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ABSTRACT

As technology advances and awareness of environmental issues grows, individuals
increasingly seek innovative solutions to improve waste management and recycling practices.
Many people still have a difficulty in properly sorting waste due to limited knowledge and
understanding of waste categories. Common items, including batteries, paints, and electronic
components that require special disposal methods, yet many individuals are unaware of these
requirements. To address these challenges, the proposed application “Waste Sorting App with
Image Recognition” is developed to simplify the waste sorting process through a mobile
application that utilizes an advanced image recognition system powered by Al algorithms. This
application allows users to capture images of various waste items and receive instant feedback
on their types to be able to sort them correctly. The Al algorithms analyze the images to identify
the type of waste and provide a clear guidance on whether it is recyclable, compostable,
hazardous, or general waste. By integrating machine learning techniques, the app improves its
accuracy over time and can adapt to user interactions. In contrast with mechanical methods
and loT systems, Al has the potential to process complex data and also a more cost-effective
solution. This project adopts an agile development approach, emphasizing iterative progress
and continuous feedback, which allows for flexibility throughout the project lifecycle. To align
the application with user requirements, a survey was conducted to gather insights on
preferences regarding waste sorting. A comparative analysis of similar applications was also
performed to identify their limitations to ensure that the proposed application implements
valuable features. System architecture and database design are represented through UML
diagrams, while the user interface design is created using wireframing methods. This project
aims not only to improve waste sorting habits but also to promote a more sustainable lifestyle
by making recycling more accessible and efficient through the integration of AI-powered image

recognition technology.
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ABSTRAK

Seiring dengan kemajuan teknologi dan peningkatan kesedaran tentang isu alam
sekitar, setiap individu meningkatkan pencarian dalam menyelesaikan isu tersebut untuk
menambah baik pengurusan sisa dan amalan kitar semula. Masih banyak yang menghadapi
kesukaran untuk mengasingkan sisa-sisa dengan betul kerana pengetahuan dan pemahaman
yang terhad tentang jenisnya. Barangan biasa seperti bateri, cat dan komponen elektronik yang
memerlukan kaedah pelupusan khas, namun ramai individu masih tidak mengetahui keperluan
ini. Untuk menangani cabaran-cabaran ini, aplikasi yang dicadangkan iaitu “Waste Sorting App
with Image Recognition” dibangunkan untuk memudahkan proses pengasingan sisa melalui
aplikasi mudah alih yang menggunakan sistem pengecaman imej yang canggih yang
dikuasakan oleh algoritma AI. Aplikasi ini membolehkan para pengguna untuk mengambil
gambar pelbagai sisa dan menerima maklum balas tentang jenis-jenis sisa tersebut dengan
segera supaya dapat mengasingkannya dengan betul. Algoritma Al tersebut menganalisis
gambar-gambar untuk mengenal pasti tentang jenis sisa dan memberi panduan yang jelas sama
ada ia boleh dikitar semula, kompos, berbahaya atau sisa am. Dengan mengintegrasikan teknik
pembelajaran mesin, aplikasi ini meningkatkan ketepatannya dari semasa ke semasa dan dapat
menyesuaikan diri dengan interaksi pengguna. Al mempunyai potensi untuk memproses data
yang kompleks dan juga merupakan penyelesaian yang lebih kos efektif berbanding dengan
kaedah mekanikal dan sistem IoT. Projek ini menggunakan pendekatan pembangunan yang
tangkas, menekankan kemajuan secara iteratif dan maklum balas yang berterusan. Hal ini
membolehkan fleksibiliti sepanjang kitaran hayat projek. Satu tinjauan telah dijalankan untuk
mengumpul pendapat tentang pengasingan sisa untuk menyelaraskan aplikasi dengan
keperluan pengguna. Satu analisis untuk membandingkan perbezaan di antara aplikasi-aplikasi
yang serupa juga dijalankan untuk mengenal pasti hadnya bagi memastikan aplikasi yang
dicadangkan melaksanakan ciri-ciri yang berguna. Reka bentuk seni bina sistem dan pangkalan
data diwakili melalui gambar rajah UML, manakala halaman grafik aplikasi direka
menggunakan kaedah wireframe. Projek ini bertujuan bukan sahaja untuk memperbaiki tabiat
pengasingan sisa tetapi juga untuk mempromosikan gaya hidup yang lebih lestari dalam
menjadikan kitar semula lebih mudah diakses dan cekap melalui pengintegrasian teknologi

pengenalan imej yang dikuasakan oleh Al
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CHAPTER 1: INTRODUCTION

1.1 Introduction

Waste is defined as any items that is discarded after primary use, considered worthless,
defective and useless. It can be classified as compostable, general waste, and hazardous or non-
hazardous waste based on characteristics like its toxicity, corrosiveness, explosiveness, and
radioactivity (Wan Md Syukri Wan Mohamad Ali et al., 2015). Additionally, some waste
categories are not widely recognized or understood by the general public, resulting in

inefficient waste management.

