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ABSTRACT

This research performs a freeform numerical vibration analysis for a two-dimensional problem
using the Finite Element Method of a cellular Euler-Bernoulli beam with mechanical material
properties. BDFGM (Bi-Directional Functionally Graded Materials) is composed of two
materials, Aluminum and Zirconia. A mixing law based on rule of mixtures is proposed to
account for the variation in the volume fraction of materials. It is determined that the variation
indices of elastic modulus and density vary with the exponentially along the axial direction
and power law with the depth of the beam. The first three natural frequencies of the simple
cellular beams obtained from the analysis are found to be inversely proportional to the
variation index increasing in both directions with the variation index increasing with depth. It
affects the rate of decrease of the natural frequency value more than the axial variation
index. This proposed model can be applied to the analysis and design of bidirectional
composites consisting of more than two materials with different properties in order to
determine the appropriate natural frequency value for the desired problem.

KEYWORDS: Bi-Directional Functionally Graded Material, Cellular Beam, Finite Element

Method, Vibration, Natural Frequency, Mode Shape
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FmsaneaTsimIauasifiananuasssumaluswy 2 §& 209 Functionally Graded
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4. IBNITUATHANITIVY
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muldauy@giusasanuiduluszuiy 2 48 Nawe17 51003 §9 1 LWaT (B3
AMNBNIADANNFIAWAIAL 5:1) MUTTXFIWINAIAS 5 3 MNANNL1IT840 1% Lag

A (% 1 6 16 A o o

I VWIALFURIUGUENA WA 0.7 LUAT AuLTaafLELTznauLUY FGM &3y

Ao < X ° x> a A P i A
nuwidvluadsih gninualildingaessiia Ao agfiifioy (Aluminum) uaz taslaiiiy
(Zirconia) T,@ﬂﬁwiugﬁaﬂawuﬁ@%ajumaﬁaq (Young’s modulus) LazANURWILLL (Density)
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4.1 Mesh Convergence

a @

Taunaldusrnitssslassantnuarsawianazidaaazvinliuaanwsn laianlna Exact

. 1 ::1' o ~ &’ [ o o e 1 i Q“; o v =
Solution wataa1fldlun1sdrwimAnIndwswinEnTuTynwialrg asunindasd
NN ENIWIALATIANNY IR TAITNLANIERNLNORALIBIVDINITAIUI DAL U RSN EIA I
AMULNBENVAINARNT Iz UNYauTUld R8I0V IAAI8NITNINT TV UIAN A RIV DI
1A39a1918 (Element Size) n”umil,ﬂ5ﬂuLuJadmmwaJﬁﬁiswmmmwiaﬂ%mgﬂiw (Mode

o A A A o A ' A =
Shapes) AJuaadl4A15197 2smumi'gvmmNamammmwaﬂﬂﬂmmwmmu
A Y o U o Qs a 1 Fi‘ =\ Q v ]

0.0015625 wal. G992 larin I lFdnIunsaeIziaIn U dTIINT A lunatada b

A13197 2 mmmfﬂ‘samiiwﬁmmzauﬁﬁﬂﬁmwﬁﬁ‘s‘sumaéLiﬁmwamaﬂ

Ele. Size ANANSIINTR (sauaaIuf)
(mm.) Mode 1 Mode 2 Mode 3 Mode 4
0.025 8.1435 14.6970 22.7410 35.9940
0.0125 8.0529 14.2810 22.4580 35.5730
0.00625 7.9635 13.9050 22.1800 35.1580
0.003125 7.9118 13.7010 22.0200 34.9180
0.0015625 7.8754 13.5630 21.9070 34.7500
0.00078125 7.8754 13.5629 21.9031 34.7498

4.2 Model Validation

Lﬁaomnvl,ajmmmmmwaLaammumoquuﬁ (Close-to-Exact Solution) Ua3a1%
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NN3ATIIFOLULLIIA0S BDFGM fia1edin lanfwualddagimivarasey dquanyd
Isotropic ﬁﬁﬁﬂ&lg}ﬁ’ﬁﬁﬂﬁgiu (Elastic Modulus) uazaa3181%i2w84 (Poisson’s Ratio) 4
A 30 GPa uaz 0.28 Awday au13nvinlalasnisinuad1esinTLLsHWA
gasfiamalusunisi (8) wazaunIn (9) Idauviiugud WallSoufinuanudsssuma
$1m2% 6 AuIniildanmsdiaeinuafansdean [13] nan1TUSeuLisuaInand
wxas1$luans9f 3 anwfisssumanmniaudslannsiaseinuansrodarin ad

ANULANANwagdnefIAY lagdinudsrsuma@siauusnuin denuaaatafom

WNE9 3.78 Lasibue it
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P a a o =) = o v a
M13N 3 ANNDSIINBIA 6 anaunIntlIsuaunuaIa1De

/]

ANNDSIINTIA (5aUADINT)
Mode 1 Mode 2 Mode 3 Mode 4 Mode 5 Mode 6
COMSOL 154.98 621.67 970.24 1269.40 1803.80 2183.10
Ref [13] 149.30 597.80 931.10 1221.30 1732.80 2095.80
Error % 3.78 3.99 4.20 3.94 4.10 417

lunsdluaszUinalnua (Mode Shapes) 4 §1aULINT 1HAINNITILATIZRIY HANTT
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A a X v a @ A
Tnuanifindulaass asuaaalugui 5

(c) Mode Shape 3

(d) Mode Shape 4

; o o o
5115 Mode Shapes 4 A10ULINNILNAAK

4.3 HANNTILAITILKLBIAILAY (Numerical Results)
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ABSTRACT
This research focuses on studying the improvement of efficiency in data collection and
process control in packaging production using the Internet of Things (loT) combined with
Total Productive Maintenance (TPM). The initial step involves addressing issues identified in
the packaging production department that affect product quality, with the primary problem
being packaging leakage. Techniques such as the 7 QC Tools and Why Why Analysis were
employed to identify and analyze the root causes. The analysis revealed that the cooling
water system using a chiller could not maintain the temperature according to standards due
to lack of maintenance. Thus, the cooling water system was redesigned, and IoT devices
were installed, including Arduino Uno and Raspberry Pi 4, to collect data and create a
dashboard for controlling the cooling water temperature. Data was stored using Google
Sheets. Post-installation, the system could log real-time chiller operations. The collected data
was then analyzed to plan TPM implementation using three pillars: Equipment and
Improvement, Autonomous Maintenance, and Planned Maintenance. The research results
demonstrate significant success in reducing the number of packaging leakage cases from

40 incidents before improvement to just 2 incidents afterward, marking a 95% reduction. The
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enhancement of the cooling water system effectively addressed the issues, reducing
production risks and increasing product efficiency. The integration of IoT with TPM in the
chiller cooling water production process serves as a model for further improvements in other
production process areas, enhancing overall efficiency.

KEYWORDS: Internet of Things (loT), Total Productive Maintenance (TPM), Cooling water

system.
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ABSTRACT

The smart Security System presented in this research harnesses the capabilities of
Raspberry Pi to provide a comprehensive solution for home security and control. The system
integrates three main functions aimed at enhancing user safety and convenience. The
system employs a camera module to detect and recognize faces in its field of view. In the
event of an unauthorized person attempting to enter the premises, the system captures the
intruder's face and promptly sends the image to the user's mobile phone. This real-time
notification ensures swift awareness and response to potential security threats. The camera
is configured to detect and monitor various objects, such as vehicles or individuals, stationary
for more than five minutes in front of the home. Upon detection, the system captures images
of the objects and transmits them to the user’s mobile phone. The system provides users
with the capability to remotely control electronic devices within the home. Through the
application or system interface, users can turn on or off specified devices. The primary goals
of the system include the development of a reliable application for smart home security and
control and the evaluation of its performance in real-world scenarios.

KEYWORDS: Raspberry Pi, Face Detective and Recognition, 10T, Mobile Application

1. Introduction

Traditionally, security systems relied on physical locks and alarms, providing a basic
level of protection. However, with the rapid advancement of technology and myriad
innovations, face detection algorithms have been addressed in many papers such as Haar
Cascades [1], Kalman Filter [2] and applied in various fields [3-5]. Besides, OpenCV is a

robust open source that supports many methods to detect faces. Face recognition and face
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matching were conducted using the OpenCV image processing library. Face detection is not
only necessary for the camera node detecting the face but also helpful in pre-processing the
input data. Face recognition technology has made remarkable strides in recent years, driven
by advancements in machine learning and artificial intelligence [6]. The integration of face
recognition and object detection into smart security systems [7-9] stands out as a
transformative paradigm [10], promising a robust shield for safeguarding homes. Parallelly,
the integration of object detection fortifies the system’s surveillance capabilities. Building on
the works of Garcia et al [11, 12], which highlight the critical role of real-time monitoring in
security systems, the inclusion of object detection extends the vigilant eye of the smart
security system. Whether it be identifying parked vehicles or monitoring prolonged stationary
activity, object detection augments the system’s situational awareness.

In recent years, security cameras have been widely accepted by society as a security
system, and the introduction of security cameras to shops, downtown areas, public facilities,
etc. is proceeding [13]. It is important to prevent unauthorized use of photo data by the
administrator of the security camera [14]. This security camera system is created using
Raspberry Pi [15], a credit-card-sized computer, that has revolutionized the realm of DIY
electronics and programming. Its affordability, versatility, and compact size have made it a
favored choice for various projects, including security systems that provide a comprehensive
solution for home security and control.

The intersection of face recognition, object detection, and remote device control forms
the cornerstone of this study. Motivated by the promising prospects outlined in the existing
literature, this paper aims to contribute to the discourse on smart security systems by
presenting a novel implementation on the Raspberry Pi [16]. The primary research objectives
encompass the development of a reliable application for smart home security and control,
coupled with an in-depth evaluation of its real-world performance through user feedback. By
addressing these objectives, this study endeavors to extend the frontier of knowledge in the
realm of smart security systems while providing practical insights into the application of
Raspberry Pi technology in residential settings.

Haar-feature-based cascade classifier for object detection has proved to be an effective
classifier [17, 18]. A smart security system's integration of face and object detection is based
on the convergence of advanced technologies including computer vision, artificial intelligence

(Al), and the Internet of Things (loT). Real-time face and object identification and recognition
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are made possible by the system's utilization of deep learning models and sophisticated
algorithms. It consists of multiple parts, including computer vision and image processing. By
using computer vision techniques, the system analyzes live video feeds from cameras and
extracts relevant environmental data. Algorithms for image processing are used to identify
faces and objects in the photographed frames. The development and deployment of the
system with integrated face and object detection follow a systematic and structured
methodology such as requirement analysis, system design, data collection and processing,
model training, integration and testing, deployment and evaluation, and interactive
improvement. By following this methodology, the system is developed, evaluated, and refined
to deliver reliable, efficient, and user-friendly security solutions. Al algorithms, especially
deep learning models like Convolutional Neural Networks (CNNs) [19, 20], are trained on
artificial intelligence and machine learning data. Mobile application and user interface design
which is the main interface for communicating with the smart security system is a user-
friendly mobile application. Real-time warnings, remote control capabilities, and historical
data access are all offered by the program.

The first step is detecting faces within the camera’s field of view. This involves analyzing
the image or video feed to identify areas containing faces. Usually, camera 1 is positioned
close to the entrance where authorization is required. The camera will take a picture and
process it further if someone requires entrance to the home. Parallelly, camera 2 is
configured to detect and monitor various objects, such as vehicles or individuals, stationary
for more than five minutes in front of the home. Upon detection, the system captures images
of the objects and transmits them to the user's mobile phone. This feature adds an extra

layer of surveillance, aiding in the monitoring of activities around the property.

2. Methodology
2.1 Hardware Setup

The Smart Security System (shown in Figure 1) presented in this research harnesses
the capabilities of Raspberry Pi3 to provide a comprehensive solution for home security and
control. To build a face recognition security system, we’ll need a Raspberry Pi3 board, a
compatible camera module, and a display (optional). The camera module captures images,

which are then processed for face recognition.
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Figure 1 The Smart Security System

Base Station and Wi-Fi Router provide the network infrastructure for all devices to
communicate. We connected the Wi-Fi router to the internet and configured it to ensure
strong and secure wireless connectivity. The base station will act as the central hub,
connected to the Wi-Fi network. Raspberry Pi3 acts as the main processing unit for face and
object detection algorithms. It is connected to the Wi-Fi network. Camera 1 and camera 2
captured video footage for processing by the Raspberry Pl (For cameras placement in a
real-world setting are shown in Figure 2). We connected the cameras to the Raspberry Pi3.
Position the cameras strategically around the property for optimal coverage. The cameras
utilized in our smart security system are equipped with a 1/3” progressive scan image sensor,

offering a maximum resolution of 1280 x 960 pixels and a frame rate of 30fps, ensuring high-
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quality video capture. Each camera features a 4mm lens with an aperture of F/2.0, providing
a 45.3-degree angle of view, and is mounted using an M12 lens mount. For optimal day and
night functionality, the cameras include an IR cut filter with an auto-switch mechanism. They
offer a wide horizontal view angle of 88 degrees and a vertical view angle of 65 degrees,
effectively covering extensive areas. Additionally, these cameras can focus on objects as
close as 0.5 meters, making them versatile for various security applications. Install cameras
at the house with a height of 2.8 meters outside to provide the system with a wide-angle
vision. With 88° horizontal and 65° vertical view angles provided by the cameras' wide-angle
lenses, this arrangement optimizes coverage and reduces blind spots. To guarantee that the
monitored area, including the ground directly below, is optimally covered, adjust the
horizontal tilt between 0° and 45° and the vertical tilt between 10° and 30°. Adverse weather
conditions such as heavy rain and fog can obscure the cameras’ view and reduce detection
accuracy. Even with optimal placement, cameras have a limited field of view. Wide-angle
lenses provide broader coverage but may introduce distortion at the edges, affecting
detection accuracy. Overlap the fields of vision of neighboring cameras to close any gaps
and guarantee sufficient lighting to improve the quality of the images. This configuration
lowers blind areas, increases face and object identification accuracy, and guarantees
thorough monitoring. Computer Notebook used for monitoring, configuring, and maintaining
the Raspberry Pi3 and system software. Ensure the notebook is connected to the same Wi-
Fi network and has software installed to access and monitor the Raspberry Pi3. We used a
relay to control the power supply to various electronic devices such as outlet, lighting switch,
and air conditioner. These are the devices that will be controlled by the smart security system
for automated responses. We connected these devices to the relay, enabling the Raspberry
Pi3 to control them. The mobile phone provides remote monitoring and control capabilities
to the user. It installed a mobile application that can receive notifications and control the

system remotely.
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Figure 2 The cameras placement in a real-world setting
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2.2 Software Implementation

The software aspect involves installing, developing, and configuring the necessary
libraries and frameworks (shown in Figure 3). Open-source libraries like OpenCV and dlib
provide the tools needed for face detection and recognition. Machine learning models can

be trained on a dataset of faces to ensure accurate recognition.

Control

Username

Password :

Profle

Figure 3 The smart security application or system interfaces

2.3 Face Recognition

The methodical approach used in the development and implementation of the smart
security system with integrated face recognition and object detection includes 1) requirement
analysis, which collects information about the required features and functionalities of the
smart security system, defines the hardware and software requirements, including
performance metrics like detection accuracy, response time, and power consumption.
2) system design, which is based on the requirements analysis and comprises choosing the
right technologies and algorithms for face recognition and object identification in addition to

specifying the system's components, interfaces, and interactions. 3) data collection and
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preprocessing to gather and prepare the data required for training and testing models, which
guarantee quality and consistency. Collecting images and videos of faces from various
sources such as publicly available datasets and custom recordings and gathering images
and videos of common objects in the targeted environment (e.g., vehicles, packages) from
sources like custom datasets. Labeling the collected data with appropriate tags (e.g.,
bounding boxes for faces and objects) using annotation tools. Applying transformations such
as rotation, scaling, and brightness adjustments to increase the diversity of the dataset
improves model robustness and standardizes the image sizes and pixel values to ensure
consistency. 4) model training, in which the machine learning models for face and object
detection. Using algorithms like Multi-task Cascaded Convolutional Networks for initial face
detection. Using deep learning frameworks like TensorFlow and employing deep learning
models for feature extraction and recognition, splitting the dataset into training validations
and test sets, and training the models using techniques like transfer learning, starting from
pre-trained weights and fine-tuning on my specific dataset. 5) feature encoding and matching,
in which the system encodes the extracted facial features into a compact representation
known as a face embedding or descriptor. To find comparable faces, these embeddings are
compared with those kept in a database using similarity metrics such as cosine similarity or
Euclidean distance for setting a threshold to determine matches and non-matches [21] and
use the trained face recognition model to extract feature vectors (embeddings) from detected
faces. 6) database management, managing the storage and retrieval of facial embeddings
and identities. Using a robust system (e.g., MySQL) depending on the scale of the
application. Storing facial embeddings, identities, and metadata (e.g., timestamps, image
paths). 7) real-time identification and verification, capturing live video feeds from cameras
and process frames in real-time using the trained models. Identifying recognized faces and
objects, and triggering alerts or actions if unknown or suspicious entities are detected. The
system authenticates after identification and then either grants access or sets off notifications
under pre-established regulations. 8) integration and testing, which verify the system's
robustness, functionality, and performance under varied circumstances, the trained models
are integrated into the framework of the smart security system along with other parts like
cameras, Internet of Things (IoT) devices, and the mobile application. Conducting intensive
testing in both controlled and real-world environments. Test for different scenarios, lighting

conditions, and angles to ensure robustness. In low-light or nighttime, cameras may struggle
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to capture clear and detailed images, which can hinder the accuracy of object detection
algorithms. The lack of sufficient light can cause images to appear grainy or dark, making it
difficult for the system to differentiate between objects, identify edges, or recognize patterns.
The cameras include an IR cut filter with an auto-switch mechanism which can enhance
image quality in darkness and algorithms will be optimized for low-light performance to
improve detection accuracy during nighttime conditions. 9) implementation and assessment,
which completed system is implemented in residential properties, which are real-world
settings. Continuously monitor system performance, including detection accuracy, response
time, and user interactions. The accuracy of face and object detection in our system is
significantly influenced by the distance between the camera and the monitored objects. At
close distances (0.5 to 2 meters), the cameras capture high-detail images, ensuring precise
recognition, though extreme close-ups may cause distortion. Medium distances (2 to 5
meters) provide a balanced view, maintaining high accuracy with clear and identifiable
features. At longer distances (5 to 10 meters), the detail reduces, leading to moderate
accuracy as environmental noise increases. Beyond 10 meters, significant detail loss and
environmental factors like lighting and obstructions further decrease detection reliability,
making accurate recognition challenging. Optimal camera placement, high-resolution
sensors, and advanced algorithms are essential to mitigate these issues and maintain
accuracy across varying distances. In a controlled test, the system was tasked with detecting
a person’s face 50 times. The results were impressive, achieving a 100% accuracy rate,
meaning that every instance of face detection resulted in the corrected identification of the
individual.

