robot’s mass (kg) and inertia momentum (Nm). The water drag forces
applied on the robot body can be calculated as equations (2) — (3) , with the speed of v on translational motion
and angular speed of w.

1 2 2
Fdrag1 IEPCDAl(v_vf) @
1 L\? 3
Fdragz = EPCDAZ ((4) E)
where p is the mass density of the environmental fluid, kg/m?3

Cp, is the drag co-efficient of model and fluid, Cp,
A; and A, are the drag area when the robot on straight and turning motion, m?
vy is the velocity of the environmental fluid, when the AUV operates in the static fluid
condition, which results in vy = 0.
For simplicity’s sake, these terms are defined as follows:

Gw

1
e 7 pCpA, is the translational drag force coefficient.

3
Gy, = 5 pCpA, is the turning drag force coefficient.
Equation (1) can be described in the typical state-space form x = Ax + Bu + d. Since the real scenario is
very different from the calculation itself with only physical equations, disturbances are taken into consideration

in the locomotion modeling equation.
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) 1 Wr r TG dw
T 0 G - _ 2
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In the system of Equation (4), the fin-generated forces G, and G, act as the control input for the locomotion
control system, where the output is the robot’s location in 3-DOF dimension take place including x, y, and 8,
wherein x and y are the robot’s coordinates in 2D plane, 8 is the turning angle; dv and dw are the estimated
disturbance which impact on the robot in the real environment.

y e
Path
Yd
0 %
€2
TT— L
Real
Ir RN
e —
]
1
l Ll
o) X, 4 X

Figure 2. Robot’s relative location in Oxy plane in 3-DOF dimension

Fig. 2 shows the relative coordinates between the real and desired AUV. The relation between v, w and its
coordinates can be described.

x cos6, O] er = (%, —xg)cos 0y + (y —yq) sin by
6 1

sin 8, —(x, —xg)sinBy + (¥, — y4) cos O, (5)
0 01- - Bd

€;
€3
3. LOCOMOTION CONTROLLER DESIGN

The sliding mode controller is applied for the robot to track the desired path. The sliding surface and its
derivative form are chosen as follows:
{sl =é; + e 6
S, = é, + A,e, + Aze, sin(es) (6)
By taking the first time derivative of equation (6), it yields:
$1 =& + A6 7
{S‘z =&, + 1,6, + A3é3sign(e;) ™)
On the other hand, Gao et al. [8] introduced a new approach to calculate the first derivative sliding variable
for the n-inputs and m-output dynamics system, which in this case include 2 inputs of the 2-undulating fin force
and 3-DOF outputs.
{51 = —Qy51 — Pysign(sy) (8)
Sy = —Q25, — Ppsign(s,)
The control input G, and G, are chosen as follows:
1, . 1/ . L
Gy = E(mvc + Fdragl) + E(Iwc +2 EFdragZ)

1 1 L )
G, = z (ml.’c + Fdragl) - E(I(bc + ZEFdragZ)
where (. 1 . . : . o .
L (—A161 — Q151 — Pisign(sy) — wge, — é,wy — Vpé3sines + vy
3
) . (=226, — Q25, — Py sign(s;) + wqeq + wgéy — v, sines) (10)
w, = wg + -
Azsign(e,) + v, cos e
A candidate Lyapunov function is chosen to analyze the stability of the system of Eq. (7) as:
1 1
V=5512+Es%20 (11)
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Using the chosen control input, the derivative form for the Lyapunov function can be described along with
equations (5), (6), (7), and (9).

V= 5181 + 538, = 51(_Q151 - P15i9n(51)) + 52(_Q252 - stign(sz)) (12)
V= —Q157 — Q255 — Pylsy| = Pys,| <0
where Q,, Q,, P;, P;, A1, A5, A3 = 0 are the control parameters, which are designed according to Routh-Hurwitz.
As equation (11) shows, following the Lyapunov stability (the Lyapunov function V > 0 and its derivative
form V < 0), the chosen control inputs are proved to be stable. However, the signum-reaching law used in the

control input signal is assumed to cause the chattering phenomenon. To resolve this problem, the hyperbolic
tangent is taken into consideration.

(
I‘JC = cose (_Alél - Q1$1 - Pltanh(sl) - d)dez - éza)d - vré3 sin €3 + 1'711
3
. . (_Azéz - stz - P2 tanh(Sz) + (l:)del + wdél - 1.77« Sin 63) (13)
W, = wg + -
k Azsign(e;) + v, cos e

4. SIMULATION RESULTS

The simulation is conducted based on computational modeling to evaluate the performance of the proposed
AUV locomotion system. Two distinct patterns, namely curve and straight, are utilized to assess the transient
locomotion response of the AUV under the influence of the proposed controller. By employing these trajectories,
the simulation aims to examine the AUV's capability to achieve both translational and turning motions.

Random functions are employed to introduce disturbances in the implemented system. These disturbances are
incorporated during the simulation to emulate real-world conditions and evaluate the robustness of the AUV
locomotion system. By utilizing random functions, the disturbances exhibit unpredictable characteristics, allowing
for a comprehensive analysis of the system's response and its ability to handle unexpected environmental
influences.

Table 1. The controller simulation parameters

Parameters Value Parameters Value
m, kg 5 A 25
2R,m 0.52 A, 25

Lm 0.8 As 10
I,Nm 0.075 Q4 10
p, kg/m3 981.8 Q, 10
Cp 0.1 P, 1
Ay, m? 0.031 P, 1
Ay, m? 0.208 dv 30%
g,m/s? 9.81 dw 30%
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Figure 3. AUV locomotion orbit on Oxy plane using signum reaching law with 30% disturbance
a) Straight movement; b) Curve movement

As shown in the simulation in Fig. 3, the signum reaching law is assumed to track the desired path. However,
due to the chattering phenomenon, the tracking error severely fluctuates surrounding the desired path under the
impact of random disturbance in both straight and curve motion.

25 10

20r 6
E 15} g
2 2
x
< < 0
> 107 > -2
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5F Real 6F
O0 5 10 15 20 25 _100 2 4 6 8 10 12
X-Axis (m) X-Axis (m)
a) b)

Figure 4. AUV locomotion orbit on Oxy plane using hyperbolic tangent reaching law with 30% disturbance
a) Straight movement; b) Curve movement

On the other hand, with the application of the hyperbolic tangent reaching law, the smoothness of the orbit
tracking graph thoroughly increases by getting rid of the unwanted chattering phenomenon. However, the
disturbance still slightly affects the simulated tracking path.

5. CONCLUSION

This research paper introduces the modeling equations for a Rajiform fish-inspired biomimetic autonomous
underwater vehicle (AUV). To control the locomotion tracking of the AUV, a sliding mode controller with a
hyperbolic tangent reaching law is implemented. The simulation results demonstrate the tracking performance of
the proposed controller and provide a comparison between using the traditional signum function and the
hyperbolic tangent function, which proves a much better efficiency of the hyperbolic tangent in tracking the
desired path.

Moreover, the study plans to further validate the controller's effectiveness through experimental
implementation. An experimental AUV model will be utilized to assess the realistic tracking capabilities of the
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suggested controller under real-world conditions. This experimental validation will help ascertain the practical
feasibility and performance of the proposed controller in a practical setting.
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Abstract

This paper presents a novel undulating discrete fin model inspired by the Rajiform locomotion of underwater
species. The Rajiform biomimetic underwater model features sixteen consecutive fin rays interconnected by a
flexible membrane that water-exerted force is analyzed in this study. The findings reveal a non-linear relationship
between the force and the frequency of the fin movement, which is regressed by a fifth-order Polynomial equation
through a surface fitting algorithm. This enables the model's controller to regulate the force by adjusting the
frequency values. The results suggest that the undulating discrete fin model has the potential to be used in various
underwater applications, such as underwater robotics and propulsion systems.

Keywords: Rajiform, Discrete undulating fins, Biomimetic underwater robot, Fish robot, Thrust force,
Nonlinear regression

1. INTRODUCTION

Advancements in the fields of biology, smart materials, and robotics have played a pivotal role in the progress
of biomimetic propulsion and the development of fish-like swimming robots [1]. These robots, known as
biologically inspired underwater vehicles (BIUVs), are specifically designed to imitate fish locomotion behaviors
to achieve efficient propulsion [1]-[3]. Unlike conventional autonomous underwater vehicles (AUVs), BIUV
systems find diverse applications in marine exploration, seabed mapping, military surveillance, environmental
assessments, mine detection, and scientific research. What sets BIUVs apart from traditional AUVs are their
unique characteristics. Through millions of years of evolution and natural selection, fish have developed highly
efficient body mechanisms and swimming modes for underwater locomotion, making them exemplary models for
energy-efficient propulsion in man-made underwater vehicles. Unlike screw propellers, the movement of fish fins
or bodies offers superior maneuverability and allows for precise posture adjustments in underwater robots [1], [2],
[4]. This flexibility proves particularly advantageous for operations conducted at low speeds in confined areas or
corners. Additionally, BIUVs exhibit a reduced environmental impact due to their quieter and less polluting
nature, largely attributed to the undulating fin movements, which addresses the challenges associated with
traditional propellers. These inherent advantages serve as inspiration for researchers and engineers to explore
innovative designs that enhance the performance of man-made systems when interacting with the marine
environment [5].

Rajiform locomotion is a type of undulatory fin motion utilized by fish to achieve efficient and rapid movement
in water. Recent research studies [6]-[8] demonstrated that Rajiform locomotion generates a smooth and flexible
movement that outperforms conventional underwater vehicles propelled by screw propellers. Robotic fish that
employ Rajiform locomotion have the advantage of superior propulsive efficiency, maneuverability, and stealth
while avoiding the drawbacks associated with large scale, low energy efficiency, and environmental disturbance
[2], [3]. On the other hand, Nguyen et al. [9] introduced an analysis of the generated force using Gymnotiform on
both continuous and discrete fin types. However, this force analysis model came up with only the experimental
results on X — Axis created force, as well as the lack of presenting the generated force response over time.

Consequently, Rajiform swimming type for biomimetic underwater robots has become an area of great interest
and research worldwide, with many approaches aiming to evaluate the generated force. This paper would mainly
focus on re-modeling the thrust generation system on the fin membrane, with additional consideration given to
the discretization of the continuous fin. Furthermore, a comparison between the computational calculation and
experimental results regarding the generated forces will be taken into consideration as proof of the availability of
the suggested model.
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2. THEORETICAL BACKGROUND

The generated thrust force in the fins of underwater biomimetic robots is the driving factor behind their
locomotion. Both continuous and discontinuous dynamic models have been utilized to investigate the undulatory
movement of fins in underwater biomimetic robots in the literature. However, given the limitations in robotic
manufacturing and the scope of this paper, the continuous fin modeling approach is not considered. Instead,
Sfakiotakis et al. [6] proposed a fin discretization model, which consists of fin rays connected by a soft membrane.
Undulating motion is generated by controlling the fin ray in a sine wave pattern at n-th fin ray of N fin rays with
L fin length.

) 2nn L M
0(n,t) = B,4x Sin (ant + ¢y — mz)
where 6(n, t) is the angle of n-th ray.
o = 0 is the initial phase.
Omaz 1S the maximum oscillating amplitude of the sine wave.
A is the wavelength, calculated using the number of fin rays.
The thrust generated by the Rajiform biomimetic underwater vehicle is affected by several factors [9]. This
research, however, fixes a variety of parameters to inspect the impact of oscillating amplitude and frequency. A
computational method based on infinitesimal analysis to model the thrust force in fin discretization is presented

in Fig. 1.

Figure 1. Modeling of discrete fin membrane

From Fig. 1, the inertial coordinate system {P} and the body coordinate system of the fin {O} are shown in
Fig. 1. The position r of any surface element ds in the inertial coordinate system {P} is expressed by vector r; and

Tit1-
S xo + Di -D
=T+ w—— = | hsin@, . () | + Ih[sin@i(t) —sinf;,1(t)] (2)
7 = Tial hcos8;,(t) max |h[cos0;(t) — cosB;,,(t)]

Nguyen, et al. [9] revealed the forces generated by the discrete undulating Gymnotiform fin at a certain g point
on the fin coordinates, followed by the equation of total force generated by the whole membrane, which is the
combination of dS areas with dh height and dw width. The total produced force of the membrane with i €
[0,N — 1], h € [Mnin, Pmax ), W € [Winin» Winax] 1S Shown in Equation (4).

F = 20T = =2 sl sign () ®

4
e 1 — s — N-1 hmax Wmax . ( )
Fo= = [[ ocalTllzias =" [ [k awan

=0 Yhmin YWmin
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where V,[ is the nominal velocity vector of point P, calculated from the normal unit vector of dS n, and D
denotes the distance between two consecutive fin rays. The nominal velocity vector is calculated by:

R T\ —s 5
Vo = (o7, )0 ®)
where
h .
—psin(6i41 — 6)

o7, 07 P\ cos(8) +W(cos(8iss) = cos(6)) ©)

g = Ohow _ —sin(8;) — w(sin(8;4,) — sin(6;))
J2D2w(w — 1)(1 — cos(8;41 — 6,)) + h? sin?(6;4, — 6;) + D2

or, o7,
h Iw

As a result, the force produced by a Rajiform undulating fin model is come up as Equation (8), followed by
the analysis on a 3D sketch base in Fig. 2a).

Fo (f, 4,0 + B, (f A D) -
Fflsh=Ffln1+Ffm2= Fy1(f'A't)_F3’2(f’A't) )
E (f,At) + E,(f,A¢t)

Nguyen et al. [10] also stated that the optimized number of fin rays per wavelength is 16; the design of
Rajiform type robot is come up.

3. COMPUTATIONAL AND EXPERIMENTAL RESULTS

In order to introduce the swinging motion of the membrane through adjustment of the oscillating amplitude
and frequency parameters, a Central Pattern Generator (CPG) with Hopf oscillator is utilized to generate
oscillatory patterns for the purpose of producing rhythmic movements and behaviors in a biomimetic underwater
robot implemented in the fin ray [11]. The characteristics of the model are displayed in Table 1.

Fig. 2 shows the experimental model configurations, which are used to test the produced thrust force with
comparison to the computational values. A biomimetic autonomous underwater vehicle model with two 16-fin-
ray fins of Rajiform type is constructed, in which force generation is measured. This consists of a polyester
membrane and 32 FT5330M Feetech RC Servo Motors, which transmits torque to the fin ray via a bent metal
sheet bar. To confirm any discrepancies between computational and experimental results, measurements need to
be taken in all three directions (x, y, and z).

The experiment is taken to not only measure the generated thrust over time at a certain frequency but also
assess that of the thrust over different frequency values at a certain oscillating amplitude.

From the experimental values, a regression using the surface fitting algorithm is taken in order to show an
approximate and simple relationship between the frequency and generated thrust.

Table 1. Undulating fin model parameters

Parameters Value
Omax,Tad m/12
[Rmins Bmax] m [0,0.76]
[Winin) Wmax], m [0,0.14]
Lm 0.195
D,m 0.013
pkg/m? 981.8
Ca 2.8
m, kg 5
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Figure 2. a) 3D Rajiform Biomimetic Underwater Robot Model with generated force analysis and b) the
experimental model
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Figure 3. Comparison between computational and experimental generated force at 1Hz frequency and 30°
amplitude

The comparison between numerical calculations and experimental tests is depicted in Fig. 3. It is evident from
both graphs that the generated force, for both methods, exhibits a similar shape and magnitude, with an initial
buildup stage that lasts until the first second. Subsequently, the generated force undergoes slight and consistent
fluctuations around a particular value. However, there are considerable differences between the two approaches.
The numerical calculation demonstrates a smoother response across all three axes of generated force, whereas the
experimental data shows a more unstable fluctuation. This disparity can be attributed to realistic factors such as
variations in water density, windy weather conditions, and the water drag coefficient, which introduce as
disturbances during the experimental trials.
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Figure 4. Force generated on X-Axis when adjusting the oscillating frequency of the fin, from 1Hz to 2.5Hz at
30° amplitude, in both a) calculated cases and b) experimented cases

The comparison of force created along the X-Axis at different frequency values reveals variations in thrust
and its relationship with frequency adjustments. The X-Axis thrust is crucial for the forward movement of the
AUV, making it important to consider the impact of frequency on the X-Axis. Moreover, the experimental data
presented in Fig. 4 confirms the influence of frequency adjustments on the generated force, as calculated through
the computational method. The maximum force is achieved at a frequency of 2.5 Hz. Furthermore, this study has
derived two equations using a surface-fitting algorithm for polynomial curves to express the estimated relationship
between these variables. These equations are presented below, along with their 95% confidence bounds. The
estimated forces are obtained at the mean value.

F(f) = 3.481f5 — 25.32f* + 72.02f% — 100.1f2 + 68.36f — 18.16 (8)
f(F) =7673F° —10,215F* + 7592 F3 — 2352F? + 366.3F — 22.24 9

From the estimated equation (8) and (9), the graph is taken to simplify the calculating process regarding the
transformation between the necessary parameters. In this scenario, equation (8) is taken to calculate the estimated
generated force from a given frequency value. On the other hand, equation (9) is used to show the reverse
interaction to simplify the calculating method of the necessary frequency for reaching a certain value of thrust.
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Figure 5. Estimated regression model for a) the relationship between generated force and oscillating frequency;
b) the relationship between the oscillating frequency and created force

The introduced estimating equations show their approximating specifications. The estimated regression lines
show the sum of square errors consecutively at 0.002 and 0.03, along with the R-Square value of 0.98.

4. CONCLUSION

This paper presents the findings regarding the impact of frequency on the force generated by the undulating
fin of the Rajiform biomimetic autonomous underwater vehicle. The study establishes regression that describes
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the generated force through the discretization of a sine wave, and these equations are compared to experimental
results to provide a better understanding of the thrust force produced by the undulating. Furthermore, the paper
lays a foundational framework for the locomotion of the Rajiform biomimetic underwater robot by introducing a
simple equation that allows control of the produced thrust through adjustment of the frequency parameter.

In future applications, these introduced equations can be utilized to generate thrust and control the locomotion
of the AUV on a two-dimensional plane, as they serve as a control input for determining the AUV's position.
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Abstract

Recently, the importance of chemical experiments is increasing and the frequency of experiments is also
increasing. As the frequency of experiments increases, the number of accidents related to experiments also
increases proportionally. In Korea, more than 50 chemical accidents occur every year, and human casualties are
also increasing. If the experimenter can conduct the experiment in a space separated from the experiment object,
it will be possible to reduce the loss of life due to an experiment accident. A remote robot arm was designed for
safe experimentation by the experimenter. However, the existing robot arm is designed opposite to the shape of
the arm, making it difficult to see the movement intuitively. However, unlike existing designs, our robot arm is
made in the same shape as a human arm, making it easy to control movements. The composition of the robot arm
consists of a stand that supports the motor and a barrel that serves as a shoulder, arm, and hand with three joints
in the motor. The outline of the arm was created using a 3D printer. The tongs consisted of two fingers, with
rubber marks between them to prevent slipping. When conducting experiments remotely, manipulating the robotic
arm will be more inconvenient than conducting experiments by hand. To compensate for this shortcoming, an
IMU sensor was used. The IMU sensor detects instantaneous changes in acceleration according to changes in
motion when dynamic forces such as acceleration, vibration, and shock acting on an object occur. Obtain the
position data of the object through the angular acceleration and angular velocity values detected by the sensor.
Four IMU sensors are attached to the experimenter's arm, and angular acceleration and angular velocity values
are received as the arm passes through the sensors. Using this data, the moving distance of the arm is calculated,
and this value is converted into a signal and transmitted to the motor through the wireless network communication
module through the commercial control module. The data transmitted in this way is used to move the robot arm.
Since the claw is located at the end of the robot arm, a servo motor was used to reduce the load. A wireless network
communication module was used in this servo motor to control the tongs to operate when the user presses a button.
When the user moved the arm, the robot arm did the same. However, as a result of analyzing the sensor conversion
value and the actual distance during operation, there was a difference of 2 to 3 cm from the target point. It is
presumed that the error in the position data due to the vibration of the motor and the noise of the IMU sensor is
the cause. However, this degree of difference is judged not to affect the experiment. In the case of the currently
manufactured robot arm, there is a limit to the controllable object load due to the lack of motor torque, but more
stable operation is expected to be possible if a more powerful motor is used in the actual experiment. Accordingly,
it is expected that the allowable load of the motor used in the tongs will increase, and the load of the controllable
object will also increase. Analyzing the types of chemical experiment robots that currently exist in the market,
there are automated robots for faster repeat experiments and 'Lab Boy' that conducts experiments with C language
and coding. Although these robots are focused on a specific experiment, our robotic arm is a robot suitable for a
fast-paced future because it can act in an instant that reflects the behavior desired by the experimenter.

Keywords: IMU Sensor, Remote control, Angle acceleration, Wireless network communication, Commercial
control module
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Abstract

The development of industries makes the demand for intelligent AGV (Automated Guided Vehicle) systems
increase rapidly. Therefore, AGV systems need to be continuously improved to optimize performance, improve
scalability, and completely tackle collision and deadlock problems. This study aims to resolve collisions that occur
due to the difference between the planning time and the actual travel time of the AGV, which makes these
collisions unpredictable. Thus, an algorithm that enhances part planning accuracy by considering the acceleration
of AGV has been studied, based on the Dijkstra algorithm. This paper describes the algorithm in detail and shows
its effectiveness through a simulation with a chessboard map.

Keywords: Large-scale system, Automated Guided Vehicle, Motion Planning algorithm

1. INTRODUCTION

In the modern era, warehouses [1] have undergone a significant transformation with the advent of advanced
technologies, particularly in the fields of automation, inventory management or optimization. One of the key
advancements is the implementation of multi-AGV (Automated Guided Vehicle) systems, which offer a highly
efficient and flexible approach to material handling [2] and logistics [3] operations within a warehouse. These
systems consist of multiple AGVs working collaboratively to deliver goods and navigate through the warehouse
environment. Reversely, the simultaneous movement of multiple AGVs in a narrowed space poses a challenge in
terms of collision avoidance. Without an effective algorithm to manage and control the movements, the risk of
collisions and disruptions to the warehouse operations increases substantially among AGVs. Consequently, the
development of collision-free algorithms has become crucial for the successful deployment and operation of multi-
AGYV systems in modern warehouses [4].

For these purposes, the collision-free algorithm for multi-AGV systems aims to optimize the routes and
schedules, ensuring efficient and safe transportation of goods while avoiding any potential collisions. These
algorithms consider various factors [5-8], comprising the current positions of AGV, their destination points, the
layout of the warehouse, and any existing obstacles or dynamic changes in the environment. One of the
fundamental principles of the collision-free algorithm is the concept of decentralized decision-making [9-11].
Rather than relying on a central control unit to dictate the movements of all agents, each AGV is equipped with
its own decision-making capabilities. This decentralized approach allows AGVs to communicate and coordinate
with each other, exchanging information about their positions, routes, and intentions. By sharing this data, AGVs
can collaboratively determine the most optimal paths, avoid potential collisions, and dynamically adjust their
trajectories in real-time.

In detail, path planning algorithms, such as the A* algorithm and potential field methods, calculate optimal
paths while considering the presence of other AGVs and obstacles. Motion control algorithms ensure smooth and
coordinated movements, minimizing sudden changes in speed or direction. The collision-free planning approach
enhances productivity, reduces downtime, and mitigates the risk of accidents and damages. As technology
advances, further improvements and optimizations in collision-free planning are anticipated, leading to more
sophisticated and reliable multi-AGV systems in modern warehouses. Recently, The Dijkstra algorithm for
collision-free planning in the multi-AGV system is a notable approach that addresses the complex task of
coordinating multiple AGVs' movements while avoiding collisions in a warehouse environment. One of the key
strengths of the Dijkstra algorithm is its ability to consider the entire warehouse layout and create a graph
representation that captures the connectivity between different areas and the paths that AGVs can traverse. By
incorporating this graph representation, the algorithm can calculate the optimal path for each AGV, taking into
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account factors such as the AGV's current position, destination point, and any potential obstacles or AGV
congestion along the way.