Malaysia produces over 39,000 tons of waste every day, averaging around 1.17kg per
person. The increase in production of waste is caused by factors like population growth,
lifestyle changes, and the rapid urbanization. By 2050, Malaysia’s landfills are projected to
reach full capacity for waste disposal, raising concerns to the government (International Trade
Administration, 2024). Waste can become a threat to the environment without a proper waste
management. A strategic waste management is the solutions as the country has a lower
recycling rate. Malaysia also experiences waste management challenges due to a lack of
technology, experienced labour, and infrastructure to address the problem adequately
(Saptaputra, 2023).Waste sorting helps to improve the recycling of these waste and reduces the

amount of waste that ends up in the landfills.

Image recognition is a technology that uses machine learning to identify specific object
in images. The application of image recognition systems to identify and classify waste has been
explored in the article “Application of deep learning object classified to improve e-waste
collection planning”. This study do a research on how machine learning can make waste sorting

easier by analyzing images submitted by users via smartphones (Saptaputra, 2023).



Therefore, this project introduces waste sorting app that uses image recognition to
expand the waste sorting functions by simply uploading images to the application and be
identified. All the submitted data will be tracked to monitor and analyze the users’ habit over

time.

1.2 Problem Statement/Research Problem

People have limited knowledge and understanding of waste categories. Many still have
difficulty identifying them, even the common ones. Some are unaware that certain items, such
as batteries, paints, and electronic components, must be disposed in a proper way as hazardous
waste. The environmental impact of improper waste disposal and recycling contamination is

often not well understood.

Despite the availability of waste sorting apps, effectively sorting compostable,
hazardous, and general waste remains a challenge for many. Most of the current apps focus on
identifying common recyclables, missing the opportunity to provide comprehensive guidance
for all types of waste. These existing apps rarely come equipped with advanced features such
as image recognition that would make the sorting process more intuitive and accessible. Some
waste sorting apps use barcode scanner readers to identify items but it has limitations. This
feature relies on the item information rather than the material type. Hence, items without

barcode will not be recognized.

Recently, various automation strategies for waste sorting have been introduced, falling
into three broad categories which are artificial intelligence (Al) approaches, Internet of Things
(IoT) systems, and mechanical techniques. Mechanical methods rely on mechanical transfer,
external detectors, and computer processors within an autonomous system to perform tasks

similar to human waste-sorters. However, this approach faces challenges in waste



categorization due to inaccurate recognition and false detections. The integration of IoT devices
with a cloud server has led to more accurate and automated waste sorting system, but it comes
with high costs and complexity in setup and maintenance (Karrar Hameed Abdulkareem et al.,
2024). On the other hand, Artificial Intelligence (AI) has the ability to learn and process
complex data, whereas mechanical method and IoT systems rely solely on sensors or basic
sorting mechanisms that cannot handle complex input. A more comprehensive app could fill
these gaps by using Al-powered image recognition to identify types of waste, improving user

engagement and promoting better disposal habits.

1.3 Objectives

The main objective of this project is to develop an application with the following objectives:
e To develop a waste sorting mobile application.
e To allow users to upload photo of waste items for automatic identification and

categorization.

1.4 Scope

The scope of this project covers the following:
1. Development of a mobile application that can identify the following types of waste from
images:
e Compostable: Fruit peels, leaves, cardboard.
e General: Plastic bottle, plastic bags, disposable cups.
e Hazardous: Batteries, light bulbs, paint cans, mobile phones.
2. Allow users to capture and upload photos to identify the type of waste.

3. Implementation of features to track recycling activities and their outcomes.



1.5 Brief Methodology

Agile methodology is used in the making of this project. Agile focus on breaking down
the development process into small, and manageable phases called sprints, allowing for
frequent updates, adjustments, and continuous feedback. Agile welcomes change unlike other
traditional models where plans are fixed and change is not welcomed. In Agile, activities like
planning, designing, building, and testing are continuous and flexible rather than fixed (Challa

Kaushik Koundinya et al., 2024). Figure 1 shows the Agile Planning Lifecycle.

