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Bayangkan sebuah bandar di mana tong sampah yang melimpah dan pengumpulan
sisa yang tidak efisien sudah menjadi perkara lama. Sistem kawalan sisa yang
diperkemas dengan teknologi ini merevolusikan bagaimana bandar-bandar
menguruskan sisa mereka, menjadikan proses itu lebih efisien, berkos efektif, dan
mesra alam. Dengan menggunakan sensor 1oT yang dipasang di dalam tong sampah,
sistem saya secara berterusan memantau tahap penuh setiap tong sampah secara waktu
nyata. Apabila sebuah tong sampah mencapai kapasiti tertentu, sistem secara
automatik menghasilkan laluan pengumpulan yang dioptimumkan untuk trak
pengurusan sisa. Ini tidak hanya mengurangkan perjalanan yang tidak perlu tetapi juga
mengurangkan penggunaan bahan api dan pelepasan karbon, menjadikan proses
pengumpulan lebih lestari.
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ABSTRACT

Imagine a city where overflowing trash bins and inefficient waste collection are things
of the past. This tech-enhanced waste control system revolutionizes how cities handle
their waste, making the process more efficient, cost-effective, and environmentally
friendly. Using loT sensors installed in trash bins, our system continuously monitors
the fill-level of each bin in real-time. When a bin reaches a certain capacity, the
system automatically generates an optimized collection route for waste management
trucks. This not only reduces unnecessary trips but also minimizes fuel consumption
and carbon emissions, making the collection process more sustainable.
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CHAPTER 1
INTRODUCTION

1.1 Introduction

Imagine a city where overflowing trash bins and inefficient waste collection are things
of the past. Introducing the cutting-edge "Tech-Enhanced Waste Control System," a
revolutionary solution poised to transform urban waste management practices. In this
innovative system, overflowing trash bins and inefficient waste collection become relics
of the past. By harnessing the power of loT (Internet of Things) technology, this “Tech-
Enhanced Waste Control System” offers a comprehensive approach to optimizing waste
collection processes, ensuring efficiency, cost-effectiveness, and environmental
sustainability.

At the heart of this groundbreaking system are IoT sensors meticulously installed in
trash bins throughout the city. These sensors continuously monitor the fill-level of each
bin in real-time, providing invaluable data that drives intelligent decision-making.
When a bin reaches a predetermined capacity threshold, the system springs into action,
automatically generating an optimized collection route for waste management trucks.
This “Tech-Enhanced Waste Control System” is designed to enhance overall
operational efficiency. This system can anticipate fluctuations in waste generation
patterns, enabling proactive adjustments to collection schedules and routes. It improves
service reliability but also keeps city streets clean by preventing overflowing bins.

1.2 Project Background

Waste management is a critical aspect of urban sustainability, directly impacting public
health, environmental quality, and resource conservation. With rapid urbanization and
population growth, effective waste management systems are essential to mitigate
pollution, reduce landfill usage, and promote circular economy principles. Monitoring
waste fill levels in containers plays a crucial role in optimizing waste collection
processes, preventing overflow, and minimizing operational costs for waste
management authorities.

Current State of Research:

Research in waste monitoring systems has advanced significantly in recent years, driven
by advancements in sensor technology, data analytics, and [oT integration. Studies have
explored various sensor-based approaches, including ultrasonic, infrared, and weight-
based measurement techniques, to accurately assess waste fill levels. Additionally,




research has focused on developing predictive models and optimization algorithms to
improve collection route efficiency and resource allocation.

Past Studies:

While many studies have demonstrated the effectiveness of sensor-based waste
monitoring systems, controversies exist regarding the reliability and scalability of these
technologies. Past research has highlighted challenges such as sensor accuracy in
different environmental conditions, integration with existing infrastructure, and cost-
effectiveness. Clarifying these controversies is crucial for informing the methodology
and implementation of future research.

Claims and Assumptions:

Some claims have been made regarding the potential cost savings and environmental
benefits associated with waste monitoring systems. However, these claims may need to
be clarified through empirical research and case studies. Assumptions about the
uniformity of waste generation patterns, the effectiveness of predictive algorithms, and
the scalability of monitoring solutions also warrant scrutiny and validation.

Methods and Techniques:

In my study, I adopted a mixed-methods approach, and data analysis, to evaluate the
performance and feasibility of a waste fill level monitoring system. I deviate from
previous research by integrating real-time sensor data with spatial analytics to optimize
waste collection routes dynamically. Additionally, we incorporate user feedback
engagement to address implementation challenges and ensure the practicality of our
proposed solution. Figure 1.1 shows the user feedback engagement.
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Figure 1.1 user feedback engagement




1.3 Problem Statement

In urban areas, overflowing trash bins and inefficient waste collection routes have
become pressing issues, leading to environmental pollution, increased carbon
emissions, and unnecessary fuel consumption. Current waste management practices
often involve fixed collection schedules, which result in either underutilized or
overflowing bins. This not only creates health hazards and unpleasant surroundings
but also incurs higher operational costs for waste management authorities.

According to recent reports, improper waste collection contributes significantly to
urban pollution and disrupts efforts toward sustainability (Figure 1.1). To address this,
a tech-enhanced waste control system utilizing [oT sensors, GPS modules, and cloud
services can offer a more effective solution. By monitoring fill levels of a bin in real-
time and generating optimized collection routes, this system aims to reduce
unnecessary trips, lower fuel consumption, and minimize carbon emissions,
contributing to a more sustainable urban environment.