2. DESCRIPTION OF PROPOSED SYSTEM

2.1. Working environment

A cross-docking warehouse is a specialized facility designed to optimize the flow of goods through the supply
chain. It serves as a distribution hub where products are received from suppliers, sorted, and quickly transferred
to outbound vehicles for immediate delivery to customers or other distribution centers. The working layout of a
cross-docking warehouse is carefully organized to facilitate the efficient movement of goods and minimize
handling and storage time. Normally, this layout as Fig. 1 consists of the following key areas [12]:

Parking space: This is where incoming shipments from suppliers are received. The area is equipped with
loading docks and often includes a staging area for temporary storage of inbound products. Efficient unloading
processes, such as forklifts or conveyor systems, are employed to quickly transfer items from incoming vehicles
to the staging area.

Manual sorting space: After the products are unloaded and checked for accuracy, they move to the sorting
area. Here, the goods are organized based on their destination or specific criteria, such as product type, size, or
customer order. This area may utilize conveyor belts, automated sorting systems, or manual sorting stations,
depending on the volume and complexity of the operations.

Parking Space

Operation Center

(4]
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(%]
oo

=

1=
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©
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©

=

Charging Space

Figure 1. Layout of workspace for our system

AGV driving space: The working layout of a cross-docking warehouse also includes support areas for various
functions. These may include administrative offices, quality control stations, maintenance areas, break rooms,
restrooms, and employee facilities. The support areas are strategically positioned to provide easy access and
oversight of the entire warehouse operations.

In addition, the heart of the cross-docking warehouse is the cross-docking zone. In this section, products from
incoming shipments are matched with outgoing orders or consolidated for further distribution. It involves merging
shipments from multiple suppliers, breaking down large shipments into smaller ones, or combining smaller
shipments into larger ones. The objective is to optimize delivery routes and minimize transportation costs.
Furthermore, for long-term operation, charging space is useful to supply energy when battery of AGV is low.
Overall system is managed and controlled by operation center.
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Figure 2. AGV navigation by QR code

In this system, our model includes two active wheels, two passive wheels, vision module and lifting platform.
Two driving motors are directly attached to active wheels while passive wheels are free. Whenever AGV changes
direction, active wheels adjust their velocities according to forward kinematics as well as a number of pulses. In
the AGV driving space area, the space is coded in the form of a grid, each mesh is called a workstation (node),
located by a QR code as shown in Fig. 2. Based on that, the AGV can determine the location. position and direction
of movement, and send information about your position to the central system. The packages are placed in the
cargo area and the rest are aisles.

2.2. Mathematical model

The AGV has the structure as shown in Figure 3. Some parameters of this vehicle include that Ox;y; is the
coordinate system attached to the ground, Ox,.y, is the coordinate system attached to the AGV, 6 represents the
deviation angle between these two coordinate systems, A is the center of the road connecting the two drive wheels,
C is the center of mass AGV, R is the radius of each wheel, and L is the distance between the centers of the two
wheels.

0 . L >

X4 Xc¢ Xp X,

Figure 3. Modeling of our AGV to track the reference trajectory

The equation of velocity for the center of mass C of AGV in the coordinate system attached to the ground is
as below:
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As Fig. 3, three error parameters of AGV and the reference point P need to be identified. It is considered that
ey, e,,e; are the errors in X, Y and Z axis respectively, and 6, is an angle between directional movement and
reference point. In the relative coordinate attached to the tracking point C, we have
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3. DESIGN OF MOTION PLANNER

The result of motion planning is the timing that the AGV needs to follow when moving to the workstations,
in order to eliminate collisions and deadlocks. Therefore, it depends a lot on the accuracy of this algorithm. It
should be recognized that for cross-docking, AGVs move on routes that are combinations of straight path;
segments. There, the AGV accelerates from 0 m/s and decelerates to 0 m/s when reaching the turn, for example
Figure 5. The improved motion planning algorithm for the AGV is divided into four parts.

(1). Identify the travel time A,;,,. between two nodes in the same route.

(2). Then, link these travel times A,;,,,, between two nodes into the complete schedule.

(3). After determining this schedule, our system can be aware the potential collision of this AGV with the
others according to the type of collisions.

(4). The previously outlined handling options are applied on a case-by-case basis.

path,
58 AGV | 59 ’__|60 61 62
L1 L
way scv path,

47 48 49 50 51
] [ ] 17 [
L L L LA L]

36 37 38 39 40
] [ ] [ [

L] L] L] L
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Figure 4. Description of traveling route for AGV (way,gy) from many straight trajectory path;
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4. RESULTS OF RESEARCH

In this section, our system is simulated in the personal computer with technical specifications such i7 core,
3300Hz, 8G RAM and Win10 OS. The simulation environment is done in MATLAB software, cross docking as
shown in Figure 1 with the following main parameters: The distance between two workstationsis d,,,4. = 3.9 m.
The target velocity of the AGV is vy = 1 (m/s?). Acceleration of AGV depends on load, divided into four levels:
large (0.18 m/s?), medium (0.36 m/s?), light (0.72 m/s?), no load (1 m/s?). The time the AGV rotates in place
is tgg= 4 (s) when rotated 90° and t;g0= 6 (s) when rotated 180°. The safe threshold of the system is u, =

11.9 (s), u, = 8 (s).

In these experiments, it is aware that the previous planner [12] exists some limitations in the estimation of
travel time for AGV to move to target nodes. For the complicated routes or carry larger cargo, these limitations
could cause some fails in collision avoidance or leading to unfortunate crash. However, in this study, the proposed
method overcomes these drawbacks. In detail, we consider that AGV is moving from workstation 54 as Fig. 5.
After 3.4s from this movement of AGV,, another vehicle such AGV; start receiving its task to move from
workstation 60 to workstation 38. In this stage, our system is responsible to schedule the movement of AGV1. Our
experiment selects the time point as the time when AGV; starts moving, the schedule of these 02 AGVs is made

and described in Table 1.
\
59 60 61 62 63 64 65
Jj L Jj Jj ak 5

ISO I51 ISZ 53 54
‘ 1] ]
39

I AGV1
48 49
(| |
L1 | I (- J
37 38 40 Lm 42 43
- o (] [ —

Figure 5. Example of layout in the collision at one intersection

Table 1. Competitive schedule between AGV1 and AGV; in this example using our method and Z. Z. [12]

Workstation | 60 | 49 88

AGVi| zz[12](s) |0 | 79 | 118

Our method

0 | 104 | 148
©)

Workstation 54 53 | 52 51 50

ZZ[12]1(s) | 34 | 05| 44| 83 | 122

Our method(s) | -34 | 1 | 49| 88 [127

Due to the tracking data, our system chooses the time point when AGV1 locates at workstation 60 and AGV:
is on the way to the workstation 53. Then, AGV1 has to turn around and moves toward to the workstation 49 while
AGV: is forwarding to workstation 49. By using previous method, the estimated time of AGV1 is 7.9 seconds
which is faster than our approach. It could be explained evidently that the turning time is not counted in previous
method, hence it is not proper in practice. For AGV>, method of Z. Z. [12] computes the less time for each route
because it prescribes all routes are similar and the same. However, in each intersection, AGVs have to decelerate
to avoid possible collisions. In that case, it takes more time to travel if using our approach. Since there is no
potential collision, in a short time AGV> straightly moves without any stop. AGV takes a lot of time to change
direction and moves later. At the workstation 49, it is clearly seen that the probable collision is detected. In this
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stage, with p, = 8, some descriptions to compare between our method and the other method [12] are denoted as
Table 2.

Table 2. lllustrative comparison between our method and the other method [12]

Workstation 49 Z.Z.[12] Our approach
4;twm6 - 4§twm6 [16.1-7.9|=8.2>p, [16.6-10.4] = 6.2 < p,
Statement No collision Possible collision
Action Agree with the scheduled trajectory of Need to re-generate the motion plan to avoid
AGV; collision at workstation 49

5. CONCLUSION

In our study, a method to detect the potential collision in the large-scale system including various AGVs was
proposed. The working layout consists of many vertical lines and horizontal ones which vehicle tracks as reference
trajectory. Besides, in our design, a digital camera is attached to the bottom of AGV to identify the lane and
acknowledge to main microprocessor. Our method suggested a mechanism comprising four steps to detect the
probable collision as well as proposed the novel plan to avoid. To demonstrate the effectiveness and feasibility of
our approach, an example to compare between the proposed method and the previous method was analyzed and
explained. In future, the hardware platform of multi-vehicle system should be created to realize our algorithm.
Also, the improved scheme by integrating with intelligent algorithm such machine learning or reinforce learning
could be applied to enhance the behavior of this system.
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Abstract

In this study, three asymmetrical airfoils (S809, S822 and SD7062) are selected, and the flow data is
constructed through numerical analysis results of the pressure fields and aerodynamic coefficients. A
convolutional neural network model combining U-Net and VGG16 is used to predict the airfoil performance. As
a result, it is confirmed that lift and drag coefficients have error of 0.3% and 0.2%, respectively, between the
trained data and predicted result.

Keywords: Airfoil, Aerodynamics characteristics, CFD, Deep Learning, CNN

1. INTRODUCTION

Although many studies on airfoil have been conducted and a large amount of data has been accumulated.
However, even when performing CFD analysis, it still requires a lot of time and iterative analysis. To solve this
problem, recent research has integrated artificial intelligence into the airfoils. Sekar et al. [1] used deep learning
for inverse design of airfoils. Chen et al. [2] used CNN to predict aerodynamic properties such as lift and drag
coefficients of airfoils. Thuerey et al. [3] predicted pressure and velocity fields using CNN for various airfoil
shapes and angles of attack. We proposed a combination of VGG16 and U-Net artificial intelligence models to
predict the aerodynamic characteristics and pressure fields of airfoils using input data obtained from CFD
simulations.

2. NUMERICAL ANALYSIS

We conducted the k-kl-w transition model [4] and steady state. For each airfoil, the angle of attack was divided
into 133 angles with increments of 0.25° from -13.5° to +19.5°. The freestream velocity was divided into
increments of 1 m/s from 6 m/s to 19 m/s. As a result, 5,187 sets of pressure field and aerodynamic values were
constructed. The neural network model for prediction was composed of the U-Net model with an encoder—decoder
type neural network structure and the VGG16 model with 16 layers. The airfoil shape data and Reynolds number
were selected as input data. The study aimed to predict the airfoil's pressure fields and lift characteristics as output
data.

3. RESULTS

Figure 1 shows pressure contours for CFD, prediction and error. Figure 1 (a) shows the result of applying
banded contour data as the training data, and Figure 1 (b) has the result values with continuous contour data
applied as the training data. Results indicate that the prediction of pressure field learned with continuous contour
(b) is improved compared to one learned with banded contour (a). Table 1 represents the predicted fluid properties
of the conditions applied in Figure 1. The prediction results of learning banded data are similar to those of learning
continuous data in terms of lift coefficient (C.), but the drag coefficient (Cp) has improved.

Table 1. Prediction of trained airfoil aerodynamics of the conditions applied in Figure 1

Banded Continuous
Parameter
Cy Cp Cy Cp
CFD 1.332 0.0218 1.332 0.0218
Prediction 1.328 0.0222 1.328 0.0215
Error 0.30% 1.83% 0.30% 1.16%
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Figure 1. 2D contours of the pressure of S809 at Re= 1.03 x 10”6 and o= +11° with (a) banded and (b)
continuous levels

4. CONCLUSION

An artificial intelligence model combining VGG16 and U-Net models was proposed to predict aerodynamic
coefficients for three airfoil shapes. Using the existing training data, the total prediction error of the banded
contour has a mean absolute error of 0.37% for C, and 0.22% for Cp,. When using the improved training data with
continuous contour, the total prediction error improved to 0.3% for C; and 0.2% for Cj,. The time required for one
CFD analysis was 30 minutes per case and 108 days were required to generate 5187 data, while the artificial
intelligence method took 40 seconds per epoch and 11.25 hours for 1000 epochs in total.
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Abstract

Physical adsorption is an up-and-coming technology for separating CO2, which can lead to efficient CO2
capture with minimal energy costs. Additionally, the adsorption behaviour of CO2 can be influenced by various
structural properties. This study employed a multi-scale simulation approach to investigate the behaviour of CO2
adsorption processes on carbon-based materials, namely graphene and activated carbon, to gain a deep
understanding of the CO2 adsorption behaviour at various length scales to optimize the performance of CO2
capture processes for different materials. The methodology involved utilizing density functional theory (DFT) to
calculate the interaction between CO2 and adsorbent, then analysing carbon-based materials' adsorption
mechanism through structural parameters, adsorption energy, and surface electronic properties. Grand canonical
Monte Carlo (GCMC) was utilized to determine adsorption isotherms, selectivity, and isosteric heats, while
molecular dynamics (MD) was utilized to calculate radial distribution (RDF) and diffusion. Finally, a
computational model was developed using the Ansys Fluent program, linked by a user-defined function, for
accurately predicting the distribution of concentration and temperature field in the adsorption system. The results
showed that the density of states (DOS) of graphene matched well with the previous DFT simulation, indicating
the accuracy of the multi-scale simulation approach. Furthermore, the adsorption isotherms and breakthrough
curves were in good agreement with the experimental data, providing further validation for the approach's
reliability. Overall, this study provided valuable insights into the behaviour of CO2 adsorption processes on
carbon-based materials, which could potentially develop more efficient CO2 capture processes. The novelty and
importance of this research lie in the multi-scale simulation approach, which accurately captures the intricate
details of CO2 adsorption behaviour at various length scales. Future research could utilize these findings for
machine learning to further optimize CO2-capturing systems' performance.

Keywords: CO2 capture, CFD, Molecular simulations, Density functional theory
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Abstract

Given the rapid growth of urban populations and the increasing challenges of waste management, there is an
urgent need for innovative solutions to effectively address these issues. This abstract introduces a comprehensive
study on the creation of an Intelligent Waste Management System (IWMS) that utilizes Internet of Things (I0T)
technology specifically designed for smart cities.

The objective of this research is to develop a smart and efficient waste management system that utilizes loT
devices, data analytics, and intelligent decision-making algorithms. The proposed IWMS aims to optimize waste
collection, reduce operational costs, minimize environmental impact, and improve overall waste management
practices in smart cities. By implementing this system, the advantages include increased efficiency in waste
collection, optimized use of resources, improved environmental sustainability, and overall enhancement of waste
management practices.

The proposed approach integrates 10T sensors and connected devices into waste bins, collection vehicles, and
waste processing facilities. These sensors enable real-time monitoring of waste levels, temperature, humidity, and
other relevant parameters. The collected data is transmitted to a central 10T platform, where it is analyzed and
processed using advanced data analytics and machine learning algorithms. The system employs intelligent
decision-making algorithms to optimize waste collection routes, predict fill levels, and schedule timely collection.
This approach ensures that collection resources are dynamically allocated based on real-time data, reducing
unnecessary trips, minimizing fuel consumption, and optimizing operational efficiency. Additionally, the system
can identify anomalies such as fires, leaks, or odors in waste bins, enabling prompt actions and ensuring public
health and safety.

The research aims to evaluate the performance and effectiveness of the proposed IWMS through extensive
field trials and data analysis. The outcomes of the study will showcase the significant improvements achieved in
waste collection efficiency, resource utilization, environmental sustainability, and overall waste management
practices. The findings will provide valuable insights for policymakers, waste management authorities, and urban
planners in the adoption and implementation of intelligent waste management systems in smart cities.

The uniqueness and innovation of this research lie in combining loT technologies with data analytics and smart
decision-making algorithms to create an intelligent waste management system. The scientific contributions of this
idea include:

1. Integrated 10T Solution: Our proposed IWMS integrates 10T sensors and devices to gather real-time data on
waste parameters, allowing for proactive waste management decisions. This integration ensures that waste
collection is optimized, leading to cost and environmental impact reduction.

2. Advanced Data Analytics: By utilizing advanced data analytics and machine learning algorithms, the system
can analyze and process the collected data, providing valuable insights into waste collection patterns, fill levels,
and anomalies. This enables data-driven decision-making and enhances operational efficiency.

3. Intelligent Decision-Making: Our system employs intelligent algorithms to optimize waste collection routes,
predict fill levels, and schedule timely collections. This intelligent decision-making approach minimizes
unnecessary trips, reduces fuel consumption, and improves overall waste collection efficiency.

4. Environmental Sustainability: Through optimized waste collection routes and reduced operational costs, our
proposed IWMS contributes to environmental sustainability. The system minimizes carbon emissions, promotes
recycling and waste reduction initiatives, and enhances overall waste management practices.

Keywords: Internet of Things, 10T, waste management, smart cities, intelligent decision-making, data
analytics, sustainability
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Abstract

Active research is focused on the synthesis of zeolites using industrial by-products rich in Si and Al. Since the
synthesis of zeolites using pure chemical reagents is expensive, many researchers strive to develop methods that
utilize industrial by-products containing a great deal of Si and Al. These methods include fusion, hydrothermal,
and fusion-hydrothermal reactions.

While active research focuses on the synthesis of zeolites using industrial by-products rich in Si and Al, limited
studies have been conducted on synthesizing zeolites with the residual by-products of indirect carbonation.
Indirect carbonation is a CCUS technology that involves extracting Ca and Mg from raw materials, Ca- or Mg-
rich industrial by-products and natural minerals, using solvents. The extracted Ca and Mg are then reacted with
COg, converting them into stable CaCO3; and MgCOs. However, valuable components such as Si and Al remain
in these residues after the Ca or Mg has been eluted from industrial by-products using solvents, and the amount
of these residual by-products is substantial.

In this study, we aim to assess the feasibility of synthesizing zeolites from residual by-products of indirect
carbonation through two ways: fusion hydrothermal reaction and hydrothermal reaction. To generate the residual
by-products, coal fly ash was mixed with three solvents (0.3M HCI, 0.3M NHA4CI, seawater) and then filtered.
The fusion-hydrothermal reaction and hydrothermal reaction were performed on both the three residual by-
products and the parent coal fly ash to synthesize zeolite. XRD and FE-SEM analyses confirmed that zeolite P
was successfully synthesized in both the residual by-products of indirect carbonation as well as the parent coal fly
ash. It was observed that the zeolites synthesized from the residual by-products exhibited similar characteristics
to those synthesized from coal fly ash.

Thus, this study validated the possibility of synthesizing and recycling zeolites using the residual by-products
of indirect carbonation, which are regarded as landfill waste.

Keywords: Indirect carbonation, Industrial by-products, Residual by-products, Zeolite
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Abstract

In this study, we conducted an experiment to evaluate the fracture energy of fiber-reinforced mortar using
recycled PET (Polyethylene Terephthalate) fiber. We considered two types of recycled PET fiber. One type of
fiber consists of shredded rPET bottles, with a length of 20 mm and a width of 2 mm, while the other type
resembles textiles used for clothing, with a length of 51 mm. To make the mortar applicable to marine concrete
structures, we used seawater as the mixing water. Additionally, the incorporation of nano-particles improved the
bond strength in the Interfacial Transfer Zone (1TZ) and improved the bond strength of surface-treatment (NaOH,
Silane coated) PET fibers. We confirmed the performance improvement through tests on compressive strength,
tensile strength, and fracture energy. The results showed that the fracture energy of the specimens incorporating
surface-treated PET fibers improved by 802% compared to that of plain mortar. Microstructure analyses such as
XRD and SEM confirmed the presence of hydration products and the improvement in bond strength. XRD analysis
included a hydration analysis of each specimen, which revealed the presence of Friedel’s salt when seawater was
used. SEM analysis confirmed that bond strength was enhanced by nano-silica and dimples were formed on the
surface of PET fibers hydrolyzed with a NaOH solution. The observed increase in fracture energy of recycled
PET fiber-reinforced mortar suggests that it can be used to enhance the impact resistance of marine concrete
structures.

Keywords: Recycled PET, Nano-particle, Mortar, Fracture energy, SEM, XRD, Bond strength
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Abstract

In mineral carbonation, direct carbonation is a technology that involves direct reaction of calcium and
magnesium sources with carbon dioxide to store and utilize them as carbonate minerals. Previous studies in our
lab have shown that indirect carbonation using oyster shells and seawater is economically and environmentally
advantageous for producing high-purity calcium carbonate. However, it requires an excessive number of calcined
shells in the calcium elution process, resulting in a significant quantity of residual by-products. Therefore, the
objective of this study is to directly carbonize the residual by-products of indirect carbonation in order to achieve
a mineral carbonation process with zero by-products, using shells and seawater.

XRF and XRD analysis of the residual by-products obtained through indirect carbonation indicated that
calcium and magnesium were present at concentrations of 75% and 15%, respectively. The analysis also
confirmed that the main components were Ca(OH)2, Mg(OH)2, and CaCOs. In the direct carbonation process, the
residual by-product and distilled water were mixed 1:10 (g:mL) and reacted with carbon dioxide. The carbonation
reaction was terminated at pH 7, and the resulting precipitate was filtered to separate the solids. When the filtrate
was stirred at room temperature and 60°C for a period of time, a white solid was produced. The two types of solids
produced in the experiment were analyzed as follows. Firstly, the solid produced by direct carbonation was
analyzed by XRD, which confirmed the formation of calcium carbonate and nesquehonite, a type of magnesium
carbonate. TGA analysis showed that the weight of magnesium carbonate and calcium carbonate decreased by
18.1% and 21.4%, respectively, between 300~500°C and 500~820°C. In addition, XRD analysis confirmed that
when the filtrate obtained after direct carbonation was stirred, nesquehonite was produced at room temperature
and hydromagnesite at 60°C. More than 90% of the dissolved magnesium in the filtrate was precipitated, and the
crystallinity of the synthesized magnesium compounds increased when the stirring time was increased from 1
hour up to 24 hours.

In this study, residual by-products produced from the indirect carbonation process using calcined shells and
seawater were directly carbonated and recycled into calcium carbonate and magnesium carbonate. The
manufactured calcium carbonate and magnesium carbonate can be used for paint, rubber, paper filler, materials
for construction products, food additives, flame retardants, and more.
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Abstract

Among diverse bioelectrochemical technologies, microbial electrosynthesis (MES) has been known as a
potential system for carbon capture and biological conversion of carbon dioxide into value-added chemicals and
biofuels. This study aims to conduct an in-situ conversion from CO; to a bioplastic material such as Poly (3-
hydroxybutyrate) (PHB), a biodegradable and biocompatible biopolymer that exists as intracellular granules. The
symbiotic interactions between electroactive acetogen and PHB-accumulating bacteria have been employed,
resulting in the reduction of CO; into volatile fatty acid (VFA), then serving as the essential carbon source for the
PHB accumulation in MES reactor. The investigation has been conducted with different factors, including
imposed cell voltage, modified cathode material, carbon and inoculum sources. As a result of the optimization
process, the highest VFA production in the system was 356.01 (mg/L) at 2.5 V with PEDOT: PSS as the modified
cathode material. The result indicates that at lower than 2.5 V, almost no VFA was detected in the system. In
comparison, the food-waste as inoculum has a higher capability in PHB production than the anaerobic sludge.
Meanwhile, PHB is accumulated in the system with a maximum concentration was 22.79 (mg PHB/g VSS) at
1.82 V and inoculum as food-waste. The optimized operation factor chosen for further investigation in PHB
production was PEDOT: PSS as cathode material, CO2 as carbon source and cell potential should be provided at
2.5V, inoculum as a mixture from anaerobic sludge and food-waste. This research approaches the development
of sustainable technologies, which generate valued bioplastic from the bio-electrochemical system while
removing the major component of greenhouse gas. However, further long-term optimization operation is required
to enhance the conversion of CO; to PHB.