Plan

Deploy

Figure 1.1: Agile Planning Lifecycle

Plan
Planning phase is where it starts with the breaking down of tasks into manageable parts, called
sprints within a certain period. Each sprint focuses on specific tasks, like developing the image

recognition feature and building the user interface within the planned time frame.

Design

During the design phase, the basic layout and structure of the app’s functionality is created
based on the previously feedback. The design evolves as the project moves forward, ensuring
that each feature is aligned with the project’s goals. This allows for frequent feedback and
adjustments to the design. Decisions are made about which image recognition tools to use, the

programming languages to use, data flow, algorithm design, and the user interface design.



Develop

The develop phase is where coding happens. Each sprint may involve creating parts of the app,
like adding image recognition capabilities or setting up the user interface based on the design
specifications. Each feature will be build step-by-step, focusing on core features and testing

functionality as they go.

Test

After each feature is developed, tests are performed to ensure each feature works correctly as
expected. For example, do a testing on the image recognition whether it accurately identifies
the types of waste, and if the user interface is user-friendly and responsive. Testing is important
in every sprint to ensure early detection and resolution of issues, creating an optimized version

of the app.

Deploy
At the end of each sprint, a version of the app with newly added and improved features is place
into operation. This version lets users see progress and give feedback, allowing for early

adjustments and resolution of issues in the process.

Feedback
Feedback is gathered from users to determine any issues and features that need improvement.
This ensures the requirements is met and the user experience is improved based on real-world

usage.



The re-planning phase for the next iteration is based on the gathered feedback. The
feedback is reviewed to determine which improvements should be included in the next
iteration. Hence, the next sprint goal is adjusted and the project timeline is updated by adding
new changes. Re-planning is ideal to keep the project flexible and adaptable by addressing

changing requirements and continuously improving the product in each iteration.

1.6 Significance Of Project

Upon the completion of the Waste Sorting App with Image Recognition, users will be
able to sort waste items by simply capturing and uploading photos to the application. Image
recognition allows users to quickly sort waste, saving time in sorting and minimizing human
error. The app acts as an educational tool, and with continued use it will help to raise awareness
of proper waste disposable practices, reducing the risks of soil and water contamination by

hazardous materials from general waste.

1.7 Project Schedule

Figure 1.2: Gantt Chart 1



| 2vs-3us
| TR
I o
_—
-
W o517
LB

Figure 1.3: Gantt Chart 2

1.8 Expected Outcome

The project is expected to achieve the following outcomes by its completion:
1. A fully functional mobile application that accurately identify waste type using image
recognition technology.
ii.  Comprehensive analytics for users to track their waste disposal habits and measure
progress over time.
iii.  Features designed to track and record recycling activities to encourage continued eco-
friendly practices.

iv.  Source code repository with complete version for maintenance.

1.9 Thesis Outline

The report of this project is organized into five chapters as described below:
a) Chapter 1: Introduction
Chapter 1 begins with introduction, problem statements, project scope, and objectives.
Then, a methodology is selected with the details of each step. Following by the
significance of project, project schedule, and expected outcome of this project. All of the

above provides an overview and introduction to the proposed application.



b) Chapter 2: Literature Review
Chapter 2 covers the background and a literature review of existing waste sorting
applications. All relevant features and functions are examined and analyzed by comparing

them to identify the most suitable features for the development of the proposed application.

c¢) Chapter 3: Requirement Analysis and Design
Chapter 3 covers the system architecture and the methodology used. Agile methodology
is chosen which consists of six phases: plan, design, develop, test, deploy, and feedback.

This chapter will discuss each of these phases in detail.

d) Chapter 4: Implementation and Testing
Chapter 4 outlines the implementation and testing phases of the project, developed
according to the analyzed requirements. This chapter also includes screenshots of the

developed application.

e) Chapter 5: Conclusion
Chapter 5 concludes the project by highlighting its achievements. It highlights potential

future developments through recommendations and suggestions for further improvement.

1.10 Chapter Summary

This chapter introduces waste management issues in Malaysia, highlighting on the
problems caused by improper waste disposal and the lack of understanding about different
types of waste. While existing apps focus on recyclables and use barcode scanners, Al-powered

image recognition that can identify a broader range of waste types provides a better solution



for waste sorting. The chapter explains the need for efficient waste sorting solutions and
presents a mobile application designed to help users identify various types of waste. The
application aims to make sorting waste easier, including able to track their recycling activities.

This chapter also covers the scope, methodology (Agile), and expected outcomes.