E KSW ‘Overflowing rubbish bins turning customers away in Chinatown'

‘Overflowing rubbish bins turning customers
away in Chinatown’

JAROD LIM

2000 1

METRO NEWS

Friday, 18 Oct 2024

Related News

METRONEWS 23 Ot 2024

Jin Kolam Air fully open & ; ey = i

after years of partial o - J ’ i ﬁ;ad __g}f_ 17 e . |
closure due to... L %} &L % e Rl S -
RPUSTRON 15 Ock 2024 Overflowing rubbish seen in the back lane of Kuala Lumpur. The will be moved
Floods strike Kuala to Lorong Sultan next month.

Lumpur following heavy

Home

Figure 1.2: Online news highlighting issues in current waste management practices
and the need for sustainable solutions.

Table 1.1: Comparison of Waste Collection Projects




Aspect

Traditional Waste
Collection System

Tech-Enhanced
Waste Control
System

Monitoring Method

Manual monitoring
by waste collection
staff

Automated
monitoring using loT
sensors in trash bins

Collection Frequency

Fixed schedules
regardless of fill level

Dynamic scheduling
based on real-time
bin fill levels

Efficiency

Low efficiency due to
fixed routes

High efficiency with
optimized routes
generated by GPS
and data analytics

Environmental
Impact

Higher carbon
emissions due to
unnecessary trips

Reduced emissions
by minimizing
collection trips

Cost

Higher operational
costs due to
inefficient routing

Lower operational
costs by reducing
fuel usage and
optimizing labor

Stakeholders
Affected

Municipal waste
management and
city residents

Municipal waste
management, city
residents,
environmental
agencies

Data Availability

Limited or no data
available for analysis

Real-time data
collected and stored
in the cloud for
analytics

System
Sustainability

Limited scalability
and adaptability

High scalability with
potential for
integration with
other smart city
systems




1.4 Project Objective

The key objective of this project is to develop an efficient Tech Enhanced Waste Control
System (TEWCS) to optimize waste management processes in residential areas.

More precisely, the fundamental objectives of this research are:

1) To design a robust and scalable sensor-based framework for real-time
monitoring of waste fill levels in containers.

2) To implement a prototype TEWCS incorporating diverse sensor technologies
and wireless communication protocols.

3) To develop advanced algorithms for data processing, trend analysis, and
predictive modelling to achieve optimize waste collection routes and schedules
based on fill level data.

1.5 Project Scope

The scope of this project is to design and implement a tech-enhanced waste control
system aimed at optimizing waste collection in urban areas. The system utilizes lIoT
technology, including ultrasonic sensors and a GPS module, to monitor trash bin fill
levels in real-time and send data to a cloud platform, such as ThingSpeak, for analysis
and route optimization. The primary goal is to minimize unnecessary collection trips,
reduce fuel consumption, and decrease carbon emissions. This project will include
developing a website to display real-time and historical fill-level data and
implementing a system that sends location-based alerts when a bin reaches capacity.
Currently, the project is limited to monitoring individual bins without an integrated
alert system and can only simulate route optimization for a single collection vehicle.
Future expansions may involve scaling up for multiple bins and real-time route
adjustments for larger fleets.
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1.6 Problem Significance

e Addresses inefficient waste collection and overflowing trash bins.

« Utilizes real-time IoT sensors and GPS for optimized waste management.
« Reduces fuel consumption and operational costs for municipalities.

« Promotes environmental sustainability by minimizing carbon emissions.
« Provides valuable data insights on waste generation patterns.

The Tech-Enhanced Waste Control System is designed to improve urban waste
management by offering a smart solution to monitor trash bin fill levels in real time.
This project specifically contributes to more efficient waste collection by enabling
waste management services to optimize collection routes, which helps in reducing
unnecessary trips. Municipalities benefit from lower operational costs and fuel
consumption, while communities enjoy cleaner public spaces with fewer instances of
overflowing bins.

By using data insights on waste generation, this project allows for informed decision-
making and better planning for future waste management needs. Overall, this system
supports environmental sustainability and aligns with broader goals of reducing
carbon emissions, promoting resource efficiency, and improving the quality of life in
urban areas.

1.7 Definition of Term or Operation

1) ToT (Internet of Things): Refers to the network of physical devices connected
to the internet, capable of collecting and sharing data. In this system, loT enables
trash bins to transmit fill-level data in real-time to the cloud.

2) Ultrasonic Sensor: A sensor that uses ultrasonic waves to measure the distance
between the sensor and the trash inside the bin. This sensor is use to monitor the
tilling level of each bin, with data collected in real-time to determine when a bin
is near capacity.

3) GPS Module: A device that tracks the geographic location of each bin, allowing
the system to record and map bin locations. This data is essential for optimizing
collection routes.

4) Fill Level: Refers to the percentage of space filled in a trash bin, as measured
by the ultrasonic sensor. The filling level is recorded in intervals and used to
determine when a bin requires collection.




)

6)
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8)

Optimized Collection Route: A dynamically calculated route for waste
collection trucks, generated based on bin locations and fill levels. This route
aims to reduce unnecessary trips, fuel consumption, and carbon emissions.

Real-Time Monitoring: Continuous, instant tracking of the bin’s fill level and
location through sensors and GPS. This data is sent to the cloud and can be
accessed on the website in real-time.

ThingSpeak (Cloud Platform): A cloud service that stores, processes, and
analyzes data sent from the IoT devices in the bins. ThingSpeak is used to
manage and visualize the data from multiple bins.

Sustainability: The system’s contribution to environmental sustainability by
minimizing waste-related pollution, reducing fuel usage, and promoting
efficient resource allocation through optimized waste collection.




1.8 Summary

Chapter 1 introduces the Tech-Enhanced Waste Control System (TEWCS), a
modern approach to addressing inefficiencies in waste collection processes through
real-time monitoring and route optimization.

