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Abstract

The study embarked on a comprehensive
exploration of the design, testing, and
evaluation of a system geared towards
effectively managing the accumulation of
plastic bottles while encouraging active
engagement. Through meticulous
examination, it was discovered that a system
incorporating key features such as an
intuitive user interface, wireless internet-
connected incentives, and plastic bottle
segregation mechanisms proved to be
remarkably successful in tackling this
environmental challenge. This finding
underscores the importance of integrating
innovative technological solutions to
address pressing environmental issues and
promote sustainable practices.

The study recommended further
enhancements to the system to maximize its
impact and reach. Specifically, it suggested
integrating a plastic bottle segregation
system with free internet access for learners,
facilitated through Wi-Fi connectivity and an
incentive-based  reward system. By
leveraging these additional features, the
system could not only encourage plastic
bottle segregation but also enhance
accessibility for students, thus fostering a
more inclusive and participatory approach
to environmental stewardship. This
recommendation highlights the potential
synergies between technology, education,

Sorsogon City, Sorsogon, Philippines

and environmental conservation efforts in
promoting sustainable behaviors.

The evaluation of the system using ISO
25010 standards yielded encouraging
results, with a weighted mean of 4.06
indicating that the system exceeded
expectations significantly. This positive
assessment underscores the effectiveness
and reliability of the system in addressing
the identified problem. It also underscores
the importance of adhering to industry
standards and conducting rigorous
evaluations to ensure the quality and
effectiveness of technological solutions
aimed at addressing societal challenges.

In conclusion, the study not only shed light
on the effectiveness of the developed system
in managing plastic bottle accumulation but
also provided valuable insights for future
research endeavors. By leveraging the
system's capabilities, future researchers can
further enhance plastic bottle segregation
efforts, promote student accessibility, and
ensure the continued success of
environmental conservation initiatives.
Additionally, regular evaluations should be
conducted to maintain optimal system
performance and user satisfaction, thus
ensuring the long-term sustainability of the
implemented solution.
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Introduction

Wi-Fi has emerged as a pivotal
enabler of I[oT (Internet of Things)
innovation on a global scale, facilitating
seamless connectivity among an estimated
19.5 billion Wi-Fi devices worldwide. This
transformative technology has
transcended  traditional = boundaries,
permeating various sectors such as smart
homes, smart cities, automotive,
healthcare, enterprise, government, and
industrial [oT environments. With Wi-Fi,
users can automate their smart homes,
monitor industrial supply chains in real-
time, and enhance productivity across
diverse work scenarios. The integration
and interoperability offered by Wi-Fi pave
the way for secure interconnections
among IoT solutions, fostering
unprecedented value creation in IoT
applications and environments. (Dilixiati
etal., 2023)

In the Philippines, the management
of solid waste, particularly plastic bottles,
remains a pressing concern. Despite
legislative measures like Republic Act (RA)
9003, which prohibits open-burning of
solid waste including plastic bottles,
efficient waste management continues to
pose significant challenges, especially in
urban areas. The accumulation of waste
not only poses environmental hazards but
also jeopardizes public health due to the
spread of diseases and pollution. The
projected waste volume for the province of
Sorsogon in 2024 underscores the urgent
need for comprehensive waste
management strategies to address this
escalating issue. (Dilixiati et al., 2023)
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Within Sorsogon province, the
current waste management infrastructure
faces limitations, with only a handful of
biowaste shredders, composters, and
recycling machines available across
municipalities. As the volume of waste
continues to rise, local authorities in
Sorsogon must reevaluate their waste
management programs to effectively
tackle this growing challenge. It is
imperative to develop innovative solutions
tailored to the local context to improve
waste segregation and management
practices.

Against  this _ backdrop, the
proposed study titled "Wireless Internet-
Connected Incentive System for Gathering
Plastic Bottles" emerges as a potential
solution to address the pressing issue of
garbage segregation and management. By
leveraging Wi-Fi technology, the study
aims not only to incentivize individuals to
participate in recycling initiatives but also
to empower communities, including
schools, to actively engage in waste
segregation  efforts. Moreover, the
integration of an internet-connected
incentive system holds promise in
enhancing access to online resources,
particularly in areas with limited
connectivity, thereby promoting
educational opportunities and community
engagement. Through such initiatives, the
study endeavors to contribute towards the
realization of a more sustainable and
resilient waste management ecosystem in
Sorsogon province and beyond.