CHAPTER 2: LITERATURE REVIEW

2.1 Introduction

This chapter discusses five similar existing applications that are closely related to the
proposed waste sorting application. Each existing application will be analyzed and compared
with the proposed application to highlight the similarities, differences, and opportunities for
improvement. The comparison will focus on features, functions, and overall effectiveness to
determine the best approach for achieving the objectives of the proposed application. The five
similar existing applications are as follows:

a) Bower: Recycle & get rewarded
b) Recycling Assistant

¢) EcoScan

d) BinSpect

e) WasteWizard

2.2 Review on Similar Existing Applications

2.2.1 Bower: Recycle & get rewarded

Bower is a cross-platform application available on both the Play Store and App
Store, designed to encourage sustainable living through innovative waste management
solutions. Users can earn rewards like coins by sorting and recycling waste. These rewards
are backed by sponsorships from brands like Scan or Felix to promote increased recycling
of packaging materials in Sweden and globally. Bower is an award-winner app, named one
of Europe’s top sustainability apps by Apple, and has received renowned achievements,

including the Edie Awards 2024 and the Global Startup Awards 2023.



Bower’s main features include identifying waste item through barcode scanning or
image recognition. It also helps users locate nearby recycling or waste bins, making waste
disposal convenient and accessible. Additional features include the ability to calculate the
carbon dioxide emissions associated with their recycling efforts. Other than that, it can
save recycling history and analyze detailed statistics, helping users track their progress

over time.

Pending rewards

t time you drop off your

At &6 & O 0

Figure 2.1: Home Screen of Bower
Figure 2.1 shows the home screen of the Bower app. At the top, a level bar is
displayed alongside three icons representing reward, money, and notification. Below that,
it shows the amount of pending rewards that will be unlocked after the next waste drop-
off. Next, there is a section where users can add their recycle location. At the bottom, two

buttons are displayed, one for accessing the shopping list and another for inviting friends.
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Figure 2.2: Barcode Scanner Figure 2.3: Image Scanner

Feature in Bower Feature in Bower

Figure 2.2 shows the barcode scanner feature, where users are required to point
their phones’ camera at the barcode on the waste. Figure 2.3 shows the image scanner

feature, allowing users to capture an image of the waste directly using the camera.
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Figure 2.4: Scanning Results in Bower
Figure 2.4 displays the scanning results, showing the waste material and its type,

along with the amount of carbon dioxide emissions and the number of XP points.



Ve

Waste Sorting

Joined Nov 13. 2024

N .
a6 o 00
Figure 2.5: Profile Screen in Bower
Figure 2.5 shows the profile screen for Bower user. At the top, three icons are
displayed, representing the number of rewards, money, and scanned items. Below these,
the profile avatar, username and date joined are shown. The screen is divided into three
tabs, which are statistics, trophy case, and history. The statistics tab displays recently
dropped off waste, while the trophy case tab is for showcasing users’ achievements. The

history tab provides a complete record of recycling actions with details like waste type,

XP earned, and CO2 emission data.

2.2.2 Recycling Assistant

Recycling Assistant is a cross-platform application available on both the Play Store
and App Store, guiding users regarding certain types of waste. The types of waste like dry
recyclables, bulky waste, food waste, general waste, glass, medication, plastic, special and
hazardous waste, and textiles and clothes, can be detected through image recognition.
English or a Ukrainian interface language are available to make recycling easier in

Germany, Poland, and the Czech Republic.



Users can capture an image of waste with their phone’s camera and the artificial
intelligence-driven assistant will immediately determine the type of waste. The application
i1s limited for Germany, Poland, United Kingdom, and the Czech Republic as the
application will ask for users’ location before using the app. All information, including

disposal methods, and example of waste objects, is available within the application.
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Figure 2.6: Home Screen of Recycling Assistant
Figure 2.6 shows the home screen of Recycling Assistant which is basically the
sorting guide. It offers two tabs, which are categories and objects. The categories tab lists
nine types of waste like dry recyclables, bulky waste, food waste, general waste, glass,
medication, plastic, special and hazardous waste, and textiles and clothes. Each category
leads to detailed information of the waste type as shown in Figure 2.7. The objects tab
displays a list of waste objects as shown in Figure 2.8. At the bottom of the screen, a

camera icon that allows users to access camera for scanning waste items.
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Figure 2.7: Waste Information Screen in Recycling Assistant
Figure 2.7 shows the detailed information about a specific type of waste, including
whether it is recyclable, a description of the waste type, examples of objects that fall under

that type of waste, and ways on how to recycle them.
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Figure 2.8: List of Waste Objects in Recycling Assistant
Figure 2.8 displays a list of waste objects, each of which leads to the detailed

information about the waste and its type, as shown in Figure 2.7.
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Figure 2.9: Scanning Results in Recycling Assistant
Figure 2.9 displays the scanning results, showing the waste material and its type,

after capturing an image directly from phone’s camera.