Keywords: Bioplastic, Poly (3-hydroxybutyrate), In-situ, Carbon capture and Utilization, Microbial
electrosynthesis
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Abstract

Microbial electrolysis cells (MECs) are potential candidates for hydrogen production based on their high
performant and effectiveness in treating complex organic compounds. However, the competition between
electrogenic bacteria and methanogens in the system significantly limits the increase in biohydrogen production.
Until now, many studies have focused on inhibiting methanogens in fermentation systems. Nevertheless, MECs
have still lacked a cost-effective method to control non-electrogenic bacteria. Some chemicals used for controlling
methane production are continuously employed, but they are not the optimal choice due to their harmful nature
and high cost. Therefore, this study aims to identify economical and highly profitable approaches to suppress
methane and non-hydrogen-producing bacteria, while simultaneously enhancing hydrogen production in MECs.
In this work, anaerobic digestion sludge was used as the inoculum, and the substrate was obtained from a swine
manure fermented plant, known for its rich VFAs and nutrient content. Three pretreatment methods, including
physical, chemical, and combined treatments, were selected for both the substrate and inoculum. The results
pertaining to methane suppression, the activity of electrogenic bacteria, and the microbial community were
analyzed. The preliminary findings highlight the effectiveness of the pretreatment methods in suppressing
methane production in a complex substrate and inoculum. This study identifies practical and efficient pretreatment
method to mitigate methane production, supporting the implementation of MEC systems on the larger scale.

Keywords: Wastewater treatment, Hydrogen production, Methane suppression, Microbial electrolysis cell
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Abstract

The use of drones has emerged as a promising solution for last-mile delivery challenges faced by last-mile
delivery services and e-commerce companies. In the recent decade, many leading companies have tried to
implement drone last-mile delivery in urban areas and drone delivery is considered to be beneficial in both
environmental and economic perspectives. This paper considers a last-mile delivery system in which a set of
drones operate cooperatively with a public transportation system to deliver parcels from a center depot to
customer locations. Public transport stations, or transfer nodes, are considered as battery swapping spots for
drones. The proposed system is studied with the aim to address the limitation of drone battery capacity, thus
increasing the flight range of drones. A mathematical model is presented to solve the problem. The result
shows that the energy consumption and flight range of drones are highly impacted by the integration of the
public transport station.

Keywords: Drone delivery, Capacitated vehicle routing problem, Time window, Scheduled line

1. INTRODUCTION

Together with urbanization, the rapid growth of e-commerce in recent years has brought many considerable
challenges for last mile delivery systems [1]. The increase in the number of online orders per person has led to a
high volume of parcels to be delivered in a concentrated geographic area. This also resulted in more delivery vans
and trucks entering the city, putting a burden on existing infrastructure and the environment. Increasing customer
demand for fast and cheap delivery is another challenge for the last-mile delivery service. Additionally, the
fluctuation in online shopping activities and seasonal sales requires a last-mile delivery servicethat is easily
scalable on short notice [1]. Lastly, the aging workforce in many countries highlights the manpower problem for
low-paid jobs such as parcel delivery [1].

To stay competitive in the market with new challenges mentioned about, in the recent decade, several firms
have started to invest more in the application of drones in delivery. Amazone was one of the first players when it
deployed the Prime Air delivery system in 2013. In the same year, Deutsch Post DHL launched the Parcelcopter
project that uses aerial vehicles to transport medicine to the island of Juist in the North Sea. One year later, Project
Wing of Alphabet, the parent company of Google was presented.

In terms of operations, there are practical constraints and challenges that limit the use of drones in last-mile
delivery. Delivery drones have limited battery capacity, which leads to limited flight time and flight range. Since
current delivery drones can only handle medium package weights, each drone can only serve a small number of
customers per delivery trip. Furthermore, deployment of drone delivery systems requires significant capital
investment for new infrastructure such as charging stations or drone ports, and weather conditions can cause
delays or damage to drones while performing delivery.

This paper is dedicated to studying the capacitated vehicle routing problem with time window and scheduled
line (CDRPTW-SL) in a novel proposed system that helps to increase the flight range of drones by integrating
them with public transport systems. Inspired by the works of [5] and [3], the proposed problem is to extend the
classical Vehicle Routing Problem with Time Windows (VRPTW) by integrating drones with the publictransport
system. The problem is formulated as a Mixed Integer Linear Programming (MILP) model.

Public transport for package delivery has gained interest from both researchers and logistics companies. In
the Netherlands, a project named City Cargo Amsterdam ran a pilot experiment using cargo trams in 2007, where
two cargo trams were utilized to transport cargo in the city center of Amsterdam [3]. [3] studied the use of
predetermined transportation routes for freight transport, considering synchronization constraints. The integration
of drones into public transport systems has also been considered recently. A low-level drone round trip routing
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in a stochastic time-dependent network when drones are integrated into a transportation network is studied in [4].
[2] investigated integrating drones into existing public transport infrastructure where drones can either directly
serve customers if capable or move along with public vehicles to extend the flight range. [5] proposed a
mathematical model based on VRP to study the integration of multiple drones into a single public transport route,
where drones use public transport vehicles as moving charging stations.

2. MATHEMATICAL FORMULATION

2.1. Problem description

The problem is formally defined on a graph G = (V, A) where V is the set of nodes (depot, transfer nodes, and
customers) and A represents the set of arcs where A = {(i, j)|i,j € V}. Each arc (i,j) € A is associated with a
travel time ¢;;. Each customer i € C is associated with a parcel weight w; and a service time s;. As the deliveries
will require the presence of customer, each customer is associated with a time window [[;, u;]. It is assumed that travel
time and service time are known in advance.

A set of homogeneous drones D is equipped at the depot with the same maximum weight capacity Q2 and
battery capacity 8. Each drone can carry multiple parcels as long as the total weight of the parcels does not exceed
QP. The battery consumption of a drone while traversing an arc (i, j) is assumed to be t;; X ¢, with ¢;; is the
battery consumption rate.

A public transport system is considered in the network, which includes a set of transfer nodes given as B and
a set of scheduled lines given as E (E € A). Each scheduled line is defined by the directed arc between two transfer
nodes, i.e., E ={(i, j)|1,j € B). For each schedule line (i, ;) €E, there is a set of indices for the associated schedule
departures times from transfer node I to j, KU. The departure time; js then denoted as pv, V(i, j) € E, Vw € K.
Furthermore, a departure from a transfer node is assumed to be able to simultaneously carry a limited number of
drones, thus implying a carrying capacity u?.

Scheduled line

Transfer node

@
lome ]

Depot
O Customer
A\ O Drone sortie
O

Figure 1. An example network of the CDORPTW-SL

2.2. Nomenclature

The notations of sets and parameters used in the formulation of the problem are explained in Tables 1 — 3.

Table 1. Sets
Set Definition
%4 Set of all nodes, including depot, customer, transfer node i,j = 1 ... |V|
C Set of customers
D Set of drones
A Set of arcs in the graph defined by V x V
B Set of transfer nodes
E Set of scheduled lines (i, j)
K Set of indices for the departure times from transfer node i to transfer node j
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Table 2. Parameters

Parameter Definition

tyj Flying time from node i to node j, Vi,j € V
S The service time at node i, Vi € C
i The departure time from transfer node i on scheduled line (i, ), indexed by w
Q Carrying capacity of the drone
ub The maximum number of drones that can be simultaneously carried on each scheduled line
d; A package of weight associated with customer i, i € C
0 The maximum energy can be stored in the drone’s battery
oly The battery consumption rate of a drone while traversing arc (i, j),

[1;, u Time window of node i, i € C
cP Fixed unit cost of using drone
Cij Cost of using the scheduled line (i, j) for transferring one drone
M A very large number

Table 3. Decision variable

Decision variable Definition

xl.dj Binary variable equal to 1 if arc (i, ) is traversed by the drone d; 0 otherwise, V i,j € V,
d € D.

yd Binary variable equal to 1 if drone d is used; O otherwise, Vd € D.

qgljw A binary variable equal to 1 if a scheduled line (i,j) is used to carry drone d at the
departure time indexed w; 0 otherwise, V (i,j) € E,d € D,w € KU

Tid A continuous variable representing the departure time of the drone d from node i, vi €
V,d € D.

wi An integer variable representing the cumulative weight of drone d after unloading at node
i,viecCdeD.

ve An integer variable representing the total weight that drone d picks up at the depot for
operation, vd € D

hig A continuous variable representing the battery level of drone d when it departs from node
i,VieV,deD

2.3. Mathematical model

Objective
function
inimi =y d gdw

g/illnlmlze Z=Y"" CPyd + ¥ ) ek ZdeD Zwex” age 1)
Routing and flow constraints

Fuie,izj X = Lkevizj x4 =0, VjEBUC,d €D )
g;d =1= Yiepkzj X¢ =ki1 vdeD,ieV\{C,0%,0},jeV\{BO0t}i+j ©)
%§-d =1= Yiepizj X4 7(1, vdeD,ie V\{B,07},j e V\{C,0%,0-},i #j (4)
ggd =1= Yievjsj x4 =1 vdeD,ijeV\{C0+0},i+j (5)
ozfj.EV\wto-} ¥t =yivdeD (6)
g;ieV\{oto—} xd-= y% vd € D @
lzj:iev,#j Yiepx?=1, Vj€C 8)
g:ieV Yjev,jzx? =0=y?=0,Vd € D ©)
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g:ieV Yjecjzix?=21=y¢=1,Vvd €D (10)
§d=1$rid+tij+sjgrjd, VdED,Vl,]EV,l:#] (11)
%d=1ﬁrdeuj, VdED,i,jEV,i:rtj (12)
gg,d=1=>7"jd—5j2 l]', VdED,i,jEV,i¢j (13)
Weight capacity constraints
ilj.iev 2jecj#i X" = V", Vd € D (14)
v <Q,VvdED (15)
Synchronization constraints
g:weﬂfij g > xd, \l?;d €D, (ij) €EE (16)
d d) i ij
x qu,ijvdeD,(z,])eE,weJCJ (17)
gdw =1=ry=p" iyd €D, (i,j) EEwEXY (18)
faen g < P, V (i,) € E,w € K (19)
Drone’s battery consumption
¥ =1=hjg=0, VdED,i€V,j €B,i #] (20)
3‘% =1= hpry=0, VAED,i,jEV,i+#j (21)
gd =1= hjd: hig _¢ij * tij: vd € D,i € V,] € V\{B},l ?'—'j (22)
#0=1= ha-¢y*t; 20, VAED,i€V,jEB,i #j (23)
Decision variable domains
xt € {01}, vij€V,vd €D (24)
xi - =xi 4 =0, VdeD (25)
yl €{0,1},Vd €D (26)
q € {0,1}, vd € D,V(i,j) € E,vw € K 27)
ij
ria € R*, VieV,Yd €D (28)
hit € R+, Yi € V,¥d € D (29)
}/vd ERY, ViinV,vdinD (30)
v € R+, ViinV,vd in D (31)

The objective function (1) aims to minimize the total cost of using drones for delivering and using scheduled
lines for transferring drones. Eq. (2) incorporates the flow conservation between nodes. Eqs. (3) — (5) are set to
prevent drones from using transfer nodes as hubs or a simple middle node. Constraints (6) and (7) guarantee that
if adrone is used, it will depart from and return to the depot exactly once. Constraint (8) ensures that each customer
is visited exactly once. Egs. (9) — (10) make sure that if a drone is selected for delivery, it will visit at least one
customer. Subtour elimination is handled by Eq. (11). Egs. (12) and (13) ensure that time windows are respected.
Eq. (14) indicates the total load that each drone is supposed to deliver, while Eq. (15) incorporates the limited
weight capacity of each drone. Eqgs. (16) — (17) handle the synchronization between drone’s route and the
scheduled line. Eqg. (16) makes sure that if a drone is selected to traverse over the scheduled line (i, j), it will take
a departure at the transfer node i while Eq. (17) indicates that if a drone does not traverse the schedule line (i, j),
it does not take any departure from the transfer node i. Eq. (18) forces the departure time of a drone from a
transfer node i to be equal to one of the departure schedules of that node if the drone is to travel over the scheduled
line (i, j). The maximum number of drones carried simultaneously on each scheduled line is considered by Eq.
(19). Eq. (20) indicates the battery level of a drone when it departs from a transfer node, while Eq. (21) shows
the battery level of a drone at the depot. The battery level of a drone after it traverses anarc is evaluated by Eq.
(22). Eq. (23) ensures that a drone has enough energy to fly to a transfer node for charging. Eqgs. (24) — (31) specify
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the value of each variable used in the model.

3. NUMERICAL EXAMPLE

The proposed mathematical model is examined using a small size example problem. In the considered
problem, a set of 5 drones is equipped at a single center depot to serve 5 customers. A public transportation system
with 4 transfer nodes is integrated in the system. Detailed parameters and network information are presented in
Tables 4 — 6 in the Appendix section.

The mathematical model is verified and implemented in CPLEX Solver. The initial result has proved that the
model is effective for solving the small size problem containing 5 customers and 4 transfer nodes. The network
and solution are illustrated by Figure 2.

= Scheduled line

G Transfer node
n Depot
®

Customer

Route of drone 1

Route of drone 2
Figure 2. Solution illustration for the problem

The route (sortie) of done is as follows:

Dronel | 0 2 | 7] 6] 1[5 ] 9] 8][3] 0|
Drone 2 0 4 8 7 0

Drone 1 goes from the depot to customer 2, then flies to transfer node 7 to change the battery. The drone then
boards a public vehicle from transfer node 7 to transfer node 6. After leaving transfer node 6, the drone serves
customers 1, 5 before flying to transfer node 9 to change the battery. The drone then boards a public vehicle from
transfer node 9 to transfer node 8 on a scheduled line before serving customer 3 and finally returning to the depot.
Similarly, drone 2 is responsible for serving customer 4 and uses scheduled line (8, 7) to return to the depot. With
the optimal route presented above, the solution results in the minimum cost of $160.

It can be seen that the synchronization constraint is followed, ensuring that the drone follows predetermined
route and departure time of scheduled lines. Additionally, the energy constraint provides motivation for the drones
to find transfer nodes for battery swapping when their energy level falls below a certain threshold. The optimal
result is achieved within reasonable computational time. It is noteworthy that this result is preliminary and was
obtained using a small size test instance and the model is to be tested with larger instances to fully evaluate its
effectiveness.

4. CONCLUSION

Overall, the integration of drones into a public transportation system has the potential to revolutionize the last-
mile delivery service, improving efficiency and reducing the impact on the environment. Future research regarding
the integration of drones and public transport could consider applying heuristic or metaheuristic approaches to
solve the problem more effectively. Other settings, such as multiple depots or two-echelon systems are also
promising extensions for this study.
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Appendix: Data for numerical example

Table 4. Network information

(1]

(2]

(3]

(4]

(5]

Node i | x-coordinate | y-coordinate d; l; u; Si
Start depot 0 40 50 0 0 300 0
1 22 75 30 10 190 10
2 10 35 20 20 220 10
Customer 3 40 15 40 50 230 10
4 85 35 30 20 200 10
5 65 82 10 30 220 10
6 20 70 0 0 300 0
Transfer 7 20 30 0 0 300 0
node 8 60 30 0 0 300 0
9 60 70 0 0 300 0
Table 5. Sets and parameters Table 6. Scheduled line route
Depot {0} Departure node  Destination node
C {1,2,3,4,5} 7 8
B (6,7, 8,9} 8 7
U {50, 100, 150, 200, 250, g g
300}
0 130 o 10
10 9
pP 3 10 7
c? $50 7 10
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Abstract

In recent years, several researchers and practitioners have focused on Predictive Maintenance (PdM) in
manufacturing using Machine Learning (ML) methodologies, particularly in capital-intensive industries such as
semiconductor manufacturing. Building a decision tool that detects problems in semiconductor industry
equipment or processes as soon as feasible to maintain high process efficiencies is vital to cost reduction and
process control. One of the Semiconductor Manufacturers recently requested the best option for improving their
capacity without increasing capital expenditure for the installation of new equipment, which is to reduce downtime
(as their annual downtime percentage is around 1%, a significant effect on their productivity). The dataset used in
the study is an actual collection of data from a Semiconductor Backend Manufacturing. The data in the analyzed
dataset was significantly imbalanced, with missing values, constant data, and meaningless attributes. However,
the imbalanced properties of the dataset make implementing a predictive model difficult. In this study, the
Synthetic Minority Over-sampling Technique (SMOTE) and Cost-Sensitive Learning (CS) are used techniques
alongside the best model found with the best performance within three distinct machine learning algorithms:
Logistic Regression (LR), Random Forest (RF), and Gradient Boosting (GB), which are used to analyze the
procedure to make imbalanced data perform remarkable results once the data has been balanced. The recall score,
as well as the highest TPR and lowest FPR, will be utilized to evaluate. Our experimental results reveal that RF
in combination with cost-sensitive learning is the optimal model for optimal performance, with the largest area
under the ROC curve (AUC).

Keywords: Imbalance dataset, Predictive maintenance, SMOTE, Cost-Sensitive learning.

1. INTRODUCTION

The research factory in the Semiconductor field has a complex and multi-step manufacturing process with
hundreds of steps [1]. Figure 1 describes the manufacturing overall flow of the Semiconductor Backend process.
Maintenance planning for fault prediction prior to an actual defect by developing a forecasting model can assist
in decreasing downtime, enhancing labor efficiency and productivity, optimizing maintenance costs, and reducing
failure rates.

Pre Wafer e
-Assembly afer Saw Loading

Die Wire .
=D O €

Figure 1. Semiconductor back-end manufacturing flow

Following the multi-product demand prediction, the volume is predicted to expand quickly, and the forecast
demand can be spiked up to 100 million products (from the 2" quarter in 2022 to the 4™ quarter in 2023),
necessitating all plant performance in peak efficiency and productivity. Meanwhile, the Capacity Planning Team
proposes having some improvement possibilities to expand the capacity of specific sub-processes to achieve high
volume forecasts and avoid capital spending for just the short term to save the high cost. As a result, we need a
better maintenance approach that can forecast exactly when machines break down [2] [3] so that we can pay
attention to them quickly and avoid hard breakdowns during production time to reach the goal of “zero defect”

215



4™ International Conference on Advanced Convergence Engineering (ICACE 2023)

August 14" — 16, 2023, Ho Chi Minh City University of Technology, VNUHCM

manufacturing [4]. The topic of reliable detection of equipment failure states in the backend process of
semiconductor manufacturing is studied in this paper using real data. The dataset's distribution is inherently highly
imbalanced. As a result, we focus on establishing a good predictive model for spotting errors that can forecast and
avoid future recurrence.

The rest of the paper is organized as follows: Section 2 briefly overviews relevant acknowledgment. Section
3 presents a general framework for fault detection. Section 4 presents experiments and results with an emphasis
on the implementation of many ML methods with applied SMOTE as data balancing technique for classification
and prediction, as well as several metrics for evaluation. Section 5 presents the conclusion.

2. RELEVANT OF WORK
2.1. Predictive maintenance overview

Three types of maintenance strategies and terminology are defined [5]: (1) Run-to-Failure (R2F) - the simplest
maintenance plan for repairing broken parts, (2) Preventive Maintenance (PM) - time-based maintenance or
scheduled maintenance that is carried out on a regular basis based on a predetermined schedule in time to predict
breakdowns, and (3) Predictive Maintenance PdM - which is the main concern on this study. PdM is a novel
approach to maintenance, but the dearth of research has made implementation difficult. ML has the potential for
predictive maintenance. Unexpected faults in industrial equipment may result in severe accidents and losses for
manufacturers due to interactive behavior [6].

2.2. Predictive maintenance applications

Semiconductor manufacturing is a sophisticated industry, where several ML and Deep Learning approaches
have been documented and applied to defect detection. K-Nearest Neighbor (KNN) [7] based approach was
proposed and Supervised Aggregative Feature Extraction (SAFE) outperformed other techniques. The confidence
matrix was evaluated with Generalized Linear models, Random Forest, Gradient Boosting, and Deep Learning.
MLP was ranked with the highest score (91.95% accuracy) and PCA was the optimal method in the data pre-
processing phase [8].

The original Baseline Predictive Maintenance used the exponential model to predict the remaining useful life,
but this approach has several problems, a data-driven method was proposed [9] with two phases: the learning
process & training model, which contains 3 sub-processes: (1) data acquisition and preprocessing, which can be
single sensory or multi-sensory, (2) feature engineering, which contains feature extraction, concatenation, and
selection; and (3) model training and predicting, in which well-trained. Sampling Methods for Imbalanced
Learning (SMOTE) [10] and Handling Imbalanced Datasets [11] were introduced in 2006. SMOTE is a powerful
method that has been successful in various applications while Evaluation Metrics [12] are used to evaluate the
quantity of accurate and misclassified models. Figure 2 presents the Evaluation Metric formula.

Accuracy = (TP+TN)/(TP+FN+FP+TN) (1)
FP rate = FP/(TN+FP) (2)
TP rate = Recall = TP/(TP+FN) (3)
Precision = TP/(TP+FP) (4)
(1+ B*)Recall * Precision (5)

3 Recall +Precision

Fvalue=

Figure 2. Evaluation Metric formula

With:

TP: True Positive - number of fail cases that are correctly identified as fail.

TN: True Negative - number of pass cases that are correctly identified as pass.

FP: False Positive - number of pass cases that are incorrectly identified as fail, also known as Type | error.
FN: False Negative - number of fail cases that are misclassified as pass, also known as Type Il error.
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3. METHODOLOGY

3.1. Dataset overview

The dataset used in this study is real-time collected data from a linked machine in Burn-in. Process &
Equipment Engineers analyze the data and report results following MTBF (Mean Time Between Failure). Three
issues of the dataset were identified: missing values, irrelevant features, and imbalanced class distribution. The
following introduces a table of summary:

Table 1. Overview of the studied dataset

Number of attributes (sensors and measurement points

of a machine in the process) 14

Number of instances 504605

Labels -1: PASS, 1: FAIL
Number of “PASS” 461971
Number of “FAIL” 42634

3.2. Proposed framework

i Model
Dataset En‘;?r?leirr?ng Data Balancing: Classification:
SMOTE = CS LR. RF. GB
no optimal optimal
¥
Optimal
Predictive Evaluatiing Testing Model Tuning Cross

Validation

Model

Figure 3. Research Framework

Figure 3 presented a structure for the investigation. The dataset needs to be cleansed by checking missing and
unique data values, then filled with data imputation. Approaches used to address unbalanced data are divided into
two groups: SMOTE (data-driven) and CS (algorithmic-based). The details of this research framework are
presented below steps:

1. Feature Engineering: The dataset is checked for 50% of missing data and 4 features are removed. KNN
Imputation is used to replace missing values with genuine ones that maximize the data point's expected
value.

2. Data Balancing: This is the most focused part of this study; predictive models need SMOTE as data
balancing methods to solve the issue, while CS uses unbalanced data.

3. Model Classification: The most effective model is achieved by implementing three ML algorithms based
on different data-balancing techniques.

4. Model Tuning: Parameter tuning is used to select the best parameters for ML algorithms, which are tested
in loops and applied to the test set for result evaluation. The tuning’s outcome is applied to the test set
for result evaluation. The following is a summary of parameter values after the tuning process:

Table 2. Optimal parameters’ value of each algorithm after the tuning process

Classifier | Parameter | Not-Balance | SMOTE | CS

LR C 1000 1000 1000
RF # of trees 100 450 150
GB # of trees 500 500 500
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5. Cross Validation: The dataset is divided into ten sections, with one section chosen as the test set and the
other nine designated as training. This ensures that all cases in the dataset have been tested and the data
has been thoroughly examined. This study will use 10-fold cross-validation.

6. Model Evaluation: Precision, Recall, F1-Score, and ROC-AUC are used to evaluate a predictive model,
while Accuracy often does not express the actual effect for an imbalanced dataset.

4. RESULT AND ANALYSIS

The implementation procedure is divided into different scenarios: Scenario 1: Not Balanced (NB). Scenario
2: SMOTE, and Scenario 3: CS. Three different ML algorithms are then studied for each scenario. This study uses
AUC, Recall, and TNR as metrics of evaluation. AUC is used to categorize an unbalanced dataset, Recall measures
how many errors were found, and TNR measures how few false alarms were generated. The improved
classification was reflected by higher AUC, Recall, and TNR.