The system employs the camera module to detect and recognize faces in its field of
view. Once faces are detected (shown in Figure 4), the system employs a trained machine-
learning model to compare the captured face with stored facial features of members in the
home. If a match is found, access is granted; otherwise, appropriate actions, like sending
alerts, can be triggered. In the event of an unauthorized person attempting to enter the
premises, the system captures the intruder’s face and promptly sends the image to the user’s
mobile phone. This real-time notification ensures swift awareness and response to potential

security threats (shown in Figure 5).
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2.4 User Management

The system can be programmed to manage authorized users. New users can be
enrolled by capturing their images and adding them to the database. Parallelly, the system
provides users with the capability to remotely control electric devices within the home. The
owner can operate electric devices with the help of their smartphone or other mobile device.
This study represents a simple system where the Raspberry Pi3 controls three electronic
devices such as lighting, air conditioning, and outlet using a relay (shown in Figure 6).
Through the application or system interface, users can turn on or off specified devices,

offering not only security but also enhanced energy management and convenience.
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3. Conclusions

This Smart Security System on Raspberry Pi3 represents an innovative approach to
residential security, combining facial recognition, object detection, and remote device control.
These integrated features aim to provide users with comprehensive and user-friendly home
security solutions. The study’s success is contingent on user feedback that serves as a
crucial indicator of the system’s effectiveness in meeting these aims. By analyzing user
responses (shown in Figure 7), the research aims to gauge the system’s usability, reliability,
and overall contribution to home security and automation.

The following are the key takeaways from the user feedback: 1) System performance
evaluation, the main goal of user feedback is to assess how well the smart security system
performs in practical situations. by requesting input on a range of topics, including ease of
use, efficacy in detecting intrusions, dependability in object identification, and practicality in
controlling devices remotely. 2) Evaluation of user experience, evaluating the user
experience that the smart security system offers is one of the main goals of the user
feedback. User perceptions of the system’s usability, compatibility with daily activities, and
notification response time. 3) Validation of research hypotheses, in addition, user input
confirms the research goals and hypotheses that guided the creation and implementation of
the smart security system. Researchers can determine the system's effectiveness in
accomplishing its goals and providing value to users by contrasting users' perceptions and
experiences with the system's planned outcomes.

On the user feedback gathered from the questionnaire, the following conclusions can
be drawn: 1) Moderate User-Friendliness, the average response for user-friendliness is 4.35
indicating a moderate level of user-friendliness. It falls within a range where improvements
or refinements may enhance the overall user experience. 2) Positive Perception of Intruder
Detection, users express a positive perception of the system's effectiveness in intruder
detection with an average response of 4.62. This suggests that the face recognition feature
successfully identifies potential intruders contributing to a sense of security among
respondents. 3) High Reliability in Object Detection, the system's reliability in detecting and
capturing images of objects receives positive feedback with an average response of 4.58.
This indicates that users find the object detection feature dependable contributing to effective
surveillance around the home. 4) Moderate Convenience in Remote Device Control, users

rate the convenience of the remote device control feature moderately with an average
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response of 4.38. While the system provides a degree of convenience. There may be areas
for improvement to further enhance the user's experience in controlling electronic devices
remotely. 5) Positive Perception of Notification Response Time. The system's notification
response time receives positive feedback with an average response of 4.62. Users
appreciate the system's promptness in sending notifications contributing to a timely
awareness of security events. 6) Moderate Integration with Daily Routine. The integration of
the smart security system into users' daily routines is perceived moderately with an average
response of 4.50. This suggests that the system is making strides in becoming a seamless
part of users' lives. There may be opportunities for further integration. And 7) Positive Overall
Satisfaction. The overall satisfaction with the smart security system is positive with an
average response of 4.62. Users express contentment with the system indicating that it
successfully meets their expectations and contributes positively to their sense of security.

In summary, the smart security system on Raspberry Pi with face recognition and object
detection is generally well-received by users. The system demonstrates effectiveness in
intruder and object detection with positive feedback on notification response time. While
there are areas for improvement, particularly in user-friendliness and convenience in remote
device control, the overall satisfaction level suggests that the system is meeting user
expectations and contributing positively to their security and daily routines.

The benefits of the system are as follows; 1) Enhanced security that offers a robust
authentication method that is difficult to forge, providing a higher level of security compared
to traditional methods like PINs or keys. 2) Convenience-authorized users can access
secured areas without the need for physical keys or remembering complex passwords. 3)
Real-time alerts. The system can be programmed to send real-time alerts via notifications to
the owner’s smartphone when unauthorized access is detected. 4) Data logging. The system
can maintain logs of all access attempts, providing a record of who entered the premises
and when. 5) Remote monitoring. Raspberry Pi-based systems can be accessed remotely,
allowing homeowners to monitor their property even when they are away. And 6) Remote
control of electric devices. The system provides users with the capability to remotely control

electric devices within the home via the application or system interface.
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Smart Security System (Responses)

4.35(13.73%) e 4.38 (13.85%)

4.58 (14.46%) 4.62(14.58%)

1 ® Average of Convenience in Remote Device Control
2 ® Average of Effectiveness in Intruder Detection

3 ® Average of Integration with Daily Routine

4 ® Average of Notification Response Time

5 ® Average of Overall Satisfaction

6 ® Average of Reliability of Object Detection

4.62 (14.58%) 4.50 (14.22%)

7 © Average of User Friendliness

‘ 4.62 (14.58%)

Figure 7 The user feedback gathered from the questionnaire

4. Discussion

The proposed smart security system on Raspberry Pl with integrated face recognition
and object detection offers several unique aspects and improvements that differentiate it
from existing commercially available systems. While features such as face recognition, object
detection, and remote device control are indeed common in various security systems, this
research aims to innovate and improve upon these functionalities in several key areas:

1) Open-Source and Customizability. The proposed system leverages open-source
software and libraries, such as Open-CV for computer vision and TensorFlow for machine
learning. This open-source allows developers to customize and extend the system according
to their specific needs, offering a level of flexibility and adaptability. 2) Cost-Effectiveness
and Accessibility. Utilizing the Raspberry Pl as the core platform significantly reduces the
cost of the system compared to proprietary hardware solutions. 3) Enhanced Privacy and
Data Security. The system can be configured to process data locally on the Raspberry Pl
minimizing the need to transmit sensitive data to external servers. This local processing is
unauthorized access common with cloud-based commercial systems. 4) Integration of
Multiple Functionalities on a Single Platform. This integration ensures coherent interaction

between different functionalities, optimizing system performance and user experience. While
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many commercial systems offer integrating features seamlessly on a single Raspberry PI
platform is a notable achievement. 5) Scalability and Expandability. The design of the system
allows for easy scalability and expandability. Users can add more cameras, sensors, and
devices as needed without significant reconfiguration. And 6) User-Centric Design and
Feedback Loop. By actively engaging with users and iteratively improving the system based
on real-world usage and feedback, the proposed system aims to provide more user-friendly
and effective solutions tailored to the specific needs of its users.

These unique aspects collectively contribute to a comprehensive and innovative security
solution that addresses the limitations of current commercial systems and meets the evolving
needs of users. It also faces certain limitations that may impact its overall performance and
reliability such as 1) Accuracy in Face and Object Detection. Face recognition and face
matching were conducted using the OpenCV image processing library. For face recognition,
a classifier that uses the Harr features-based cascade function is used to identify faces in
real-time. The algorithm employs a series of classifiers trained on positive and negative
images to detect facial features with high accuracy. It uses 30 images of each person with
a tilted face angle to trim everything except the face and divide them into each person. For
our experiment, the detection rate for one mage was 99.73%, and the detection rate for one
sequence was 100%. The metric that is used to confirm an authorized person is the similarity
score between the facial embeddings of the detected face and the stored embeddings of
authorized individuals. The system calculates the similarity between the extracted feature
vector and the stored feature vectors of authorized individuals using cosine similarity metrics.
Distinguishing between a photo and a real person is crucial for preventing spoofing attacks
in face recognition systems. We used liveness detection to determine if the face being
captured by the camera is of a live person or a static image, and motion analysis was used
to track head movements and facial feature shifts. The system is highly dependent on the
quality of the trained models and the dataset used for training. While deep learning models
(Convolutional Neural Networks or CNNs) are employed to enhance detection accuracy, the
system may still experience challenges in correctly identifying faces and objects under
various conditions. Factors such as low-resolution images, partial occlusions, and variations
in lighting and angles can reduce the accuracy of detection and recognition. 2) Potential for
False Positives and Negatives. The system may produce false positives (incorrectly

identifying a non-threat as a threat) and false negatives (failing to identify an actual threat).
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False positives can lead to unnecessary alerts and inconvenience for users, while false
negatives pose a significant security risk by allowing unauthorized access or failing to detect
suspicious activity. The balance between sensitivity and specificity is crucial, and fine-tuning
this balance is an ongoing challenge. 3) Processing Power and Latency. While the Raspberry
Pl is a powerful and cost-effective platform, it has limited processing power compared to
dedicated high-performance computing systems. Real-time processing of video feeds to face
and object detection can be resource-intensive, potentially leading to latency issues. 4)
Susceptibility to Environmental Factors. Environmental factors play a significant role in the
performance of the face and object detection algorithm. Changes in lighting conditions, such
as bright sunlight, shadows, or low light, can adversely affect the system’s ability to
accurately detect and recognize faces and objects. And 5) Limited Database Capacity. The
system’s capacity to store and manage the facial embeddings and identities in its database
is limited by the storage and memory constraints of the Raspberry Pl. As the number of
recognized individuals increases, maintaining an efficient and fast database query process
becomes challenging.

In conclusion, while the proposed system offers several benefits, it is important to
acknowledge and address these limitations to enhance its reliability, accuracy, and overall
user satisfaction. Continuous research, development, and user feedback will be essential in
mitigating these challenges and improving the system’s performance in real-world

applications.
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ABSTRACT
The purpose of this research was to study the influence of adding titanium dioxide
nanoparticles on the mechanical properties of natural rubber under UV radiation. The
composite was prepared by mixing natural rubber with titanium dioxide nanoparticles at
quantities 0, 1, 2, 3, and 4 phr in a two-roll rubber mill. The composites were molded using
a compression molding machine, and tensile strength tests were conducted along with
morphological studies. The morphological properties observed using a scanning electron
microscope revealed that the titanium dioxide nanoparticles were well dispersed, leading to
improved mechanical properties with increasing amounts of titanium dioxide nanoparticles.
Optical microscope showed the crack patterns of the composite material between titanium
dioxide nanoparticles and natural rubber after UV exposure for 30 days at 0, 1, 2, 3, and 4
phr. The results indicated that the cracks on the natural rubber surface decreased as the
amount of titanium dioxide nanoparticles increased.

KEYWORDS: natural rubber, composite, nano-titanium dioxide, UV, aging
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o ) | o ey d X v o
L?Jﬂ’]luﬂ’]ia@ 10 ‘W‘Iﬁ aNuaK 110 MPa LﬁaﬂﬂJL’JmuﬂLLﬁJW&W\Tﬂﬂﬂ%WﬂLﬂ%ad“ﬂugﬂ LLRIAU

FugndaananuINuWLaziin laaanuaslwarsnunawinldnesay

A5 1 BATIAINVDINIIHANLNIADNNIIA

AABHEN 133 (phr)
§195INT6 STR 5L 100
sAuInuada (Steric acid) (813N 2
Fsfoanlod (Zinc oxide, ZnO) (R1INIZGW) 4
waszunda ingusnladaWd (Tetramethyithiuram disulphide, TMTD) 35
(81339 N3eN)
lolaatandaiuulalsazloagsafunlue (N-cyclohexyl-2- benzothiazole 1

sulfonamide, CBS) (813:39U])A1381)
f13Nz% (Sulphur) (msﬁﬂﬁmamgﬂ) 0.5

w1l lnniitoslasanlaod (Titanium dioxide, TiO,) (8NTA3LAN) 0,1,2, 3 uaz 4

2.3 NINAFDUANUAITINARAZNITIATIZRA MG ININGT
. AF e 4 o X - 5 - a
231 Tusnniuzddisiniasdadugdundalildazuiannunu 3 fafwas o1
115 AABLUAT T2UZWINATAITUAIDEY (Gauge length) 33 JaRLUAT ANNT9TY Gauge
length 6 AaALUAT ANNLTINNINATAL (Crosshead speed) 500 JaflNAIRaUIN NMINARDL
FUUANIIAIUNIBUIIAIAINNIAIZIU ASTM D412-06 G28LATDINARALLIIAI (Universal
testing machine, UTM §1 LR 10K %2 LLOYD) iNa3@f1A2uLAN (Stress) ANLATHA
(Strain) LLa:@hﬂiﬁa‘ua@ﬁa (Young’s modulus)
= [ 3 gl’ Aa A o ,&’ ) ai:&/ v
232 Anmansuziuiizasssniunmneuuazaadugd lasnsionafidugdu
v a a e oA A A X o P A . ~
nanadiFydluganaseundesnuiafyivasensfioanuuudu uaadszUf 1 Ganaaadl
WU 54x33x33 Lrudiuas (U 1(n)) IWaandwivaagunninmolundaimasey laold
waaa lWuudalarindgs 6 Tad dausiadulubiugd (310-400 w1luiuas) lavd
F2HZANTWNUALRAA NN 30 wudiuas uazldiianlunisnasauiduina 30 u 1iag
Han1Inagaun1IdesnuiafyIvessns nsdnmaugIwine1vesfiifuau laold
naas3ansvaduuulduss (Optical microscope, OM i%a OLYMPUS 3% BX60M) |4
fMasuensf 200 111 wazdnsnsnTzanaalvadnd linflonlasanlodluitatuanu las

NNIAATUINWH LA TVWI AN AN FNNUFAY AATUINWAIUBIAUAILINLA1TUa% i lafan
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Ardruinsediaiounas (3% MP-19020NCTR fi%e Neo coater) i1n1snagauaae
nﬁaaqawswﬁ&ﬁnmammudaani’mLLa:"Emi’l:ﬁmim:mU@T’maam@;ﬁ’szlmﬂﬁﬂ EDS
(Scanning electron microscope and energy dispersive X-ray spectrometer, SEM-EDS ju
JSM-7800F f#a Jeol)

s

31 ganadaunisdesnussdyIvasens (n) naasdnaassadyd () n1sanodyd

u

Taaldnaaaliuudalas nas 6 a6

3 Han1sY
3.1 NMIATREDUTHIIUINGIUALNINILINYAIVDISIG
MnEanIaTIReUFmgIwIneasaw lulninifioulesanloduaz Taquissznay
szninnamlwlninifloylasanloduszsrsrsumadiondasantsaididnasanuyy
#890310 Lﬁiag\é'numum:msm:mmTwaamqu"lmmLﬁﬁu"I,@aanvlfn@T TegonadoFuLa
\Banavesingiiediznay LLa@m@”agaJﬁ 2 Uaz 3 mﬂgﬂ‘ﬁ' 2 \lunawannaasgansan
sinaveunuudosnTavasnaw lulnmifonlassnlosiowinlunsnlugnesssuma (@
f89v81e 10,000 LYi1) WU muﬂuvlmmLﬁﬂu"l,@]aanvlen@i‘ﬁvlﬁifuﬁé'ﬂwm:ag'nuﬁ'w,ﬂu
nau lapfvadnluszaumnluuasiizUialaiuinen Waruswnlulnndevlesanlodly
HaNNIBITNTA LAZTLATIEHUS A REIBINAGATINIT RN UIRETLA TR AN TN TZ N
dvosnsm Iwlninifonlasanladluionnsfitsum 0,1, 2, 3, uaz 4 phr (@auaaslu
gﬂﬁ' 3) wuin mewlulnndisulessnlodinmsnszaednaluiosnsuas lusuaanumid
ffau adunsmlnlnindienlesanladludsinafisnndu wulsualnniioslaoenlod
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a o a & a p= e A A o & Aa
fumliunAvgaduaadiinamsmlulnnidonlasanlodnida Weaifununasaund
madudiinassnlulnindioulasanled 4 phr U7 3 (3)) Sudugasidinauduysanm
muﬂuvlﬂmLﬁﬂwvl,@aanvlsﬁﬁmnﬁq@vlﬂ’?Lﬂiﬁ:ﬁmsﬂs:mmﬁmaamqLLa:ﬂ%mmm@;@T’m
a e d' d' A | s
wafia EDS mapping (@3uaaslugufl 4 uaz 5) 1n3Uf 4 Gaudunaniinizaruaives
' a & a o Aa ' a .