The Introduction highlights the system’s purpose, which is to transform urban waste
management by the involvement of IoT sensors and GPS technology to track bin fill
levels and create optimized collection routes.

The Project Background emphasizes the significance of waste management for
urban sustainability and reviews current research, noting advancements in sensor
technology and challenges in scalability and cost-effectiveness.

The Problem Statement identifies the issues with traditional waste collection, such as
overflowing bins and unnecessary trips, leading to increased operational costs and
environmental impact.

This problem connects to the Project Objectives, which outline specific goals,
including designing a scalable framework for waste monitoring, developing a
prototype. and optimizing collection routes using data analysis and predictive
modelling.

The Project Scope details the limitations of the current system, such as monitoring
individual bins and simulating routes for a single vehicle, with future plans to expand
to multiple bins and fleets.

The Problem Significance section underlines the system’s environmental and societal
impact, focusing on reducing fuel consumption, minimizing carbon emissions, and
improving urban cleanliness.

Lastly, the Definition of Terms or Operation provides clear explanations for key
terms like 10T, GPS, and real-time monitoring to ensure consistent understanding.
Chapter 2 will build on this foundation by detailing the specific methodology and
technical approach used in developing and implementing the TEWCS, setting the
stage for practical application and testing of the system.
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CHAPTER 2
LITERATURE REVIEW

2.1 Introduction

The term “literature™ refers to prior research articles and studies that provide context
for understanding and investigating a research problem. Literature reviews are
essential for positioning new research within a broader field of study, as they survey
scholarly articles and other sources relevant to the topic. In the case of this project, a
literature review explores loT technology, sensor-based waste monitoring, GPS-based
route optimization, and the environmental impact of waste management systems. This
chapter will introduce related studies, theories, and methodologies that have
influenced the design and scope of this Tech-Enhanced Waste Control System.

2.2 IoT in Waste Management

Using IoT technology in waste management has become increasingly popular due to
its potential to automate data collection and improve efficiency. loT enables
continuous monitoring of waste bins by integrating sensors that track fill levels and
send data to cloud servers. In their study “loT-Based Smart Waste Management
Systent for Urban Sustainability,” Lee and Jin (2021) demonstrated that loT systems
help optimize collection schedules by reducing the need for routine visits to bins that
are only partially filled. Although effective, loT systems face challenges in network
reliability and data processing, especially in dense urban areas. [oT has become
essential for real-time data tracking and dynamic adjustment of collection routes,
highlighting its significance in modern waste management systems.

2.3 Sensor-Based Waste Monitoring

Waste monitoring is a key component of any smart waste management system.
Various types of sensors, including ultrasonic, infrared, and weight-based sensors, are
used to monitor bin fill levels. Ultrasonic sensors are commonly chosen for
monitoring solid waste due to their high accuracy and non-contact measurement
method. In the study “Performance Analysis of Ultrasonic Sensors for Smart Waste
Monitoring,” Kumar and Zhao (2020) demonstrated that ultrasonic sensors are
effective in measuring bin fill levels, though accuracy can vary in outdoor
environments with temperature changes. These sensors measure fill levels by
calculating the distance to the trash within a bin, providing reliable real-time data to
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optimize collection schedules. However, the reliability of ultrasonic sensors in
different weather conditions remains a noted limitation.

2.4 GPS and Data Analytics for Route Optimization

The integration of GPS with data analytics has transformed waste collection logistics
by allowing for optimized routing based on data that captured on real-time. In the
study “The Ultimate Guide to Waste Collection Route Optimization, ” Shivangi Singh
(2024) examined how GPS-enabled systems reduce fuel consumption and emissions
by calculating the shortest route to bins that require immediate collection. They found
that advanced route optimization algorithms cut down collection time and minimize
unnecessary trips. Seyed Sahand Mousavi, Ali Hosseinzadeh, and Abooali Golzary
(2018 to 2022) in their study “Challenges, recent development, and opportunities of
smart waste collection: A review,’” identified issues with GPS accuracy and signal
stability in high-density areas, which could impact the reliability of real-time route
adjustments. Despite these challenges, GPS integration remains a valuable tool for
improving collection efficiency in urban waste management.

2.5 Environmental Impact and Sustainability

Sustainability in waste management focuses on reducing carbon emissions, pollution,
and resource waste. The study “Major Benefits of 10T Waste Management for Smart
Cities,” conducted by Christian Meldgaard (2022), showed that smart waste systems
can substantially solve issues at the side of creating a more efficient pathway for
garbage trucks. By promoting efficient resource allocation, IoT systems support
urban sustainability initiatives and align with global sustainability goals. Their
findings confirmed that optimized collection reduces fuel usage and improves the
cleanliness of urban areas. Despite the positive outcomes, challenges such as
scalability and system integration with existing infrastructure persist, emphasizing the
need for adaptable and cost-effective solutions.

2.6 Gaps in Existing Research

Although IoT-based waste management systems demonstrate significant benefits,
gaps remain in scalability, sensor reliability, and large-scale implementation. Limited
research explores how these systems can be applied on a broader scale in densely
populated cities. Additionally, sensor performance in fluctuating outdoor conditions
requires further investigation to ensure consistent data accuracy. This project aims to
address these gaps by implementing a scalable loT framework with reliable ultrasonic




sensors and GPS modules, ensuring accurate, real-time monitoring and optimized
collection in urban environments.