4.1. Performance of algorithms on the raw dataset

The results on the raw dataset in Table 3 are not good due to a highly imbalanced characteristic. GB gets
91.3% accuracy, but the false negative rate is equal to 0.96. This means that the model predicts all labels are
"PASS" and does not correct any points.

Table 3. Classification results of Raw Dataset

Algorithm | Accuracy | Precision | Recall Fl-score | AUC FPR FNR

LR 93.40% 0.77 0.31 0.44 0.65 0.01 0.68
RF 90.50% 0.27 0.06 0.10 0.52 0.02 0.94
GB 91.30% 0.40 0.04 0.08 0.52 0.01 0.96

4.2. Data balancing result analysis

Performance measures are shown based on the trials' achieved precision, recall (TPR), AUC, and F1-score.
Accuracy is not a useful metric to evaluate overall performance in a sample that is very uneven. The target
outcomes listed in the table are used as the main metrics for classifier evaluation. Precision is a useful metric for
assessing the performance of the classification model, along with metrics like TNR. The efficiency of each
combination within each phase of the analysis process is evaluated objectively, with the highest TPR, F1-score,
lowest FPR, and TNR used to compare the best results for each method. The detailed results on all algorithms are
shown in Figure 5, Figure 6, and Figure 7 by AUC, TPR, and F1-Score:

AUC

SMOTE Cs

0.545
0.54
0.535
053
0.525
052
0.515

051

H|R mRF mGB

Figure 4. AUC result of each classifier on data balancing techniques
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Figure 5. TPR result of each classifier on data balancing techniques

F1-score
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Figure 6. F1 result of each classifier on data balancing techniques

Table 4 presents the results in detail of ML algorithms on each data balancing technique. The table shows that
training the LR model on the data may produce optimal results in terms of AUC and Recall with the scenario of
CS. The number of true positive labels LR predicted is also 32, which is the highest value.

Table 4. Classification results with Data Balancing

Algorithm I:B):It::ncing AUC | TN | FP FN | TP | TNR | Precision | Recall | FPR chlore
LR SMOTE 0.52 | 198 | 314 17 31| 0.39 0.09| 065|061 | 0.16
RF SMOTE 0.53 | 462 50| 4 7| 0.90 0.33| 0.08| 0.02| 0.13
GB SMOTE 054 | 424 88 36 12 | 0.83 012 | 025|0.17| 0.16
LR CS 052 | 187 | 325 16 32| 037 0.09| 066|063 | 0.16
RF CS 0.52 | 504 8 44 41 098 012 | 0.15| 0.10| 0.13
GB Cs 0.52 | 509 3 46 2| 099 0.40 | 0.04| 0.01| 0.01

5. CONCLUSION

This study investigated the application of ML for fault prediction on real data. Results showed that predictive
models using all data balancing techniques outperformed models using unbalanced data. LR combined with cost-
sensitive learning was the best model providing optimal performance with the highest AUC. This finding could
help decision-makers choose the best model for predicting failures in semiconductor manufacturing and provide
tools for cost reduction. For future work, a deeper analysis of ML algorithms [13] [14] (xgBoost or Generative
Adversarial Networks...) may be considered in future works, where the optimization of loss function or

219



4™ International Conference on Advanced Convergence Engineering (ICACE 2023)

August 14" — 16, 2023, Ho Chi Minh City University of Technology, VNUHCM

maximization of accuracy is discussed. Moreover, dealing with highly imbalanced datasets is a potential topic for
further investigation.
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Abstract

Recently, new renewable energy power plants such as Solar Power Plants, Small-Scale Solar Power Plants for
residential use (such as solar power plants linked with parking lot monitoring systems; Safety Monitoring Systems
for Energy Power Plants), wind power plants, and Small Modular Reactor (SMR) have been established. In
addition, new IT services are emerging with the appearance of various devices. These services range from those
that focus on the needs of producers (power plants) to those that cater to the needs of users. In this topical
collection, we aim to solicit papers on these diverse services. From a user perspective, services such as virtualizing
electric energy in conjunction with big data studies, similar to the energy-gauge User Interface (Ul) of electric
vehicles, have been commercialized. These services aim not only to monitor real-time power usage but also to
predict future applications. Meanwhile, the papers for this Topical collection will include some original
developments, such as monitoring the power usage of old Plants with digital meters through Multimedia
Technology. Therefore, in this proceeding, we will discuss the Overview in 1T-based Power Plants and Electric
Users and the future.

Keywords: Renewable energy, Small modular reactor, User interface, Multimedia technology
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Abstract

Multi-criteria recommendation system design needs to be concrete preference definition between criteria.
Based on the preference, related utility function should be verified through criteria. Criteria ordering and inside
of criterion priority have been investigated by binary relation and rearranged by multiplying permutation matrices.
The obtained results extend to the lexicographic ordering on each attribute, and it helps multi-criteria decision-
making. In order to realize utility function, fundamental knowledge became its justification. Finally, it provides
the preference among criteria, and ordering is also illustrated. Multiplying the permutation matrix on left and right
side helps to rearrange criterion with the preference order; it finalizes the lexicographic order on the attributes. By
the rearrange criterion, relation with lexicographic ordering is also shown.

Keywords: Intuitionistic Fuzzy Sets, Multi-criteria, Preference, Lexicographic order

1. INTRODUCTION

Researches on multi-criteria decision-making has provided the useful background to constitute
recommendation system, pattern recognition and other decision related studies [1]. Being different from the single
criterion decision-making problem, it needs to evaluate the preference between criterion and successive total
ordering in multi-criteria. Without the priority knowledge on between criteria, it could lead to the disorder
representation. First of all, it needs to arrange criteria ordering whether it is based on the preference or any other
evaluation [2]. The preference needs to be assigned or defined in advance, and it should be related with the utility
function based on the preference [3]. Without criterion preference, multi-criteria decision-making becomes simple
averaging or criterion disorder.

In order to get the criteria ordering, utility function should be readied based on the preference with binary
relation as mentioned. For the finite X with preference z, preference relation guarantees utility function u: X —
R[2]. With the explicit utility function, the results lead to the lexicographic order on attributes. Explicit utility
function structure is also challenge. With simple way, preference z is useful to consider it as utility function. For
the finite consumption, it is rather easy to find a utility function for any given preferences.

In this paper, binary relation and its rearrangement has been carried out. First, criterion rearrangement is done
by studying preference and utility function over the criterion for multi-criteria problem. Preference can be decided
by objective and subjective viewpoints. Binary relation — preference — applies utility function which set the order
of criterion. Next, order insider each criterion should be followed to arrange order with lexicographically. It helps
to arrange the attribute order with sequentially. In order to set each attribute priority in criterion, similarity measure
is considered. Assume the criterion value includes like, dislike and hesitation, similarity measure, the proposed
similarity measure is calculated the closedness between attribute and criterion. Here, intuitionistic fuzzy sets
(IFSs) analysis including similarity measure on IFSs is needed in advance. General fuzzy sets (FSs) similarity
measure has been studied in before by numerous researchers [4-7]. We provide the similarity in this research with
simple structure using distance measure. After similarity measure on IFSs design, attribute order inside each
criterion constitutes the lexicographic order together with criterion preference. The total order doe each attribute
help to multi-criteria decision-making because attribute order is expressed via lexicographic order. Furthermore,
we arrange criteria and attribute by multiplying permutation matrix on left and right side.
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The paper is composed as follows. In the next section, fundamental knowledge on the preference and utility
functions are introduced to justify the well ordering on each criterion and attribute. In section 3, similarity measure
for each attribute to calculate the properness to the specific criterion is derived. In this regards, each criterion
properness needs to be set as FSs or IFSs structure. Similarity measure on the fuzzy sets (FSs) and IFSs are
introduced in the same section. In section 4, ordering is carried by multiplying the permutation matrix to arrange
criterion. Derivation and illustrative example are also explained in section 4. Finally, conclusions are presented in
section 5.

2. PRELIMINARIES

Organizing lexicographical order on the multi-criteria decision problem, knowledge on criterion preference
and well ordering in each criterion is necessary. First utility function related with preference is introduced, and
brief surveying on the well-ordered set is also illustrated.

2.1. Preference and utility function
With the existing research on the preference z, utility function between two items represent;

xzy - ulx) =ul)

Preference can provide the lexicographic ordering justification; however, it heavily depends on the subjective
viewpoints [2]. For the criteria ordering, it is inevitable to assign preference between criteria as much as close to
the objectively. As mentioned in the existing research [3], preference has the following properties;

o If X is finite/continuous and  is a preference then there exists u: X — R that represent x.

The proof is illustrated in the existing research [2]. In the assumption, finite X indicate the limited number of
criteria, and it can be discrete and extended to continuous further.

Simply, utility function can be considered as its cardinality such as;

u(x) == ()|

where = (x) = {y € X,y z x}, and || indicate the cardinal number.

In multi-criteria problem, it can be assumed that the number of criteria is finite and the reference is also defined
together with utility function.

2.2. Binary relation

Brief description on binary relation R is summarized with the existing knowledge, and it is noted that the
rational binary relation is called as a preference [2]. And the Rationality is satisfied if the binary relation satisfies
completeness and transitivity together.

o R is complete on X if xRy or yRx are satisfied V x, y € X, and the transitivity is denoted for all x,y,z € X,
if xRy and yRx, then xRz.

e R is antisymmetric is xRy and yRx then x = y.

o Linear relation is defined as the following;

¢ Relation is rational if R is complete and transitive; sometimes it called preference. And linear relation if R
is rational and antisymmetric.

The finite ordinals, which are identified with the nonnegative integers, are defined recursively: begin with the
empty set (identified with 0), set n to equal {0, 1, ..., n— 1}, and let € supply the ordering. An infinite ordinal S
also equals the set of all ordinals less than S, for example, the set of all finite ordinals which is denoted by w. The
well-ordering theorem states that for any set X there is a binary relation < on X such that (X, <) is well-ordered.

The mentioned binary relation can be applied to the criteria preference and the attribute belongingness in the
specific criterion. The well-ordered binary relation guarantees the lexicographic ordering. Hence, it is the
fundamental knowledge to solve the multi-criteria decision making. In the next chapter, we provide the similarity
measure design with the attribute belongingness; that is expressed with FSs and IFSs.

3. SIMILARITY MEASURE FOR THE PREFERENCE

Similarity measure with respect to the referred criterion provides the closedness to the criterion preference. In
this section, we provide the similarity measure on the IFSs which are considered as the attribute value for each
criterion.
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3.1. Intuitionistic fuzzy sets

As the extension of fuzzy sets (FSs), IFSs include hesitation of information and data uncertainty. From the
definition, it is noticed that the information is categorized more detail [8-10]. Together with membership degree
1, (x), non-membership degree v,(x) is expressed in the following definition, respectively.

Definition 3.1 [8,9]. IFSs I for the universe of discourse X = {x;, x5, -+, x, } is defined as follows:

V= {(x,u (), v, (x) )]x € X, 1, (x) € [0,1], v,(x) € [0,1],0 < p; (x) + v, (x) < 1}

where, u,(x)and v,(x) denote a membership function and non-membership function of x in I, respectively.

From the Definition 3.1, it is clear that membership degree of IFS V should be restricted in (i, (x), v;(x)).
Degree of uncertainty can be defined by 1 — u;(x) — v;(x) = m;(x). Furthermore, if u,(x) + v,(x) = 1, then
IFSs V is considered as a standard fuzzy set. To evaluate the uncertainty or entropy on IFSs, hesitance information,
membership and non-membership degree have to be considered. By considering hesitance, fuzzy set property is
defined.

Definition 3.2 For IFSs V in the universe of discourse, if u,(x) + v;(x) = 1 and y,(x) + v,(x) = 0, then I
is considered as a FS and null set, respectively.

All degree points represent the all values of 0 < u(x) < 1 and 0 < v(x) < 1. And all points are defined as
FSs, IFSs and PFSs by their definition. We illustrated the relation of membership and non-membership value with
figure in later. In the reference, null set was modeled by having no any other information about data themselves.
It represents the coordination of u,(x) - v,(x) plane. Even the hesitance is illustrated by the area under the fuzzy
line. Inside of the area, it is clear to obtain the relation of u,(x) + v;(x) + hesitation = 1. By the graphical
representation, it is clear that hesitance satisfies one as u1,(x) + v;(x) — 0, that is, hesitancy approaches to origin.
From Fig. 1, sets on the fuzzy line means that it has no hesitance. Under the fuzzy line, relations between
membership degree and non-membership degree are defined by 0 < pu;(x) + v,(x) < 1.

3.2. Similarity measure

Many researches on similarity measure have been carried out by the numerous researchers; it was designed
based on distance measure and fuzzy number [4-7]. Similarity measure represents the similar degree between
different information and data, and many similarity measure design has been proposed based on the definition [5,
6].

Definition 3.3 [11] A real function s: F2 — R™ is called a similarity measure, if s has the following properties:

(S1)s(A,B) =s(B,A), A, BEF(X)

(S2) s(D,D¢) =0, D € P(X)

(S3) s(C,C) = max, gers(A,B), C € F(X)

(S4)A,B,C e F(X),ifAc B c (,thens(4,B) = s(4,C)and s(B,C) = s(4,C).

where Rt = [0, o), X is the universal set, F (X) is the class of all fuzzy sets of X, P(X) is the class of all crisp
sets of X, and D€ is the complement of D.

The proposed similarity measure needs to be satisfied the Definition 3.3, and numerous similarity measures
could be derived.

3.2.1. Similarity measure design on FSs with distance measure

In this subsection, the similarity measure for FSs is introduced with the distance measure. In order to illustrate
with explicitly, distance measure is needed and the definition is introduced by Liu [11].

One of distance measure, Hamming distance is commonly used as distance measure between fuzzy sets A and
B in the following equation:

1 n
A B) =) 1) ~ e

where X = {xq,x,, -, X, }, |k| was the absolute value of k. i, (x) is the membership function of A € F(X).

With the Definition 3.3 similarity measure is proposed. It can be represented as explicit structure, and the
proposed similarity measures were illustrated in previous research [4, 5].

Theorem 3.1 [4]. For any set A, B € F(X), if d satisfies Hamming distance measure, then
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s(4,B) = d((An B),[0]x) +d((4 U B),[1]x) 1)

is the similarity measure between set A and B.

Numerous other similarity measures are also possible to design. Other similarity measure shows the relevant
structures satisfying Definition 3.3, and its proof is also found in previous result [4,5].

Similarity measures (1) is illustrated by the combination of common and uncommon information between two
fuzzy sets A and set B. The results on similarity measures are derived with the distance measure which are based
computation of the degree of similarity. Liu has also proposed an axiomatic definition of the similarity measure
for VA, B € F(X) and VD in crisp set [11].

3.2.2. Similarity measure on IFSs

There is some research on the analysis of IFSs entropy has been considered [12, 13]. They allow us to measure
the degree of hesitation for the IFSs, and non-probabilistic type entropy measure with a geometric interpretation
of IFSs. It was proposed an axiomatic definition of IFSs, which was considered by taking into account fuzzy set
consideration.

Definition 3.4 [12] A real function I:IFS(X) —» R™ is called an entropy on IFS(X) if I has the following
properties:

(IP1) I(A) = 0, ifand only if A is a fuzzy set,

(IP2) I(A) = Cardinal(X) = N ifand only if u,(x) = v,(x) = 0 forall x € X,

(IP3) I(A) = I(A°) for A € IFSs(X),

(IP4) If A < B, then I(A) = I(B).

Where A < B denotes that u, (x) < p,(x)and v,(x) < vg(x) forall x € X, which means that IFS B has less
hesitancy than IFS A. p, (x), v4(x), and 1, (x) are the degree of membership, non-membership, and hesitation of
x in A, that is expressed by m,(x) = 1 — p, (x) — v, (x).

Theorem 3.2 [14] Following equation satisfies a similarity measure on IFS(X).

$,(AB)=1-D,(AB)
Where D, (4, B) is expressed by the hesitancy distance between two IFSs, that is,

1 N
DABY =" d(myCa), mp(x)
i=1
Then, similarity measure has the following explicit formulation [34].

1
S, (4B)=1- Iy ?]=1 d(m,(x;), m5(x,)) (2)
Proof is delivered in [14]. The theorem derived by the consideration of hesitation distance.

4. LEXICOGRAPHIC ORDERING AND EXAMPLE

After completing each criterion belonging for attributes, criterion ordering will be carried out through with
preference. Preference ordering is followed by multiplying relevant matrix. Afterward, attributes order will be
followed by left multiplying again.

By organizing the matrix form on each attribute and criterion;
by; -+ by

: : ] =[c1 . Cu]

byy - bym
where b;; is the belongingness of attribute i for the criterion j. And i = 1,2,..,Nand j = 1,2,..,M, N and

M denote the number of attributes and criteria.
For example, preference is assigned as ¢, > ¢, > ¢, > -+ > ¢y, arbitrary criterion k,l,p = 1,2, ..., M, then
we can rearrange preference order by right multiplying matrix P;
P=[Px Pr o p1]
P=MxM matrix, p, =[0.. 1.. 0]",p,=[0.. 1.. 0]"andp, =[1 0.. 0]", where one in
each column vector p,, p, and p, correspond k —th, [ —th and first element in each column vector. By

B =

multiplication, we can get the following.
BP = [Ck Cp - 1]
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Next, attribute ordering is needed by left multiplying matrix successively. Matrix multiplication rearrange the

highest belonging inside of criterion with lexicographic order. Matrix A, 4,, ... , and Ay indicate the attribute
ordering with descending row vectors for the defined preference order of criterion. It is cleared by introducing

matrix components; the first matrix A, constitutes row vectors a;, i = 1,2,..,N.a; = [0.. 1.. 0], oneing;
indicates i — th element from N attributes; it is also the highest value from the most preference criterion. A, also
constitutes with row vectors with a; = [0.. 1.. 0], onein a; indicates j — th element from N attributes; it

is the highest value from the next preference criterion. A5 to the A, organized as accordingly.

ay
A= al
a;

Ay =N xN matrix, a, =[0.. 1.. 0], a;=[1 0.. 0], where one in each vector a,, and a,
correspond k — th, and the first element in each row vector.

By completing the matrix multiplication, A{ 4, ... AyBP, we can get the lexicographic order with the following
structure; criterion preference and attributes are assumed after matrix multiplication.

Table 1. Belonging matrix for attribute with multi criteria (Criterion preference c, - ¢; - ¢3)

| ci(04,02) ¢,(0.5,0.2) ¢5(0.6,0.2)
a (1.0, 0.0) (0.8, 0.0) (0.7,0.1)
a, (0.8,0.1) (1.0, 0.0) (0.9,0.1)
a; (0.6, 0.2) (0.8, 0.0) (1.0, 0.0)

With the simple IFSs similarity measure
1
S(aitcj) =1- o alta () —pe (x|, Vx; € X 3)
Following calculation is obtained.

Table 2. Similarity measure calculation with (3)

H ‘1 ) C3
a; 0.6 0.3 0.1
a, 0.4 0.5 0.3
as 0.2 0.3 0.4

Table 3. After multiplying permutation matrix (attribute rearrange a, - a; - az)

H C2 €1 C3
a, 0,5 0.4 0.3
a; 0.3 0.6 0.1
a; 0.3 0.2 0.4

From the Table 3, as a, > a; > a5 is obtained. The result says that the most preference attribute is a, from
all attributes.

5. CONCLUSION

Multi-criteria decision-making problem has been resolved with the preference and lexicographical order. To
make order on the attribute in the multi-criteria decision-making, utility function with reference is needed. It could
be surjective or objective. After setting criteria, it needs to formulate the order inside of each criterion. For the
fitness to the criterion, similarity measure is proposed. Criterion can be described with FSs or IFSs to express the
like or dislike together. In the paper, we suggest simple similarity measure without proof. Finally, multiplying
permutation matrix makes the belongingness matrix with order. In the illustrative example, lexicographic order is
shown with the procedure mentioned.
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Abstract

In anaerobic digestion, organic matter undergoes a series of biochemical reaction steps to produce methane
while stabilizing: hydrolysis, acid production, acetic acid production, and methanogenesis. Anaerobic
microorganisms, such as acidogenic bacteria and methanogenic archaea, involved in the biochemical reaction
steps have unique physiological characteristics. So, the response of each step to operational conditions in
anaerobic digesters or environmental changes can vary. In the anaerobic digestion of organic waste, where its
composition and quantity frequently change, imbalances can occur in the rates of the biochemical reaction steps.
If the imbalances are not addressed promptly, the stability of the anaerobic process gradually deteriorates,
ultimately leading to process failure. However, by continuously monitoring the process state, the imbalances can
be detected early and mitigated with simple measures before they become severe. Physicochemical data, such as
pH, alkalinity, COD, SCOD, VFA, MPR, and CH. (%), serve as the state variables for diagnosing imbalances in
the biochemical reaction steps. These variables can be predicted using soft sensors that utilize real-time data from
electrochemical sensors. However, electrochemical sensors often fail in the harsh environment of anaerobic
digesters. It indicates that ensuring the normal functioning of electrochemical sensors in real time is crucial for
effective process monitoring. In this study, we collected extended periods of output data from electrochemical
sensors such as pH, EC, and ORP, which are used to infer the state variables of anaerobic digesters. We developed
a combined deep-learning model consisting of a CNN and LSTM to diagnose the functioning of these sensors.
The raw sensor data was normalized using the StandardScaler function from the Sci-kit learn package in Python.
The issue of imbalanced data resulting from a lack of failure data was addressed by augmenting drift values that
may occur due to sensor failures in the collected output data. The sensor output data 2108 were prepared and
labeled as normal, pH failure, EC failure, and ORP failure (each 527 data points). One-hot encoding was
performed using the get_dummies function from the Pandas package in Python. These prepared data were divided
into training (49%), validation (21%), and test sets (30%) using the train_test_split function from the Sci-Kkit learn
package. Using the Keras module in the Tensorflow package, a deep sequential classification model was
constructed by stacking a CNN layer and an LSTM layer for feature extraction from the sensor data, and an FC
layer was added as an output layer. The activation function used for the CNN and LSTM layers was ReLU, while
softmax was used for the output FC layer. RMSprop was employed as the optimizer with a learning rate of 0.001.
After training, the model achieved an accuracy of 99.56% in diagnosing normal and faulty conditions when
evaluated on the test data. The fl-score, representing the harmonic mean of precision and recall, was
approximately 0.99. The combined CNN and LSTM model proved a powerful tool based on a deep-learning for
fault diagnosis of pH, EC, and ORP sensors.

Keywords: Deep learning, Anaerobic digestion, Sensor fault detection
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Abstract

In today's modern world, everyone is trying to protect what they own in one way or another. The Covid-19
pandemic has posed challenges to many countries in the early stages of the vaccine revolution, as each country
strives to protect its people. Many individuals rushed to get vaccinated as a means of insuring themselves. This is
the fundamental concept behind insurance businesses. People are willing to pay money as a safeguard against
unforeseen losses they may face. In the United States alone, the insurance industry is valued at $1.28 trillion,
while the US consumer market loses at least $80 billion to insurance fraud every year. Alongside the success and
profitability that the insurance industry brings, insurance companies are also confronted with money laundering
and fraud, which are significant concerns. One prevalent fraud topic in this context is insurance fraud, as it causes
harm to both insurance companies and the healthcare system of the nation.

Applying data analytics and machine learning is one of the effective methods used to detect fraud-related
issues. This paper aims to propose the most accurate and simplest solution based on machine learning to detect
fraudulent insurance claims. The primary challenge in detecting fraudulent activities lies in the massive number
of claims that pass through the companies’ systems. However, this challenge can also be turned into an advantage
if officials recognize that they possess a substantial database by combining the claims data. This database can be
utilized to develop improved models for flagging suspicious claims.