519 wWud1 unAEunuinnszaedindvesmadn 9 lasdisng C, O, Zn uaz Ti uu
AU L1 aYIATAT1EA LB IUS N I@ﬂwami"imﬁzﬁuamlugﬂﬁ 5 UnHIAI0819H
519 C, O, Zn uaz Ti Aaidu 94.95, 1.50, 2.41 uaz 1.14% AWEAU IMNHANIITIATIZA
niaIlanIIARdIinaTauLuLFaINIIALAzINATLA EDS mapping M lWiAwitmiulu

a & o Aa o a a A& Aa o on
Tninfiowlasanlodinnzanoindluizgdidiznaussywma Sadinananuaua

LEINAVRI8N [14]

(-

_SEI 10kV  WD15mm SS30 -*n.ooo Tim | —
LSUT

H 1 ¢ fAa &
sz awarsveswewmilulnimitealasanladilaennassganssanaianasan

RUUADINIIA N1AIV8 10,000 L1

PMNHANNIATIIROUFUIIWINdrndosgansiaduuuldussvasiagialsznay
senisesm L lnmiitonlasanloduaz o ssumanUsuimusw lw lnuuian laaan lod
0, 1,2, 3, WAz 4 phr (MAFVELNE 200 1) iNagANBILAMAFIMBVDITUNUARIUNITRY
v A A o A ' en A o A o A
FiFgIduina 30 Tu Sedswadesutfiiinazesiagiiliznay douaadlugla 6 an

v & Qs a Cg, A 1 Qs %
slusaslfiAuisansmzIasuanvasfI T Gidiuanfsansmen1foniunenag
REDSHPAE ) AW AT 819T3 TN AN LA s an eI i niniiie s laaan lodwusasuan
UWRINITHINY (gﬂﬁ 6 (N)) ﬁ%m%'uﬁuﬁ’ﬁa@y,%aﬂiznaumaﬁﬁmjﬁNaumuﬂuvl,mmﬁw

lasanlod 1 phr wusasuaniindesdarenaufuaslugdi 6 () iWatdindIummsuluy
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a 6 J ' 1 di L
Ininifisnlasanlodandu 2, 3, uaz 4 phr) wudlinusesuan hasannisgadunaznis

szvianuasgIvasnsnlulnmfionlasanloddanalionsdnsizenanwana [12-13, 15]

e, B e i,
SEI 10kV \WD15qm S530 y 1500 ¢+ A0pm
sutT % DA
s

*

'_';’&‘SE\ 10KV )}nammsssw x1,500  Yopm
ALy ™oy t \

Fé ( A ! 5
SEI | 10kV* WD15mm S530 x4,500  * 10pm:"-” 7

& 3.4
<1 il A ;o
_SEE 15k¢. WD15mm $S35 © X500 Alyny  —

»

a ® 1 a ‘g a
31N 3 mwmnné‘aoqaﬂﬁﬁﬁ;aLanmiammuaaoni'mnsnmﬁummaa
mﬂﬁ'@lmw%m'mwaai’aqt%aﬂ‘s:namzwhamm‘[uvl‘nLmﬁﬂuvlmaanhwf
waze19533N216 UInraseawluwlniniiaalaaanlad (n) 0 phr, (2) 1 phr,

(@) 2 phr, (9) 3 phr wag (3) 4 phr AAs2EE 1,500 LN
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Taaanloduaza1esssnnd Usunamsnluwlninitaslaaanlsa 4 phr

10000 C
Element wt%

. C 94.95
& 8000
)
= O 1.50
C
>0
S Ti 1.14
2 6000
&
- Zn 2.41
[0}
o
=

4000

mig Zn
T Ti
0 \,{JIL-J—’H"JJKL‘—'U‘F—J‘\'WJL_LWW“/L
0 1 2 3 4 5

Energy (keV)

n: a & 1a % a 1 =
E‘ll“{l 5 N'élﬂ'li')Lﬂi’]gﬂﬂi&l’lmﬁ'l@l?.la\‘i?aﬁll‘ﬁ\‘lﬂizﬂaﬂizﬁ')'lx‘] N\‘]%’IT%T‘YIL‘VIL%SIN

Tnaanlaad (4 phr) uazanisIsazIGALINARA EDS
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sUn 6 mwzi'lzlﬁuﬁ'ﬁa@‘t%aﬂsznaumaﬁ‘swmawaumm‘[uvlmmﬁﬂuvlmaanvbﬁ@i‘
(n) 0 phr, (1) 1 phr, (A) 2 phr, (3) 3 phr waz (3) 4 phr ﬁrhumsma%’aﬁgfilﬁu

1281 30 2% ANARIVLE 200 L1

3.2 Naﬂ']iﬂﬂﬁﬂﬂﬂ'l']“(;h%ﬂ’]%l,ﬁ\‘l A

luﬂ’]i‘ﬂ@ﬁ@ﬂﬂ’)ﬂ&lﬁ"l%ﬂ"luuidﬁd“ﬂBG@T’Jaﬂﬁdﬁyﬁqt’idﬂizﬂaﬂ maﬁﬁumﬁﬁwaummiu

TniniloylesanlodndSunam 0, 1, 2, 3 way 4 phr o1 TuauhinnalutreiinInesey

dl s a ada A s dld A 1 o ' =
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gagauazan1sadiiiianald 9n3UN 7 uaz 8 usadalAMUFNRLTIZRIIAMALAL
LLa:mmm%mmaai'aqL%aﬂs:ﬂamzmwNauWIuVLWLﬂLﬁw"l,@aaﬂ"l,sﬁﬁﬂ”ariammwé'a
v A A =1 ' n' a a 6 n'
e §Ifyd neanIdne wod maiadSinaeanlulnnfsalessnlodiiuun
J 1 v v A v n' &/ ::!' a = 6 1
A aawal%mmmmuuLl,miumwugwu iha9annILaN NI L ininitienleaan lodae
=) U o Qs a = ' v v 1 AI J =)
wSuus iU TRgEslsznauenessIned [12] ssualidanududdninduauyIanm
= e a A & o Aa o
gasbniioylasanloanauadly wazndlnniiionlaaanlodiniInizaisaing asusas
A A a A o a ' o o A A >
luzuf 4 WenlSomifisuainauduuazanuaisanawuaznasaroidyd wuiniag
a a L= L= 1 v v J § 1 1
Lmﬂs:ﬂaumaﬁﬁmmmammaﬁg’iﬁmmmLﬂuﬁLLquuuqqmu WB9INNNITUNLTS
@ aa \ ' o A X . ! o o
muldusagidnadaninunuininsesnuszifaales (Crosslink density) dna L iwg
a a ~ l§/ o v v 1 v 53 % v
dlznausssymadanuudanniu ildumlkudanuidundiansididuu il
INndeuansTIFY? [12, 15] LBIINTINANULAKLAZANNLATIANAIUIUAINBARE
= o 4:5 di ) 1 o = 1 ] o AKX A v n:i é/
w3369 duaasluzud 9 aRaIandmaqaaussds wuddmagasusadadumlinngadu
[ F; s 1 =1 6 = Qo CAI
LW RHANINNTRN AT RIBNENAINI W I it iou laaanlae luumetfainuwnisiing
saauHauvaIniw lunlniniiisylaaanloan 4 phr fidnagaausfiNgInga sasasande
gandunanzasnsw lulninifioalasanlodi 3,2, 1 phr anudray uazgasnlads
muﬂuvlwLmﬁﬂuvl,@aaﬂvlsrjﬁﬁ@iw”dua@é’mmﬁaﬁﬁaﬂﬁq@ LRAIIALARINL T aLAN M9 Tk
~ & o wa A ak A a & o
Tninitsylasanlodaenalnauiaginaddn tihasanuaw lwbnniitanlasan laaiald
°1hULa'%uLLsa‘Lﬁﬁm”a@!L%aﬂsxﬂaumaﬁsiu"ma [14] LﬁaLﬂ%‘ﬂmﬁwﬁuﬁwﬁamimy'%“df?f'g"ﬁ
WU ﬁwa@;é“mmﬁaﬁ@ha@ao Lﬁaamﬂﬂ’mﬁauamwmaasmﬁLﬁmnmLaag’i FINale
L a o a Aa o A A A ’~
AuArvasiagBlznaussrssamaiisesuan asuaasluUf 6 WatinyTunmmanly
a 6 1 1 [ 2K A v s&’ di =
Tniniiioslasanlad wuqn mua@]‘ammmmtmiuugwu L 0991n NI W L InenLite
€¢d‘ ¢:§/ 1 A £ v A A 2 ¢§/ A 1 > a
laganlodnuniutinganiuuazaziauisfolauindu SegnuUndesizgifelsznay
A A o a A a A = 4
H19TITNTIRNNNTLFANRA N a9l Uz ANTA N lasdlninboylaaanladsiuiyn
gmnﬁu%’aﬁgﬂmwﬁwmmmaﬂﬁu 275 119 405 wluuay twsz lmniiienleaanloa s
o { ° a [ ' Y < A o ' a
Lmuwmmuﬁmmzaummumsg@nﬁmaﬁ’lumdﬁ m%m@mimﬁaﬂmaamﬁnmauua:
X ~ o Aaa ) \ X A = &
lga (Electron-hole pairs) isnunsnviyfAsennuansdns g uuinidvaslnnidisalasanlase
A a & Aa o v A Aada A A e o A
uamrmu"lmLmuﬂu"l,@aaﬂvlfn@muwmia:‘namaagam 1348997 buibe lnaan load aadh

a . . . P 13 [ o v a a
W4 (High refractive index) Tevinlwauninaziaussfydldadnidszinnw [16-17]

'Y & a o A AaA ' o A v o & Aa P
m'ia:muumUaﬂﬁ‘smmﬁag’mmmsamqmma@Lmﬂs:ﬂauvlm 9N AN Innuites
"l@aaﬂvlsnﬁlumaﬁﬁum@ﬁo’ﬁ'aalLﬁumwuﬂumu@iaﬁ”@ﬁg'ﬁ'uam@ﬂ’rnﬁauamwmaﬁagvl,ﬁ
28190 UITAENTAIW mNa@iaﬂ'wfi’d&1a@gﬁ'mmﬁaﬁganhmshiLﬁw%taummiﬂmmﬁw

- e . ¥ .
lasanlodludSunandesnii [12] wazilatdunsu ulniniionlasanloduindn wudn
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L aa o v a ad o AL @ o K& Aa a
VL&J&JSEIEJLLGIT‘I‘YIN?Jm\‘ma\‘m”ﬁ@nﬂﬁﬁgﬁ sﬁdﬁﬂwal‘ﬁEn\jllﬂqﬂﬂ&]a@]‘aaLLj\j(ﬂﬂﬂ(ﬂﬂ’J’]ﬂqiL@]NNG

wlnlnindioylasenlodf 1 phr uaz 0 phr

Stress (MPa)
£~

Strain

A > [ 6 1 12 = =
N7 adadannsIznIgANARLATAIINLATEAYa NI lwlniniitaa
laaanloandsanm o, 1, 2, 3 uaz 4 phr NuanluiaaBolsznavaesssusa

1 Q =
nawaaIag?

10

Stress (MPa)

0 2 4 . 6 8 10
Strain

d' % %] 6 1 v = S
58 adaFdanBsTznIvAINARLATAINLATEAYBINI W L lninifiaa
laaanloafidsanm o, 1, 2, 3 uaz 4 phr AnanluiaaBeilsznauaesssnma

CRDYHESEE) 11281 30 %
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E 3.0 o
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g B »ad
> 20 -
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59 Auadgvasardinanasussfszasnew lnlninibaslasanlodidsanm
0,1, 2,3, uaz 4 phr ﬁNaﬂw‘faqt%aﬂiznaumaﬁsmma NORLATHRAIRY

[ [ %]
Sodgwiaan 30

4. ayUwan1ie

naduisigIvesiagididaznasznitinanlulninifioalasanloduazenasssnma
1auriNITUARNRNE19IIINTIANUAIStad s dnazaunIu lwtniniiioulasanlodaqrs
LATDINFULLL 2 gﬂﬂ§0 ﬁugﬂ%umumaauﬁwLﬂ%iaaé'mfugﬂﬁ’au NANIATIIROLAN WIS
nMiguIwIngLaznasauauidiinanauLazndimInaseunaldadyiiduszoziia
30 % mmsaa;ﬂNamsmaaa"l,@”@”aft

4.4 IINHANIIATINFBUFUIIWINEUAZNNINTZNBAIVaITQ VIR I Ininiilea
laaanloduazizgiadsznauszwivnanlulnniioylaesanloduazossrmumadiondas
Janviandiinasanuuudasniiauaz EDS wudn wawrlulnimiflsumawlulninifiow
lasanlodfvuraidinluszauuluuazdzuinsliuinen ﬁnnm:awsﬁﬁﬁlui’aq
U IENa U TITHNG

4.2 1INMIaTIaRauFMIIRINeIendasansIaiuultuaivasizgielszney
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WU i'a@y,%aﬂixnaumoﬁﬁumaﬁvl,&iﬁmilﬁumuﬂuvlmmLﬁﬂuvlmaanvlmﬁWUiaﬂLLmnﬁﬁa

< & < A A s = ¢ &
MITUNU NnBUuIaLanaaadlaiudSunansw lulnnitonlasan lodunan
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ABSTRACT

The objective of this research is to design and develop a wallet product from Donax
canniformis basketry by applying Kansei engineering techniques. This research began with
a survey and selection of words expressing feelings or Kansei of customers towards the
product. Then, explore the emotions, feelings, and needs of customers in terms of feelings
and product characteristics towards product representative images for use in product design.
The questionnaire used in the data survey was a Likert type. The data used to create the
third questionnaire, the main part include, the words section expressing the extent of feelings,
the scope of product features, and product representative images. The data obtained from
the survey was then analyzed using quantitative analysis. The results of the research found
that the words expressing the feelings in designing a wallet product from Donax canniformis
wicker were compact, outstanding, convenient to use, modern, and eye-catching. In addition,
the requirements and features for designing a wallet from Donax canniformis include product
size, texture, material for opening and closing the bag, product edge sewing material, and
product shape. It is more consistent with the emotions, feelings, and needs of customers.

KEYWORDS: Kansei Engineering, Emotional Design, Donax Canniformis, Wallet Product
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ABSTRACT
This research studied the properties of asphalt concrete that was mixed with the original
pavement material and improved with wires in car tires, size approximately 10-20
millimeters. This research is designed to define the mixture as the percentage by weight
of the aggregate. Rock dust, 3/8”, 1/2”, 3/4” are equal to 40 : 23 : 17 : 20. The amount of
asphalt cement is equal to 5.0% by total weight of aggregate. This research tested the
engineering properties, including stability, flow, and SEM. It was found that at a mix ratio
of W0.1, the highest stability was 2,524.77 Ibs, which is higher than HMA, which has a
stability value of only 2,260 Ibs. Every wire mixture in tires has a higher density than all
HMA. Consistent with the presence of tire-derived steel, bonds will form within the asphalt
aggregate, bonding together on the surface of the wires in tires, which are rough and
adhere to the asphalt. It can be clearly seen from the photo of the SEM test results that it
passed the criteria specified for the Binder Course class. It can be used in road with high
traffic volumes (Heavy Traffic). It will reduce the mixing ratio of new aggregates and allow
for recycling of materials. Adding RAP as an ingredient can reduce the use of new

aggregate by up to 20 percent and reduce the cost of AC Binder Course by 5 percent per
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square meter. It can be reused and reduces the cost of destroying old tires that have
already been used.