2.7 Related Projects

PROJECT 1

Similar projects have explored smart waste management, but they differ in
methodology, tools, and materials. For example, “/OT Garbage Monitoring Using
Raspberry Pi” by Nevon Projects (2019) used a Raspberry Pi microcontroller for data
processing, but the high cost and complexity of the Raspberry Pi make the project less
scalable for large cities. In contrast, the present project uses the ESP32
microcontroller, which is cost-effective and provides ample processing power for IoT
applications.

PROJECT 2

In another study, “Smart Garbage Monitoring System Using Internet of Things
(10T),” Technovation (2017) integrated Arduino microcontrollers with GPS for
location tracking. Although effective, the system's limited processing power makes it
challenging to handle large-scale data analysis. By using the ESP32 microcontroller
and ThingSpeak cloud service, our project offers a scalable and flexible solution that
provides real-time data insights and is more adaptable to larger applications.




Comparison Project 1 (Nevon Project 2 Proposed Project
Projects 2019) (Technovation
2017)
Microcontroller Raspberry Pi Arduino MKR ESP32
1000
Cost High (RM 1,500) Moderate (RM Low (RM 200)
600)
Data Processing High capability Moderate Moderate
capability capability with
cloud
GPS Integration No Yes Yes
System Scalability Limited due to Moderate High with cloud
high cost and real-time data
Power Supply Direct Power Battery Rechargeable
Battery

Table 2.1

Table 2.1 compares the methodologies and scalability of previous projects and
highlights the cost-effectiveness and adaptability of the proposed project, which uses
the ESP32 microcontroller and solar power options for better sustainability.

2.8 Summary

Chapter 2 reviewed key studies on [oT technology, sensor-based waste monitoring,
GPS integration, and sustainable waste management. The literature reveals that while

IoT-enabled systems improve waste collection efficiency, challenges remain in sensor
reliability, GPS accuracy, and large-scale implementation. By addressing these gaps,
the proposed Tech-Enhanced Waste Control System aims to provide an adaptable,
cost-effective solution to optimize urban waste management. Chapter 3 will outline
the specific methodology and technical approach used in developing and testing this

system, building on the insights gained from previous studies.




CHAPTER 3
METHODOLOGY

3.1 Introduction

This chapter outlines the methodology used to develop the Tech-Enhanced Waste
Control System. The methodology section covers the design approach, the hardware
and software components, and the system’s development process. Key stages include
designing the project framework, integrating loT sensors and GPS modules, setting up
data transmission, and testing the system. Additionally, the chapter will detail the
block diagram, project flow, and hardware and software used. Each stage contributes
to achieving a reliable and scalable waste management system.

3.2 Project Design and Overview

The project design focuses on using IoT sensors, GPS modules, and cloud services to
monitor waste filling level in real-time and optimize waste collection routes. The
system collects bin fill-level data through ultrasonic sensors, process location data
using GPS, and transmits all information to a cloud platform for visualization and
analysis.

The overall design is divided into hardware integration, data collection and
transmission, algorithm development, and user interface display. The Gantt chart in
Figure 3.2 outlines the timeline for each phase of the project, from planning to testing.
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Figure 3.1 Process Flow of The Project
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3.3 Block Diagram of The Project

The block diagram represents the system architecture, showing how each component
interacts. In this project, the main components include the ESP32 microcontroller,
ultrasonic sensor for bin fill-level monitoring, GPS module for tracking,
ThingSpeak cloud platform for data storage and a Developed Website for live
monitoring.

The ESP32 collects the real-time data from the sensor, processes it, and forward it to
ThingSpeak Cloud and Developd Website via WiFi. When a bin reaches a specific
capacity, it triggers an optimized route suggestion. Figure 3.3 illustrates the block
diagram.

BLOCK DIAGRAM

Developed Website

Figure 3.3 Block Diagram of The Module

Block Diagram Explanation

« Input: Data from the ultrasonic sensor and GPS module.

+ Processing: ESP32 will process the collected data and forward it to the cloud.

» Output: Data visualized on a website with real-time updates and route
suggestions for waste collection trucks.




3.4 Project Flow Chart

The flow chart in Figure 3.4 outlines the operational steps from data collection to
route optimization. The process begins with sensor data collection, which is processed
and transmitted to the cloud. The system then evaluates bin fill levels and triggers
route planning based on predefined thresholds.

Start

v

Bin Fill Level
Detection

Data
Check

YES

Location
Tracking

v

Data
Transmission

v

Cloud
Processing

v

Update User
Interface

v

End

Figure 3 4 Flowchart of The System

Flowchart Explanation

[

Start: System initiates with data collection from sensors.

2. Data Transmission: Data sent to the cloud via Wi-Fi.

3. Evaluation: Bin fill levels are assessed; if a threshold is met, a route alert is
generated.

4. Display: Data and optimized routes displayed on the user interface.

5. End: Continuous monitoring until bins reach threshold again.
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3.6 Project Hardware

This section provides details on the hardware used in the project, including the
schematic circuit and components involved.

3.6.1 Schematic Circuit

The schematic circuit, shown in Figure 3.5, was created using [Circuito.io] for ESP32
integration with the ultrasonic sensor, GPS module, and WiFi connection. This
software was selected for its ease of use and compatibility with various hardware
components.

ULTRASONIC
SENSOR

GPS o e [ {
MODULE 8 ™= .

OO OO

| ESP 32
MODULE

Figure 3.5 Schematic Circuit of The Module

3.6.2 Description of Components

1. ESP32 Microcontroller: Manages collected data from the ultrasonic sensor and
GPS module, sends data to the cloud.

2. Ultrasonic Sensor: Mcasures bin fill levels by calculating the distance between
the sensor and the trash.

3. GPS Module: Tracks the location of each bin for optimized route planning.

4. Power Supply: Portable power bank ensures continuous operation.
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3.6.3 Circuit Operation

The circuit operates by collecting data from the ultrasonic sensor and GPS module,
processing this information with the ESP32 microcontroller, and transmitting it via
Wi-Fi. When the sensor detects a certain fill level, a notification is sent to the cloud,
and a new route is generated for waste collection.