This paper will explore various methods that have been used to address similar problems, aiming to test the
best methods that have been previously employed. It will search and study these methods, aiming to enhance and
construct a predictive model capable of flagging suspicious claims. The research will involve testing different
models and comparing their performance to develop a simple, time-efficient, and accurate model that can identify
suspicious claims without burdening the system it operates on.

The main purpose of this paper is to create a model used to determine whether a specific insurance claim is
fraudulent or not. The model will be designed after testing multiple algorithms to find the best model that can
accurately detect suspicious claims. This aims to propose a more customized model for insurance companies that
aligns with their systems. The algorithms mentioned in this paper, including RandomForestClassifier,
LogisticRegression, KNeighborsClassifier, and XGBClassifier, are used to conduct detection based on a dataset
published by Kaggle, and the accuracy of the algorithms is evaluated. The experimental results show that the
Random Forest Classifier algorithm achieves the highest accuracy in detecting fraud. This forms the basis for the
proposed development of an application that supports the detection and flagging of suspicious fraudulent claims,
helping insurance companies save money and time, and improving their efficiency in responding to such claims.

Keywords: Data visualization, Data analysis, Fraudulent detection, Machine learning, Supervised learning
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Abstract

The thermal performance of micro pulsating heat pipes (MPHP) has been investigated experimentally. The MPHP
was engraved on a 1 mm thick copper plate of 25x100 mm. The upper cover was made with Plexiglas plate so that the
flow motions were visualized with a high-speed video camera. The working fluid was FC-72, degassed. The
experimental condition was a temperature-boundary, i.e., the heating part was maintained at 75°C and the cooling part
at 23°C in general using water jackets and constant temperature circulation baths. The experimental parameters were
channel size (0.8x0.8 mm, 0.6x0.6 mm), number of turns (5,7,9), and dual patterns of channel size (1.0-0.5 mm)
primarily for investigating optimum design for horizontal installation of heat pipe. In single channel-size, the better
thermal performance was found in the 0.8x0.8 mm than 0.6x0.6 mm, but it failed to operate when laid horizontally. A
dual channel-size MPHP was found to work in horizontal installation and the heat transfer rate was comparably good
to that of vertical installation. The optimum value of the ratio of the larger channel size to the smaller channer size was
found to be 2.0 in the present experimental conditions.
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A three-dimensional numerical simulation of closed-type pulsating heat pipes (PHPSs) has been carried out using
Ansys Fluent. The Volume of Fluid (VOF) was chosen for two-phase flow model and the continuum surface force
model was added to the momentum equation. The implementation of variable density and vapor pressure relations for
the working fluid was crucial for successful simulation. For simulations, the pulsating heat pipes were composed of
microchannels engraved on a 1 mm thick copper plate. The channel width was between 0.5 and 1.0 mm of uniform or
dual size and the number of turns were 7 or 9. The working fluid was degassed FC-72. The comparison of the
calculated heat transfer rate to experimental data were reasonable for vertical installation of PHP. However, pulsating
quickly stopped for horizontal installation. For dual-size channel PHPs, which works for horizonal orientation,
implementation of capillary pressure difference on the model is under development.

Keywords: Pulsating heat pipe, Heat dissipation, Evaporation and condensation, Fluent
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Abstract

Flow Shop Scheduling (FSS) Problems are NP-hard combinatorial optimization problems. It is quite difficult
to achieve an optimal solution for real size problems with mathematical modelling approaches because of its NP-
hard structure. Mega-heuristics algorithms, like Genetic Algorithm (GA) and Tabu Search (TS) play a major role
in searching for near-optimal solutions for NP-hard optimization problems. This paper develops the GATS model
by combining GA and TS for solving FSS problems. In the model, GA is used as the platform for global search,
and TS is used to support GA in local search. The performance of the model is compared with traditional
heuristics, being used. The result indicates that the model is a good approach for FSS problems.

Keywords: Flow shop scheduling problems, Changeover times, Genetic algorithm, Tabu search

1. INTRODUCTION

Scheduling is the allocation of resources to perform a collection of tasks over a period of time. Scheduling
problems determine the order or sequence for processing a set of jobs through several machines in an optimal
manner. FSS problems consider m different machines and n jobs; each job consists of m operations and each
operation requires a different machine and all the jobs are processed in the same processing order. For FSS
problems, Chen et al, applied GA to FSS problems with make-span as the criterion. The convergence speed of
simple GAs is relatively slow (Gen and Cheng 2000). For improving the convergence speed to the global optimum
is the use of local search in GAs (Krasnogor and Smith 2000). Within the hybrid approach, GAs are used to
perform global exploration among populations, while heuristic methods are used to perform local exploitation
around chromosomes. Because of the complementary properties of GAs and conventional heuristics, the hybrid
approach often outperforms either method operating alone (Gao, Gen, and Sun, 2006).

The problem to be solved is a FSS problem with assumption that the orders are ready at the start of the
scheduling process. The objective of the problem is to minimize the total weighted tardiness of orders. The
constraints are on the sequence of orders, on the sequence of operations in the orders, and on machine changeover
time. The model of the problem is built based on the above assumptions, objective and constraints. The GATS is
built based on the combination of GA and TS with the foundation of GA. Based on the model of the problem, the
GATS will find a good solution for the problem, this solution will be compared with the solution of the currently
used heuristic model to evaluate the effectiveness of the algorithm.

2. LITERATURE REVIEW

2.1. Genetic algorithm

Genetic algorithm (GA), first introduced by Holland in 1975, is an artificial intelligence search method that
uses the process of evolution and natural selection of individuals called chromosomes. In order to apply GA to a
problem, generally the solution space of the problem is represented by a population of chromosomes where each
chromosome is a possible solution to the problem. A method of coding is the selection of a string format for the
chromosomes. A fitness value is associated with each chromosome. The fitness function is a measure of the extent
to which the objective of the problem is achieved. A certain number of chromosomes are chosen to form the initial
generation. The chromosomes of the next generation are generated by applying genetic operators, including
selection, crossover, mutation and replacement, to the chromosomes of the existing generation.

Starting from an initial population, the algorithm produces a new population of individuals, which are
presumably more fit than their ancestors. The process is repeated until a pre-specified termination rule becomes
true. At each generation, every new chromosome corresponds to a solution.
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2.2. Tabu search

Tabu search (TS) was suggested by Glover and Laguna in 1997. In order to apply TS to a problem, generally
the solution space of the problem is represented by a population of codes. An evaluation value is associated with
each code. The evaluation function is a measure of the extent to which the objective of the problem is achieved.
The Fbest value is the best evaluation value, found during the search. TS guides a local search procedure to explore
the solution space beyond local optimality. In order to avoid cycling and becoming trapped in local optima, certain
moves that lead to previously explored regions are forbidden. Attributes of recently visited solutions are set to be
tabu for a certain number of iterations, and these moves are stored in the tabu list.

A typical TS implementation starts from an initial solution and moves from the current solution to the best one
among its neighbourhoods at each iteration, even if this new solution is worse than the one available, until a pre-
specified termination rule becomes true.

3. THE FLOW SHOP SCHEDULING PROBLEM

The problem to be solved is a FSS problem with 10 orders, O;, i=1+10, scheduling on 4 machines, M1, My,
M3, Ma. Each order has 3 parts, P1, P2, P3, processed in 8 operations, O, j=1+8, distributed on the 4 machines.

M1 | M2 | M3 | M4

PL|O1 |04 |-

P2|02 |05 | O7 | O8

P3| 03 |06 |-

The weight W;, i=1+10, and the due date D;, i=1+10, of order i are estimated in Table 1. The processing time
P;j of order i, i=1+10, on operation j, j=1+8, are estimated in Table 2.

Table 1. The weight W;, i=1+10, and the due date D;, i=1+10, of order i

i 1 2 3 4 5 6 7 8 9 10
Wi 3.70 3.40 3.30 4.65 3.90 2.35 2.70 4.55 4.65 4.30
Di (h) 24 36 40 60 68 80 88 88 96 96

Table 2. The processing time Pj; of order i, i=1+10, on operation j

j Pyj P2j Psj Psj Ps;j Pes; P Ps; Poj P1oj
1 2.34 6.17 6.20 7.09 2.47 9.56 344 | 1474 | 5.26 1.39
2 2.25 0.94 7.05 3.22 1.07 5.26 181 | 7.49 5.26 0.66
3 0.00 3.99 4.34 4.38 2.60 9.52 0.00 |16.75 |14.74 | 0.44
4 2.63 1.33 1.08 9.00 2.60 1256 | 132 |1754 |1652 |1.29
5 1.06 1.00 6.58 9.00 421 1264 | 065 |1754 |1652 | 1.29
6 0.00 8.33 6.58 3.60 3.95 1264 | 000 |13.33 |1579 |0.40
7 2.67 3.29 1.13 221 0.68 4.00 111 | 5.26 1.60 0.44
8 4.08 331 3.42 12.00 3.95 6.12 221 | 8.22 5.26 1.32

The changeover times in hours on operation j, j=4+8 are equal to 0, S;= 0, j=4+8. The changeover times in
hours on operation j, j=1+3 are the same and depend on the current order i=1+10, and the next order, i'=1+10.
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Table 3. Changeover time (h) S;, j=1+3

1 2 3 4 5 6 7 8 9 10
1 0.0 0.5 2.0 0.0 0.0 2.0 2.0 2.0 2.0 2.0
2 0.5 0.0 0.0 0.0 2.0 2.0 2.0 2.0 2.0 2.0
3 2.0 0.0 0.0 2.0 0.5 2.0 0.5 0.5 2.0 0.5
4 0.0 0.0 2.0 0.0 0.0 0.0 2.0 2.0 2.0 2.0
5 0.0 2.0 0.5 0.0 0.0 2.0 0.5 2.0 0.5 0.5
6 2.0 2.0 2.0 0.0 2.0 0.0 0.5 2.0 0.0 0.0
7 2.0 2.0 0.5 2.0 0.5 0.5 0.0 0.5 2.0 0.0
8 2.0 2.0 0.5 2.0 2.0 2.0 0.5 0.0 0.0 0.0
9 2.0 2.0 2.0 2.0 0.5 0.0 2.0 0.0 0.0 2.0
10 2.0 2.0 0.5 2.0 0.5 0.0 0.0 0.0 2.0 0.0

The model is set up with variables TSjj being the start time, TE;; being the completion time of order i at
operation j, T being the tardiness time of order i. The constraints on the sequence of operation on each order are
as follows.

TSis > TEi1, TSis > TEi2, TSis > TEis, TSi7 > TEis, TSig > max(TEis, TEis, TEi7).
The start time of order i at operation j, TSj; depends on the end time of the previous order i', TEj; and the
changeover time between the orders on operation j.

TSij=TCij + S;

The end time of order i on operation j, TE;; is determined by the start time and processing time of the order.
TCij = TSi,- + Pij

The tardiness time of order i, T; is determined by the end time in the last operation and due time of the order.

Ti= Max (0, TEis - Di)
The objective function that minimizes the total tardiness is defined as follows.
Thest=Min T, T = X(W;* T;, i=1+11)

The company is currently using the EDD dispatching method. The sequence of dispatching S, the value of the

objective function are as follows:
$=(1,2,3,4,56,7,8,9,10); T =215.95 (h)

4. THE GATS MODEL FOR THE FLOW SHOP SCHEDULING PROBLEM

The above FSS problem is a NP hard problem with the solution space size of 10! or 3,628,800. The GATS
model is used to solve the problem. In the model, GA is used to perform a global search of the solution space, and
TS is used to perform a local search to refine the solution found by GA. The GATS procedure is as follows:

Step 1: Initialize the GATS model.

Step 2: Generate the initial population P©. Set k=0.

Step 3: Generate elite population Pg®,

Step 4: Generate the genetic population Pg®.

Step 5: Generate the neighbourhood population Pn®.

Step 6: Generate the next population P&*, Set k=k+1.

Step 7: Check the termination rule. If No, return to step 3. If Yes, finish the loop.
Step 8: Run the algorithm a number of times to choose the best scheduling result.

4.1. Step 1: Initialize the GATS model.

This step setups factors of GATS models, including the method of coding, the GA parameters, the TS
parameters, and the termination rule.

The method of coding: each chromosome is a string of 10 genes. Each gene is corresponding to an order. The
orders are numbered from 1 to 10. The sequence of genes represents the sequence of order scheduled:
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C=[G1, G2, G3, G4, G5, G6, G7, G8, G9, G10]

The GA parameters include fitness function, the population size, and the parameters of GA operators. The
fitness function F is defined as Fi = Tmax — Ti. Where F;, T; are the fitness and objective values of chromosome i,
Tmax IS the maximum objective value in the population. The crossover method is POX, the mutation method is
SWAP, and the replacement method is acceptance threshold. The population size P, the crossover probability P,
the mutation probability Py, and threshold K are chosen as follows: P = 10, P = 0.8; P, = 0.2, K=2.

The TS parameters include the neighbourhood operator, and the tabu list. The neighbourhood operator uses
the method of permutation of adjacent genes in the string to find the neighbourhood. Tabu list will contain the
strings found in the previous steps.

The termination rule: The best objective value Thest of the population does not improve, or decrease, after
10 consecutive iterations.

4.2. Step 2: Generate the initial population P©, set k=0.
P© consists of 10 chromosomes. There are 3 chromosomes generated from 3 heuristic rules, EDD, SPT and
LPT. The remaining chromosomes R1, ..., R7 are randomly generated as shown in the following table.

Table 4. The initial population P© = { EDD, SPT, LPT, R1, R2, R3, R4, R5, R6, R7}
P© Gl |[G2 |G3 |G4 |G5 |G6 |G7 |G8 |GY9 |Gl0o |Fi Pi

EDD |1 2 3 4 5 6 7 8 9 10 1217.6710 | 0.1754

SPT 5 3 2 1 4 10 7 8 9 6 1210.7427 | 0.1744

LPT 10 7 1 5 2 3 4 6 9 8 1120.0530 | 0.1613

R1 1 5 3 2 6 10 9 8 7 1094.8691 | 0.1577

EEN N

R2 5 3 1 2 10 8 9 6 7 986.0005 | 0.1420

R3 6 8 7 9 10 1 3 2 4 5 455.6409 | 0.0656

R4 10 6 9 7 8 5 1 4 2 3 315.4120 | 0.0454

R5 8 10 7 6 3 5 2 4 1 283.1211 | 0.0408

R6 7 8 10 260.3407 | 0.0375

M| © ©
»
N
w
ol
o
[y

R7 8 9 6 3 2 5 1 7 10 0.0000 0.0000

4.3. Step 3: Generate elite population Pe®.

The step uses the selection operator to generate Pe® from P®. Each chromosome in the current population
has a corresponding fitness value Fi, and is selected for inclusion in Pe® with selection probability P; determined
as follows:

Pi=Fi/ Zi=1:10(Fi)

With population PO, the values of F; and P; are calculated as shown in the table above. Based on P;, 10 random
numbers are generated, the chromosomes, selected into the population Pe© are as follows.
Pe©@ = {R3, R2, LPT, SPT, EDD, SPT, SPT, EDD, R2, R5}

4.4. Step 4: Generate the genetic population Pc®.

This step uses the crossover and mutation operators to generate genetic population Pc® from the elite
population Pe®, The genetic population Pc® includes the new chromosome generated from the crossover and
mutation operators. The chromosomes of Pe©®) are selected to be included in the crossover list Pc with the
crossover probability of 0.6. After generating random numbers, the set Pc is determined as follows:

P.={R3, LPT, SPT, EDD}

Each pair of chromosomes in Pc is selected to cross over by the POX method, resulting in 12 new chromosomes

in population P€ as shown in the following table.
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Table 5. Population P¢

pC Gl G2 G3 G4 G5 G6 G7 G8 G9 G10 Fi

C1 2 1 3 4 5 10 7 8 9 6 1245.02
Cc2 5 3 1 2 4 6 7 8 9 10 1156.34
C3 10 1 5 2 3 6 7 4 9 8 1083.70
C4 1 7 2 3 4 5 8 6 9 10 1080.84
C5 7 9 10 1 3 6 2 8 4 5 603.65
C6 6 8 1 2 3 4 5 7 9 10 553.08
C7 10 7 1 5 4 2 3 9 8 6 1104.16
C8 5 3 2 1 10 7 4 6 8 9 1069.54
C9 8 7 10 1 3 2 4 5 9 6 806.04
C10 6 5 3 9 2 1 4 10 7 8 611.50
Cl1 6 8 7 5 10 1 3 2 9 4 617.67
C12 10 7 1 9 2 3 4 6 8 5 941.70

The chromosomes of Pe©) are also selected to be included in the mutation list Pm with the mutation probability
of 0.2. After generating random numbers, Pm is determined as follows:
Pm={EDD}
Each chromosome in Pm is selected to mutate by the SWAP method, resulting in 1 new chromosome in
population PM as shown in the following table.

Table 6. Population PM

pM Gl G2 G3 G4 G5 G6 G7 G8 G9 G10 Fi

M1 1 10 3 4 5 6 7 8 9 2 1030.69

After crossover and mutation, 13 new chromosomes are created in the population Pg©:
Pc© ={C1, C2, C3, C4, C5, C6, C7, C8, C9, C10, C11, C12, M1}

4.5. Step 5: Generate the neighbourhood population Pn®,

This step uses the neighbourhood operator to generate the neighbourhood population Pn® from genetic
population Pc®. Each chromosome in Pc® will have a neighbourhood defined by the neighbourhood operator.
In this neighbourhood, the best chromosome will be selected to go forward. For example, with C1 there are 9
neighbouring chromosomes, in which C11 is the best and is chosen, as shown in the following table.

Table 7. The neighbouring chromosomes of C1

Gl G2 G3 G4 G5 G6 G7 G8 G9 G10 Fi
C1 2 1 3 4 5 10 7 8 9 6 1245.02
Cl1 1 2 3 4 5 10 7 8 9 6 1285.22
C12 2 3 1 4 5 10 7 8 9 6 1282.16
C13 2 1 4 3 5 10 7 8 9 6 1259.76
Cl4 2 1 3 5 4 10 7 8 9 6 1268.09
C15 2 1 3 4 10 5 7 8 9 6 121212
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C16 2 1 3 4 5 7 10 8 9 6 1248.52
C17 2 1 3 4 5 10 8 7 9 6 1265.44
C18 2 1 3 4 5 10 7 9 8 6 1228.27
C19 2 1 3 4 5 10 7 8 6 9 1205.94

Same for the remaining chromosomes of Pc®. The neighbourhood population Pn® consists of the best
neighbour chromosomes: Pn® = {N1, N2, N3, N4, N5, N6, N7, N8, N9, N10, N11, N12, N13}

Table 8. The neighbourhood population Py®

Pn® Gl G2 G3 G4 G5 G6 G7 G8 G9 G10 Fi

N1 1 2 3 4 5 10 7 8 9 6 1285.22
N2 5 3 1 2 4 6 7 8 10 9 1196.64
N3 10 1 5 3 2 6 7 4 9 8 1085.44
N4 1 7 3 2 4 5 8 6 9 10 1158.11
N5 7 9 10 1 3 6 2 4 8 5 707.71
N6 6 8 1 2 3 5 4 7 9 10 652.32
N7 10 7 1 5 2 4 3 9 8 6 1118.06
N8 5 3 2 1 10 7 4 8 6 9 1088.80
N9 8 7 10 1 3 2 5 4 9 6 879.98
N10 6 5 3 2 9 1 4 10 7 8 659.86
N11 6 7 8 5 10 1 3 2 9 4 657.54
N12 10 7 1 2 9 3 4 6 8 5 996.89
N13 1 10 3 4 5 6 7 8 2 9 1070.62

4.6. Step 6: Generate the next population P&*D,

This step uses the replacement operator to generate the next population P&V from the populations Pc® &
Pn®. The chromosomes from Pc® & Pn® will be added to the current population P®to make the next population
P&+D) if their fitness values exceed the acceptable threshold, here is selected as the value of the fifth chromosome
of P® in the ranking. In order to keep the next population size constant, the chromosomes with the lowest value
are removed from the next population. After applying the replacement operator, the next population P® is
determined from Pn© as follows.

Table 9. The next population P® = {N1, C1, EDD, SPT, N2, N4, C2, LPT, N7, C7}

Gl G2 G3 G4 G5 G6 G7 G8 G9 G10 Fi
N1 1 2 3 4 5 10 7 8 9 6 1285.22
C1 2 1 3 4 5 10 7 8 9 6 1245.02
EDD |1 2 3 4 5 6 7 8 9 10 1217.67
SPT 5 3 2 1 4 10 7 8 9 6 1210.74
N2 5 3 1 2 4 6 7 8 10 9 1196.63
N4 1 7 3 2 4 5 8 6 9 10 1158.11
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Cc2 5 3 1 2 4 6 7 8 9 10 1156.34
LPT 10 7 1 5 2 3 4 6 9 8 1120.05
N7 10 7 1 5 2 4 3 9 8 6 1118.06
C7 10 7 1 5 4 2 3 9 8 6 1104.16

4.7. Step 7: Check the termination rule.
After iteration 1, N1 is the best chromosome with the best objective value of 148.40, appearing only once. The
termination rule is not satisfied, so iteration 2 is executed. The result after 14 iterations is as follows.

Table 10. The result after 14 iterations

Iteration Gl G2 G3 G4 G5 G6 G7 G8 G9 G10 | Thest
0 1 2 3 4 5 6 7 8 9 10 215.95
1 1 2 3 4 5 10 7 8 9 6 148.40
2 1 2 3 4 5 7 8 9 10 6 141.62
3 1 2 3 4 5 7 8 9 10 6 141.62
4 1 3 2 4 5 8 7 10 9 6 126.43
5 1 3 2 4 5 10 8 7 9 6 123.07
1 3 2 4 5 10 8 7 9 6 123.07
14 1 3 2 4 5 10 8 7 9 6 123.07

Seeing that from the 5th iteration to the 14th iteration, the best objective value remains the same, the
termination rule is satisfied, the algorithm ends. The scheduling result in this run is as follows:

S=(1,3,2,4,578,9, 10, 6), L = 123.07 (h)

4.8. Step 8: Run the algorithm a number of times to choose the best scheduling result.
The algorithm is run 5 times with the results as shown in the following table.

Table 11. The result after 4 runs

Run Gl G2 G3 G4 | G5 G6 G7 G8 G9 G10 | Lbest n

1 1 3 2 4 5 10 8 7 9 6 123.07 14
2 1 3 2 4 5 8 7 10 9 6 126.43 17
3 1 3 2 4 5 10 8 7 9 6 123.07 14
4 1 3 2 4 5 10 8 7 9 6 123.07 16
5 1 3 2 4 5 10 8 7 9 6 123.07 19

The best scheduling result is found on the 3rd run, with a number of iterations n of 14. The sequence of
dispatching S, the value of the objective function are as follows: S = (1, 3, 2,4, 5,7, 8, 9, 10, 6); L = 123.07

5. CONCLUSION

The GATS model has been used to solve the Flow Shop Scheduling Problem with 10 orders on 4 machines.
In the model, GA is used as the platform to perform a global search of the solution space, and TS is used to
perform a local search to refine the solution found by GA. The results show that the GATS model gives better
objective value of tardiness time than the heuristic EDD method, being used. However, the factors of the model,
including the population size, the crossover probability Pc, the mutation probability Py, the method of finding the
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neighbourhood chromosomes, the method and parameter of the termination rule, are only selected empirically, so
the results are not very good. The future research is to use experimental design DOE to determine the model
parameters to get suboptimal results.
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Abstract

This article presents a project management plan for the implementation of a sleep box system to address the
challenges faced by Vietnam's global economy due to respiratory health issues, particularly the lack of loading
and unloading personnel at major harbors. The proposed solution aims to offer at least 120 slots to cater to a
workforce of equal size, ensuring that the demands of the commodities industry are met. The article employs
various techniques like the Analytic Hierarchy Process (AHP), Weighted Scoring Method (WSM), and Program
Evaluation Review Technique (PERT) to determine the most suitable building type, optimal suppliers for each
category of raw materials, and schedule, organize, and coordinate tasks within the project. The proposed sleep
box system is found to be the most suitable option due to its capacity for providing privacy space, a critical feature
in reducing the spread of respiratory viruses. The project management plan includes a linear organizational
structure, a multifaceted project consisting of six constituent components, a Work Breakdown Structure (WBS),
and a comprehensive feasibility analysis. After distributing responsible human resources, several issues emerged,
leading to four proposed solutions, each evaluated based on key performance indicators (KPIs) like time and cost.
Option 4, with a 4.7% increase in time and a 4.8% increase in cost, is found to be the most balanced approach,
given both time and capital constraints. The article's original contribution lies in the comprehensive project
management plan that ensures the feasibility, efficiency, and cost-effectiveness of the sleep box system
implementation.