GSJ© 2024
www.globalscientificjournal.com



GSJ: Volume 12, Issue 3, March 2024
ISSN 2320-9186

General Objective

The primary aim of this project was to
achieve the following specific objectives:
To conceive and construct a Wireless
Internet-Connected Incentive System for
Collecting Plastic Bottles suitable for
implementation at Aemilianum College
Inc. This system was intended to manage
the collection and retrieval of plastic

Specific Objectives

This study aimed to:

1. Design and develop a system to
manage the accumulation of plastic
bottles by:

1.1 Creating an intuitive user
interface for efficient
bottle collection.

1.2 Implementing a wireless
internet-connected
incentive mechanism to
encourage participation.

1.3 Integrating a plastic bottle
segregation system for
effective waste
management.

2. Provide free Internet Access to
learners and implement a plastic
bottle segregation system by:

2.1 Establishing Wi-Fi
connectivity accessible to
students.

Scope and Delimitations

This study focused on developing a
Wireless Internet-Connected Incentive
System for Collecting Plastic Bottles suited
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bottles, thereby contributing to the
institution and the wider community
while generating Environmental and
Social Impact. Noteworthy features of the
system were accessible to students,
teaching staff, and non-teaching workers
of Aemilianum College Inc.

2.2 Developing an incentive-
based reward system to
promote plastic bottle
segregation.

2.3 Implementing a user-
friendly interface for easy
access and participation.

3. Evaluate the proposed system by
assessing software quality using the
ISO 25010 evaluation instrument
according to industry standards,
focusing on:

3.1 Functional Suitability

3.2 Performance Efficiency

3.3 Compatibility

3.4 Usability

3.5 Reliability

3.6 Security

3.7 Maintainability

3.8 Portability

for implementation at Aemilianum College
Inc.. The proposed system aimed to
provide internet access to students within
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the area where the system was deployed,
accepting only clean, transparent plastic
bottles up to 8.5cm in diameter. The plastic
bottles were categorized into three sizes:
small (ranging from 14cm to 27cm in
length), medium (27cm), and large
(33cm). Each size corresponded to
different points, which were then
converted into time duration; a small
bottle earned 1 point, equivalent to a 15-
minute time duration; a medium plastic
bottle earned 2 points, equivalent to a 30-
minute time duration; while large bottles
earned 3 points, translating to a 45-minute
duration. The  proposed  system
incorporated two storage compartments
for valid and invalid inputs and operated
on a one-at-a-time process for inserting
plastic bottles.

Significance of the Study

Since Aemilianum College Inc. is the
intended user of the proposed system,
according to the researcher, the following
will benefit from and be in support of the
study:

Students. They can participate in
the incentive program and earn rewards
for collecting plastic bottles, which can be
financially and environmentally beneficial.

Faculty and Staff. They can engage
with the system to encourage and educate
students about sustainability and
environmental conservation.

Aemilianum College
Administration. The system can help the
college demonstrate its commitment to
environmental responsibility and
sustainability—local Community.
Members of the local community around
Aemilianum College can benefit from a
cleaner environment due to reduced
plastic waste.
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The geographical and
environmental conditions, such as
weather and the quality of the network
service provider where the system was
placed, were not considered in this study.
The plastic allocation of the system was
delimited, and due to the absence of a
digital PIN in Arduino, the detection of
nearly full storage was delimited.
Furthermore, the proposed system could
not identify whether a plastic bottle had
been halved.

The system underwent evaluation
by ten (10) IT professionals, ten and (10)
students or beneficiaries.

Environmental Clubs and
Organizations. The system can be a
valuable tool for these groups to promote
their missions and engage with the college
community. Sponsors and Partners. Local
businesses and organizations that support
the college's environmental initiatives can
gain positive exposure and goodwill
through their involvement in the system.