3.4 Project Software

The Tech-Enhanced Waste Control System project utilized various software tools,
each playing a critical role in coding, circuit design, data visualization, and real-time
monitoring. The following is an overview of the software used and its purpose in the
project:

1y

2)

3)

Arduino IDE (Coding)

The Arduino Integrated Development Environment (IDE) was used to code the
main control logic for the system. This open-source platform allowed us to
write, compile, and upload code to the ESP32 microcontroller, which
manages data collection from sensors and transmits information to the cloud.
The Arduino IDE provided a user-friendly interface for code development and
debugging, ensuring that the system functioned as intended in real-time.

ESP32 Libraries

Specific libraries for the ESP32, such as WiFi.h for network connection and
HTTPClient.h for HTTP requests, were integrated within the Arduino IDE.
These libraries enabled seamless communication between the ESP32 and the
ThingSpeak cloud platform, allowing the system to transmit fill-level and
location data. These libraries were essential for ensuring stable WiFi
connectivity and efficient data transfer to the cloud.

Fritzing (Circuit Design)

Fritzing was used for designing the project’s circuit layout, providing a clear
and organized representation of connections between the ESP32, ultrasonic
sensor, GPS module, and power supply. This free, open-source tool allowed us
to create schematic diagrams and check for any potential issues before
assembling the physical circuit. The diagrams created in Fritzing ensured
accuracy in component connections, reducing the risk of errors during setup.




4) ThingSpeak (Data Visualization and Storage)

ThingSpeak, a cloud-based IoT platform, was utilized to store and visualize
real-time data transmitted from the ESP32. ThingSpeak provides tools for data
analysis and graphical visualization, allowing us to evaluate the bin's content
level and live location. The platform was instrumental in developing optimized
waste collection routes by using collected data to inform decision-making for
route planning.

5) MATLAB (Data Analysis)

MATLAB was used in conjunction with ThingSpeak for in-depth data analysis
and processing. The integration with ThingSpeak allowed us to apply
predictive models on bin fill trends, providing insights into usage patterns and
enabling proactive adjustments to collection schedules. MATLAB’s powerful
analysis tools were essential for generating accurate, data-driven
recommendations for route optimization.

6) Tinkercad (3D Model of System Enclosure)

Tinkercad, an online 3D modeling tool, was used to design the enclosure for
the system components, including compartments for the ESP32, sensors, and
GPS module. Tinkercad’s intuitive interface allowed us to create accurate,
compact designs, ensuring protection for the components in outdoor
installations. The Tinkercad models helped visualize the system’s layout and
aided in the final assembly of the enclosure.

3.5 Prototype Development

This section outlines the development of the project prototype, covering the design
and layout, PCB process, circuit construction, software development, and casing.

[
b3




3.5.1 Design and Layout

The design and layout of the prototype were carefully planned to ensure compactness,
durability, and ease of integration. Key components, such as the ESP32
microcontroller, ultrasonic sensor, GPS module, and power source, were arranged to
minimize space and maximize functionality. The layout was created to facilitate
smooth data flow from the sensor to the microcontroller and then to the cloud platform
for monitoring. This organized design minimized wiring complexity and helped
streamline component connections, enhancing system reliability. Figure 3.6 shows the
3D model and sketch of the model. Figure 3.7 shows the internal component
placement.

Figure 3.6 3D Model and Sketch of The Model
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Figure 3.7 The Internal Component Placement.

3.5.2 Circuit Construction

The circuit construction involved soldering only the receptacle connectors onto the
PCB board. These connectors allowed for secure attachment of the ESP32 and
ensured a stable connection without needing to solder the microcontroller directly. For
other components, such as the ultrasonic sensor and GPS module, jumper wires were
used to make flexible connections. This approach allowed for easy adjustments and
troubleshooting, as components could be rearranged or replaced if needed.

After assembling the circuit, each connection was carefully tested to verify correct
operation. Special attention was given to ensure proper insulation and spacing,
reducing the risk of short circuits. Power connections were also checked to confirm a
stable voltage supply to the ESP32 and connected sensors. This construction approach
enabled a reliable setup, preparing the prototype for operational testing.
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3.5.3 Software Development

The software development process was crucial in bringing the hardware components
together into a functional system. Using Arduino IDE, we developed the code that
controls the ESP32 microcontroller. Key functions included reading data from the
ultrasonic sensor, capturing GPS coordinates, and sending this information to the
ThingSpeak cloud platform via WiFi. Libraries like WiFi.h and HTTPClient.h were
integrated to facilitate data transmission. The code was thoroughly tested and
debugged within Arduino IDE to ensure real-time monitoring and reliable data
transmission, achieving a stable connection with ThingSpeak.

3.5.4 Mechanical and Product Design

The casing was designed to house the PCB Board, ESP32, Ultrasonic sensor, and GPS
module, providing protection against environmental elements while allowing airflow.
Tinkercad was used to create a 3D model of the casing, ensuring accurate dimensions
and structural support. The casing was designed using durable materials that withstand
outdoor conditions, with ventilation openings added to prevent overheating. This
compact design allows for easy installation on various bins, with mounting points to
secure the casing in place. Figure 3.8 shows the casing design of the system.