Keywords: Project management, Sleep box system, Harbor workers, Respiratory health issues

1. INTRODUCTION

In the face of various widespread respiratory health issues, including the COVID-19 pandemic, the global
economy of Viet Nam has faced considerable challenges, one critical aspect being the lack of loading and
unloading personnel at major harbors. This shortage has led to a staggering 70-80% decrease in productivity [1],
severely impacting the supply chain and international trade. While a proposition was put forth to alleviate the
issue by deploying workers from alternative regions, it was ultimately scrapped, leaving the quandary unresolved.
As Viet Nam faces yet another resurgence of the COVID-19 epidemic, the exigency for a viable solution becomes
even more paramount. In this article, we endeavor to proffer an innovative approach to address this pressing
challenge and bolster the resilience of our harbors against future disruptions. Notably, our perspective in this
article is that of a harbor owner, rather than a third-party investor, which allows for a more holistic understanding
of the harbor's operations and the unique challenges faced.

In order to tackle this conundrum, we propose the implementation of a sleep box system designed to
accommodate the needs of these crucial harbor workers. Our solution aims to offer at least 120 slots to cater to a
workforce of equal size, ensuring that the demands of the commodities industry are met. The decision to adopt
the sleep box system was reached using the Analytic Hierarchy Process (AHP) method, which we will present in
detail further in the article. While optimizing setup and operational costs is a key consideration, the present article
will predominantly concentrate on the deployment of this solution through effective project management.

To guarantee the successful execution of our sleep box system, we will undertake a methodical approach to
deployment. This process will commence with a comprehensive feasibility analysis, followed by the establishment
of a Work Breakdown Structure (WBS), which defines all the elements of the project in a hierarchical framework
and establishes their relationships to the project end item(s) [2]; and Responsibility Assignment Matrix (RAM).
Utilizing Microsoft Project (MS project), we will monitor the project's progress and address any issues that arise,
particularly those concerning the allocation of human resources. By adhering to this well-organized plan, we
anticipate providing a robust and sustainable solution to the harbor workforce crisis while improving overall
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productivity amidst ongoing respiratory health challenges, such as COVID-19, the flu, and other airborne
illnesses.

2. FEASIBILITY ANALYSIS
2.1. Types of building feasibility

The selection of a building type constitutes a crucial juncture, given its substantial implications on both the
workers' way of life and the financial capacity of the port manager. Three prospective building types warrant
consideration, namely Sleepbox, Dormitory, and Beehouse. Our research employs the AHP, which allows
consideration of both objective and subjective factors in selecting the best alternative [3], to determine the most
fitting building type. The AHP methodology considers four essential facets, namely building price, convenience,
space, and respiratory problem (RP) precautions. As our study primarily focuses on providing amenities for
loading and unloading harbor workers during respiratory problems like the COVID-19 pandemic, we accord the
highest priority to RP precaution.

Table 1 shows the pairwise comparison matrix, calculated using the AHP method, for building price,
convenience, space, and RP precaution. These criteria were used to evaluate the suitability of each building type.
The data was collected using the Delphi method, wherein a group of real estate experts engage in discussions,
leading to these obtained results.

Table 1. Pairwise comparison matrix of types of living (CR = 4.3%)

Building price | Convenience | Space RP precaution Total
Building price 1 1/5 1/3 17 5.5%
Convenience 5 1 3 1/3 26.2%
Space 3 1/3 1 1/5 11.8%
RP precaution 7 3 5 1 56.5%

*CR: Consistency ratio with a value of less than 10% is considered acceptable, while a value greater than 10%

indicates that the pairwise comparisons may be inconsistent.

Table 2. Final score for the most suitable types of living

Building price | Convenience Space RP precaution Total
Dormitory 0.003465 0.194666 0.087674 0.035595 0.3214
Beehouse 0.01067 0.050828 0.022892 0.10961 0.194
Sleepbox 0.040865 0.016506 0.007434 0.419795 0.4846

Having compared and computed the AHP between the Sleepbox, Dormitory, and Bee house types, we have
found that Sleepbox is the most suitable option. This is largely due to its capacity for providing the utmost privacy
space, a critical feature in reducing the spread of the respiratory virus.

2.2. Raw materials feasibility analysis

The present article emphasizes the significance of selecting appropriate raw materials and furniture for
ensuring long-term success and worker comfort. Furthermore, securing the right suppliers can lead to cost savings
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and enhanced project operations. Our study centers on three categories of materials for the Sleepbox: Building
material, Internal furniture, and Electric and water network.

Each material type necessitates distinct supplier criteria, such as price, reliability, and quality for building
materials, whereas Internal furniture may prioritize varying factors. To identify the optimal suppliers for each
category, we employ the Weighted Scoring Method (WSM). Following the WSM assessment, we recommend
Greentech Company for building materials, Navier Company for toilets and sinks, and An Hoang Phat Company
for electrical and water systems.

2.3. Technique and technology feasibility analysis

The technical and technological feasibility of Sleepbox construction refers to the practicality of building
Sleepboxes, considering factors like construction methods, materials, and available technology, to ensure an
efficient and cost-effective implementation. Fortunately, the construction of Sleepbox models is not entirely
unfamiliar to the Vietnamese people, with several construction companies having standardized models and
procedures for building such structures. Before the actual construction process, six stages must be carried out to
ensure feasibility and smooth implementation.

Firstly, funds must be prepared either by self-financing or through external fundraising, which often involves
borrowing from a bank. Next, the construction site must be prepared by cleaning and leveling the ground to create
a suitable platform for construction. Subsequently, the sleepbox architecture model must be designed, either by
hiring an architecture company or selecting from an available model.

In the fourth stage, the necessary materials and equipment for construction must be determined, such as wood,
steel, and wires. To ensure the best quality at an optimal cost, a suitable third-party construction company must
be selected. Finally, the construction process commences, with a Work Breakdown Structure (WBS) established
to facilitate its smooth and efficient execution.

2.4. Financial and Economic feasibility analysis

In the financial feasibility analysis of the Sleepbox project, the perspective considered is that of a harbor owner,
meaning that there is no need to purchase land. The total cost to build 120 Sleepboxes, estimated based on the
quantity required and the model used, is around 2.4 billion VND. Each Sleepbox is estimated to cost around 20
million VND to build, assuming a standard size of 1.2m width and 2.2m length.

From an economic perspective, the Sleepbox project is intended to contribute to the overall benefits of the
harbor by providing essential commodities for loading and unloading workers. As such, it is not expected to
generate any profit in itself. However, over a period of ten years, the investment can be recovered to some extent
through the salvage value of the Sleepboxes. Therefore, the Sleepbox project can be considered economically
feasible, with the long-term benefits outweighing the initial investment costs.

3. PROJECT PLANNING

3.1. Project organizational structure

The project shall adhere to a linear organizational structure, in which functions, plans, and daily tasks are
distributed along functional lines, fostering employee expertise development. However, in the event of
irregularities, such as potential isolation directives, the organization will adopt an online structure. A
comprehensive depiction of the organizational hierarchy is provided in Figure 1.

Investor

Project

management
engineer

I | | | | | 1
Construction Electrical & System
- water network ayout designer Worker s Accountant Lawyer
EI'IglﬂEEF dESi ner Eﬂg]l‘lEEF

Figure 1. Organizational structure diagram
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The interfacing of the project management team, comprised of the investor and project management engineer,
with the functional departments is crucial for the successful execution of the project. The project management
engineer assumes the responsibility of overseeing all activities and subsequently communicating progress to the
investor. Without a well-developed organizational structure, the project timeline and financial outlay may deviate
from initial projections, leading to potential conflicts and even abandonment of the project.

3.2. Project task

The present study delineates a multifaceted project consisting of six constituent components, designated
alphabetically. In practice, these components will be broken down into smaller, more detailed tasks depending on
the characteristics of the project.

Table 3. The main activities for the project

No. Name of task Symbol
1 Preparation A
2 Design B
3 Construction and installation C
4 Acceptance test D
5 Recruitment E
6 Completing the project F

After establishing the 6 main activities for the project, we build the Work Breakdown Structure (WBS). Each
work package has its optimistic completed time, pessimistic completed time, most likely completed time and
average completed time.

4. RESOURCE ALLOCATION

4.1. Scheduling

Program Evaluation Review Technique (PERT) method is applied to ascertain the likelihood of punctual
project completion. It is a project management tool used to schedule, organize, and coordinate tasks within a
project. The technique was developed in the late 1950s by the United States Department of Defense as a way to
manage the development of large defense projects. There are 4 main steps in the method. The method encompasses

four primary stages, delineated herein:

Calculate the average time & variances for
each work packages

Stepl

Step 2

Find the ES, EF, LS, LF and slack “s”
Step 3

Find the gantt line, calculate the time & the

variance level of the project completion time
Step 4

Find the probability of the project done on time

Figure 2. PERT process

Upon completion of Steps 1 and 2, the activity-on-node (AON) network and Gantt chart can be constructed.
The Gantt chart encompasses 44 tasks, spanning from initial tasks, such as establishing and assigning tasks to the
project management team and researching legal proceedings, to concluding tasks, which include reporting to
investors, summarizing, and handing over to the project owner. This visual representation assists managers in
monitoring the project schedule, discerning the critical path, and tracking progress.

243



4™ International Conference on Advanced Convergence Engineering (ICACE 2023)

August 14" — 16, 2023, Ho Chi Minh City University of Technology, VNUHCM

Following the execution of Steps 3 and 4, the probability of timely project completion is determined. Thus,
the project's target duration is set at 218 days.

4.2. Resource allocation

After determining the Gantt line and distributing responsible human resources to each task using the earliest
start time (EST), it could be noticed that there are some problems:

— System engineering’s work is overloaded at 2 tasks: Customer analysis and Potential analysis.
— Lawyer and System engineer’s work is overloaded at 2 tasks: Bidding construction and installation.
— Inside Plastering, Equipment Installation and Equipment inspection are the overloaded tasks that need
more human resources.
There are 4 proposed solutions to the problems, each solution and its results would be described as follows:

Table 4. The solutions and results for human allocation problem

Solution Description Result
1 Delay all the overloaded tasks Problem solved; however, the delay is 226.4 days.
2 Adding more System and Construction Problem solved, max day to complete the project is
engineer workforces and delaying 218 days, which means that the method is viable.

Bidding infrastructure tasks .
Total cost is: 599,304,000 VND

3 Adding more System Engineer workforce | Problem solved; however, the delay is 223.4 days.
then delaying Construction engineer’s

and Lawyer’s task. Total cost is: 572,424,000 VND

4 Adding more Construction Engineer Problem solved, max day to complete the project is
workforce then delaying System 217.4 days, which means that the method is viable.

engineer’s and Lawyer’s task. .
Total cost is: 594,504,000 VND

To choose the best result, we can evaluate the outcomes based on the key performance indicators (KPIs). We
will set the KPI is no more than 5%, which means that no more than 5% increase in cost and time.

Table 5. The key performance indicators (KPIs) for each approach’s result

Method Time Cost
(Base: no more than 5% increase) (Base: no more than 5% increase)
1 9% increase 0% increase
2 5.3% increase 5.58% increase
3 0.8% increase 7.9% increase
4 4.7% increase 4.8% increase

Through the implementation of this assessment, investors are afforded the opportunity to select a suitable
approach in alignment with their strategic objectives. Expedited investment timelines with minimal cost concerns
may favor Option 1, while financially-driven investors might opt for Option 3. A balanced approach, considering
both time and capital constraints, may be best represented by Option 4, as it demonstrates superiority over Option
2. The ultimate decision lies within the context of real-world scenarios, requiring a trade-off between capital
allocation and completion timelines.

5. CONCLUSION

Based on the comprehensive analysis and findings presented in this scientific research paper, it can be
concluded that the implementation of a sleep box system for harbor workers is a promising solution to address the
challenges faced by the global economy of Viet Nam, particularly in the context of respiratory health issues such
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as the COVID-19 pandemic. By providing suitable accommodation and amenities for loading and unloading
personnel, the sleep box system aims to enhance productivity and bolster the resilience of harbors against future
disruptions.

The feasibility analysis conducted in this study evaluated various aspects such as building types, raw materials,
and technology, ensuring a well-rounded understanding of the project. The selection of sleep boxes as the most
suitable building type, based on the Analytic Hierarchy Process (AHP) methodology, highlights the emphasis on
respiratory problem precautions and the need for privacy space. Additionally, the identification of optimal
suppliers for raw materials and furniture further contributes to the long-term success and worker comfort.

The project planning phase outlines a systematic approach to deployment, including the organizational
structure, project tasks, scheduling using the Program Evaluation Review Technique (PERT), and resource
allocation. The proposed solutions to address human resource allocation issues provide flexibility and cost-
effectiveness while ensuring timely project completion.

From a financial and economic perspective, the sleep box project demonstrates feasibility, with the initial
investment costs outweighed by the long-term benefits to the harbor and its workers. The project contributes to
the overall well-being of the harbor by providing essential amenities, although it may not generate direct profits.

In conclusion, this scientific research paper offers a comprehensive and innovative approach to tackle the
challenges faced by harbors in Viet Nam. The proposed sleep box system, supported by rigorous analysis and
planning, presents a viable solution to enhance productivity, address respiratory health concerns, and improve the
overall resilience of the harbor workforce. It is anticipated that the successful implementation of this project will
have a positive impact on the supply chain, international trade, and the economy as a whole, while ensuring the
well-being and safety of harbor workers in the face of ongoing health challenges.
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Abstract

Warehouses are an integral part of a logistics system as well as a supply chain, especially for the way
businesses conduct production in the apparel industry. This study deals with improving the performance of
finished goods warehouse of Tran Hiep Thanh Textile Joint Stock Company by using algorithms to improve space,
re-plan storage devices and allocate product locations. The study uses tools to support CRAFT, CORLAP, collect
and analyze statistical data, AHP, linear model, ABC classification method and Excel, Visio, AutoCAD software.

Keywords: CRAFT, CORELAP, REL relationship diagram, Storage device planning

1. INTRODUCTION

Warehouse operations are one of the most important activities that directly affect the revenue of a business.
Thanks to the warehouse operation, it is easier for businesses to trade and distribute goods with import, export
and storage activities, helping to optimize the average cost per unit to the maximum (Janka et al. [2]; Mai Ha Phan
etal. [5]).

Tran Hiep Thanh Textile Joint Stock Company is a company specializing in manufacturing and supplying all
kinds of products for the industrial fashion industry. To be a reliable supplier and partner for garment companies
in domestic and foreign markets. The average order delay rate from June 2022 to August 2022 of the warehouse
is 0.4, which is quite a large number for any company. Therefore, this situation needs to be rectified as soon as
possible. First, we will find the cause of the above situation, then find effective remedies. Through data analysis
and consultation with finished product warehouse staff, the author has found a number of causes for the delay in
orders.

PARETO CHART

100%

Figure 1. Order delay rate of warehouse, Tran Hiep Thanh Textile Joint Stock Company

From the chart of Figure 1, it can be seen that 80% of the problems that the warehouse is facing come from 4
main causes including: (1) Lack of storage space. Due to the lack of storage space, goods at the warehouse often
have to be left in places other than the warehouse. (2) Lack of storage engine. Limited storage capacity, not taking
advantage of the maximum storage space of the warehouse. (3) Old goods that have been around for a long time
have not been properly arranged. This affects work productivity when employees only arrange products according
to experience, not according to company policy. (4) Many intersections and bottlenecks in the warehouse. Parts
in the warehouse have not been arranged properly, so when performing import/export tasks, interruptions often
occur, reducing work productivity.
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Figure 2. Research process

There are a few studies that have mentioned the application of the above algorithms to solve the problem of
ground. Author K.Y. Typpayawong [3] conducted a study on a chicken slaughterhouse to solve the problem of
insufficient storage space for goods produced during the day by redesigning the storage device incorporating the
product grouping method and use a linear programming model to allocate goods. Thereby improving storage space
utilization by 45%, reducing travel distance by 45%, and shortening picking time by 40%. Author Kerem [4] has
applied ground improvement algorithms such as CORELAP, CRAFT to design the premises of the production
area at the fabric company; thereby proposing an improved ground with improved efficiency of 36.82%. The
details of the research process are shown in Figure 2.

After collecting data on the area of each area in the warehouse, the quantity of goods, the level of storage, the
first step will be to redesign the area of each area in the warehouse. After that, the rearrangement of areas in the
warehouse will be performed using CRAFT and CORELAP algorithms. Next, using the AHP method by
determining a set of evaluation criteria for each alternative, then determining the weights of the criteria, and finally

247



4™ International Conference on Advanced Convergence Engineering (ICACE 2023)

August 14" — 16, 2023, Ho Chi Minh City University of Technology, VNUHCM

calculating the weights for each alternative based on the composite pairwise comparison matrix. The next step
will be to improve and select storage equipment among the popular types of shelves today such as Selective
shelves, Double - deep racks, VNA shelves,... Finally, a linear model is used to reallocate finished goods
locations, and the ABC classification method is used to group the main products in the warehouse.

2. RESEARCH CONDUCTING

2.1. Re-design of some functional parts

Storage area: With the statistics of the order situation and the number of orders put down from June 15, 2022
to June 29, 2022, the area of the following areas can be calculated:

Sample cutting area: The largest number of orders given is equivalent to 17 pallets. S = 17 pallets x 1.4m x
1m =20 (m?)

Shipping area: The maximum number of frames that can be handled at one time is 21 pallets. S =21 x 1.4m
X 1m =30 (m?)

Import area: The maximum number of frames that can be handled at one time is 25 pallets. S = 25 x 1.4m x
1m =35 (m?)

Waiting area for import and export queue: Required storage space. = 70 x 1.4 x 1 =100 (m?)

2.2. Warehouse layout

Layout improvement according to CRAFT algorithm

The algorithm is performed on a warehouse with an area of 810 m? (30m x 27m) equivalent to 206 cells; each
cell is about 4m? with the support of Excel software with the function Excel adds - in CRAFT layout. Areas are
designated Al- A1l. Building the initial plan as input data of the CRAFT algorithm, the parts will be arranged
based on the layout order of the current plan with the previously defined space requirements. Make improvements,
since the from - to matrix and the coordinates of the parts are updated after each swap of pairs8-3,6-7,4-5,3
- 6 and stops at pairs 4-7; due to increased migration costs compared to the previous swap.

i 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17

[ =R ) N, R S o N\ T

=
o

Figure 3. Layout improved by CRAFT
Layout improvement according to CORELAP algorithm

The algorithm is built based on the REL relation graph. Then proceed to arrange the parts on the REL diagram
according to the law of priority in the west corner. Make a spreadsheet of TCR values to determine the layout
order of the parts. The part with the highest TCR value will be placed first in the center of the floor. Component
A3 is placed in the middle of the floor and unit A10 is placed adjacent. In order to arrange the A4 part, it is
necessary to calculate the PR values at the possible locations. The position for the largest PR coefficient will place
A4 in it. Do the same with the remaining parts until the final ground is found.
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Figure 4. The layout improved by COREL
Apply AHP to select the layout plan:

Choose from the following options:
- Alternatives 1 (PA 1) is the current site.
- Alternatives 2 (PA 2) is an improved ground using the CRAFT algorithm.
- Alternatives 3 (PA 3) is an improved ground using the COREL algorithm.

Table 1. The pairwise comparison matrix sums up the alternatives

. Distance Adjacency | Operation Implementation .
Alternatives (0.54) (0.15) management (0.15) | costs (0.16) Weights
PA1 0.35 0.24 0.18 0.2 0.284
PA2 0.32 0.56 0.48 0.58 0.422
PA3 0.33 0.2 0.34 0.22 0.294

Based on the above results, it is found that Alternatives 2 - applying the CRAFT algorithm is the one with the
highest score. Therefore, Alternatives 2 was selected as the new site layout plan.

Improving storage devices

With the current storage policy of the warehouse is FIFO (First in first out); and prioritize equipment with
storage density, low investment costs and because the warehouse needs high accessibility to create favorable
conditions for employees when picking up goods. Based on those criteria, select Selective shelves with parameters
that can be met. Regarding the aisle configuration, in order to have an aisle suitable for moving equipment and
convenient for employees to move, choose the width of the aisle to pick up goods as 3.2m, and the width of the
horizontal aisle is 4m. Based on parameters such as the height of the warehouse ceiling is 5.5m, the height of a
shelf is 1.62m and the safe distance from the warehouse ceiling, the number of available storage floors is 3 floors.
Layout of shelves horizontally of the warehouse: The shelf area is limited by the aisle at the end of the row and
the width of the horizontal aisle.

3024 o5

- With the length of a Selective shelf of 2.5m, the number of shelves in a row can be divided by = —2 s = 5

shelves = 10 frame.
- On the left side of the warehouse diagram with 4 paths between areas. From there, it can be calculated that X
number of shelvesis: 1.3X + 3.2 x 4 = 27 — 3 => X = 8(arrays)

- The calculation is similar to the right side of the warehouse diagram.

12.5x1.3X13

) . ape - - 0, — 0,
Calculating storage space utilization Troxzarizonas X 100% = 38.41%

- The total amount of frames is: 390 frames.
Allocate storage locations for finished goods in the warehouse
Objective function: Minimizing the transportation distance between locations in the warehouse to the doors.

. T
Min¥7_, Z:ls—; X% pidue X xjp (1)
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Constraint:

Yiaaxx=1Lk=1,.,q(2

Yrax=S,j=1..,n (3

xj, = {0,1} with all j and k (4)

Constraint (2): Each storage location can only store 1 product

Constraint (3): The total storage location for product j is equal to the number of storage units needed for product

J
Constraint (4): Is product j assigned to the warehouse location k

Symbol:

i: Warehouse door number

j: Sequence number product

k: Sequence number of storage location

g: number of storage units

n: number of product types

m: number of doors

S;: Number of inventory units needed for product j

T;: Number of moves in/out of the warehouse of product j

p;: Percentage of moving infout from warehouse to warehouse doors
d;x: Distance required to move from the entrance/exit to the storage locations

Decisive variable:

xjx= 1 if product j is placed in warehouse k and vice versa = 0

Step 1: Calculate the ratio Tj/S;, sorted in descending order and sorted by ABC
Step 2. Calculate fk values for all storage locations. f, = >'{2; p;dix

Step 3: Start placing products in storage locations.

The product with the lowest fk value and the highest T;/S; ratio means that this product has a high in-and-out
frequency and requires few storage locations; so place this product in the position closest to the door. Same goes
for other Class A products. With the remaining B and C products, they will be placed in the remaining positions
after the A products are arranged.

3. RESULT AND CONCLUSION

Make improvements to research objects such as warehouse usefulness, time to find and pick up goods, and
finally, travel time. After redesigning the area of the functional areas and planning the storage equipment, the
warehouse usefulness increased to 38.41% (20.61% increase compared to the unimproved period). Pick-up time
and travel time were reduced by 30% and 40% respectively after rearranging parts in the warehouse and allocating
locations for finished goods. With the new premises and location of finished goods, employees can be proactive
in their work and ensure the work is completed on time. In addition, employees feel more comfortable with the
help of multiple transportation tools.