Maintenance and Janitorial Staff.
With fewer plastic bottles littering the
campus, the workload for cleaning and
maintenance staff may be reduced.

Educational Programs.
Aemilianum College can integrate the
system into its educational programs,
offering students real-world experience in
sustainability and technology.

Researchers. The data and
information collected through the system
can provide valuable insights for research
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projects and studies related to waste
management and sustainability.

Gap Bridged by the Study

The developed system, "Wireless
Internet-Connected Incentive System for
Gathering Plastic Bottles," aimed to
address a significant gap in sustainable
waste management practices, specifically
focusing on the collection of plastic bottles.
At the time, many existing waste
management systems lacked the capability
for real-time data collection and failed to
incorporate effective incentive
mechanisms to encourage community
participation  actively. = While some
initiatives existed to promote recycling,
there remained a notable gap in the
development of innovative, technology-
driven systems that integrated wireless

Conceptual Framework

The input of the conceptual
framework outlined a comprehensive plan
to manage the accumulation of plastic
bottles and provide free internet access to
learners while implementing a plastic
bottle segregation system. It entailed
designing and developing a system with an
intuitive user interface for efficient bottle
collection, integrating a wireless internet-
connected incentive mechanism to
encourage participation, and
implementing a plastic bottle segregation
system for effective waste management.
Additionally, it emphasized the
establishment of Wi-Fi connectivity
accessible to students, the development of
an incentive-based reward system to
promote plastic bottle segregation, and the
implementation of a user-friendly
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connectivity, data  processing, and
incentives to manage plastic bottle
collection  efficiently. =~ This  study
endeavored to bridge this crucial gap by
designing and implementing a state-of-
the-art system that not only facilitated
plastic bottle collection but also utilized
wireless internet connectivity to monitor,
incentivize, and optimize the process. By
doing so, this research contributed to the
advancement of knowledge in smart and
sustainable waste management solutions,
with a specific emphasis on addressing the
pressing environmental challenge posed
by plastic waste accumulation in various
regions.

interface for easy access and participation.
Furthermore, it  highlighted the
importance of evaluating the proposed
system's software quality using the ISO
25010 evaluation instrument, focusing on
various aspects such as functional
suitability, performance efficiency,
compatibility, usability, reliability, security,
maintainability, and portability. This
comprehensive approach ensured the
development of a robust system that
addressed both waste management
challenges and educational needs while
adhering to industry standards for
software quality assessment.

In the Process, involved the
utilization of  Rapid Application
Development (RAD) methodology, which
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facilitated a swift and iterative approach to
system development. RAD emphasized
rapid prototyping and feedback loops,
allowing for the quick creation of
functional prototypes and the
incorporation of stakeholder input
throughout the development cycle. This
methodology enabled the research team to
swiftly design and implement the wireless
internet-connected incentive system for
gathering plastic bottles, providing
flexibility to adapt to changing
requirements and refine the system
iteratively. By leveraging RAD, the study

ensured efficient progress, reduced
development time, and increased
stakeholder involvement, ultimately

contributing to the timely delivery of a
robust and user-friendly system tailored to
address the challenges of plastic bottle
accumulation and waste management.

The output of this study was the
Wireless Internet-Connected Incentive
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System for Collecting Plastic Bottles, a
sophisticated technological solution aimed
at addressing the challenge of plastic
bottle accumulation and promoting
sustainable waste management practices.
This system incorporated various
components, including an intuitive user
interface for efficient bottle collection, a
wireless internet-connected incentive
mechanism to encourage participation,
and a plastic bottle segregation system for
effective waste management. Through the
implementation of this system, users could
easily deposit plastic bottles into
designated collection points, receive
incentives via the internet-connected
platform, and contribute to the reduction
of plastic waste. The system's output

represented a tangible solution to
environmental  concerns, leveraging
technology to incentivize positive

behavior change and foster community
engagement in waste management efforts.