KEYWORDS: Asphalt Concrete, RAP, Tire-derived steel
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A15791N 1 ‘mmﬂﬂawm"i’a@;mann

Sieve % Passing Combined Desired Tolerant
Size Bin 1 Bin 2 Bin 3 Bin 4 Limit
1" 100 100 100 100
3/14" 67.0 93.4 90 - 100 88 - 98
12" 100 4.2 80.8 - 76 - 86
3/8" 100 294 1.8 68.4 56 - 80 63-73
#4 100 41.6 1.2 0.6 49.9 35-65 45 - 55
#38 85.9 2.8 0.5 35.1 23 - 49 30 - 40
# 16 571 0.7 23.0 - 19 - 27
# 30 35.3 141 - 10 - 18
# 50 23.7 9.5 5-19 6 -14
# 100 16.9 6.8 - 5-10
# 200 11.4 4.6 2-8 4-6

Mix Proportion 40 23 17 20
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giJ‘n 4 na%mama‘nﬂaauuaaﬂa@maunmwau RAP uazta%mm‘lumamﬂum

MIWN 2 BWIAARZVBIIFAR M LGN

% Passing
Sieve Size Desired
RAP

1" 100 100
3/4" 92.8 88 — 98
1/2" 77.2 76 — 86
3/8" 63.8 63 -73
#4 51.7 45 - 55
#8 39.1 30 — 40
#16 26.2 19 - 27
#30 16.5 10 - 18
#50 10.6 6-14
#100 6.8 5-10

#200 5.1 4-6
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I3 o I3
3.3 Lﬂ%ﬂmﬁﬂuqmamﬁmaaLtaaﬂaGmaun%mﬁswmnuLtaaﬂamﬂaun'%mwau RAP
(7] I3
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Na.4l.- 408/2532 [13]

fumd
318N Binder Course
Blows 75
Stability Min N 8,006
(Ib) (1,800)

Flow 0.25 mm (0.01 in) 8-16
% Air Void 3-6
Percent Voids in Meneral Aggregete (VMA) (Min) 13
Stability/Flow (Min)

N/0.25 mm 712

(Ib/0.01 in) (160)
Percent Strength index (Min) 75

S ~ A o U [ fa & 1
3.4 Lﬂ‘sﬂ‘umﬂuqmauumamg'mfﬂﬂ‘l?jnaaaqaws‘sﬁ%amnmammuaaamm
(Scanning electron microscope: SEM)
I@m:w‘msmﬁﬂwngﬂiw AUWAIRUNVBINIE19 MIIALIVIAY NTHALNIZIZTAIN
A a a ' o ' & a
auna WalIouisuaNuLANaI9T83aI0EN4 LORWAGADUNIALLLDTIINAT (HMA) LLaz
LAFWAAAAWNIANTY RAP LAZLEWAIA I Y1ITDUUE NHNaI1818 10, 50 waz 100 L¥i
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AONWULATEIBNINLARNAAAAWNI

NRURAPULAZLFWAIA L ENITO UG
RAP : HIGH CARBON STEEL (W)
RAP_10:W_0.1, RAP_20:W_0.1, RAP_30:W_0.1, RAP_40:W_0.1,
RAP_10:W_0.3, RAP_20:W_0.3, RAP_30:W_0.3, RAP_40:W_0.3,
RAP_10:W_0.5, RAP_20:W_0.5, RAP_30:W_0.5, RAP_40:W_0.5

v

Marshall Test

- Density
- Air Voids

- Void in Minerel Aggregate
- Void Filled with Bitumen
- Stability

A\ 4

Scanning electron microscope

- Flow
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{ ¢
A1579N 4 w&mmaanqmauﬁauaaﬂamﬂaun%m

MIX PROPORTION HOT BIN 1:2:3:4 =40:23: 17 : 20
% AC by Wt. of Agg. 45 5.0 5.5 60 | 65 Tolerant
Density 2.385 | 2400 | 2413 | 2.421 | 2.416 | 2.391-2.408
% Air Void 5.2 4.0 2.8 1.8 14 3-6
Stability (Ibs) 2,080 | 2,230 | 2,360 | 2,440 | 2,380 | 1,800 min
Flow (1/100”) 11 12 13 14 15 8- 16
Stability/Flow 189.1 | 1858 | 1815 | 174.2 | 1586 160 min
VFB (%) 64.6 726 | 808 | 87.8 | 90.8 66-77
VMA (%) 14.7 146 | 146 | 147 | 153 13 min
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421 WanNAROUAMANLIAUOENARADUNITANEN RAP LAZIHWAIN K19 T0AWAT
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AN32 8828989319814 (Air Voids) NUT waaNaanaunIaNas RAP LasL&Ua19
lusnssnoudddiosazsastesiveimeasglunausiinasgunsamamas faudanazay
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AR BTN (Stability) WU LoaNAGABUNTANEN RAP LAZLEUAIALUeNITnoUA
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AT AR (Flow) WU LaaWadnawnIaNas RAP Lasldualaluendtnsuaiennis
TnarRnanndwiosasainauad RAP uaztduaaluenssnaudiiuidn uazaulngin
fanunnniueaNadaawNIALLLTITIAN LATILSuNas RAP $a88210, 20 Waz 30 AEIH1L
NN ATFIUYBINTUNINAD asuaasluasnef 5 LL&:E‘]J‘?II 7

%aUaz"ﬁaodﬂoﬁgmmuﬁ@ﬁmmaﬁa@? (Voids filled with Bitumen, VFB) WU La&Waa
AOUNTIANTY RAP LLazLﬁuam’Lumainﬂmi‘ﬁ@iﬁ”aﬂa:ﬁaadnﬁgmmwﬁ'ﬁ’;mmaﬂ“m‘f
ANNIUEANAFAUNTALLLTIINANNEATIH I aouaasluasnens Lngﬂ'ﬁ' 4

ﬂ‘%mm"ﬁaddﬁwaﬁa@;mmm (Voids in Mineral Aggregate, VMA) WU31 LaaWaa
ABUNIANTN RAP LLa:Léfum@’Lumdinﬂ%@?ﬁ@hﬂ%mmﬁaadﬂwaai’a@;mmwﬁaﬂn'jﬁ

(3 = o ' a A A
LLaﬁﬂﬂ@]ﬂa%ﬂi@]LLUUﬁiilJ@]’]l%‘YJﬂE]@]T’Iﬁ'J% @dLLE‘T@Gl%@]’]T’IG‘H 5 LLﬂggﬂ'ﬂ 7

::; ea I3 = v I3
M1T9N 5 Na‘nmaanqmauumuaaﬂamﬂaunsmwau RAP Llazlﬂ%a’lﬂi‘l«bﬂ’]\‘liﬂﬂ%@l

A o ' ) Y
'nam'm'muaaﬂammuumaﬂaz 4.5

Mixed Density Air Void Stability VFB VMA Flow

simple (g/lcm?) (%) (Ib.) (%) (%) (0.25 mm)

Control 2.390 5.29 2078.80 64.14 14.74 11
RAP10 WO0.1 2.430 3.55 2238.53 73.06 13.18 11
RAP10 W0.3 2.453 2.63 2424.59 78.70 12.35 13
RAP10 W0.5 2.440 3.15 2409.56 75.42 12.82 13
RAP20 WO0.1 2.420 3.94 1889.00 70.86 13.53 12
RAP20 W0.3 2.450 2.80 2105.64 77.63 12.50 15
RAP20 W0.5 2.453 2.59 2295.63 78.99 12.31 16
RAP30 WO0.1 2427 3.57 2013.63 72.93 13.20 15
RAP30 W0.3 2.443 297 2261.85 76.52 12.66 17
RAP30 W0.5 2.440 3.1 2013.45 75.66 12.78 16
RAP40 WO0.1 2433 3.34 1898.07 74.30 12.99 19
RAP40 W0.3 2.427 3.66 1936.67 72.44 13.28 20
RAP40 WO0.5 2.433 3.44 1955.99 73.67 13.08 20

Faculty of Engineering, Kasem Bundit University Research Article




3AonssualsinuuUruia On 14 alun 3 NUYIYU-SUIAU 2567 .9.9

Relationships of High Carbon Steel, RAP and Density For AC 4.5% Relationships of High Carbon Steel, RAP and Air Vioid For AC 4.5%
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Relationships of High Carbon Steel, RAP and Stability For AC 4.5% Relationships of High Carbon Steel, RAP and Flow For AC 4.5%
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Relationships of High Carbon Steel, RAP and VFB For AC 4.5% Relationships of High Carbon Steel, RAP and VMA For AC 4.5%
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ANIINAROUEATIEINNINTINLA LIRS LR USu o auaralug19308ue a1
ﬁmuumzﬁmﬁugafu asuaasluasad 6 u,a:gﬂ‘ﬁ' 8

ANTBUAZVBITIIN9IINNA (Air Voids) WU LOENAAABWNIANEY RAP LAZLFWAA
TugnssnauddasasazuastasiniemeaiiddaudnetagnindunasgIwnIuniimaig 819
Hasniduaalugnssnsnainauas iyl nunanunauiussuasWaduazaiuazdoaain
RAP 1l unsnunuigesineldios waatdedasefivninllFluiuiddonnadaudns
%am:ﬁwaﬁ@iamia@]mitﬁ@mitﬁuﬁﬁ’mﬁﬂﬁlﬁaqmﬁgﬁc‘imﬁwaaLLaaﬁaﬁga wasLilafin
‘maﬁm‘sﬁLﬁu'«imﬁ]imiﬁﬁ@h“ﬁaddﬁai:wj’mmmﬂﬁamzﬁﬂﬁmﬂqmaaﬁﬁlﬁumﬂn’hﬁama
ffitasinsamennn aauaasluansnsd 6 LLazgﬂ‘ﬁ 8

ALl TN (Stability) WU LERWAAABWNIAKNEN RAP LAZLFBAIAlUeNITnauaa
dnafosnwlidosfenuuandsiuagraduldta dudandunauianaiosnn
mﬂ‘ﬁq@ﬁa RAP 088210 naunuidumalusnssnoudsasas 0.1 lagsiwinvasanasiy §
AYINNUY 2,524.77 Ibs T,@UdaulﬂryLLﬁmﬂé'mﬂdamzmummeﬁmmg’]umadmummma
aouaasluansed 6 LLazgﬂﬁ 8

A1NTIAR (Flow) NUF1 LERWAAAaUNIANEY RAP LAZIWAIA I UENIT0aUGRAN
mylnaruanndwiesasdiunausas RAP LLazLﬁum@lumasﬂﬂu@TﬁLﬁm‘fuLLa:muslmy
AdeannniuesWadaaun3aLULTITNNT waNUSHNm RAP 3088210 uaz $08 20 AdiHIu
NN ATZIRYBINTUNIAR aauaasluaanei 6 u,azgﬂﬁ 8

%“aﬂazﬁaodwﬁgmmuﬁ@ﬁmmaﬁa@? (Voids filled with Bitumen, VFB) WU71 WaawWas
AOUNIANTN RAP LLazLﬁuamlumamUuﬁﬁ@iﬁaﬂaz"ﬁaad'}aﬁgﬂl,muﬁ@hULLaaﬁaﬁmﬂﬂdw
LARNAAABINIALLLTTINANNNEATIEI aougasluasnei 6 LLa:‘Eﬂ‘ﬁl 8

U’%mm‘ﬁaadwwaﬁa@gmmm (Voids in Mineral Aggregate, VMA) WU31 La&Wag
AOUNIANEN RAP LLa:LﬁuamMmﬁﬂﬂuﬁﬁmﬂ’%mmﬂiaai’mmaai’a@;mmmﬁazm'h
LoFWAGABUNIALUUTITNGT wa s uln g AgIH M N Ui AT IUDBINTUNIIAR Aitaz
Lﬂ%@”’;ﬂd%’jwmasmﬁﬁaa'jwLﬁmwaém%'ulﬁuaaﬁa@?ﬁ@m'lzl,%auﬂs:muﬁ'uagmﬂ@m 9
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A15719N 6 Navmaanqma&lﬂ?lLtaaﬂamﬂaun'%mwau RAP UAZIAWAI0 1Ha193 016!

NanIdINUaINAATINRAIDLAY 5.0

Mixed Density | AirVoid | Stability | VFB VMA Flow
simple (g/cm?) (%) (Ib.) (%) (%) | (0.25mm)
Control 2.400 4.07 2078.80 | 6414 | 14.74 11

RAP10 WO.1 |  2.460 1.69 252477 | 73.06 | 13.18 11

RAP10 W0.3 | 2.443 2.27 2316.08 | 8259 | 13.03 15

RAP10 WO.5 | 2.440 2.43 1989.23 | 81.54 13.18 15

RAP20 W0.1 | 2.457 1.73 2508.48 | 86.23 | 12.55 16

RAP20 W0.3 | 2.453 1.98 2198.91 | 84.52 12.77 15

RAP20 W0.5 | 2.447 2.26 1942.79 | 8264 | 13.03 15

RAP30 W0.1 | 2.423 3.09 195159 | 7753 | 13.77 20

RAP30 W0.3 | 2437 2.54 1862.51 | 80.83 | 13.28 17

RAP30 W0.5 | 2.447 2.32 2037.88 | 8224 | 13.08 19

RAP40 W0.1 | 2.417 3.41 174367 | 75.71 14.05 21

RAP40 W0.3 | 2.420 3.23 174267 | 7674 | 13.89 23

RAP40 W0.5 | 2.423 3.14 1863.00 | 77.28 | 13.80 21

Relationships of High Carbon Steel, RAP and Air Vioid For AC 5.0%
Relationships of High Carbon Steel, RAP and Density For AC 5.0%
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Relationships of High Carbon Steel, RAP and Stability For AC 5.0% Relationships of High Carbon Steel, RAP and Flow For AC 5.0%
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Relationships of High Carbon Steel, RAP and VFB For AC 5.0% Relationships of High Carbon Steel, RAP and VMA For AC 5.0%
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FANMURWILIUL (Density) WL LOFWAGABUNIANEN RAP LAZLFUAIALUENITOEUG
ﬁ@hmm%muuuﬁﬂdwLLaaﬂa@i’ﬂaun%’mssumLﬁaunﬂé"miwdauwawLLazgaﬂ'j'lmmsﬁ

A A \ A o o A o

VAT IUVBINTUNAAIY WLWLIRIUKNEUN RAP 3888210 WA 30882 20 NIHINLEHAIA
Az 0.1 WNHWNNANE N INNUALNLILENNDEY AILRAI AN 7 LLazgﬂﬁ 9

AN3088LVBITITII8NNA (Air Voids) WL LEFNAAAaUNIANEY RAP LAZIHUAIA
lupnssnsuadansasazaastosiveimeaiaideudrsiosndndiuiasgIunsunmIngls a9
LRAIUANINN 7 LLazgﬂﬁ 9

' a . ' 6 a (% &a

AN BTN (Stability) WU LaaNAAABUNIANEN RAP LasldUaaluenITnauasl
ANFNTNINED NI FNAFADUNTALLUTITNA 1AL ATIRIBNFNNNALRD UTNINH

\nouiAa RAP 088210 LAz 888220 lu“qﬂé‘mwmuwamﬁuamlumomwﬁ AILRA I

AN 7 u,azgﬂﬁ 9
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A1N13 1A (Flow) WU3N WaRWAGABUNTANEY RAP LAZLHFWAIA bE1ITDEUARAN
ms"l:ﬁaLﬁumﬂifmfiaé'mﬁmuwammRAPLLa:Lﬁummlumommuﬁﬁﬁuﬁmm:mu‘tmﬁ
fAruInnITLeaNaRAswNSALULTIITNGN LaTiUSun o RAP $088210 ﬁ{i’aagjlummsﬁ
VAIFIUVBINTUNIIARD asuaasluasned 7 LLE]:Eﬁ‘ﬁl 9

%aﬂm"ﬁaodwﬁgmmuﬁ@ﬁmmaﬁa@? (Voids filled with Bitumen, VFB) WL WaawWas
ABUNIANFY RAP LLazLﬁua’mlumﬁnU%@Tﬁ@hi’aﬂa:ﬁaa’mﬁgﬂLmu‘ﬁ'@hmLaaﬁa@Tmrm’h
mmsﬁmmgmlunﬂé'mqehuwem asuaasluasnef 7 LLﬂ:E‘ﬂ‘ﬁl 9

ﬂ%mmﬁaadﬁwaﬁaqmmm (Voids in Mineral Aggregate, VMA) WU1 LagWaq
AOUNIANTN RAP LLazLﬁuam’Lumdinﬂ%@?ﬁ@iﬁﬂ’%mmﬁaainmaoi’a@;maiw"l,mmn@ha
MNUBAWAGABUNTALLUTITIAT LAZYNEA T IBIIHIUNUTNIATIIUY BINTUNINA

AILFAIUATIN 7 LLazgﬂﬁ 9

= e 3 = ¥ s
M13N 7 Naﬂﬂaauqmauumuaaﬂamﬂaun‘mwau RAP uazm%mﬂ‘lumasnﬂ%m

A o ' ) %%
n am"m'muaaﬁa ABLNUAIDYUNE 5.5

Mixed Density Air Void Stability VFB VMA Flow

simple (g/lcm?) (%) (Ib.) (%) (%) (0.25 mm)