With the presented results, this study is said to have succeeded in applying CRAFT, CORELAP floor layout
algorithms, designing and selecting storage devices, reallocating finished goods position, with the goal of
improving the utilization of warehouse storage space, reducing the time to find and retrieve goods and thereby
improve the operational efficiency of the warehouse. However, due to time and resource constraints, the research
is only done for some main product lines of the warehouse and the research paper has not mentioned the inventory
liquidation options to increase storage space.
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Figure 5. Final product layout
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Abstract

This study develops an effective aggregate production planning (APP) model for ScanCom, a wooden furniture
manufacturing company, to address challenges in demand and supply volatility. The objective is to create a
flexible and adaptive production plan that efficiently utilizes resources while meeting customer needs and
maximizing profit. A multi-objective APP model is proposed, considering production costs, workforce change
costs, and overtime utilization. The research covers six products manufactured at ScanCom's plant, based on
forecasted demand for 2023. This research aims to provide decision-makers at ScanCom with an effective
production strategy and implementation suggestions. The proposed model can be further enhanced and applied to
future scenarios, contributing to the improvement of production systems.

Keywords: Aggregate production planning, Multi-objective, Goal programming, Optimization

1. INTRODUCTION

In the current era of industrialization, production planning has become a crucial part of every manufacturing
company and it serves as the backbone of the entire manufacturing process. Effective production, both in the short
and long term, requires planners/decision-makers to determine optimal quantities of products to be produced,
inventory level, materials, workforce, and other elements required for production while considering various
factors such as forecasted demand, available resources, labor requirements, and coordination of all relevant
activities to achieve the company goals.

However, production planning is not without its challenges. The production plan is mostly employed under a
variety of uncertainties ranging from internal factors to external factors. Consequently, one of the most significant
challenges faced by planners is how to achieve the ideal utilization of on-hand resources while minimizing
different types of costs and maximizing business revenue. Therefore, production planning has never been an easy
task and it has become increasingly difficult due to rising competition brought on by production expansion and
economic growth.

Thus, effective production planning has a direct impact on the manufacturing system and overall business
performance. The outcomes of this decision-making have a substantial effect on purchasing decisions, labor
decisions, and sales performance. Therefore, the key to winning for production planners is to efficiently utilize
resources and successfully manage uncertainties that arise — this problem also is as known as Aggregate
Production Planning.

2. PROBLEM STATEMENT

Effective production planning is essential for any manufacturing organization to meet the demands of its
customers. Nevertheless, the current production planning approach of ScanCom may not be suitable in dealing
with the volatility of demand and supply. Consequently, the factory often encounters the risk of material shortage,
which can lead to stockouts resulting in lost sales and dissatisfied customers. Alternatively, the factory is exposed
to overproduction which can result in excess inventory, tying up valuable resources, causing financial strain and
space constraints. Hence, those could lead to severe consequences if the management does not have proper
planning with current on-hand materials.

To cope with the issue in the short term, the logistics team has made several temporary adjustments in
production planning which cause unintended costs. For instance, switching the production line from one product
to another because of not having available materials on hand will increase machine/personnel idle time as well as
setup time leading to considerably raised labour cost and setup cost. In the worst situation, lacking materials would
bring a halt to the whole production in the plant, and then an immense expense will come from this for ScanCom.

Furthermore, those temporary actions induce costs incurred not only during production but also throughout
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the supply chain such as extra freights when changing the mode of transportation from sea to air to expedite
shipments, penalty costs for delayed fulfilment for distributors mentioned in the contract as well as a decrease in
customer satisfaction. On the other hand, the Domino effect of this problem could bring chaos to the operation of
other departments as well; and the production planning team would take a significant number of hours to replan
the workforce, machines, and resources for normal production.

Thus, one of the improvements for this current persistent problem of the ScanCom plant is to have a robust
production plan in place which can adapt to unforeseen changes in demand and supply. To achieve this, production
planners need to adopt a flexible and adaptive approach to production planning.

3. LITERATURE REVIEW

Many investigations related to the APP problem have been studied with a vast number of methods and
expansions from small-scale to medium-large-scale problems, from conventional to contemporary algorithms,
from single-objective to multi-objective, and so forth. A combined method between TOPSIS and compromise
programming was developed for multi-objective APP model by Yu et al. (2022). The research aimed to deal with
an APP problem for a manufacturing company producing a single product to satisfy the uncertain demand while
adapting to changing the rate of production, labor level, inventory, back orders, overtime, and other variables. The
model considered three main objectives related to sales profit maximization, repairing cost, and production costs
minimization and it could be converted into bi-objective function by applying the advanced TOPSIS method.
Thanks to the extended TOPSIS method, the authors made significant improvements in helping decision makers
to determine the optimal workforce (hiring/laying off) in each period, suitable total overtime, and inventory levels.
Another interesting approach was presented by Hafezalkotob et al. (2019), in which the authors suggested a
reformed linear model applied for integrated production planning with multi factories using numerous methods
of cooperative game theory. The findings analyzed the potential cost savings through the collaboration among
plants thanks to the exchange of workforce and inventory, which results in decreasing inventory and labor costs.
Moreover, one of the challenging and infrequent approaches to solve the APP in a highly intuitive manner is
through simulation and this was implemented in the study conducted by Jamalnia & Feili (2013). Particularly, the
research employed a hybrid methodology of discrete event simulation (DES) and system dynamics (SD) to
construct a practical APP model by using the Arena simulation software. The model incorporated operational -
level and shop-floor activities, as well as aggregate-level strategic decisions to evaluate the effectiveness of APP
strategies (i.e., chase/level/mixed strategy), with profitability as the primary criterion. The highlighted point of
this solving approach is that the simulation could provide the interdependent interactions of different APP
components visually and provide valuable insights for the management regarding strategic decision-making.

Considering uncertainty in formulating mathematical models, the frequently used methodology is fuzzy
programming. Djordjevic & Stojic (2019) introduced a new approach in dealing with APP in automotive industry
under uncertainty, specifically, the authors developed a fuzzy linear programming model that considers the time
needed involved in the manufacturing process, the inventory management, and the customer delivery. The
uncertainties in the paper include the deviation of customer demand from forecasted values and production output,
the production time, the timing of safety stock storage in the warehouse, and the required preparation time for
customer delivery, which were modelled by using fuzzy sets that were created using historical data recorded in
the database or based on experience. Throughout real-world data experiments, the results demonstrated that the
proposed model was effective in reducing the time required for production and warehouse operation, while also
improving the overall performance of the supplier. In the same year, Tirkolaee et al. (2019) also implemented
fuzzy combined with Mixed-Integer Linear Programming (MILP) methodology but with an advanced approach
that involved developing a multi-objective and multi-period model to accommodate the uncertainty of seasonal
demand. Specifically, the developed model took the outsourcing and workforce overtime factors into account, the
objectives are to minimize different types of cost and maximize customer gratification, and the triangular fuzzy
numbers were employed to handle uncertain demand (seasonal). After conducting a sample experiment, the paper
indicated that different results may be obtained when uncertain conditions and real-world assumptions are
considered in developing a practical APP.

4. MODEL FORMULATION
In this paper, a pre-emptive goal programming is developed to solve the multi-objective aggregate production
planning problem and the assumptions involved in the proposed APP problem are as follows:
o Workers possess identical skills meaning that they have the same level of productivity.
e Workers engage in a standard work schedule of eight hours per day.
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e The initial level of the workforce is determined for each product.
e There is no backorder due to the policy of ScanCom.
e Labor cost, production cost, and holding cost are deterministic and fixed.

Notations

Sets:
I: set of the products
T: set of the planning periods
Indices:
i: index of the product
t: index of the planning period
Model parameters:
rev;: the unit revenue of the product i ($/unit)
¢,;: the unit production cost for product i at regular time ($/unit)
¢,;: the unit production cost for product i at overtime ($/unit)
c3;: the unit inventory cost for holding product i at the end of each period ($/unit)
LT;: the labor production time for manufacturing product i (hours/unit)
LC: the labor cost for manufacturing product at regular time($/hour)
LCOT: the labor cost for manufacturing product at overtime ($/hour)
I; o: the initial inventory of product i at the start of planning horizon (units)
W,: the number of initial workers (man-period)
min: the minimum required demand of product i in period t (units)
Q['1**: the forecast demand of product i in period t (units)
W Cap™™: the minimum workforce level of the plant (mans)
WCap™*: the maximum workforce level of the plant (mans)
SCap™a*: the storage capacity of the plant (units)
¢, the cost for hiring one worker ($/man)
cs: the cost for laying off one worker ($/man)
Z4: the aspiration level of profits to be achieved
Z,: the aspiration level of cost of hiring or laying-off workers
Z5: the aspiration level of overtime
Decision variables:
Q;¢: the quantity of product i sold in period t (units)
x; ¢+ the quantity of product i manufactured in period t at regular time (units)
¥+ the quantity of product i manufactured in period t at overtime (units)
H,: the number of hiring workers in period t (man-period)
L;: the number of laying off workers in period t (man-period)
W,: the number of workers required in period t (man-period)
OT;: the total hours of overtime in period t (hours)
I; .- the inventory of product i at the end of period t (units)
Auxiliary variables:
d,,: the deviation variable of underachievement of the goal Z,
d,: the deviation variable of overachievement of the goal Z;
d,,¢: the deviation variable of underachievement of the goal Z,
d;,f: the deviation variable of overachievement of the goal Z,
d,;: the deviation variable of underachievement of the goal Z,
d},: the deviation variable of overachievement of the goal Z,

Goal Constraints and Objective Functions
Z = Min P,(dy,) + Min P,(d;};) + Min P5(dg,

subject to:
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Relationship among the number of workers:
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Y LT X, <8W, vteT (10)
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Non-negative constraints:
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. g - - - (13)
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5. COMPUTATIONAL RESULTS

To illustrate how flexible the presented model is, a dataset was gathered from ScanCom manufacturing company
located at Song Than Industrial Park, Binh Duong Province. This dataset serves as the input for the mathematical
model being proposed.

Table 5.1. The unit sales revenue

Product, i Product name Unit sales revenue ($/unit), rev;
1 Italica Carver Easy Chair 9.71
2 Royan Stacking Chair 18.25
3 Montmartre Side Chair 6.32
4 Ibis Rectangle Table 150x90cm 19.63
5 Sjalland Square Table 11.20
6 Lynx Rectangle Table 180-240x100cm 40.57
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Table 5.2. The cost of unit production at regular, at OT, and holding cost

Product, Production cost at normal time Production cost at OT ($/unit), | Holding cost ($/unit),
i ($/Un|t), Cqi Cai C3i
1 8.36 12.54 0.08
2 15.72 23.58 0.08
3 5.44 8.17 0.08
4 16.91 25.37 0.08
5 9.65 14.47 0.08
6 34.95 52.43 0.08

Table 5.3. The labor production time needed for producing each product

Product, i | Labor time for each product (hours/unit), LT;
1 1.9

3.2

1.2

3.8

2.3

7.8

OO |WIN

Table 5.4. The cost labor at regular, at OT, and hiring/lay-off cost

Labor cost (regular | Labor cost (OT) | Hiring cost ($/man), ¢, | Lay-off cost ($/man), cg
time) ($/hour), LC ($/hour), LCOT
1.22 1.83 87 950

Table 5.5. The capacity of the plant and workforce

Initial workforce Minimum workforce Maximum workforce Storage capacity (unit),
(man), W, (man), WCap™™® (man), WCap™** SCap™**
100 100 1,800 200,000

Table 5.6. The initial inventory of each product at the start of planning horizon

Product, i | Initial inventory (units), I; o
1 8,382
5,809
268
0
1,369
1,865

oo~ lw|N

Table 5.7. The minimum required product quantities in each planning period

Product, Quantity (units), Q™
t Period, ¢

1 2 3 4 5 6 7 8 9 10 | 11 | 12
563 | 499 | 483 | 461 | 414 | 411 | 496 | 584 | 737 | 698 | 724 | 734
247 | 279 | 246 | 229 | 246 | 267 | 290 | 306 | 331 | 361 | 385 | 421
201 | 175|168 | 188 | 183 | 166 | 198 | 207 | 192 | 224 | 251 | 262
443 | 392 | 344 | 336 | 354 | 335 | 358 | 393 | 505 | 543 | 608 | 709
134 | 101 | 98 | 136 | 105 | 101 | 99 | 123 | 175|176 | 177 | 189
235|201 | 193 | 196 | 187 | 192 | 210 | 284 | 306 | 253 | 273 | 292
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Table 5.8. The forecast product quantities in each planning period

Product, Quantity (units), Q7™

' Period, t

1 2 3 4 5 6 7 8 9 10 11 12
1 5,628 | 4,985 | 4,825 | 4,611 | 4,144 | 4,113 | 4,963 | 5,841 | 7,371 | 6,979 | 7,238 | 7,344
2 1,235 1,394 | 1,228 | 1,143 | 1,229 | 1,336 | 1,452 | 1,528 | 1,653 | 1,803 | 1,924 | 2,104
3 1,007 | 875 | 842 | 942 | 914 | 832 | 992 |1,035| 959 | 1,121 | 1,253 | 1,311
4 3,104 | 2,744 | 2,408 | 2,351 | 2,476 | 2,342 | 2,506 | 2,753 | 3,535 | 3,804 | 4,256 | 4,966
5 537 | 404 | 392 | 542 | 421 | 404 | 395 | 492 | 699 | 702 | 706 | 754
6 1,176 | 1,004 | 963 | 982 | 935 | 958 | 1,052 | 1,420 | 1,529 | 1,267 | 1,364 | 1,462

Table 5.9. The target values for goal programming model

Goal (target) Value
Z, (Profit) 440,323 ($)
Z, (Hiring and Layoff) 150,253 ($)
Z5 (Labor Overtime) 203,152 (hours)

6. CONCLUSION

This paper focuses on addressing the challenges of demand and supply volatility faced by a wooden furniture
manufacturing company through the examination of aggregate production planning problems. A multi-objective
programming model is introduced to solve the aggregate production planning problem, with a hierarchical
optimization approach targeting three main objectives. These objectives include minimizing production costs,
minimizing costs related to hiring and laying off workers, and minimizing the overall use of overtime shifts. The
findings of this study demonstrate the model's adaptability and resilience, allowing management to assess
numerous scenarios by altering priority rankings based on various strategic assumptions. Hence, incorporating
computerized production planning into the company's management system is crucial, and it is anticipated that the
proposed model will contribute significantly to enhancing the company's global supply chain management in the
future.
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Abstract

In the manufacturing sector, especially for lines manufacturing with a variety of machinery and equipment,
spare parts inventory management plays a very important role. Determining the inventory to reduce the probability
of missing spare parts when needed, while ensuring the economic problem of ordering costs and holding costs is
a very important activity for businesses. This study applies a multi-criteria classification method, to determine the
importance of different inventories, thereby analyzing and evaluating the appropriate inventory model for each
different classification group. The scope of the study will be applied to a carton packaging factory.

Keywords: Multi-criteria classification, Inventory system, Spare parts, Safety stock

1. INTRODUCTION

Each manufacturing enterprise now has a variety of large and small machines to serve the operation. Coupled
with this factor is the regular repair and replacement of spare parts to ensure the production circuit is smooth and
not stalled. The problem is that if there are too many spare parts in stock, it will increase inventory costs, on the
contrary, if there is a shortage of spare parts, it will affect the production process and reduce the service level of
the business. Therefore, providing spare parts of the right type, in the right quantity, at the right time to ensure a
smooth production process, satisfy customer needs, and create quality products at low cost is an important task of
the enterprise.

Another issue to consider is that in an organization, even of moderate size, thousands of units may hold
inventory. To effectively control this huge inventory, the traditional approach is to classify inventory into different
groups. Then, different inventory control policies can be applied to different groups. ABC analysis is a well-
known and practical classification based on the Pareto principle. However, traditional ABC analysis is based on
a single measurement, such as the use of the cash value of annual inventory. Recent studies have recognized that
other criteria, such as inventory cost, material importance, delivery time, popularity, obsolescence, replaceability,
quantity required each year, and scarcity are also important in classifying inventory.

This study applies a multi-criteria classification method, to determine the importance of different inventories,
thereby analyzing and evaluating the appropriate inventory management model for each different classification

group.
2. LITERATURE REVIEW

2.1. Inventory classification

The literature on inventory classification is extensive. This section briefly overviews some related research on
multi-criteria classification models.

A study by author Ramanathan (2006) [1] developed a weighted linear optimization model for this problem.
The basic concept of the model in this paper is similar to the concept of data envelope analysis (DEA). First, the
model converts all criterion measurements into a scalar score, which is the weighted sum of the measurements
against the individual criteria. To avoid subjectivity in weight assignment, the weights are generated by linear
optimization just like the DEA. The classification is then done by grouping the items based on the generated score.
However, linear optimization is required for each item. Processing time can be very long when the number of
items in stock is large with thousands of items in stock.

Some extensions to classical ABC analysis were discussed by Flores (1987) [2]. The study proposed a cross-
tabulation matrix method to classify inventory according to two criteria. Criteria matrices have applications
provided which are rated on some practical scale. The number of matching categories must be determined by the
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user. (In this study three categories of categories were identified.) In other situations, more or less categories may
be appropriate. Combining criteria may require different analytical methods. The use of this matrix can provide a
clear method for taking into account a wide range of criteria in developing inventory policies. However, the
methodology becomes complex as it expands to more criteria.

An artificial neural network (ANN) has been applied by the author group F.Y. Partovi and M. Anandarajan
(2002) [3]. This paper presents a new approach to ABC classification of different SKUs using Al-based techniques
by ANN for SKU classification in the pharmaceutical industry, namely two learning methods that have been used
in the pharmaceutical industry, that is BP and GA. The classification results of these methods are compared with
statistical techniques of MDA, which are proposed as an alternative technique for inventory classification. The
development of these models is based on the actual decisions of inventory managers. The reliability of the models
was tested by comparing their classifier ability with two datasets (retained data and extrinsic data set). The results
indicate that the ANN classification models have higher prediction accuracy than the MDA technique. In addition,
the results indicate that the ANN (GA) network is a superior classifier to the ANN (BP) network. However,
although these classification models have some advantages, they also have limitations. First, the number of
variables that can be included in these models is limited. Second, modelling cannot and should not completely
replace professional judgment. This metaphysics is too complex to apply and confusing for inventory managers.

1.2. Inventory model

To take advantage of the inventory management models, it is important to choose the appropriate model with
the type of material through an appropriate review of the existing literature.

Rinaldi et al. (2023) have proposed a simulation model for spare parts inventory management of an ETO
company [4]. First, the items have been classified according to their criticality and demand pattern. Later, a
simulation model has been developed to reproduce the inventory policy used to currently manage the relevant
items. Finally, a new procedure integrating the simulation model has been developed to define the optimal setting
of each relevant item; each set has been identified with the aim of minimizing the total cost of inventory
management by defining a proper combination of operating leverages (EOQ and OP).

A heuristic method was presented by Karin et al. (2009) to find a cost-effective balance between maintenance
frequencies, spare parts inventories and repair capacity in order to achieve a target availability level [5]. We
considered a single k-out-of-N system under condition-based maintenance. They showed that ‘simply” extending
the METRIC approach yields inferior results since the relationship between the decision parameters and the
operational availability is not a monotonous one. It is relatively easy to modify this optimisation algorithm for
several model variants, such as the inclusion of component wear-out and the extension to an installed base of k-
out-of-N systems under block replacement. For the latter model, they found that our optimisation heuristic yields
costs that are on average 0:8% more than the costs found by enumeration. At the same time, the computation times
were a lot smaller, minutes compared to hours or even days.

Proposed model
This proposed method will include two stages:

— Stage 1. Apply a multi-criteria classification model to determine the importance of each type of spare
part.
— Stage 2: Analyze and evaluate inventory management models to choose the most suitable model.

1.3. Inventory classification

This study will apply the classification method referenced in the article "A simple classifier for multiple criteria
ABC analysis" [6] by author Wan Lung Ng. This method will propose a weighted linear optimization model to
help solve the multi-criteria classification problem.

In this paper, they proposed a simple model for multiple criteria inventory classification. The model converted
all criteria measures of an inventory item into a scalar score. The classification based on the calculated scores
using ABC principle is then applied. With proper transformation, the study can obtain the scores of inventory
items without a linear optimizer.

For illustration purpose, we apply our solution scheme on a case study at a Vietham carton packaging factory.
Let us consider three criteria: annual usage value, average unit cost and lead time for inventory classification. All
the criteria are positive related to the score of the inventory items. Currently, the plant has nearly 3000 spare parts.
Usage demand data of these items from July 2017 to June 2022 will be considered in this study.
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Consider an inventory with | items and these items are to be classified based on J criteria. The measurement
of the ith item under the jth criteria is denoted as Y- All criteria measures were assumed are positively related to

the score of an item. If there is a negatively related criterion, transformation such as taking negativity or taking
reciprocals can be applied for conversions. The treatment in [7] using transformation formula (1) can be adopted
to convert all measurement in a 0—1 scale for all items.

1)
min i=1,2,...1{y;}

maxi:l,z,...l{yij}_

Table 1 shows the measures under each criterion as well as transformed measures of spare parts in a scale of 0—
1.

Table 1. Measures of inventory items and transformed measures

Annual usage Average unit

Item  Annual usage Average dii | Lead time
no value unit cost Lead time value cost (transformed)
' (transformed) (transformed)
1 5840.64 49.92 2 1.00 0.22 0.17
5670 210 5 0.97 1.00 0.67
3 5037.12 23.76 4 0.86 0.09 0.50

Another pre-processing procedure we needed is the decision-maker has to rank the importance of criteria.
Although this involves certain degree of subjectivity, this is a far weaker requirement than that in AHP. Pair-wise
comparisons in the AHP require a decision-maker to specify not only the direction of preference (e.g. criterion 1
is more preferable than criterion 2) but also degree of preference (e.g. equal importance, weak preference, essential
preference, demonstrable preference, absolute preference, etc). This study requires only ranking rather than
specifying a precise degree or magnitude.

To facilitate the inventory classification under multiple criteria, we define a non-negative weight W which
is the weight of contribution of performance of the ith item under the jth criteria to the score of the item. The score
of the ith item (denoted as S,) is expressed as a weighted sum of performance measures under multiple criteria.
A weighted linear optimization model is shown as the following for each item i:

(P1) maxs, = > w,y, @
j=1

Sw, -1 ©

W =W, .y 20,j=12,..,(3-1) (4)

w; >0,j=12,..,J ®)

The model (P1) is a linear optimization model. Certainly, one can solve a series of linear optimization for all
inventory items. However, this requires a linear optimizer available for decision-maker. In addition, the processing
time can be very long especially when number of inventory items is large. Therefore, we adopt a transformation
to simplify our model. The simplified model can be easily solved without a linear optimizer.

Denote

Uj =W, =W, i=12,...Jandj=12,...(J— 1) (6)
Uy, =W,,1=12,..,1 @)
After some transformations, we can convert the model (P1) to the following (P2) for all inventory items:
J
(P2) max S, = Zluij X;; @)
J:
u; >0,j=12,.,J ©)
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The formulation (P2) is a linear program in the Canonical form with only one equality constraint. This implies
there is only one optimal solution U; being non-zero and all others are zero. Furthermore, the only non-zero

decision variable (uij > 0) must be equal to l Hence, the score S, of the ith inventory item can be easily
J

i
obtained as max J(E-Z Y- Alternatively, one can obtain the maximal score S; by the dual of (P2). The
' | o=

.....

dual formulation of (P2) is as the following with dual variable z; :

(P2 dual) min z, (10)

St 7,2 3x j=12...d ()
j

: Lo . . 1
The min z; for item i can straightforwardly be obtained as max,_, ;—X;-
=12,., J ]

After the transformation, the multiple criteria inventory classification procedure is simple and efficient. With each
inventory item, we perform the following steps on a spreadsheet package.
e Step 1. Calculate all partial averages.
e Step 2. Compare and locate the maximum among these partial averages. The corresponding value is the
score S, of the ith item.

e  Step 3. Sort the scores Si ’s in the descending order.

e Step 4. Group the inventory items by principle of ABC analysis.
The whole process requires no linear optimizer and is easy-to-implement on a common spreadsheet package
which can be handled by decision makers without special training.
Table 2 shows the calculated partial averages and the located maximal scores.