Input Process Output
Design and develop a system to manage the
accumulation of plastic bottles by: Creading
an inmuitive user interface for efficient
baottle collecdon; [mplementing a wireless
internet-connected incentive mechanism to
encourage participation; Integrating a
plastic bottle segregation system  for
effective waste management
Prm’ide fres Interuzr: Access o learners a_n-d Rapid Applicatian
implement a plastic bottle segregation Development
system by Establishing Wi-Fi connectivity B Wireless Internet-
accessible to students; Developing an B Connected Incentive
incentive-based reward system to promote —— * Requiremesnts |— ] System lor Collecting
plastic bortle segregarion; Implementing a Planning Plastic Bottles
user-friendly interface for easy access and * User Design
Farticipation. * Construction
= Cutower
Evalware the proposed system by assessing
software guality using the [50 25010
evaluation instrument according  to
industry standards, focusing on: Functional
Suitability, Performance Efficiency,
Comparibility, Usabilicy, Reliability,
Security, Maintinability, and Portability
3 ]
Feedback
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Figure 1 - Conceptual Paradigm

Resources

Hardware and software requirements are
included for the development of the
proposed title, “Wireless Internet-

Connected Incentive System for Gathering
Plastic Bottles.” below is the list of the
hardware and software requirements.

Table 3.1

Software and Hardware Requirements

IR Break Beam Sensor
24x2 LCD
Jumper Wire
Power Adapter
WiFi Router/Modem
Ultrasonic Sensor
Load Cell
Servo
SD card
Printed Circuit Board

Hardware Software
Orange Pi PC Arduino IDE 2.2.1
Arduino Uno R3 WiFi ng Bayan

2-PIN Terminal Block

Table 3.1 outlines the software and
hardware requirements necessary for the
implementation of the proposed system,
the Wireless Internet-Connected Incentive
System for Collecting Plastic Bottles.
Hardware components include the Orange
Pi PC, Arduino Uno R3, IR Break Beam
Sensor, 24x2 LCD, Jumper Wire, Power
Adapter, WiFi Router/Modem, Ultrasonic
Sensor, Load Cell, Servo, SD card, Printed
Circuit Board, and 2-PIN Terminal Block.
These hardware components are essential

for the system's functionality, enabling
tasks such as data collection, user
interaction, and wireless connectivity. On
the software side, the system requires the
Arduino IDE 2.2.1 for programming the
Arduino Uno R3 and WiFi ng Bayan for
managing wireless internet connectivity.
Together, these hardware and software
components form the backbone of the
system, providing the  necessary
infrastructure to support its operation and
functionality.
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Construction

The construction phase involved
refining the prototypes developed in the
previous phase and utilizing powerful
automated tools to transform processes
and data models into the ﬁnal operatlonal
product. This phase also e
prototyping and feedbacK
product that most suitably

Figure 4.3 depicts t
an affordable single -board

storage via a mlcroSD ca
offers various flexible connectivity
options, such as USB ports, Ethernet,
HDMI, audio, and GPIO pins. Due to its
cost-effectiveness and compact form
factor, it has been widely utilized for do-it-
yourself projects, educational purposes,
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requirements was developed. The
significance of this third phase lay in the
continued involvement of the client, who
retained the ability to provide input at
various stages. They had the opportunity
justments, modifications, or
eas to address emerging

bns like home automation
nters. It supports multiple
ems, including Ubuntu and
an Orange Pi PC alongside
iFi distribution involved
setting up communication, developing
software, and testing the connection. The
process included connecting them using
suitable hardware, developing WiFi
distribution logic, and deploying the
system once everything worked reliably.

Figure 4.4 Arduino Uno R3

Figure 4.4 illustrates the Arduino
Uno R3, a widely utilized microcontroller
board in the field of electronics projects
and prototyping. This device incorporates

the ATmega328P microcontroller, which
provided both digital and analog
input/output pins, as well as multiple
communication interfaces such as USB,
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UART, SPI, and [12C. The Arduino Uno
boasts a simple and uncomplicated design,
making it easily accessible for beginners.
Additionally, it benefits from a substantial
community of creators and programmers.
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The Arduino IDE facilitated the
programming of the device, making it a
viable option for various applications,
ranging from basic LED flashing projects to
intricate embedded systems and robotics.