Control 2410 2.89 2363.33 80.19 14.57 13
RAP10 WO0.1 2417 2.76 2017.25 80.89 14.46 16
RAP10 W0.3 | 2.443 1.66 2030.16 87.72 13.49 20
RAP10 W0.5 | 2.423 243 1984.33 82.85 14.17 16
RAP20 WO0.1 2.420 2,67 1942.08 81.41 14.38 21
RAP20 W0.3 | 2.440 1.69 2024.19 87.48 13.52 19
RAP20 W0.5 | 2.440 1.86 2005.00 86.40 13.66 21
RAP30 WO0.1 2427 2.1 1662.09 84.78 13.89 25
RAP30 W0.3 | 2.413 293 1840.16 79.94 14.61 21
RAP30 W0.5 | 2.420 244 1850.00 82.82 14.17 23
RAP40 WO0.1 2.407 3.04 1609.15 79.33 14.70 25
RAP40 W0.3 | 2.383 4.08 1455.36 73.89 15.62 27
RAP40 W0.5 | 2.407 3.05 1724.33 79.27 14.71 29
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Relationships of High Carbon Steel, RAP and Density For AC 5.5% Relationships of High Carbon Steel, RAP and Air Void For AC 5.5%
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Relationships of High Carbon Steel, RAP and Stability For AC 5.5% Relationships of High Carbon Steel, RAP and Flow For AC 5.5%
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Relationships of High Carbon Steel, RAP and VFB For AC 5.5% Relationships of High Carbon Steel, RAP and VMA For AC 5.5%
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4.2.4 wanAFOUAMANTAUDENAAADWNIANEN RAP wazidnaInlune19saaudn

anTEMUIANAADLANATDEAL 6.0

AMAMURWILIL (Density) WU LaENaAADUNIANTY RAP Walusanswduna
Twen93n uu@?@hmﬂwmLLumzﬁLLmIﬁugﬁu LLa:memmumwﬁmmgmmamsu
MInas aauaasluannd 8 LLazgﬂﬁ 10

ANTBURZVDITEIIIEINTA (Air Voids) WU LOENAAABWNIANTY RAP LAZLFWAIN
lugnssnsudiidrfasazvastesisermaidiasnitdinasgiunsanisnaislugnaan
Frunay aauaasluansned 8 LLazgﬂ‘ﬁ' 10
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ALEAINIW (Stability) WU LeaWaRRaunIanay RAP Wiaiusanaimdunialn
§19TDHUG @hLaﬁmmwazﬁumiﬁmﬁwgﬁu I@ﬂé’@liﬂﬁhuwawﬁﬁ@hLaﬁmmwmﬂﬁqﬂﬁa
RAP $a8/5220 1duana 0.5 lagsiminuesniasu esuaasluansed 8 Lm:gﬂ'ﬁ' 10

AT A (Flow) foiusasiu RAP uaziduadalusnasaoudliunndunuin 6
ms"l,mﬁ]zﬁl,l,uﬂﬁmﬁuga%u wAfiUSu s RAP $a88210 uas Sapas 20 Iunﬂa“'@ﬁmuwau
LEUAIA UENITDEUR aQ’Lummﬁmmgmmaamu‘mmma aouaasluasnen 8 LLR:Eﬂ‘ﬁl 10

‘3"amz’ﬁaad’mﬁgmmuﬁ@ﬁmmaﬁaﬁ (Voids filled with Bitumen, VFB) WL WaawWas
AOUNIANTY RAP LLa:Lﬁuaaﬂlumﬁainﬂuﬁﬁ@hﬁ”aﬂa:ﬁaadnﬁgmmuﬁﬁ’;mma‘ﬁa@?ﬁ
wnlivaaasiiiaUsunm RAP wafiuw lituRnduioivtsinanduaraluonssaoud o
waasluasnsh 8 LLazgﬂ‘ﬁ' 10

ﬂ’%mm’ﬁaai'\waﬁa@;mmw (Voids in Mineral Aggregate, VMA) WU énduwui i
WndutaUsuim RAP wafuuilduanasdotfuysuionduaraluo1ssnond uas

NNEATIEIRIINUN I NIATIIUVDINTUNIINAM GILFAILUATIN 8 ezl 10

= e 3 = ¥ s
M13191N 8 Naﬂﬂaauqmauumuaaﬂamﬂaunmwau RAP uazmumﬂ‘lumamﬂ%m

A o ' ) %%
n amm'mu,aaﬁa ABLNUAIDYUNT 6.0

Mixed Density Air Void Stability VFB VMA Flow

simple (g/lcm?) (%) (Ib.) (%) (%) (0.25 mm)

Control 2.420 1.89 2436.67 87.10 14.68 14
Rap10 WO0.1 2417 2.08 2176.93 85.97 14.84 11
Rap10 W0.3 2.440 1.17 2331.33 91.67 14.05 13
Rap10 WO0.5 2417 2.06 2310.33 86.13 14.82 13
Rap20 WO0.1 2417 1.99 1889.00 85.23 14.77 12
Rap20 W0.3 2433 1.35 2133.00 90.48 14.21 15
Rap20 WO0.5 2.430 1.45 2375.67 89.83 14.30 13
Rap30 WO0.1 2.403 2.62 1935.20 82.87 15.31 15
Rap30 W0.3 2413 2.31 2201.00 84.63 15.04 17
Rap30 WO0.5 2.420 1.94 1987.00 86.84 14.72 16
Rap40 WO0.1 2.393 3.01 1828.27 80.76 15.65 19
Rap40 W0.3 2413 2.18 1935.72 85.40 14.93 20
Rap40 WO0.5 2.407 2.42 1929.21 83.99 15.14 20
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Relationships of High Carbon Steel, RAP and Air Void For AC 6.0%
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Relationships of High Carbon Steel, RAP and Flow For AC 6.0%
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Relationships of High Carbon Steel, RAP and YMA For AC 6.0%
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31110 wammﬁﬂmﬁﬂnqmauﬁ?maaﬂaﬁﬂaun’%mwau RAP waztdnalalwgnd

SNURATNDAINAIBLDANAATLNWAIDLAL 6.0

425 wanadoUAMANTAUENAAADWNIANEN RAP RALABAIA WY1 INLNEAN

DAIAIRLDANAATINWAIDYUAY 6.5

AAMURWILUL (Density) WU LaaNaAADUNIANEY RAP LIaLALEATIEILLEUANA

lugnssnguaariaunwinunziuw ldusassadainlate wadiwlna Ar1winmy

ANATFIRVBINTANNANW AIUFAIIUAITNN 9 sz 11

ANTDURZVBITIINIEINA (Air Voids) WU LOENAAADWNIANTY RAP LAZLFWAIN

lugnssnoudiidrfasazvastesisermaidiasnitdinasgiunsanisnaislugnaan

SIWHEN AILRAIIUA1TIIN 9 LLazgﬂﬁ 11
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ALRDIININ (Stability) \alRusadIn RAP wudranaiasninasiiumwalduaand
TasfiRasdamaunay RAP $889210 LAz 20 AHNWINIMIINATIIUNTUNIINA LA
Tua13nsh 9 LLazgﬂ‘ﬁ' 11

AT INa (Flow) foiusaiain RAP uaztduaalugnssnsudliunndunuind
ms"l,mﬁ]:ﬁl,l,uﬂﬁmﬁuga%u LLa:‘qna"’mﬁmuwawgaﬂiﬂmmsﬁmmgmmaaﬂmmmma a4
waasluasnsh 9 LLazgﬂ‘ﬁ' 11

%amz’ﬁaadnﬁgmmuﬁﬁamuaaﬂa@? (Voids filled with Bitumen, VFB) WLNULa&WAG
AAUNINNEN RAP LLa:Lﬁuaaﬂlumﬁainﬂuﬁﬁ@hﬁ”aﬂazﬁaadnﬁgmmuﬁﬁ’;mma‘ﬁa@?ﬁ
wliuansailoSum RAP uazidumaluenssnoud aougadluansed 9 LLazgﬂ‘ﬁ 11

ﬂ’%mm“ﬁaddwmaﬁaqmmw (Voids in Mineral Aggregate, VMA) Wu1a1UIun o

aa:hwaai’a@lmaiwﬁuuﬂﬁuLﬁw%uLﬁaLﬁuﬂ%uﬂm RAP LaZLFUAIA L WeNITOOUA Las

(%

i
NNEATIEIUEINTUN U NIATIIUVDINTUNWAGN GILFAILUANTI9N 9 UazUf 1

= e 3 = ¥ s
M1319N 9 Na‘nﬂaanqmauumuaaﬂamﬂaun‘mwau RAP uauaumﬂ‘lumamﬂ%m

A o ' ) %%
ﬂam"nmml,aaﬁammuumaﬂaz 6.5

Mixed Density Air Void Stability VFB VMA Flow

simple (g/lcm?) (%) (Ib.) (%) (%) (0.25 mm)

Control 2.420 1.47 2376.67 | 90.00 15.26 15
Rap10 WO0.1 2.430 0.92 2258.97 | 93.76 14.80 16
Rap10 W0.3 2.430 0.75 1949.00 | 94.91 14.64 17
Rap10 WO0.5 2.410 1.64 1821.35 | 89.36 15.41 20
Rap20 WO0.1 2417 1.37 1972.67 | 91.00 15.18 20
Rap20 W0.3 2.407 1.78 1851.57 | 88.53 15.53 23
Rap20 WO0.5 2.400 2.18 1852.16 | 86.28 15.87 21
Rap30 WO0.1 2.397 2.30 1514.86 | 85.61 15.98 24
Rap30 W0.3 2.400 2.18 1652.27 | 86.27 15.88 27
Rap30 WO0.5 2.393 2.34 1704.28 | 85.38 16.02 23
Rap40 WO0.1 2.387 2.64 1643.12 | 83.77 16.27 27
Rap40 W0.3 2.383 2.76 1598.33 | 83.14 16.38 28
Rap40 WO0.5 2.380 297 1482.32 | 82.08 16.55 27
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Relationships of High Carbon Steel, RAP and Density For AC 6.5% Relationships of High Carbon Steel, RAP and Air Void For AC 6.5%
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A & 1

43 WANIINATAUAILNADIPANIIARBLANATOWUULADINTIA (Scanning electron

microscope: SEM)

1 di o £ s 1 6 = 6 a
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(Measure Phase) mﬁmﬁ:ﬁﬂﬁmmqmadﬁmw‘m (Analyze Phase) mi‘ﬂ%‘uﬂi‘%o (Improve

Faculty of Engineering, Kasem Bundit University Research Article




3AonssuaIsInsuUruZa UR 14 aUUR 3 AugI9u-SuAy 2567 ]]5

Phase) W82 N13A2UAY (Control Phase) sI,'u,°1j°?u,<§1a‘u,mti‘iLmﬂ:ﬁﬂzyWﬁﬂ:mina]faTzJ‘F‘i:i’Jwa@ia
agaislasldnseanuuuniInassd (Design of Experiment: DOE) @2835113 2% Factorial
Design LUUAMTRUAT=aUTa5H 2 356U NaN1INARBINLINLEaasA1LAT 893 NIN Y
Afitnunauasi USuaaue1iuas Vent ube tiinduainidu 3 fadiwas Usuussenlu
Ring Bowl A4 #a1ntdn 0.1 u1§ uay USuszeusinlu Ring Bow tRuduannidy
20 JaNLUAT azdawalﬁmaaLﬁmhzm‘nLamLﬂ‘%ladﬁmﬁummgmﬁmm (Overfill) NLAN
16.31% 8ARILARD 0% UATAIAIURINIINVBINTZLIUMT (Cy) INLAN 0.33 WAt 0.68

ard1an: Snd Bnal, aauadiFe, MILTIILATAIAN

ABSTRACT

The objective of this paper was to reduce non-conforming product from filling the beverages
process. The DMAIC method from Sig Sigma was applied as a research methodology to
reduce variability in the beverage filling process, which consists of five phases including
define, measure, analyze, improve, and control. In the analyze phase, Design of Experiment
(DOE) with the 2* Factorial Design method at two levels was used for identifying factors
that affect with non-conforming product. The experimental results showed that when the
machine was configured with the following optimal settings: increasing the length of the
vent tube by 3 millimeters, increasing the pressure in the ring bowl by 0.1 bar, and raising
the water level in the ring bowl by 20 millimeters from the original settings, the waste from
overfill was reduced from 16.31% to 0%, and Process Capability (C,) increased from 0.33
to 0.68.

KEYWORDS: six sigma, reducing waste, beverage filling
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Interaction Plot for Fill Level
Data Means

c2 c D+20

T o e A2 Vent
tube

e 8+2
W~ BsS

Vent tube

A2
A+2 Pressure
c2

Pressure g—=--"

Level

gﬂ‘ﬁ 10 Interaction Plot for Fill Level

ﬁnﬂmﬁmﬁzﬁﬁagahﬂ Multiple Regression Analysis la&UMTEILTY it
Fill Level = -230.5 + 2.023 Vent tube + 20.07 Pressure + 1.728 Level - 0.00985 Vent
tube*Level - 0.2388 Pressure*Level
wazlglUsunTy Minitab Statistical Software Version 16 Wari%i Response Optimizer ¥i1N13
’3Lﬂi’]zﬁm@hﬁmmzauz%m%’umsﬂ%’mﬁLﬂ%‘aamsgméaoﬁu (Filler) #9017199 4 uaziiald
Usuldnuiasassnsninenldass %aa;ﬂ"tﬁdwﬁwﬁmmmmlaaLwiazﬁﬁl'ﬁ'ﬂﬁdwaslﬁi:@”u
mnﬁum%‘aaﬁuagﬁ A 851007 88 A210871IV8I Vent tube LANIHINNLEY 3 DasLuas
ws9ewlu Ring Bowl LANA MY 0.1 1% uaz s=auinly Ring Bowl thnduanniéa

20 URRLNAT

A131971 4 WANITIAIITHNITHIANRNZEN

Solution
Solution | Vent tube | Pressure Level Fill Level Fit | Composite Desirability
1 B+3.5 C+0.1 | D+21.8812 A 1
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4. HANIIANBHKINWIVY
v
4.1 awaaun1915u139 (Improve Phase)

[ A ea o v & Al ] o A, v o a A A
ﬁﬂ\‘]"ﬂ’]ﬂ‘ﬂﬁdﬁ‘ﬂ &lvl@mwmmm‘n mm:amaaLma:ﬂ%&maowalmmumsmmmamu

1A Aa A 7 & o % > wa o o oA o o & 1 Aa [
2 A fiafiwaudnu Saudalddidvazidnldldvnmasesdiuadwiniines
LAI8IUTINATOIAN (Filler) WiBNNIINMIAUTILTINTEYANIATITIATLALMILANLATDIAN

ﬁmumsmiq%ﬁdnﬁﬂ%ﬁﬂy F1UI% 10 H2918 KA8aT 3 A3 Laam}mﬂu 2566 "L@Tﬁaga

ANNAIIN 5

= v Qo [ a a A o [
M990 5 wagam’;mmmumsmmmamuﬁaamsﬂiuﬂqa

e @1 Fill Level (Nadtun3)
waan o o o
AN 1 AN 2 AN 3
1 A+1.70 A+0.84 A-0.36
2 A-0.70 A+1.00 A+0.56
3 A+1.53 A-0.18 A+0.87
4 A+1.91 A-0.24 A+0.53
5 A+1.15 A+0.37 A+1.05
6 A+0.3 A+0.89 A-0.57
7 A+0.47 A+0.74 A+1.13
8 A+0.25 A-0.38 A-0.02
9 A-0.12 A+0.14 A+0.97
10 A+2.91 A-0.54 A-0.66

o

LLa:;ﬁ’@m”l,@‘fﬁ'n]"agaw’]ﬁm’rﬁmezﬁmﬂswmmuqﬁmqu mwgﬂﬁ 11 WUINTEa L

mnawLﬂ%aaﬁumﬁmiﬂﬁﬂgamﬁzlagjiﬁ A+0.518 VaRNAT NA1ANNLYITUIINARINNT

a

ﬂ%‘uﬂgqmﬁy 0.827 LLazmzmumsmthiﬁmus‘i'«gLﬂ%aaﬁwaaﬂuaﬂam's:mqu
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Xbar-S Chart of an Fill Level wdsnsusuiga

UCL=A+2.135

— S e e | Z=A+0518

Al LCL=A-1.099
i 1 v T v T ' T

ucL=2.124

S=0827

Sample StDev
5

ol SN~

0.0+ LCL=0

Sample

s 11 nukwnAILAN SzAUNTRALATIANNAINTU U5

Q‘Eﬁ‘i’ﬂ"l,@‘fﬁﬂnﬁﬁLmﬁzﬁmﬂﬁw Histogram @a3UN 12 wudnasnsdsudssszaums
atn3asaunTnumwa liuidns uaswuiiifevaadedssinnifueiosduiinunasgin
fnwuua (Overfill) 0%

Histogram of s Fill Level naanmsusudga

o
!

A3 mm,

-

Over Fill

2

0%

Frequency
.