Figure 3.8 Casing Design
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3.5.5 System Integration

System integration involved bringing together all the hardware and software
components to ensure they operated cohesively as a single unit. The ESP32
microcontroller served as the central processor, coordinating data collection from the
ultrasonic sensor and GPS module, and managing communication with the
ThingSpeak cloud platform. During this phase, extensive testing was conducted to
verify seamless data flow from sensors to cloud storage and to ensure real-time
updates on bin fill levels and location tracking.

This integration step also included testing the response times, data accuracy, and the
effectiveness of the route optimization alerts generated on the user interface.
Adjustments were made to enhance system stability, fine-tune sensor readings, and
optimize WiFi connectivity, ensuring the final system met performance expectations
for urban waste monitoring and management.

3.6 Summary

Chapter 3 outlined the methodology used in developing the Tech-Enhanced Waste
Control System, detailing each stage from design to system integration. The project
began with defining the system architecture, using loT sensors, GPS modules, and
cloud services to achieve live waste analysis and optimized route planning for waste
collection. A Gantt chart was provided to illustrate the timeline for project phases,
ensuring an organized approach.

The block diagram and project flowchart were presented, providing a clear visual of
data flow, including data collection, processing, and cloud transmission. The hardware
components, including the ESP32 microcontroller, ultrasonic sensor, and GPS
module, were selected for their compatibility and reliability. Circuit design and layout
were planned in Fritzing to minimize complexity, while Tinkercad was used to
design a protective casing, ensuring component safety in outdoor settings.

For software development, Arduino IDE was utilized to code the control logic, with
libraries like WiFi.h and HTTPClient.h to facilitate data transmission to the cloud.
ThingSpeak and MATLAB were employed for data visualization, analysis, and
predictive modeling to enhance route optimization. System integration then brought
all components together, achieving cohesive operation with accurate real-time
monitoring.




CHAPTER 4
RESULT AND DISCUSSION

4.1 Introduction

This chapter presents the results of data collection and analysis for the Tech-Enhanced
Waste Control System. It includes a detailed evaluation of the finished project,
highlighting the advantages, limitations, and challenges encountered during
development. Various tests were conducted to assess system reliability, including fill-
level detection accuracy, GPS tracking precision, data transmission consistency, and
overall system performance. This section also provides insights into testing tools,
calibration methods, safety measures, and maintenance procedures used to ensure
optimal functionality of the system.

4.2 Results and Analysis

The results are based on data collected during various testing phases. The following
subsections outline the tools, methods, and outcomes associated with each test
conducted.

4.2.1 List of Testing Tools

1. Ultrasonic Sensor Tester — Used to validate the accuracy of fill-level
measurements.

2. GPS Signal Analyzer — Ensured GPS module precision in tracking bin
locations.

3. Wi-Fi Signal Strength Meter — Evaluated the strength and stability of the Wi-
Fi connection for data transmission.

4. Multimeter — Checked circuit continuity and ensured stable voltage supply
across components.




4.2.2 Testing and Calibration Methods

1. Sensor Calibration: The ultrasonic sensor was calibrated by measuring
distances in controlled environments to establish baseline values. Variability in
distance measurements was assessed and adjusted in code to ensure accuracy.

2. GPS Module Testing: The GPS module’s accuracy was tested by placing it in
known locations and comparing the recorded coordinates. This test ensured
reliable location tracking for optimal route planning.

3. Data Transmission Check: Consistency of data transmission was verified by
monitoring real-time data on the ThingSpeak platform. Various Wi-Fi strength
levels were simulated to test system performance under fluctuating conditions.

4. System Integration Testing: The complete system was tested to confirm that
data flowed seamlessly from sensors to cloud storage and displayed accurately
on the user interface.

4.2.3 Testing Safety/Precautionary Measures

1. Power Management: Proper voltage levels were ensured to protect
components, especially during prolonged testing sessions.

2. Environmental Controls: Testing in outdoor environments included
weatherproofing precautions to prevent sensor damage.

3. Component Isolation: Electrical components were insulated to prevent short
circuits during integration tests.

4.2.4 Preliminary Testing and Calibration Results

In the initial testing phase, the ultrasonic sensor’s preliminary results showed minor
inconsistencies in fill-level measurements. These inconsistencies were resolved
through calibration adjustments in the code, ensuring accurate distance calculations
for reliable fill-level detection.

The GPS module encountered issues with obtaining sufficient satellite signals, which
atfected location accuracy. This limitation, common in system setups, restricted the
module’s ability to maintain precise tracking. Alternative positioning strategies or
enhancements to the GPS module’s placement were considered to improve signal
reception.




4.2.5 Final Stage Testing Results

In the final stage of testing, the ultrasonic sensor demonstrated consistent and accurate
fill-level measurements following calibration adjustments. The sensor reliably
detected fill levels with minimal discrepancies, ensuring dependable data collection
for real-time monitoring.

The GPS module’s performance improved after implementing alternative positioning
strategies to enhance satellite signal acquisition. While occasional signal drops
persisted in areas with limited satellite coverage, the GPS was generally able to track
the bin location with improved precision. This enhancement allowed for more
accurate location reporting, although further refinement may be needed for robust
urban deployment.

Data transmission over Wi-Fi remained stable during final tests, with the optimized
signal sensitivity effectively minimizing disruptions. The system successtully
transmitted real-time fill-level and location data to the cloud, allowing for seamless
updates on the user interface. Overall, the system met the target specifications for
testing, supporting real-time waste monitoring and reliable data flow.

4.3 Discussion

The results from testing indicate that the Tech-Enhanced Waste Control System
successfully achieved its objectives. The system provided accurate fill-level
monitoring and reliable location tracking, enhancing waste collection efficiency. The
data-driven insights from ThingSpeak, analysed in MATLAB, supported predictive
modelling for route optimization, aligning with findings in previous research.