Table 2. Partial averages and scores of inventory items

ltem no. Annual usage value  Average unit cost  Lead time Partial average

(transformed) (transformed) (transformed) 1 2 3
1 1.00 0.22 0.17 1.00 0.61 0.46
2 0.97 1.00 0.67 0.97 0.99 0.88
3 0.86 0.09 0.50 0.86 0.48 0.48

Table 3 shows the classification based on our proposed model.

Table 3. Classification based on our proposed model of each item

Annual usage value  Average unit cost Lead time

Item no. (transformed) (transformed) (transformed) S; value Class
1 5840.64 49.92 2 1.00 A
2 5670 210 5 0.99 A
3 5037.12 23.76 4 0.86 A

Within the scope of the study, the next part would only plan inventory for class A. Class B and C spare parts
will do weekly or monthly tracking depending on the policy of the enterprise.

1.4. Inventory management model

After classifying the spare parts being used at the factory, the study will conduct inventory planning for class
A parts using 3 standard and effective inventory methods: EOQ; EOls; Min-Max, then use the actual past demand
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of spare parts to evaluate the effectiveness of 3 models, thereby choosing the most suitable model for the business.
This study will use the Microsoft Excel platform to build these models.

This research chooses EOQ and EOI because these are models suitable for independent, repeatable, and
continuous demand supplies. The model shows the optimal order level based on the minimum ordering and
inventory costs for a given demand. The EOQ model requires continuous updating of input, output, and inventory
data (which can be done manually or by machine) to determine if inventory levels have been reduced to reorder
levels. While the EOI model only requires periodic updates at predetermined intervals. EOl model with relatively
high holding costs due to large inventory, but in return for the advantages will reduce ordering costs, reduce
procedures and increase purchasing volume to enjoy large volume discounts. It should be noted that the major
drawback of these two models is that they are based on too many assumptions that are difficult to achieve in
practice. Therefore, it should be practical to gradually remove assumptions, accepting actual conditions by adding
uncertain factors to the model. For this study, the safety inventory factor (calculated by the service level model)
will be added to match the actual material needs.

For Min-Max, this classic stochastic inventory system is suitable for independent, repeatable demand, which
helps reduce the risk of lost orders without holding excess inventory at the warehouse, in line with the nature of
the spare parts at the enterprise.

In this study, the service level will be chosen with a value of 97.5%.

Table 4 shows the parameter values of the three proposed models.

Table 4. Parameter values of the three proposed models

EOQ EOI Min - Max
Item no. Q B T E SS Min Max
1 47 26 7 73 6 26 73
2 56 35 6 93 6 35 91

The study provides four criteria for model selection, which are calculated in turn as follows:

Out-of-stock rate = 6-year total shortage / 6-year total demand

Annual ordering cost ratio = Average annual ordering cost / Maximum average annual ordering cost of the
three models.

Annual holding cost ratio = Average annual holding cost / Maximum average annual holding cost of the
three models.

Maximum number of missing parts at a time = Maximum number of missing parts for 6 years / Maximum
number of missing parts for 6 years of three models.

Table 5 shows the score value of three inventory management system (IMS) and weight of each criterion.
These weights were obtain based on opinions from expert’s enterprises.

Table 5. Weight of each criterion and score of three inventory management system

Out-of-stock Annual Ordering  Annual holding Maximum number  Score

rate Cost Ratio cost ratio of missing parts

30% 25% 25% 20%
EOQ 0.013 0.887 0.076 1.000 0.4446
EOI 0.011 1.000 0.997 0.818 0.6659
Min-Max  0.007 0.572 1.000 0.909 0.5769

Since all the criteria are negative related to the score of the inventory management systems, the EOQ model
with smallest score would be the most alternative and be chosen.
Table 6 compares the proposed model with the company's policy for class A parts.

Table 6. Compares the proposed model with enterprise's policy

Enterprise’s Policy  Proposed Model Improvement
Out-of-stock rate 5.2120% 1.3110% 3.90%
Annual average ordering cost ratio 132,832,029 108,651,863 18.20%
Annual average holding cost ratio 201,128,129 151,307,024 24.77%
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According to the proposal of the study, the results can be significantly improved if the company applies this
model to manage spare parts inventory at the factory.

3. CONCLUSION

This study applies a multi-criteria classification method of spare parts referenced from a previous study, then
analyzes and evaluates inventory management models to choose the most suitable model based on enterprise
criteria.

According to the results obtained, businesses can reduce the probability of out-of-stock up to only 1.3%. Also
reduced by 18.2% and 24.17% for ordering and holding costs respectively. Enterprises can apply this model to
reduce the probability of shortage of spare parts and reduce the company's ordering and holding costs.

For future research, it is necessary to expand the application of appropriate inventory management policy to
class B and C spare parts. Furthermore, analyze and evaluate to find another inventory management model which
is more efficient than this proposed model.
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Abstract

Currently, many companies are not only incorporating technology into their products and services, but also
aligning their missions with the goal of conserving electrical energy to uphold environmental responsibility.
Consequently, these companies prioritize the maintenance of their machinery and equipment to achieve optimal
performance. To optimize costs, these companies often seek professional maintenance services. These service
providers employ efficient resource allocation strategies when responding to orders. Implementing optimal
scheduling and resource allocation methods proves to be an effective approach for reducing operational costs,
increasing resource utilization, and minimizing waste, thus creating a competitive edge in the market. This
research aims to establish suitable models for real-world air conditioning maintenance orders in company X and
apply appropriate algorithms to efficiently allocate resources while ensuring service quality. The study employs
two models, namely the clustering model and manpower allocation model, along with the K-means algorithm and
Tabu-embedded simulated annealing algorithm to solve the resource allocation problem and identify
corresponding solutions. Actual data from company X in July 2022 is used to evaluate the effectiveness of the
proposed model. The results demonstrate a significant reduction in resources (with an average decrease of 34%
compared to previous resource allocation methods). The proposed solution model is expected to be implemented
in company X to further enhance efficiency and significantly reduce operating costs.

Keywords: Clustering, Manpower allocation, K-means, Tabu-embedded simulated annealing, air
conditioning optimization and management technology solutions

1. INTRODUCTION

Vietnam has witnessed a deceleration in its previously rapid GDP growth rate. According to statistical data
from The World Bank, the country's GDP growth rate stood at 2.9% in 2020 and 2.6% in 2021, primarily attributed
to the adverse effects of the Covid-19 pandemic. Nonetheless, the positive growth rate signifies an ongoing
process of economic recovery. Energy demand remains indispensable for fulfilling various infrastructure and
activities within the country. In response to the need for energy efficiency, numerous technology companies have
emerged, focusing on resolving energy-saving challenges. However, these startups encounter hurdles in
establishing viable business models, with particular emphasis on resource efficiency in a complex economic
environment.

Within the realm of resource optimization, several research studies have been undertaken. Valls et al. (2009)
investigated workforce scheduling, incorporating skill factors in service companies, resulting in feasible plans that
meet temporal and resource constraints [1]. Dennis (2011) devised a spreadsheet-based scheduling method for
optimal resource allocation in an internal call center, leading to significant reductions in staffing requirements and
operating costs [2]. Li et al. (2018) conducted research on scheduling optimization for maintenance and repair
activities, offering decision-making support to mitigate subjective errors [3]. These studies underscore the
substantial impact of human resource dispatching on a company's operating costs.

In recent years, technology solution companies have shown particular interest in addressing the service model
moderation issue. They are progressively embracing proposed solutions to streamline their operations. The present
study concentrates on personnel allocation within a company, specifically focusing on the management and
optimization of air conditioning operations. The objective is to curtail operating costs while ensuring the provision
of high-quality air conditioning maintenance and repair services.
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2. LITERATURE REVIEW

Moderation within the service environment plays a crucial role in strategically selecting and organizing
appropriate resources to meet requirements while ensuring operational quality and cost-effectiveness. Previous
research has extensively investigated the application of optimization models to minimize costs. For example, Lim
et al. (2004) conducted a study on personnel allocation to address the spatial demands within a port in Singapore
[4]. Their study proposed a personnel allocation model that incorporated time-frame constraints, which are
commonly encountered in practical scenarios. Busato et al. (2019) conducted a study on resource optimization
within the domain of food production [5]. The aim of this research is to create a decision support system that can
determine the optimal configuration of transport units in each field of a silage production system. The objective
is to minimize the total operational cost of the production system while adhering to time constraints for completing
the operation. The decision support system will provide valuable insights into the optimal number of transport
units required in each field, allowing for efficient and cost-effective management of the silage production process.
In their study, Hasan et al. (2019) implemented the fuzzy target planning model with the aim of optimizing
resource utilization within a company [6]. The proposed model is particularly effective in situations where there
is a requirement to minimize capacity shortages for multiple tasks, as well as reduce overtime costs while adhering
to a prioritized hierarchy. By applying the fuzzy target planning model, Hasan et al. sought to enhance resource
allocation strategies, leading to improved efficiency and cost-effectiveness in the company's operations.

3. PROBLEM STATEMENT AND FORMULATION

3.1. Problem statement

Company X offers solutions for the management and digitalization of air conditioning systems. Their approach
involves the installation of monitoring devices that enable users to measure energy consumption, monitor air
conditioner operation, and integrate environmental parameters to develop suitable control algorithms. Alongside
intelligent monitoring capabilities, these devices also possess smart control functions facilitated by an integrated
control application, Bluetooth connectivity, compatibility with various air conditioner brands, and automatic scene
settings. Leveraging customer usage behavior data and artificial intelligence, the company assists customers in
assessing air conditioner conditions and devising appropriate maintenance and cleaning plans.

During the process of data collection and observation in the company's maintenance operations, it was
observed that maintenance requests made on the same day in remote areas require a considerable amount of travel
time. Recognizing that travel time represents an inefficiency, it becomes crucial to conduct a comprehensive study
and gather the required data to evaluate the extent of time wastage associated with the utilization of workforce
resources. The calculation formula for quantifying the amount of time wasted aligns with formula (1) as below:

working time — maintenance time
Level of waste = — (%) €Y
working time

Using a dataset comprising 40 observations encompassing variables such as timekeeping and maintenance
duration, the study applies Minitab software to compute descriptive statistics (Figure 1). Subsequently, the waste
level is determined by applying formula (1), which takes into account the average maintenance time of 46.12
minutes (Figure 1), an 8-hour workday allocation for technicians, and the utilization data of the maintenance team
in July 2022, as illustrated in Figure 2.

Current status of workforce resource utilization in July 2022

Satstic . m/\m B

Variable NON' Mean SEMean SDev Minimum Q1 Medan Q3 Maximum
Mantenancetme 40 0 46115 0380 3671 35700 43300 46450 49075 52500

Data

Figure 1. Statistical values describing air conditioner .
maintenance time T M,

B e Y

Figure 2. Current status of workforce
resource utilization in July 2022
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Based on the data presented in Figure 2, the analysis reveals a wasted time level of 47.37% when utilizing
servicemans (corresponding to a resource efficiency of 52.63%). A higher wasted time level indicates excessive
workforce utilization without effectively utilizing the entire working time of the employees to generate value for
the company. This results in elevated operating costs. Consequently, the study proposes a solution to mitigate
operating costs by reducing resource waste. To achieve this, a combined approach is suggested, integrating air
conditioning maintenance scheduling and maintenance serviceman routing. This solution aims to minimize wasted
time within the team, enhance work efficiency, and improve customer service, particularly by addressing travel-
related time wastage. In this study, a clustering model is employed to schedule maintenance activities, while a
team resource allocation model is utilized to efficiently allocate resources to meet the maintenance requirements.

Model for scheduling maintenance activities

In this study, the clustering model is employed to group air conditioners based on their proximity in terms of
location and capacity of air conditioners. The clustering model utilized in this study is constructed based on the
clustering model proposed in the study conducted by Al-Sultana et al. (1996) [7]:

Notations:
i: air conditioneri = 1,...,m
j:workingdayj=1,..,c
Variables:
_ (1,if air conditioner i is serviced on j

U { 0, otherwise
z;: central value that represents a working day j
Parameters:
p;;- capacity of air conditioner j during a working day j 0 < p;; <1
Pe: Minimum capacity requirement is necessary to ensure optimal air conditioner operation and maintenance
efficiency.
p,.: maximum capacity requirement is necessary to ensure optimal air conditioner operation and maintenance
efficiency.
a;: latitude of air conditioner i
b;: longitude of air conditioner i
x;: location of air conditioner i in the clustering model, with x; = (a;, b;, p;;)

Objective:

. 2
Minimize Ty 35 wij[|xi — 7 @)
Constraints:
Yoawy=1,Vi=12,..,m 3
peSpijSpu:Vi=1,2,--,m,Vj=1,2,..,C (4)

The objective function (2) of the maintenance scheduling division model aims to minimize the overall
Euclidean distance between air conditioners and the center of workdays. Constraint (3) ensures that each air
conditioner is serviced exclusively on a single working day. Constraint (4) is implemented to ensure that
maintenance is conducted prior to any potential air conditioner failure.

Following the completion of the grouping process, the study proceeded to group the air conditioners on
maintenance days, taking into account the average capacity of each group. Air conditioners with higher average
capacity will be given priority for servicing.

Based on the research by Aloise et al. (2009), the clustering problem involving Euclidean distance is classified
as an NP-hard problem, falling within the realm of the Halting problem, a problem category described by Jack
Copeland [8]. While it is possible to efficiently verify any solution to an NP-hard problem, there is currently no
efficient method to find such solutions. Therefore, this study suggests the utilization of the K-means algorithm to
identify optimal clusters for the air conditioning maintenance scheduling model, leveraging the proposed
clustering and clustering model.

3.2. Model for allocating maintenance servicemans

Research on constructing a model for allocating workforce based on the study conducted by Lim et al. (2006) [4]:

270



4" International Conference on Advanced Convergence Engineering (ICACE2023)

August 141" — 16, 2023, Ho Chi Minh City University of Technology, VNU-HCM

Notations:

i,j :air conditioner i,j = 1,2,..,N

k:servicemank =1,2,...,.M

Variables:

o {1, if serviceman k travels from air conditioner i to air conditioner j
UL 0, otherwise

t;: arrival time at air conditioner i

w;: waiting time at air conditioner i

M: total number of serviceman

Parameters:

N: total number of demand nodes (air conditioners) in a day

c;;- distance cost between node i and j

t;;- travel time cost between nodes i and j

d;: demand in numbers of servicemen at node i

e;: earliest arrival time at node i

l;: latest arrival time at node i

s;: service time at node i

m,: total shift time of serviceman k

Obijectives:

Minimize M (5)

Minimize XN o X1_o Yitoy CijXiji , vOi i # j (6)

Minimize ¥} o XY Xioq tijXiji, vOi i # j @)

Minimize ¥} o X_o Xkey WjXiji , vOi i # j (8)

Constraints:

T XX = d;, V) €)

X (i + i+ s +wy) < 6,V k (10)

to=wy=5,=0 (11)

eg<ti+w; <[, ,Vi (12)
Mo X o xiji(ti + s+ wi) Smy ,Vk (13)

P Xojk =1, SN ixiok =1 ,Vk (14)

The objective function (5) of the model aims to minimize the number of servicemans required. The objective
function (6) of the model seeks to minimize the travel distance of workforce resources. The objective function (7)
of the model focuses on minimizing the execution time of maintenance tasks. Lastly, the objective function (8) of
the model aims to minimize the waiting time for maintenance operations to be performed. Constraint (9) represents
the maintenance requirement of air conditioner j, indicating that it necessitates d; maintenance personnel.
Constraint (10) ensures that serviceman k, upon completing the maintenance task for air conditioner i, promptly
transitions to air conditioner j. Constraint (12) guarantees that the maintenance for air conditioner i commences
within the scheduled timeframe. Constraint (13) imposes a limitation on the working time of serviceman k,
ensuring it does not exceed shift my. In constraint (14), the first equation guarantees that serviceman k departs
from the company, while the second equation ensures that serviceman k returns to the company upon fulfilling
the assigned maintenance obligations.

Similar to the maintenance scheduling model, the maintenance crew dispatching model also falls under the
category of NP-hard problems. Additionally, the maintenance crew dispatching model is a multi-objective model.
When dealing with multi-objective optimization models, there are two approaches to model solving: sequential
optimization and global optimization. To effectively find a solution for the dispatching model, appropriate
algorithms and solutions are required. Previous studies have demonstrated various algorithmic approaches to
address the human resource allocation problem. For instance, Abboud et al. (1998) explored the application of
mobile algorithms to solve personnel allocation problems [9]. Dohn et al. (2009) employed a branch-and-bound
approach to solve the human resource allocation problem by incorporating constraints on work groups [10].
Furthermore, Lim et al. (2004) proposed a combination of two heuristic algorithms (Tabu-search and Simulated
annealing) to address the second model [4].

JFE]
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4. RESULTS AND DISCUSSIONS

4.1. Computation results

The study gathers data from the historical records of company X's system to identify air conditioners requiring
maintenance during the first week of July 2022. The extracted information comprises the air conditioner's 1D,
address, and capacity. The longitude and latitude of each air conditioner's location are determined using the
customer's address and the assistance of the Google Maps tool. Table 1 provides a comprehensive overview of
the collected data for the week commencing July 1, 2022.

Table 1. Information of air conditioners that need to be serviced in the week of July 1, 2022

Air conditioner ID Longitude Latitude Capacity
1 106.6854 10.77522 86
2 106.6962 10.77662 87
416 106.678 10.74409 96
417 106.6995 10.77623 88

The problem model is solved using the Python programming language, and the program is executed to obtain
the maintenance scheduling and team dispatching results. After running the program for 15 minutes, the outcomes
are obtained. Figure 3 illustrates a comparison between the resource wastage and the number of air conditioners
that have been maintained, both in the actual usage scenario and when the proposed plan is implemented.

Based on the maintenance scheduling and crew dispatching results for the week of July 1, 2022, the average
resource utilization rate was calculated as 75.58%, indicating a waste level of 24.42% (a decrease of 22.01%
compared to the initial scheduling and dispatching results). The maximum required workforce during the week
was determined to be 7-10 individuals (a reduction of 2-7 individuals).

4.2. Sensitivity analysis

The input parameter data of air conditioning maintenance time and serviceman movement speed can greatly
influence objective functions such as the number of servicemans. This is especially important because in practice
managers need to estimate the number of maintenance servicemans in advance to make decisions regarding the
preparation of crew resources. Therefore, the study conducted a sensitivity analysis by running a simulation of
the air conditioning maintenance time parameter and the serviceman's movement speed was random. The research
involves utilizing the random number generator from the random library in Python programming language to
simulate the maintenance scheduling and crew dispatching process. The simulation is performed 30 times, where
each run considers random values for maintenance time distributed according to the normal distribution N(46.12,
3.67), and the serviceman's movement speed is generated based on the Uniform distribution U(15, 40).

Before and After apply proposed solution Simulation results

&> i
o nf"_ = L‘"“L - 2
-— - ]
Figure 3. Actual results before (actual) and after Figure 4. Results of Sensitivity Analysis Objective
when applying the proposed solution Function Number of Serviceman

Based on the findings presented in Figure 4, it can be observed that the maximum number of servicemans
consistently remains lower than the number of servicemans recorded in the historical data. This provides
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confirmation that the proposed models and algorithms, as outlined in the solution section of the study, lead to
improvements in the maintenance scheduling and serviceman dispatching processes at company X. More
specifically, by conducting the simulation 30 times, the study reveals a substantial reduction in the waste of
servicemans' resources, resulting from a decrease in the required workforce (with an average reduction of 34% in
the number of servicemans needed per working day).

5. CONCLUSION

In conclusion, the study has utilized existing research accomplishments to address the resource management
challenge at company X. Specifically, the Tabu-embedded simulated annealing algorithm has been applied, along
with programming language expertise, to devise solutions for the maintenance scheduling and serviceman
dispatching problem. This contribution aids decision-makers in generating suitable moderation outcomes,
providing support for effective decision-making.

In addition, the study conducts research, proposes a feasibility assessment, and develops an information system
aimed at facilitating the collection of air conditioner data within the company's system. This system enables
automated data processing and integration with scheduling and control algorithms at the team level, with the
ultimate goal of optimizing resources within the company.
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Abstract

As industrialization progresses rapidly, production volume increases, and consumer consumption patterns
change rapidly. Because consumer patterns change rapidly and non-linearly, it can be difficult for consumers to
make decisions. This unpredictability of consumer behavior leads to an increase in processes such as refunds and
exchanges. In addition, due to recent pandemics or logistics disruptions, disruption has occurred in each chain of
the supply chain, adversely affecting the entire supply chain system. We model these nonlinear, unpredictable,
and disruptive occurrences and analyze system stability through dynamic analysis. And in the face of disruption,
efficient control algorithms can optimize management systems while reducing potential risks by applying control
theory to decision support systems. In light of market volatility, new decision-making strategies can be used to
optimize digital supply chain networks. Adjustments can provide valuable insights for effective administrative
readiness.

Keywords: Multi-echelon supply chain, Disruptions, Dynamical analysis, Control theory, Optimal
management

1. INTRODUCTION

As industrialization is rapidly progressing, production volume is increasing, and consumers' consumption
patterns are also changing rapidly. As consumer patterns change rapidly and non-linearly, it can be difficult for
consumers to make decisions. This unpredictability in consumer behavior leads to increased processes such as
refunds and exchanges. Additionally, companies cannot keep large amounts of inventory for extended periods of
time, especially for products with short shelf lives or those that are sensitive to trends. Managing inventory of
perishable items is more complex and delicate compared to other types of products

2. METHODOLOGY

The actual business market is composed of numerous stakeholders and is intricately interconnected, making it
highly challenging to comprehend in its entirety. It exhibits complex and nonlinear relationships, characterized
by chaotic dynamics and unpredictability. Lorenz introduced the concept of chaotic systems in weather prediction,
describing them as highly random and sensitive. Even small changes in the system input can lead to unpredictable
outcomes or drastically different results as the system evolves through chaotic processes.

2.1. Multi-echelon supply chain modeling

In a typical supply chain, the product flow starts with the manufacturers who produce the desired products and
send them to distributors. The distributors then maintain safety stocks and ensure the smooth flow of products to
the retailers. Based on customer orders, the products are finally delivered to the end customers. In the reverse
direction, customers can place orders or provide feedback to the retailers to access the inventory stock. However,
if there is a mismatch between orders and demands, waste can be generated, leading to significant economic losses
across the entire supply chain system. Moreover, wastes can be detrimental to the environment, especially for
short lead-time items such as perishable products or cold chains of fresh food.
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Figure 1. Times series of state variables

2.2. Multi-echelon Supply chain modeling document
This is a typical phenomenon of bullwhip effect (BWE) or Forrester effect that was first described by
Forester (1961) who explained the demand and variance amplification in an industrial system.
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Figure 2. Bullwhip effect index for evaluating supply chain model

3. NUMERICAL SIMULATION

In this numerical analysis, market conditions constantly change with volatility, becoming more unstable or
chaotic.

Equation 1 Equation 2

Time Time

Figure 3. Times series of disruptions supply chain model
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4. CONCLUSION

A company or organization's stability is jeopardized during a business crisis, which can be triggered by internal
or external factors. In the midst of a volatile market, businesses strive to navigate their vulnerable supply chains
while grappling with uncertainty. Conventional logistics management software may not offer effective solutions
to address supply chain disruptions caused by an unpredictable market. To tackle this challenge, a novel four-
dimensional supply chain model has been introduced to study intricate and dynamic interactions among
participants. The model extensively examines the nonlinear properties through stability analysis of equilibrium
points, bifurcation diagram analysis, phase portrait analysis, and analysis of time-series responses.
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