~

At = Az Al A A1 Asd A3 Al
a1 Fill Level

311 12 n3 Histogram szAuNsRALATBIAMNAINTTUTU 9

LLa:Qﬁﬁ‘i’ﬂWﬁwmﬁmsw:ﬁmmmmmsmaans:mumsvﬁé’amiﬂﬁ"uﬂgavl,@‘fwaé'wf
mugﬂﬁ 13 wuiﬁs:ﬁumslﬁm,ﬂ%aaﬁuayj’ﬁim‘”ﬂ 2.93 TN A1ANNFINITOVAINTZLIUANT

(Cy) 8871 0.85 UAZFNANINIWYBIANUEINNTA (C,) BT 1.03
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Process Capability Report for #1 Fill Level wdsusuis
95% Confidence

L Target usL
Process Data i | Overall
LsL +3 ; | === Within
Target A : |
usL A3 Overall Capability
Somple Mean  A+0512 Pp
Sample N 30 Clfor Pp.
StDewiQveralll  0.84665 PPL
StDew(Within) 0968232 PPU
Ppk
Cl for Ppk
Cpm
Clfor Cpm
Potential (Within) Capability
p 103
Cforcp
cPL
o 1]
Cpk 085
Clfor Cpk
| Overall Capability.
| [ZBench 293
az
Performance
Observed  Expected Qverall <l Expected Within a

PPM < LSL
PPM > USL
PPM Total

The actual process spread is represented by & sigma.

gﬂﬁ 13 Process Capability Report ﬂﬁdﬂ’liﬂ%’ﬂﬂ?ld

NI Tsd R dieeiiatasuTTaiaiasan (Filler) audn IO FANI TN
aAa 1 Qs >3 A‘ &I a a a >
aiavandazadn lasdsuainue1Ivad Vent tube LANIUINNLAY 3 FaALNAT WIIaWl
_ o X - . v _ s X A a2
Ring Bowl LAN4I®ALAY 0.1 115 waz seauiialu Ring Bowl liWNA%aNnLGN 20 Aadluas
smansalivuineudayanawuasnaIn sl 1@@a915719% 6 WU FLadITzALUMILAY
L3a9auiawn1TTulIegi A-1.281 HadLuaT nasn17UiuLlegN A+0.518 Hadiuas
waadinszaunTidnieIasqnagluanasgunlisnuiinue druidoauuunasgu
(Standard Deviation) fawn13d7u1l390e 1.661 »aIn3LTulT9egi 0.827 aaadNLAY
' A a a a A A
0.834 L&A4II1ANULLTUTIUDBINTZLINMIVITNATDIANAANI VBILFULTELANLANLATDIAY
iuuNaIgIwinnae (Overfil) nawn3dTuLl3iagn 16.31% wainsUiudseghn 0% aaas
3NN 100% uaasinliifiavededsznnniduiaiasduiinanasgiutinue (Overfil)
A1AIURINITNVBINTTLIUNNT (Cp) ﬁaumsﬂ%’uﬂ;aag}iﬁ 0.33 mi“amsﬂ%‘uﬂ;aagjﬁ 0.85
AI ! =) 1 g 1 L 1 { =
WANTRIINLEN 0.52 AIANEATNTBIANNEINNTD (Cy) nawnTdTuLlgiagh 0.58 nasns
L= 1 { QI J a Qs a { { 1 = 1 {
Usuig9agi 1.03 LAndUINLAN 0.45 LazszauMILANIeIasauiaun Tl T T9ag M 0.94
=) 1 Q Ll |d’ =) ] AI ! =) ~a 1 1
Tnain waINUIUUIagN 2.93 Fnan LANTHINLAY 1.99 TN LRAIIINTZLIBANTUITY

= aA A a A a n&l
Lﬂiaﬂ@u“ﬂizﬁﬂﬁﬂﬁWLWﬁJngu
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4: = =1 v 1 > %)
M990 6 LﬂSEliJL‘YIEITU‘IJE)SGJI’Gﬂa%LLaz‘lﬁadﬂ’liﬂﬂJﬂEG

O nawn1y WaIN3 , ,
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4.2 2WABWNIIAIUAN (Control Phase)
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aA
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ﬂ’lSLawLﬂ%iadaﬂuﬂﬂfu 9 uazlT Statistical Process Control Chart 1/321A7 LLNuQﬁmUQM
Lflum'%iaaﬁaa%m%’umsmuqugmmw”uuﬂwaamzmuﬂ'ﬁ wWaldmauisuw livaes
nszuauwmIfiasiaenufadndduuazaslaudly leviug

5. a3
INHANIIANRUINWITENIINO B Six Sigma ¥ JUAAINTUABUNNIRIIURLY
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A X a A A a . A X Aa a
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g . A X Aa A A a ' ' A a Aa
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A A [ o A a a ' o a A A \
1389 NNRINIUT UL 8L 7 A+0.518 Hiafwas usasitszaumIiduiaiasauedluinagu
nl39minua 821 de9Unu1033 % (Standard Deviation) 8@8INLAN 0.834 VaILFY
dszinnidniaIasauiiunasgiuinnua (Overfil) 8a8391ML@N 100% A1ANNRINITNV
4 - o N
NIZLIUMT (Cyy) LNNAUINLEN 0.52 FNANENINLBIANENNTID (C,) LANTUINNLAN 0.45

o a A4 A a & a a . A A
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ABSTRACT

This research aims to investigate the effectiveness of hydraulic cement (HC) in improving
the strength and stiffness properties of sandy soil, specifically focusing on unconfined
compressive strength (q,) and the secant modulus (Es,), derived from the stress-strain
relationship of unconfined compression tests. The soil samples used were sandy soil
obtained from the construction site of a water pumping station at Ratchamnong Temple in
Nong-Khai Province. These samples were mixed with HC at varying proportions of 10 %,
15%, 20%, 25%, and 30% by dry weight. The curing periods employed were 3, 7, 14, and
28 days, with a water/cement ratio of 1:1. To evaluate HC as an environmentally friendly
admixture for ground improvement, the test results using HC were compared with those
using ordinary Portland cement (OPC) under identical cement content and curing periods.
The results indicated that increasing the cement content and curing period enhanced both
g, and Es, for both HC and OPC, showing similar trends for both types of cement. However,
the results for HC were slightly lower than those for OPC, likely due to differences in oxide
composition. Scanning Electron Microscope analysis reveals that the development of
Ettringite formation, resulting from the cement hydration reaction, shows significant similarity
between HC and OPC as the curing period increases. Despite this, the linearly correlation
between q, and E;, for HC admixture was nearly identical to that for OPC admixture. From
the overall results, the relationship between q, and Es, can be expressed as E;, = 78.165q,,.
Therefore, HC admixture can be effectively used in sustainable ground improvement,
particularly in deep mixing methods, as an environmentally friendly alternative to OPC
admixture.

KEYWORDS: Ground Improvement, Hydraulic cement, Unconfined compressive strength,

Secant Modulus, Scanning Electron Microscope analysis

1. Unmn

imatan1sia i dududiuwda103n1Iwandn (Deep Mixing Method, DMM) N
P lEnua g1 nInan ﬂuqmmnsmmiﬁaa‘i’ﬁa Ministry of Transport [1] 283Uvsine
tﬁﬂmﬁmmdﬁ%‘ DMM shanlfiiuassusnlul) 1989 LﬁaLﬂugnuiwnmaaiﬂiaf,ﬁ”wwhl%a

\ o o A & ) v @ < o a
LD NN LLWGﬂuﬂauﬁsaLLu’Jﬂﬂdﬂu"ﬁqﬂﬂﬂ I@ UI%EULLUUL@W LUUURIDNLRSELUUNWS RSN

WWauNINIasgIwnIsaanuuulud 1999 [2] uaz 2007 [3] tnafiadinlwaansaRusu @
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\Banava97TUARSe% The Ports and Harbours Association of Japan [4-6] l@LNgUWIN1a331%
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Development Institute of Japan [7-9] g UN3HATPIWIUIBSTUM B8N B FTNT0aNLUL
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% A a o A A A a o £
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2. 25ARARIWIAY
21 NSLAIPAIER

msfinsdspitldaunme vSmsudouainles eI wy 3 druaiiaand
§unaLiles 9anianuaIne L8 1MUUYNTUNIU (Disturbed sample) fszauanuan
0-1 LA NTVWIARIHAZUNIILLDS 4 @Tma@ﬂugﬂﬁ 1 uaziflashansruunsiaduais
AB32VULENAW (Unified Soil Classification) Wuiniduawninasia SP (Poorly graded sand)
LLE\hLﬁ‘JJGT’JE]&iﬂx‘lﬁ‘l«LUSSﬁﬂuﬂ’l“ﬁuzﬂﬂ a13199 1 LLaQOauﬁ'ﬁLﬁaaﬁmaaﬁumm e
gu%muﬁmﬁumsﬁﬂmﬁﬁ 2 7ika Ao Yudiwuddaiauauddszian 1 usz Yudiuud
laasedinviia GU @Tauamsl,ugﬂﬁ 2
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(b)

U1 anvmzuaIAKAIaL1INaNIDK (a) LATANBILEVDIABAIDLENINAITAURI

AZUNSILLDS 4 (b)
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4. e a
Mn19190 1 ﬂqm&&lﬂﬁl‘ﬂ’]dﬂﬂﬂﬂﬂﬂ‘ﬂadﬂ%ﬂi’]ﬂ

AMRNTANNMEANTBIAY

Natural Water Content (%) 2.49
Specific Gravity, Gs 2.74

Liquid Limit, LL (%) 20.30
Plastic Limit, PL (%) Tdanansamenle
Plasticity Index, PI (%) Tdanansamenle
% USIuduiinnuazunsoiues 4 100%

% USunmdufikuazunsaiues 200 1.30%
FILUNTHAA U N TEUULANATN SP

6
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PV
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s 2 Undamdlansednziia GU (a) uazuTianddasauana Uszani 1 (b)
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{ I3 1% ¢ I3
@391 2 asdsznaumeaiivasduBiuwdlansadn (HC) uazduiandlasauand

Uszand 1 (OPC)

Chemical Composition HC (%) OPC (%)
uaalGonaanles (Cao) 70.02 67.30
Famaanlos (Si0y) 15.58 17.16
apfiwaanlad (A,0,) 3.44 4.02
wassnaanlod (Fe,0,) 2.95 3.06
uuniliGonaanlod (Mgo) 1.09 2.39
sanaslaseanlas (SO,) 5.68 453
lzdonaanlod (Na0) 0.27 0.43
Twunaidonaanlos (K,0) 0.492 0.431
Tnmudtonlesanlad (Tio,) 0.228 0.289

2.2 NLAIPAIER

IunTeiniuwazunIsues 4 mwauﬁ'u;llu HC uazluriuasidernuindunsean
HENALLU OPC 628 Lﬁdﬁﬁ%@"ﬂﬂ’%ﬂuLﬁﬂuﬂszﬁﬂ’ﬁmwmmﬂuu HC lusasaudiyinmn
Ieturi apaz 10, 15, 20, 25 uaz 30 lagiiminduuits WEurinlusunaufisnndiuings
FLUUG (wlc ratio) LYinAL 1:1 é’unqdwﬂ’%mmﬁﬁﬁwauaQiué’@dauﬁmnﬁamﬁ]ﬁmad’mﬁ
I sindase (free water) 7ilun1377 o wE N aN T AW Liasen e Sunmiinnna
liaududiimaslgamnidisufisuiuiamasneunianas NN ST UHENINHEY
TWdnnusoe3sInaunawn3auwIaEn Weansudhiudusiheegsaudiunanlaldln
LUUWEBGI8H1NITINTZUaN muﬂmﬁumuﬂuﬁﬂmo 3.5cm. §9 7 cm. LEIRDAIIWANFAN
LLa:LﬁuiuﬁﬁTuu,aaLﬁaa@msgryﬁymm%mawﬁaam@”al,l,amlugﬂﬁ 3 lagaziiuaiang
I duaan 3,7, 14 way 28 74 dawinlUnasaunidriiasaaunuidan (Unconfined

Compressive strength, q,) 31314103314 ASTM D 2166 luan47 3 usassrwaudatnafils

lumnasavluusaznsdidns
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(b)

P [ o 1 o o 1
;51]7] 3 NISINUINBINIBENN (a) LAazNITIANIAIDYNI (b)

= [ 1 ) 6 o o 1 P! a o
M1319N 3 amﬁmuwaumu%mLtazmwmmamm‘li’i‘l%msﬁnﬂnaﬂ

USumTLaundee 218 ILN (34) Wz IInaaENd
i‘f’mﬁ'ﬂﬁuuﬁ'\i Hydraulic Cement Portland Cement

(asidud) 3 7 14 | 28 | 3 7 14 28
10 5 5 5 5 5 5 5 5
15 5 5 5 5 5 5 5 5
20 5 5 5 5 5 5 5 5
25 5 5 5 5 5 5 5 5
30 5 5 5 5 5 5 5 5
PRIV 25 25 25 25 25 25 25 25

FININUA 200 889

3. Wanmadgayu
3.1 HANINATDUMNIDAUNKLAL
311 BndwavasUSanmTwnaninanan q,

El,umﬂhmuail”a;&a Lﬁaamﬂﬁaymﬂummm?{ﬂLLa:vaaamsﬁnmmmé‘uw”ufmaa
Aassutinein paduiBlundnuatgmMytuuazUTansudiuud 39mIndaaanusunus
WU Regression 1838 wasluuisoitazaatiianaduanusunusuuuiduass tiasen
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NAMIANMTERINAN g, WeasnUUTIN B nanIgassha NoaTaIwa19s nuiulaaas
. ¥ A 2 X . - o A X .
AIUHNANVBITLUUANIRBITAALANDY FINA AR g, Lafofiuw Idadndn [26] luanuwazvas
sunmINWLERAdIinafmAaL wazdn g, ladsflaanmInsuiaSananisasriie
fennlnaifnsnuasuaadluzuf 4 nafidn g, wlsfldanmsnsudindis HC Tiuuwaliy
v 1 1 tﬂl tﬂl v t&l U =3 v [ [l lﬂl U
waundie g, wisfldannsnaudnain oPC intesluynainistnagiaioiasas
10.66 nehanaiduwnizlunszuiunInda HC wuiinyiusadTunanidalnng uaunun
dedrquasloau [27] lasyu OPC udihdmueniBonaaniodiasniiu HC agidnian
' ' A 1a o o A Aa 1 o [ a IS 6 [} aa
LWL u OPC HUFunmaszdanydu 9 Nilnadaindavesdudiuud 15w 813580
panlad apfiwreanlod uazdu 9 iludu Agendydu HC duaasluasn 2 Favlvias
< 1 a I 6 = v ' =3 v A A s =
anuudunisvasdudiudnanyu opPC Jumldunnnininiasdaifisununsdinas

1 HC vsiraaadaInLawIauad Vinoth et al [28]

6000
® HC 3 DAYS
5000 --
® HC 7 DAYS
HC —— .
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E ;/
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o 04 4

gi.lﬁ 4 @USTNNBDITHIN19A Unconfined Compressive Strength (q,) nuUIuaw

&l o 1

TARANDATIEIRA )

3.1.2 INDNAVDIITULLIAINIIUNNNAGDA q,

o A,

2 ] | a o A, [ a
IMNNIIANBINUIN jzﬁlzlﬂa'ﬂuﬂ’]iﬂwﬁl\'ﬂ,ﬂuﬂﬂﬁﬂ"ﬂU'ﬂﬁqﬂm‘ﬂaﬂwﬂst'ﬁﬂ’] q, 4N

o

aaa

o A X \ o a = a . .
WG&IWILW&IQG‘H%@]’]&IG’]QWVEH&I @GLLK@GI%E‘U‘YI 5 Luﬂd’ﬁﬂﬂ’ﬁm(ﬂﬂ{]ﬂiﬂﬁ Calcium Silicate

Hydrate (CSH) iaz Calcium Aluminate Hydrate (CAH) [29-30] 2zfiagl § Walninsinaynsen
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mumﬂ;uaamsi_imaai’a@gﬂizmmﬂaawﬁ@ (HC waz OPC) ¢ q, tadndunalduniswam
w3l UaIINUYINI HC uaz OPC Fainglddndn q, WwasfildannInaudas OPC &
LLmIﬁmggandﬁm Qu LARINNNINENFIY HC luﬁaaLLsﬂmaamiﬂuagjmﬁfﬁaﬂaz 21.36
waasfal fAsenluduiinaudas HC tRatnirAuiinaudas OPC iantas Ssmoandoariy
aoﬁﬂi:naumamﬁmaagu%muﬁ@”ﬂumiwﬁ 2 il widyu opC AfivFanmaes
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ABSTRACT
Research on impact strength and morphology of natural fiber-reinforced composite materials
from the rotational molding process aimed to determine the appropriate ratio of banana fibers
to polyethylene for process formation. Additionally, the impact resistance and morphological
characteristics of polyethylene products reinforced with banana fibers were examined. The
percentage of banana peel fibers by weight at 0%, 10%, 20%, 30%, 40%, and 50% was
examined, including the combination of untreated banana fibers and treated fibers with a
silane coupling agent. The results showed that the impact strength of polyethylene composite
reinforced with untreated banana fibers was not modified. The values were as follows: 3.96,
5.33, 4.18, 3.74, 2.11, and 1.03 kJ/m?, and the silane coupling agent-modified polyethylene

composite reinforced with banana fibers. The values were as follows: 3.96, 5.57, 4.87, 3.74,
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2.90, and 1.20 kd/m?, the optimal ratio is 10% by weight. Composites based on fibers
modified with silane have higher impact resistance values than composites using unmodified
fibers in all ratios. Morphological tests revealed that the beam emission of electrons has
demonstrated that adding silane dual agents to the fiber surface can enhance adhesion at
the polyethylene-banana leaf fiber interface, improving the mechanical characteristics of the
composite material.