Challenges included occasional Wi-Fi connectivity issues and minor sensor
calibration adjustments, which were resolved through software adjustments and
environmental testing. These findings highlight the importance of robust connectivity
and precise sensor calibration in loT-based waste management systems.

The system’s ability to reduce unnecessary collection trips aligns with environmental
sustainability goals, reducing fuel consumption and emissions. The results support the
potential for broader implementation in urban waste management, demonstrating
scalability and adaptability across different environments.




4.4 Summary

Chapter 4 presented the results and analysis of the Tech-Enhanced Waste Control
System, providing a comprehensive evaluation of its performance through various
testing phases. The initial testing revealed minor inconsistencies in the ultrasonic
sensor’s fill-level measurements, which were resolved through calibration. GPS
challenges related to satellite signal acquisition were partially addressed through
adjustments in module positioning, improving location accuracy for the bin’s tracking.

Final testing confirmed that the ultrasonic sensor provided consistent and reliable fill-
level data, while the GPS module generally achieved improved tracking accuracy. Wi-
Fi data transmission remained stable, with optimized sensitivity ensuring seamless
real-time updates on the ThingSpeak cloud platform. System performance met the
specifications for prototype testing, supporting dependable data flow and real-time
monitoring.

The discussion highlighted how the system achieved its primary objectives by
enhancing waste collection efficiency and contributing to environmental
sustainability. Although challenges with Wi-Fi and GPS were encountered, the project
demonstrated the system’s scalability and potential for urban implementation,
positioning it as a promising solution for optimized waste management.
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CHAPTER 5
CONCLUSION AND RECOMMENDATIONS

5.1 Introduction

This chapter provides a conclusion of the Tech-Enhanced Waste Control System
project, summarizing how the objectives were achieved. It also presents
recommendations for future improvements to enhance the system’s functionality and
adaptability for broader urban waste management applications.

5.2 Conclusion

The objectives of this project were successfully achieved, as described below:

a) Objective 1

To develop a real time updating system for waste bin filling level using IoT
sensors. This objective was accomplished through the integration of an ultrasonic
sensor with the ESP32 microcontroller to continuously measure and monitor bin fill
levels. Testing and calibration ensured that the sensor accurately detected waste
levels, allowing for dependable, real-time data collection. By sending data to the
ThingSpeak cloud platform, the system effectively enabled real-time monitoring,
which supports timely waste collection and helps avoid bin overflow issues.

b) Objective 2

To implement GPS tracking for location-based monitoring of bins.

The GPS module was successfully integrated with the system to track the bin’s
location, providing accurate geographical data to support route optimization for waste
collection. While there were initial challenges with obtaining sufficient satellite
signals, adjustments in module positioning improved accuracy. The integration of
GPS tracking in this project fulfils the objective by providing essential location-based
data, which can guide waste collection teams in efficiently planning routes.
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¢) Objective 3

To develop a cloud-based interface for data visualization and analysis.

The system achieved this objective by transmitting real-time data to the ThingSpeak
platform, where fill-level and location data were visualized and stored. The
ThingSpeak platform also supported data analysis, enabling predictive modelling and
route optimization, further enhancing the system’s operational efficiency. The cloud-
based visualization met the objective by allowing users to monitor the bins remotely,
contributing to more proactive waste management practices.

5.3 Future Recommendations

Based on the insights gained during the project, several recommendations are
suggested to enhance the system’s performance and scalability:

1.

Improve GPS Signal Reception: Future versions of the system could explore
alternative GPS modules or additional positioning strategies, such as multi-
antenna setups, to improve signal reception in areas with limited satellite
visibility.

Enhance Wi-Fi Connectivity: To maintain stable data transmission in areas
with poor Wi-Fi coverage, incorporating dual connectivity options (e.g.,
4G/5G modules) would provide backup connectivity for uninterrupted real-
time data flow.

Expand System for Multi-Bin Monitoring: To scale the project, a multi-bin
setup could be implemented, enabling centralized monitoring and optimized
routing for several bins across different locations.

Develop Mobile Application Integration: Creating a mobile app for live
monitoring would provide a more user-friendly interface, allowing waste
collection teams to access bin data and route optimizations directly on their
devices.

Integrate Machine Learning for Predictive Maintenance: Adding a
machine learning model could further enhance route optimization by
predicting fill-level trends based on historical data, improving scheduling and
reducing unnecessary trips.
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APPENDICES

Appendix A: Research Article & Newspaper

A.1: Newspaper snippets

e (Cities around the world are facing a growing waste management crisis as overflowing

bins and missed collections have become increasingly common.
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malaysiakini

news and views hal matier

The great Malaysian garbage patch

Delacrix Morgan

Published: Oct 30, 2017 2.33 PM . Updated: 715 PM

®
Have you ever walked around your neighbourhood A
and just shook your head at the sight of a beautiful t
park laid to waste by rubbish? °
Even when the public musters the effort to dispose v

of their waste in the bins, it is always on an
overflowing bin that takes a while to be emptied.
When the wind blows, the overflowing garbage will
spill over and it is back to square one again.

e In Chinatown, overflowing rubbish bins are causing concern among local businesses

as waste piles up. creating unpleasant odors and an unsightly atmosphere.
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= m ‘Overflowing rubbish bins turning customers away in Chinatown’

‘Overflowing rubbish bins turning customers
away in Chinatown’

By JAROD LIM

METRO NEWS

Friday, 18 Oct 2024

Related News

METRONEWS 23 Oct 2024
Jin Kolam Air fully open
after years of partial
closure due to...