Figure 4.5 Load Cell & HX711 Amplifier

Figure 4.5 depicted the Load Cell
and HX711 Amplifier, which were
frequently used together in weight
measurement applications. A load cell
served as a transducer, converting the
applied force or weight into an electrical
signal. Conversely, the HX711 acted as an
amplifier specifically designed to connect
with load cells. Together, they provided

precise and accurate weight
measurements in various tasks, including
scales and applications that detected force.
The HX711 amplifier typically established
communication with microcontrollers
such as Arduino, enabling the integration
of weight-sensing functionalities into
electronic projects

Figure 4.6 HW-688

Figure 4.6 depicted the HW-688
module, a DC-DC step-down converter
specifically designed to convert either a
24V or 12V input into a 5V USB output.

Users would connect their high-voltage
source to the input, then utilize the USB
output to power devices such as mobile
phones. It was essential to verify the
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polarity and, if necessary, adjust the
voltage to 5 volts. Secure connections
should be established, and safety
requirements adhered to for proper
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utilization. For comprehensive

instructions, users were advised to consult
the manufacturer's literature or directly
contact them.

Figure 4.7 IR Break Beam

Figure 4.7 depicted the IR Break
Beam sensor, comprising an infrared
emitter and detector. The system detected
the disruption of an infrared beam
between the two components, triggering
an event when the beam was obstructed.

These sensors were highly regarded for
their simplicity and durability in non-
contact detection applications, leading to
their widespread use in security systems
and automation.

Figure 4.8 Servo 996R

Figure 4.8 showcased the servo
motor, an essential component in robotics
and automation, providing precise
manipulation of angular or linear
positioning through feedback systems.

Servo motors were chosen for their
precision and rapid response to input
signals, rendering them popular in diverse
applications such as steering mechanisms
and robotic arms.
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Figure 4.9 - 24x2 LCD

Figure 4.9 depicts the 24x2 LCD
component, which was a display featuring
24 characters in each of its two rows.
Widely employed in Arduino projects, it
established communication with the
microcontroller to exhibit information and

proved highly adaptable for displaying
both textual and numerical data.
Integration involved the process of
connecting and programming, leveraging
the  Arduino IDE libraries for

communication.

Figure 4.10 Ultrasonic Distance Sensor - HC-SR04

Figure 4.10 depicted the Ultrasonic
Distance Sensor HC-SR04, which was a
popular module for Arduino projects,
using ultrasonic waves to measure

distances. It was commonly utilized for
proximity sensing and obstacle detection,
calculating distances by sending and
receiving ultrasonic pulses.

Figure 4.11 AWG Jumper Wire
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Figure 4.11 showcased the AWG
jumper wire, which was a frequently
utilized wire type in Arduino projects. It
was measured according to the American
Wire Gauge standard, with thicknesses
designed for specific uses. These wires
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were commonly utilized as male-to-male
or female-to-female connectors to link
components on breadboards or Arduino
boards without soldering, thus making
prototyping and circuit building more
convenient.

Figure 4.12 PCB & 2 Terminal Block

Figure 4.12 depicted the PCB
boards and terminal blocks, which were
frequently utilized in Arduino projects.
PCB boards were used for installing
electrical components, whereas terminal

o

blocks functioned as connections for
wiring. They were crucial for establishing
circuits and linking different modules in
Arduino-based systems.

Figure 4.13 Wireless Internet-Connected Incentive System for Gathering Plastic Bottles

Figure 4.13 depicted the developed Wireless Internet-Connected Incentive System for

Gathering Plastic Bottles.
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Figure 4.14 Device Portal

Figure 4.14 depicted that when the
device was connected to the machine's
WiFij, the portal automatically opened, the
insert bottles button was used to open the

entrance of the machine, and when the
plastic bottle insertion was completed and
ready to connect to the internet, the Done
inserting bottles button was tapped.