KEYWORDS: composites materials, impact strength, morphology, rotational molding
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Tranatinvilsznea

ABSTRACT
This research is a combination of finding the optimal solution by combinatorial optimization
and exhaustive enumeration methods. To solve the problem of economical load distribution
combined with greenhouse gas emissions with a non-smooth function. The method is to use
the answer obtained from the optimal arrangement method, which is the SA method, as the
initial answer. It then redefines the search boundary around the initial answer and uses the
distributional optimal solution, BCO. Use a case study consisting of a large system with 40
generator units with demand 10500 MW and a system with a non-smooth cost function. The
results were compared with SA and BCO in terms of the quality of the answers and the
speed of convergence to the answers. The proposed method provides the best quality of
answers and converge on the answer as quickly as possible. In addition, to test the efficiency,
the results were compared with the GSA and CFLBO methods. The results of the comparison
of the proposed methods yielded the answer in terms of the lowest production cost.
Therefore, it can be concluded that the proposed method can be used to efficiently find
solutions to the economical load distribution problem with a non-smooth fuel price function.

KEYWORDS: combinatorial optimization, exhaustive enumeration, economic dispatch
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Parameters Number
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Initial temperature 100
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& a a v and & a NI = ' ad a o .
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= = g tdl
NANILUIHUNEUAIONT NN 3

591 3 wansuwIsuiisunuds SA, BCO, GSA [28] uaz CFLBO [26]

Unit SA BCO GSA CFLBO Hybrid
method
P, (MW) 112.6638 113.8608 113.9989 110.4068 113.9302
P, (MW) 112.0271 113.9505 113.9896 113.4505 113.9169
P; (MW) 90.5274 118.2157 119.9995 108.4061 92.0030
P, (MW) 178.5957 180.9283 179.7857 177.7379 177.5020
P, (MW) 93.7829 96.9003 97.0000 88.3691 96.9867
P, (MW) 134.6855 137.3831 139.0128 121.9143 239.9631
P, (MW) 289.1011 298.9043 299.9885 285.3091 299.7903
P (MW) 291.3122 299.7165 300.0000 299.3117 283.5355
P, (MW) 295.1700 288.2939 296.2025 289.0739 299.7623
P,, (MW) 130.3227 130.8089 130.3850 130.0000 130.0927
P,; (MW) 319.1238 140.2398 2454775 240.4698 318.1252
P,, (MW) 233.1609 143.1103 318.2101 243.3303 241.6763
P,; (MW) 379.8767 390.2516 394.6257 395.5716 391.9489
P,, (MW) 387.7647 385.1233 395.2016 395.2566 394.5924
P,s (MW) 386.9074 388.4389 306.0014 394.2189 394.2358
P,s (MW) 389.7757 385.0000 395.1005 396.0000 394.3498
P,, (MW) 496.3630 417.6393 489.2569 447.4039 490.8084
P,; (MW) 498.4421 512.6025 488.7598 495.1025 484.0925
P,, (MW) 438.4017 514.0314 499.2320 478.8628 423.7259
P,, (MW) 512.2324 473.4005 455.2821 424.4995 507.7054
P,, (MW) 445.2992 469.4305 433.4520 499.9355 438.6248
P,, (MW) 421.8027 505.1345 433.8125 512.4599 433.9239
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51971 3 mansuwSsuiisuniuds SA, BCO, GSA [28] uaz CFLBO [26] (Aa)

Unit SA BCO GSA CFLBO Hybrid
method

P, (MW) 446.2070 500.9483 4455136 500.6126 434.1913
P,, (MW) 436.4232 525.2841 452.0547 456.7811 446.4250
P,s (MW) 458.8028 440.4011 492.8864 440.8122 436.9798
P, (MW) 453.1461 466.0732 433.3695 438.6621 433.7342
P,, (MW) 10.6757 10.0085 10.0026 10.9679 10.2157
P, (MW) 11.3398 10.0043 10.0246 10.4538 11.1558
P,y (MW) 10.2961 10.0138 10.0125 10.4108 10.2489
P, (MW) 96.0320 96.7902 96.9125 89.5072 96.9058
P, (MW) 185.7889 189.3333 189.9689 183.3655 189.9895
P,, (MW) 180.9851 188.3923 175.0000 183.0703 189.8184
P,; (MW) 189.7550 188.0397 189.0181 173.0104 189.8180
P,, (MW) 198.4082 199.9584 200.0000 199.7548 199.8031
P,s (MW) 192.1324 199.0090 200.0000 199.4690 199.8970
P, (MW) 198.0056 199.1051 199.9978 199.3909 199.8120
P,, (MW) 105.7192 106.8353 109.9969 105.0895 109.9315
P, (MW) 109.2942 106.0028 109.0126 96.2228 109.9323
P,y (MW) 105.3740 106.1313 109.4560 96.33841 109.9688
P,, (MW) 474.4860 454 4314 421.9987 458.0239 459.9023
P; (MW) 10500 10500 10500 10500 10500
F; ($/h) 126744.0379 | 126092.01 125782 125404.06 123181
Emission 223993.1887 | 271472.4855 | 210932.9 229799.4 | 215355.5128
(Ton/h)
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ABSTRACT

To better solve NP-complete problems, this paper proposes a Discrete Particle Swarm
Optimization algorithm based on an Information Sharing Mechanism (ISM-DPSO). The
algorithm uses a mechanism of sharing the pheromone of the ant colony algorithm to update
particles; the particle swarm threshold function application is initialized. At the same time, to
enhance the algorithm's global search ability, a particle swarm is initialized at a certain
probability, and on this basis, using a nonlinear dynamic adjusting pheromone persistent rate
strategy to guide the information memory. The proposed algorithm is applied to the knapsack
problem with single constraints and the vehicle cargo loading problem with multiple
constraints, and the optimization results are compared with the basic discrete particle swarm
optimization algorithm (DPSO). The experimental results show that the ISM-DPSO algorithm
outperforms the DPSO algorithm in terms of both the optimal value and the algorithm's fitted
value, and the search results are superior to those of the DPSO algorithm.

KEYWORDS: Information sharing mechanisms, Pheromone persistence, Discrete particle

swarm optimization, Knapsack problems, Cargo dispensing

1. Introduction
In 1997, Kennedy and Eberhart proposed a discrete binary particle swarm algorithm [1]

based on the basic particle swarm algorithm [2] to solve combinatorial optimization problems.
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This opened a research boom in improving and applying discrete particle swarm algorithms.
Zhang et al [3] proposed a multi-particle swarm cooperative optimization to solve the complex
coalition generation problem. Lin et al [4] applied a discrete particle swarm algorithm to data
center network traffic scheduling research to achieve good results. Xu et al [5] used a
discrete binary particle swarm algorithm based on the Pareto criterion to solve the multi-
objective optimization problem of distribution network reconfiguration. Liu et al [6] used a
hybrid discrete particle algorithm to optimize the Steiner minimum tree construction problem.

From numerous use cases, the study of discrete particle swarm algorithms is often
aimed at optimizing NP-complete problems [7]. The 0-1 knapsack problem is a very classical
class of combinatorial optimization NP-complete problems, and the study of this problem is
of great importance both in theory and in practice, such as vehicle loading, traffic planning,
investment decision, material cutting, and optimal resource allocation [8-10] can be modeled
as knapsack problems. For the solution of knapsack problems, there are two main categories:
the first category is the traditional methods, such as exact solution method, metaheuristic
algorithm, hidden enumeration method, branch delimitation method, etc. [11-13], which can
quickly obtain the actual optimal value for some small-scale knapsack problems, but with the
increasing scale of the problem in practice, the increase of constraints and the exponential
growth of the solution space, making These conventional algorithms are complex to obtain
the optimal solution. Therefore, scholars have turned their attention to another class of
evolutionary algorithms based on swarm intelligence. These swarm intelligence-based
algorithms include genetic algorithms [14], ant colony algorithms [15], fish swarm algorithms
[16], and particle swarm algorithms [17-20]. These algorithms are increasingly used due to
simple implementation and robustness advantages.

For the binary discrete problem, this paper proposes the Discrete particle swarm
algorithm based on an information sharing mechanism (ISM-DPSO), which uses the
pheromone sharing mechanism of the ant colony algorithm [21] to update particle velocity,
borrow the threshold function to initialize the particle swarm, and dynamically adjust the
persistence rate of the pheromone. Experiments show that the algorithm can successfully
solve the complex 0-1 backpack problem and vehicle cargo allocation problem, and its

performance is superior compared with the basic discrete particle swarm algorithm.
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2. Model Description

The 0-1 knapsack problem is a combinatorial optimization problem that requires
selecting items from a set to maximize the total value without exceeding the capacity of a
knapsack. This model is widely applied in various fields, such as investment portfolio
selection, resource allocation, cargo loading, steel cutting, employee scheduling, advertising
placement, the traveling salesman problem, and course scheduling. It involves making
optimal decisions under limited resource constraints. By modeling these problems as 0-1
knapsack problems, one can use relevant algorithms to find the optimal or near-optimal

solutions.

2.1 Mathematical model of the backpacking problem

The mathematical function of the backpacking problem can be described as

maxf(X):ipjxj (1)
st. zn:gjxj <C (2)

Where n is the number of items, g; is the item's weight, is the item's value, C is the
backpack's capacity X ={x,,X,,...,X.}, X; is a 01 variable, je[l,n], when x; = 1 means

the | item is selected, when X; = 0 means the J th item is not selected.

2.2 Mathematical model for vehicle cargo dispensing

The vehicle cargo assembly problem mainly studies how the cargo is assembled to
reasonably use the vehicle volume and load. Suppose the truck's capacity is C and the load
is G. There are i (i = 1,2,3,...,n) cargoes of different weights and volumes waiting to be
assembled. Assume that.

1) The boxed cargo has no priority, and the cargo and OD volumes need to be more
compressible.

2) The goods are delivered to the same destination, and the volume and weight of each

type differ.
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Then, the objective function is as follows.

max f (x) = ﬂ_zn: 9% jtzyzr':ci><i (3)
st. Zn:gixi <G (4)
Zn:cixi <C ®)

0<g, <G (6)

0<c¢ <C (7)
A+n=1 (8)

Where: g, is the weight of cargo i, C; is the volume of freight i, /’Le(O,l), when
A =1, it means that the maximum load capacity is sought; 7 e(0,1) , when 7 =1, it means
that the maximum volume utilization is desired; X; is a 01 variable, then X; takes the value
of 1, it means that this batch of cargo needs to be loaded with cargo i, and vice versa. If

the optimal solution is (1,1,0,1,0,...), the cargo to be loaded is 1, 2, 4, ......

3. Discrete particle swarm algorithm based on information sharing mechanism
3.1 Basic particle swarm algorithm

The individuals in the particle swarm algorithm, which we call particles, search for the
optimal value in the solution space by mimicking the predatory behavior of birds and tracking
two "extremes": one is to search for the current optimal value, called the individual extremum
and the other is to search for the current optimal value of the whole population, called the

global extremum. The speed and position update equations are shown below

Vi = e +0g(p) —x) +Cn(pg — ;) ®
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X=X+ (10)

where v, =[vj1,vjz,...,vjm] is the velocity of a particle j, which represents the distance
between the present position of a particle j and its next target position; @ is called the
inertia weight; c, is the weight coefficient of the particle tracking its own historical optimum,
which represents the particle's knowledge and is called the cognitive constant; c, is the
weight coefficient of the particle monitoring the population optimum, which means the
particle's knowledge of the whole population and is reached the social knowledge constant;
& and 7 is a random number uniformly distributed in the interval [0,1]; p; is the individual
optimum searched so far; p, is the optimum searched so far for the whole population;
X; =[Xj1, X5, Xjn] I8 the current position of the particle j. The particle population is
updated iteratively according to Eq. (9) and (10) Until a satisfactory solution is found or a
certain number of iterations is reached, the algorithm stops computing and outputs the search

result.

3.2 Discrete particle swarm algorithm based on information sharing mechanism

The core of the primary particle swarm algorithm adjusted to a binary discrete particle
swarm algorithm is to change the successive states of each particle to only two states of 0
or 1. There are only four possibilities for transforming the current state of a particle to the
next state: transforming from 1 state to 1 state, from 1 state to 0 state, from O state to 0
state, and from O state to 1 state. The state change of each bit of a particle will be determined
by the pheromone stored in the pheromone matrix P shared by all particles in that bit. For
example, if the state of the i th bit of the j th particle is 0, the state of the historical optimum
at the i th bit is 0. The state of the global optimum particle is 1. The pheromone generated
by the particle changing from the current state 0 to the historical optimum 0 is v, and the

pheromone generated by the particle changing from the current state 0 to the global optimum

one is Vv,,, The basic principle is shown in Figure 1.
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Historical optimal solution: 7

Voo =|F(x; )= F () )

—»0 Vor =|F(x; ) ~F ()
Thei-th pheromone matrix P
1
Global optimd solution B
0 1 0
pgl 1%'5 Ped
X1 i Xjd

] 0 0 The jth pariicle x;

Figure 1 Basic schematic diagram

A binary sequence is constructed using the threshold function for initializing the particle

population, and the mathematical expression is shown below.

0, x<s
X) = 11
7,(X) {1, s s (11)
A binary sequence of corresponding d-bit length is obtained by iterating the Logistic
mapping d times, constituting the particle's initial state. Where: S is a constant, taken as
0.5 in this paper.
Also, to enhance the global search capability of the ISM-DPSO algorithm, the particle

population is reinitialized with probability K , which can be expressed as
P, =R;(P), rand()<k (12)

Where: P, denotes the j th particle, R, (P,) denotes re-initialization of P,, rand() is
a random number between [0,1], K is a constant, and Kk =0.01 is taken in this paper.

In this paper, the particle swarm velocity update formula is reselected by drawing on
the pheromone-sharing mechanism in the ant colony algorithm. The updated formula is as

follows.
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v(x; (D), p; (D), D) = pxv(x; (i), p; (i), 1) + @ p)(F(p;) — F () (13)

v(x; (D), pg (1), 1) = pxv(x; (i), p; (). 1) +(@— P)(F(py) — F (X)) (14)

Where: i=1,...,d is the length (dimension) of the particle; j denotes the j th particle
i=L..n; X denotes the current position of the particle, p; denotes the historical optimal
position of the particle, p, denotes the optimal position of the particle population; x; (i)
denotes the value of the i th position of the j th particle, p,(i) denotes the value of the
historical optimal i th position of the j th particle, p,(i) denotes the value of the global
optimal i th position; F is the particle fithess function, t represents the number of iterations;

v*! is the velocity pheromone matrix of the i th position at t+1th iteration, using a velocity

pheromone update one particle after another. p denotes the pheromone persistence rate,
and 1- p represents the evaporation rate. The smaller the value p , the faster the
pheromone evaporates, and the information retained in the past will be forgotten more
quickly. This paper uses a strategy of nonlinear dynamic adjustment of pheromone
persistence rate to guide the memorability of information. The specific expression is as

follows.

P =~(Prax — Prin) x (iter 1 Gen)™ + p, ., (15)

Where p takes values in the range [0.9,0.1], M is a constant, p,. and denotes the
maximum and minimum pheromone persistence rates.

This approach converts the continuous particle swarm algorithm into a discrete binary
particle swarm algorithm on the one hand and, on the other hand, enables the particles to
judge the flight direction based on the persistence and timeliness of their information and
also to refer to the information left behind by other particles, thus allowing all particle
information in the population to be shared adequately and promptly.

The ISM-DPSO algorithm, through the information-sharing mechanism, can effectively
handle the correlated factors in the problem. It allows particles to consider the information of
other particles during the search process, thereby capturing the factor correlations within the

problem. The strategy of dynamically adjusting the pheromone persistence rate enables the
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algorithm to adapt to the search requirements at different stages. For problems with high
correlations, the algorithm can enhance its adaptability to correlated factors by adjusting the

pheromone persistence rate.

3.3 ISM-DPSO algorithm steps
This paper proposes a discrete particle swarm algorithm based on an information-
sharing mechanism. The algorithm's detailed steps are as follows.

Step 1: Initialization and Parameter Settings.
® Set the total number of particles, maximum number of iterations, and particle length.

® Define the value and weight of the items as well as the capacity of the knapsack.

Step 2: Initialization of the Velocity Information Matrix.

® |nitialize a three-dimensional matrix u for storing velocity information.

Step 3: Construction of Particles.

® Randomly initialize the position of particles, where a binary array of length n
represents each particle, indicating whether the corresponding item is selected.

Step 4: Particle Correction to Create Feasible Solutions.

® Check if each particle exceeds the knapsack capacity, and if so, remove items until
the capacity is not exceeded.

Step 5: Start the Particle Swarm Optimization Algorithm.

® Begin the iterative process to calculate the fitness of each particle (total value).
® Update the global and local historical best particles.