NATION 13 Oct 2024 Overflowing rubbish seen in the back lane of Jalan Sultan, Kuala Lumpur. The di will be
Floods strike Kuala moved to Lorong Sultan next month,

Lumpur following heavy

rainfall (Video Inside)

CENTRALISED rubbish bins in Kuala Lumpur's Chinatown will be moved toa location

METROMEWS 14 Oct 2024 nearby by next month.
DBKL upgrades
pedestrian bridge in This follows complaints from business owners along Jalan Sultan that the current
Jalan Gombak location of the bins behind their shops had affected business.
A.2: Article Snippet
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¢ Waste management faces multiple challenges worldwide, from overflowing landfills

and pollution to inefficient collection systems and high operational cos

E LINK LABS Teemnctoay+ mdsies nesources+ aveurie ()

The Biggest
Problems with Waste
Management and
How to Overcome
Them

) PUBLISHED JUNE 07, 2023

W

e management is a critical issue that affects our environment and communities. The improper handling of waste can lead to

< associated with

pollution, health hazards, and ecological damage. It is essential to identify and address the biggest probler

waste management in order to ensure a sustainable future

Waste Management Problems

The Problem: Waste management companies mu s related 1o waste disposal,

avigate complex and ever-changing regula:

recycling, and environmental protection. Staying compliant with these regulations can hallenging and requires ongoing

ine. Without deliberate

menitering and adaptation. This can be diffic

jo if it's not pai

of your ex

mindfulness, these requirernents can be easily overlooked, risking high compliance costs.

The Solution: e r wen helpful in this area. Automation is a great way to complete a task you don't

A nagement system has pr

Tere e

have time 1o do right manually, but v ng pi overlecked is Not an opticn. Waste tracking is a great way to promptly

compliance concerns,

ensure the pr issue leadir

disposal of waste and continue normal operatic This way, if there is

accessed and shared with

it can be addressed immediately, The data t

vaste management software provides can also be eas

regulatory bodies, simplifying audits and inspections.

Asset tracking also helps to identify potential safety risks in real time. For exarmple, if a v container is damaged or

compromised, the w an take appropriate actions 1o

ste tracking :m can immediatety notify the relevant personnel, v

mitigate the risk. This proactive approach to safety enhances the overall well-being of waste managermnent workers, residents, and

the environment

Appendix B: Project Code
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B.1: code for setting up the pin configuration

{ and T pins for GP5 module (use hardware serial)
#define GPS_RX PIN 1€ // GPFIOlé (ERX2)

= GPS_TX_PIN 17 017 (T

/f Define the F

¢ TRIG_PIN 12 //

Trigger Fin for Ultrasonic Sensor
CHO_FPIN 13 e

Echo Fin for Ultrasonic

cat durati

distance = 0;

maxDistance = 30; // bin is =

int minDistance

= Bz Minimum distance when bin is full (in cm)
with your Wi credentlals
= v oasid .

¢ password =

/f Replace with T

v gerverName

data.php"s

har* thingSpeakAPIHey =
* thingSpeakServer =

o

eak.com/update™;

Create

object

TinyGPSPlus gps;

/f Create a hardware serial port for GPS |

HardwareSerial gpsSerial(2); // Serial2 on

void setup() {
Seri.

gin (115200} 7
TRIG_PIN, OUTEUT}:
{ECHO_PIN,

/ Initializ
gpaSerial.be

n(9600, SERIAL 8N1, GBS_RX_PIN, GES_TX_PIN);

Conngct to Wi-Fi
(ssid, password);
Connecting to WiFi<=);

{

n("WiFi connectad.”);

n("IF address:

e -

B.2: code for measures the bin's fill level
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e measures the bin's fill level based on distance data from the ultrasonic sensor and

calculates the bin’s fill level as a percentage.

& using ultr
;_PIN, LOW);

IGH, 30000); // T t after 30ms

distance = Distance;
} else |

distance = duration * 0.034 / 2; Convert dur 1 to distance (in cm)
}

Constrain dis e within min and max limits
if (distance < minDistance) distance = minDistance;

if (distance > maxDistance) distance = maxDistance;

alculate £ill level as & percentage

distance, mil
n{filllevel, 0, 100): // Ensure filllevel is bet

stance, maxDistance, 100, 0);

nt("Distance: ");

t (distance) ;

1t WH
rint (£1l1Level);
intln("%");

B.3: code for GPS module and ThingSpeak




e reads data from the GPS module, sends both bin fill level and location data to a server,

and then posts the fill level data to the ThingSpeak cloud platform

(apaSerial.availabled) » 0) [
zial.

LE fgpe
latitude
Loagitude

7 {Longitide,

Rea -

al tin(hetpResponssCode) :

ror on sending P

[huTpResponseCode) ;

Speaklata = + String(filllevel):

neep.
ntep. addeader ™

o {thingSpakServer) ;

SpeakRespons:
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B.4: code for design web application




Appendix C: Software development

C.1: Web application

Waste Bin Fill Level Monitoring

Bin Data:

Fill Love: T2%
Latkude: 206814
Longiuda: 101 648

Lat Updated: 2024-90-21 14:25:12

xr\ ghe

C.2: Collected Data

Tech Enhanced Waste Control System
100

80.0
60.0

40.0

Fill level

20.0

0.00
16:55 17:00 17:05 17:10

ThingSpeak.com
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Appendix D: Photograph and Visuals

D.1: Project Images




Appendix E: Circuit Diagram
E.1: Tech Enhanced Waste Control System Circuit Diagram

e A complete wiring diagram of the Tech Enhanced Waste Control System. Components

include the ESP32, Ultrasonic Sensor and GPS Module.

ULTRASONIC
SENSOR

GPS
MODULE

' ESP 32
. MODULE
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