Table 4. 11

Overall Evaluation of the Developed System

Sub- IT A Weighted .
L. Students/Beneficiaries Interpretation
Characteristic Experts v / Mean P

Functional More than what is
Suitability 414 4.28 4.21 expected

Perfgrmance 457 471 4.08 More than what is
Efficiency expected

I More than what is
Compatibility 3.85 4.0 3.92 expected

Usability 4.43 475 459 More than what s
expected

Reliability 4.02 420 411 More than what s
expected

Security 414 424 419 More than what s
expected

Maintainability 430 430 430 More than what is
expected

Portability 4.00 412 4.06 More than what is
expected

Average 4.00 412 4.06 LODEELN ER
expected

General Average 4.06 LODEELN ER
expected

Table 4.11 presents the Overall Usability, Reliability, Security,
Evaluation of the Developed System across Maintainability, and Portability. Each

various characteristics as assessed by both
IT Experts and Students/Beneficiaries,
along with the weighted mean and

characteristic received ratings indicating
that they exceed expectations, as reflected
in the weighted mean. Notably, Usability

interpretation. The evaluation received the highest weighted mean,

encompasses  Functional  Suitability, indicating a particularly strong

Performance Efficiency, Compatibility, performance in this aspect, emphasizing
GSJ© 2024
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the system's ease of use and effectiveness
in meeting user needs. The Overall
Average also suggests that the system's
performance across all evaluated
characteristics surpasses expectations,
highlighting its robustness and
effectiveness in addressing the

Summary of Findings

After the system was designed, tested, and
evaluated, the following findings were
established:

1. Indicate that designing and
developing a system with an intuitive
user interface, a wireless internet-
connected incentive mechanism, and
a plastic bottle segregation system
effectively manages the
accumulation of plastic bottles while
encouraging active participation.

2. Implementing a plastic bottle
segregation system alongside free
internet access for learners through
establishing Wi-Fi  connectivity,
developing an incentive-based
reward system, and implementing a

Conclusions

The study's findings lead to the
formulation of the following conclusions:

1. That a system has an intuitive user
interface, a wireless internet-
connected incentive mechanism, and
a plastic bottle segregation system to
effectively manage the accumulation
of plastic bottles while encouraging
active participation.

2. Providing free internet access to
learners and implementing a plastic
bottle segregation system through
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requirements and objectives of the study.
This comprehensive evaluation
underscores the success of the developed
system in meeting user expectations and
industry standards, positioning it as a
highly functional, efficient, and reliable
solution for its intended purposes.

user-friendly interface is
recommended to effectively promote
plastic bottle segregation and
enhance accessibility for students.

3. The evaluation of the proposed
system was conducted using the ISO
25010 evaluation instrument,
adhering to industry standards, and
focusing on functional suitability,

performance efficiency,
compatibility, usability, reliability,
security, maintainability, and

portability, resulting in a weighted
mean of 4.06, indicating that the
developed system exceeded
expectations significantly.

establishing Wi-Fi  connectivity,
developing an incentive-based
reward system, and implementing a
user-friendly interface effectively
promoted plastic bottle segregation
and enhanced accessibility for
students.

3. The evaluation of the proposed
system was conducted using the I1SO
25010 evaluation instrument,
adhering to industry standards, and
focusing on functional suitability,
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performance efficiency,
compatibility, usability, reliability,
security, maintainability, and
portability, resulting in a weighted

Recommendations

The researcher would want to advise
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mean of 4.06, indicating that the
developed system exceeded
expectations significantly.

the existing plastic bottle

upcoming researchers to enhance the segregation system through
system by: measures such as refining Wi-Fi

connectivity, incentivizing
1.  The school can purposefully utilize it participation, and ensuring a user-

to manage the accumulation of
plastic bottles and promote active
participation, leveraging its intuitive
user interface, wireless internet-
connected incentive mechanism, and
plastic bottle segregation system.

friendly interface is recommended.

To maintain the high standard of
performance and functionality
exhibited by the developed system,
regular evaluations using industry-
standard methodologies should be

2.  To further encourage plastic bottle conducted to ensure continuous
segregation and improve student improvement and adherence to user
accessibility, continuing to provide requirements.
free internet access while enhancing
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