® Update the velocity information matrix u of the particles.

® Update the position of the particles based on the velocity information matrix.

® Correct the particles to ensure they do not exceed the knapsack capacity.

® Record the global best fithess value and plot the changes in the best fithess during

the iteration process.

® OQutput the final global best fithess value.
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4. Experimental Analysis
4.1 KP problem example analysis

This paper uses four widely cited examples of well-known KP problems to analyze the
performance of the discrete particle swarm algorithm based on the information-sharing
mechanism. The hardware used in this experiment is an Intel(R) Core(TM) i5-6200U CPU
@ 2.30 GHz with 8.00 GB RAM; the software is Windows 10 and MATLAB.

Example 1: The set of weights of items W=[71,34,82,23,1,88,12,57,10,68,5,33,37,69,
98,24,26,83,16,26,18,43,52,71,22,65,68,8,40,40,24,72,16,34,10,19,28,13,34,98,29,31,79,33,
60,74,44,56,54,17], the set of values of items P = [26,59,30,19,66,85,94,8,3,44,5,1,41,82,
76,1,12,81,73,32,74,54,62,41,19,10,65,53,56,53,70,66,58,22,72,33,96,88,68,45,44,61,78,78,
6,66,11,59,83,48], the maximum capacity of the backpack is C=300 and the size is d= 50.

Example 2: The set of weights of items W=[19,53,61,74,98,70,15,59,64,29,98,79,74,
85,52,70,84,91,84,75,78,72,5,46,26,95,38,79,28,92,12,37,37,58,94,44,25,3,12,67,2,98,12,2,
34,68,68,81,92,16], the set of values of items P = [12,61,63,78,49,46,44,36,37,66,43,16,
14,73,72,72,83,15,83,65,21,49,36,20,22,80,94,3,73,1,91,62,8,58,79,67,53,8,85,82,70,43,22,
53,22,14,41,41,77,75], the maximum capacity of the backpack is C=500 and the size is d=50.

Example 3: The set of weights of items W=[3,68,24,80,76,9,24,2,46,75,56,41,95,46,
23,34,64,76,6,48,25,73,87,67,58,7,93,66,55,75,38,27,53,6,100,36,26,17,53,88,21,9,34,90,32,
47,4,6,57,50,30,25,41,24,12,74,92,17,32,96,35,76,52,93,64,55,1,70,26,35,2,97,82,22,41,37,
63,28,90,13], the set of values of the items P=[38,16, 29,47,22,25,17,49,15,15,75,11,
56,99,51,92,59,37,13,98,61,50,32,17,44,79,41,53,45,29,62,64,2,23,31,45,57,68,57,26,51,26,
86,83,94,20,98,24,91,89,1,63,21,46,74,56,64,72,58,8,74,24,27,35,94,49,65,21,16,25,1,45,63,
4,37,25,39,68,49,11], the maximum capacity of the backpack C=800 and the scale d=80.

Example 4: The set of weights of items W=[42,30,27,93,8,34,47,64,82,76,70,79,23,5,
67,9,97,29,7,61,73,3,44,85,7,51,49,90,59,38,55,39,62,85,54,81,38,42,90,90,26,50,22,71,52,
41,77,32,49,2,96,84,20,48,17,62,87,94,84,26,73,52,12,70,42,47,94,13,47,89,90,7,51,39,24 6,
74,69,5,47], the set of values of the items P = [15,64,82,87,81,54,65,98,42,99,6,50,90,99,96,
57,76,12,47,18,46,73,99,60,40,60,15,5,65,69,19,72,51,33,11,72,69,64,97,95,32,59,34,3,27,99,
82,44,66,83,72,28,64,90,15,38,65,91,68,28,17,80,1,29,54,8,11,11,70,40,93,65,51,49,75,35 41,
60,72,57], the maximum capacity of the backpack C=1000 and the scale d=80.
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The population size of all experiments is 20, and each function is run independently for
30 times with 1000 iterations. This paper takes the maximum and minimum retention factors
P = 0.1 for pheromones. The inertia weights for both ISM-DPSO and DPSO algorithms
are linearly decreasing strategies, which reduce linearly with iterations between [0.95,0.4],
and the obtained data are shown in Table 1 and Figure 2. Where OPT denotes the optimal
value that the instance can be found, Best, Worst, and Mean are the best, worst, and average
values of the results obtained by each algorithm in 30 independent calculations; Gap is the
relative difference between the optimal value OPT and the average value Mean, as shown
in equation (16). The closer the Gap fitting value is to 0, the better the algorithm's average
performance. Time is the average duration over 30 runs.

The mathematical expression is.

|OPT —mean|

Gap = x100% (16)

Table1 Comparison table of the optimization results of the two algorithms

No | Examples | OPT | Algorithm Best | Worst | Mean Gap Time
1063 DPSO 1048 1015 | 1030.8 | 0.030 4.72
1 | Example 1
1063 | ISM-DPSO | 1063 1034 | 1052.2 | 0.010 4.65
1153 DPSO 1153 1118 | 1136.8 | 0.014 6.94
2 | Example 2
1153 | ISM-DPSO | 1153 1148 1152 0.001 6.88
2085 DPSO 1959 1888 1920 0.079 7.15
3 | Example 3
2085 | ISM-DPSO | 2085 1963 | 2012.3 | 0.035 7.04
2337 DPSO 2267 2176 | 2234.9 | 0.044 10.12
4 | Example 4
2337 | ISM-DPSO | 2337 2267 | 2302.8 | 0.015 9.36
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Comparison of the optimization results of the two algorithms
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Figure 2 Comparison of the optimization results of the two algorithms

As seen from Table 1 and Figure 2, for the above four examples, ISM-DPSO shows its
superiority over the DPSO algorithm in terms of both the optimal value and the fitted value
of the algorithm, and the search result is better than that of the DPSO algorithm.

Figure 3-figure Supplement 6 shows the curve of the maximum value of each instance
as the number of iterations increases. Figure 3-figure supplement 5 shows that the maximum
value is generated at 735 iterations for instance 1, 396 for instance 2, 995 for instance 3,
and 826 for instance 2. Thus, we find that more iterations are required to apply ISM-DPSO

to obtain the maximum value.
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To verify the variation of ISM-DPSO performance with the number of iterations, the
above four examples were experimented with 1000, 2000, 3000, 5000, and 10000 iterations.
Other parameters are kept constant, and the mean values obtained from 30 independent
runs are shown in Table 2. Mean1 is the mean value when the number of iterations is 1000,

Mean2 is the mean value when the number of iterations is 2000, Mean3 is the mean value
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when the number of iterations is 3000, Mean4 is the mean value when the number of

iterations is 5000, and Mean5 is the mean value when the number of iterations is 10000.

Table 2 Variation of the mean value with the number of iterations

No | Examples | OPT | Algorithm | Mean1 | Mean2 | Mean3 | Mean4 | Mean5

1063 DPSO 1030.8 | 1032.1 | 1033.6 | 1033.4 | 1034

1 Example 1
1063 | ISM-DPSO | 1052.2 1054 | 10554 | 1058 1058

1153 DPSO 1136.8 | 1140 1144 1143 | 1144.2

2 Example 2
1153 | ISM-DPSO 1152 1152.2 | 11524 | 1152.5 | 1152.8
2085 DPSO 1920 1928 1930 1930.3 1929
3 | Example 3
2085 | ISM-DPSO | 2012.3 | 2022.8 | 2032.6 | 2038.4 | 2038.5
2337 DPSO 2234.9 | 2250 2248 2260 2252
4 | Example 4

2337 | ISM-DPSO | 2302.8 | 2308 2314 | 2317.6 | 2319.8

As seen from Table 2, the mean value of ISM-DPSO is closer to the optimal value as
the number of iterations increases in a specific pack size range. And the mean value of
DPSO does not change significantly as the number of iterations increases. With the increase
in the backpack size, especially for the super-large backpack problem, ISM-DPSO is better
than DPSO in finding the optimal value. Still, it needs to be revised, which indicates that the
information-sharing mechanism-based optimization approach needs to be stronger after the
complexity of the problem exceeds a specific size. New methods need to be found to

optimize it.

4.2 Vehicle cargo dispensing problem-solving

A box truck with a load capacity of 30t and a compartment volume of 70m3 is to be
fitted to 14 kinds of cargoes selected, the weight set of various cargoes W=[2.00, 3.80, 3.05,
5.00, 7.10, 5.00, 4.30, 1.05, 2.05, 1.80, 5.05, 2.85, 4.30, 4.50] in t; the volume set of cargoes
V =[5.30, 12.00, 7.10, 10.00, 6.00, 13.70, 12.00, 1.50, 5.90, 3.05, 3.90, 3.00, 10.50, 8.50],
in m3, which was obtained from the literature (Ma et al., 2015). The population size of all

experiments at this time was 20, the dimensionality of the search space was 14 dimensions,
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the maximum number of iterations was 1000, and other parameter settings were kept
constant. The functions were run 30 times independently using DPSO and ISM-DPSO,

respectively, and the results obtained are shown in Table 3.

Table 3 Comparison of the results obtained by the two methods

Algorithm DPSO ISM-DPSO
Optimal solution code 10110101110011 11110011010011
Total volume of loaded cargo (m3) 65.55 69.95
Volume utilization (%) 93.60 99.93
Total weight of loaded cargo (t) 28.75 29.8
Load utilization (%) 95.83 99.93

As shown in Table 3, the volume utilization rate of ISM-DPSO is as high as 99.93%,
while the volume utilization rate of DPSO is only 93.60%. In terms of load, the load utilization
of ISM-DPSO is 99.93%, while the load utilization of DPSO is only 95.83%. It can be seen
that ISM-DPSO can balance the load and volume utilization rates well, making full use of

the vehicle loading space and effectively solving the problem of vehicle cargo distribution.

4.3 Scenario Application Guidance

This article experimentally validated the performance of the ISM-DPSO algorithm in
solving 0-1 knapsack problems and vehicle cargo allocation problems. The results indicated
that the ISM-DPSO algorithm outperformed the traditional DPSO algorithm in multiple
independent experiments, particularly in finding global optimal solutions and demonstrating
higher stability and quality.

The article calculated the average performance metric of the algorithm, known as the
Gap value, which is the relative difference between the algorithm's average and the optimal
value. The closer the Gap value is to 0, the closer the algorithm's average performance is
to the optimal solution, indicating higher efficiency. In our experiments, the ISM-DPSO
algorithm showed a smaller Gap value in all test cases, proving its high efficiency. To
effectively apply the ISM-DPSO algorithm in various scenarios, it is first necessary to confirm

whether the problem is suitable for modeling as a 0-1 knapsack problem or a combinatorial
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optimization problem with a similar structure, such as investment portfolio selection, resource
allocation, cargo loading, steel cutting, employee scheduling, advertising placement, and the
traveling salesman problem, all of which can be modeled as 0-1 knapsack problems.
Subsequently, it transforms the actual problem into a mathematical model that ISM-DPSO
can handle, defining the necessary decision variables, objective functions, and constraints.
Then, the algorithm parameters are adjusted according to the characteristics of the problem,
such as the size of the particle swarm and the pheromone persistence rate, and the algorithm
is implemented and tested on a series of well-designed test problems to evaluate its
performance. Assess the algorithm's efficiency through metrics such as the Gap value and
average running time and compare it with other algorithms to showcase its advantages.
Adjust parameters or strategies based on the evaluation results to optimize the algorithm's
performance, apply it to real-world problems, and monitor and adjust to fit actual situations.

Finally, the application process and algorithm results will be documented and shared.

5. Conclusions

The proposed discrete particle swarm optimization algorithm based on an information-
sharing mechanism (ISM-DPSO) significantly improves performance in solving 0-1 knapsack
problems and vehicle cargo allocation problems by enhancing the initialization of the particle
swarm and incorporating a pheromone-sharing mechanism. Experimental results
demonstrate that ISM-DPSO outperforms the traditional DPSO algorithm in finding global
optimal solutions and exhibits higher stability and quality across multiple independent
experiments.

Despite its superior performance in many cases, ISM-DPSO shows limitations when
addressing extremely large-scale problems. Future research could explore combining other
optimization techniques, such as hybrid intelligent algorithms or adaptive strategies, to
enhance further the algorithm’s global search ability and solution quality. Additionally, the
applicability of ISM-DPSO could be extended to a broader range of real-world optimization
problems to validate its wide adaptability and practicality.

Overall, ISM-DPSO is an effective optimization algorithm with promising applications. It
demonstrates significant advantages in solving complex discrete optimization problems and

provides a solid foundation for further research and application.
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ABSTRACT
The objective of this research was to study the design of a powertrain system for electric

vehicles using two different configurations of electric motors: the first configuration directly
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connects the electric motor to the rear differential without a gearbox, while the second
configuration uses a gearbox between the electric motor and the rear differential.
Subsequently, the study aimed to compare the driving performance of vehicles with both
powertrain systems in terms of speed, acceleration rate, energy efficiency, payload weight,
and hill climbing capability. Tests were conducted both on and off-campus under loaded
conditions. After designing and calculations, it was found that the vehicle could effectively
utilize an electric motor rated at 10 kW with an electrical voltage of 72 V. It employed
a 72V lithium iron phosphate (LiFePO4) battery with a capacity of 100 Ah. During operational
tests with the gearbox-equipped powertrain system under full load (1,800 kg), the cycle
driving type 1 (within the institute) better driving performance compared to the direct-drive
system. Specifically, it achieved a driving range of 20.4 km, a speed of 37 km/hr, and
consumed 5.4 kWh of energy.

KEYWORDS: powertrain system, electric motors, electric vehicles
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3.4 22yAINNIIRIRIMRIIWIAGAKIIAINDLADS
mnﬁagaﬁ"ﬂﬂﬁhﬂumiaaﬂLLumasLumi'm'ﬁ 1 U BT AL TIAIUNIBANT
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4. unsdummAnInusIdesvasTnsudidaIiaaies F, 7452 N
5. UIITUNIANG F, 3,020 N
6. Lmﬁﬂmiwuﬁavﬁmm T, 1,051.6 N.m
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8. asnllumstuiadauiusasmaiiosiazilasing P 7.67 kW
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ABSTRACT
The construction of the elevated motorway no.82 (M82) between Bang Khun Thian and
Ban Paeo is currently underway, utilizing the existing central median of Rama Il Road as a
construction zone. While traffic marking modifications have been implemented to mitigate
driver confusion, some areas are still under improvement, which has led to disruptions in

traffic flow and altered driver behavior. The purpose of this study was to assess how driving
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behavior is affected by unclear road markings, especially in areas under construction. The
study investigated the influence on traffic flow rate, vehicle speed, and lateral position by
contrasting driving behavior in work zones on Highway 35 between the section with unclear
road markings (km 32+700 Bangkok-bound) and a section with typical road markings (km
15+500 Bangkok-bound). Traffic flow rates were examined, and it was found that sections
with typical road markings provided more significant traffic flow rates than sections with
unclear road markings. Vehicle speed assessments revealed that vehicles in sections with
typical road markings might travel at higher speeds, especially during off-peak periods. On
the other hand, both sections' vehicle speed behavior was consistent during peak periods
when traffic was heavy. In regards to the lane-changing behavior, the study demonstrated
that there was a comparatively high rate of lane-changing in the section with unclear road
markings during periods of low traffic density. The sections with unclear road markings also
exhibited greater rates of lane crossing compared to the typical road markings section. The
study's findings demonstrate how road markings influence drivers' behaviors once traveling
in construction areas. The outcomes can be utilized to provide recommendations to
coordinate construction activities in compliance with standards, facilitate efficient traffic
control during construction, and reduce the risk of accidents.

KEYWORDS: Work Zone, Unclear Road Markings, Typical Road Markings, Influence,

Driving Behavior
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ABSTRACT

The aim of this study is to evaluate the noise and vibration level in the vehicle cockpit,
while moving through the designed rumble strip. The motorcycle, passenger car, pick-up
truck and heavy truck are selected as test vehicles. In order to assess the impact of driver
awareness, it is considered the difference in noise and vibrations level within the cockpit
while moving through the rumble strip. The results concluded that the noise level inside a
cockpit, while the vehicle is moving through a rumble strip, increases according to the
speed of the vehicle. On the other hand, the vibration level inside a cockpit tends to
decrease, corresponding to the movement velocity. Taking into account the appropriate
design for the rumble strip, each vehicle type is inconsistent. We found that the most
appropriate rumble strip design for motorcycles is 10 cm wide and 0.3 cm thick, with 25 cm
spacing between the stripes. Passenger cars are also 10 cm wide but 0.6 cm thick, and the
spacing between the stripes remains 25 cm. The appropriate rumble strip design for pick-
up trucks is the same as for passenger cars, but the spacing between the stripes is 50 cm.
In the case of heavy trucks, the design is higher than others, with a width of 20 cm, a
thickness of 0.6 cm, and a spacing of 50 cm between the stripes. The outcome enhances
the advancement of knowledge in order to improve design requirements for ensuring safety
at railway crossings, mitigating the likelihood of accidents, and optimizing the efficiency of
the railway system.

KEYWORDS: Rumble Strip, Noise Level, Vibration Level, Appropriate Design
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