2.2.3 EcoScan

EcoScan is a Netherlands-based cross-platform application available on both the
Play Store and App Store, covering a broad range of waste types, including paper, plastic,
glass, metal, and electronics. The application gives clear and precise sorting advice,
delivering personalized sorting advice based on location and local sorting rules. With a
database of over 350,000 pieces of advice and an impressive 98% accuracy rate, EcoScan
ensures users receive reliable information. Leveraging advanced scanning technology, it
provides accurate and personalised recycling advice based user’s location and recycling

capabilities.

Users can take a photo using phone’s camera or scan a barcode with the EcoScan
app to receive guidance on the correct bin for their waste. Litter Bingo is a fun and
interactive litter clean-up campaign in the participant’s area, to make a positive

environmental impact. By recycling waste, users are rewarded with EcoCoins, making



sustainability both engaging and rewarding. These EcoCoins can be used for discounts

while buying eco-friendly products in the app's store.
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Figure 2.10: Home Screen of EcoScan
Figure 2.10 shows the home screen of EcoScan. At the top, the amount of
EcoCoins, which can be earned by recycling, is displayed. Below that, two buttons provide
options for scanning waste using either a barcode scanner or image scanner. Then, a list of
features available is displayed, including creating an account, scanning barcodes, taking a

photo, adding a municipality, playing Litter Hunt, and creating a Litter Bingo.
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Figure 2.11: Item Analysis Result in EcoScan



Figure 2.11 shows the item analysis result, where users are required to select the
correct analysis that were listed, which will lead to detailed information about the chosen

waste type, as shown in Figure 2.12.
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Figure 2.12: Waste Information Screen in EcoScan
Figure 2.12 presents the information about a specific type of waste, along with

advices on how to handle it properly.
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Figure 2.13: Personal Recycling Statistics in EcoScan
Figure 2.13 shows the personal recycling statistics for the past three months,
presented through both pie chart and table. The pie chart visually represents the

distribution of different waste types, with labels indicating the percentage of each category.



The table represents the number of scans for each waste type and their corresponding

percentages.

2.2.4 BinSpect

BinSpect is an 10S application specifically designed to assist users in sorting out
garbage without other big features. The application utilizes specialised image classifier
machine learning model, classifying waste as either organic or inorganic. Hence, it has a

little bit of limitations where the app unable to classify other type of waste.

Waste items can be scanned by capturing an image using phone’s camera or
selecting from the phone’s gallery. After processing the provided image, it displays
classification result along with the model’s confidence level in percentage. Additionally,

there is an option to save all the garbage’s classification results in history.
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Figure 2.14: Main Screen of BinSpect
Figure 2.14 shows the main screen of BinSpect, displaying a large button that
allows users to choose between capturing an image directly from camera or selecting an

image from photo library.
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Results

Figure 2.15: Scanning Results in BinSpect
Figure 2.15 displays the scanning results, indicating whether the item is organic or
inorganic, along with its confidence level. At the bottom, there are two buttons, one for

saving the scanned data to the history and another for rescanning waste items.

History

Figure 2.16: History Screen in BinSpect
Figure 2.16 shows the history screen, which contains a list of scanned items. Each
item card displays the waste type (organic or inorganic), the confidence level, and the date

it was saved.
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2.2.5 WasteWizard

WasteWizard is an i0S application developed that aims to reduce environmental
pollution and waste mismanagement. The application classifies various types of trash like
plastic, electronic waste (e-waste), batteries, metals, and biological waste. It leverages
computer vision und machine learning to inform users how to dispose of a specific piece
of trash. The waste item is identified and classified by capturing an image from phone’s

camera or choosing from the photo library.

99% Confident

Figure 2.17: User Interface of WasteWizard
Figure 2.17 showcases the user interface of WasteWizard, which consists of the
camera screen and the results after scanning. At the bottom, the results displays details like

whether the item is recyclable, along with its confidence level.

2.3 Comparison Between the Existing Applications and Proposed Application

Table 2.1 shows the comparison of features between six existing applications: Bower,
Recycling Assistant, EcoScan, BinSpect, WasteWizard, and the proposed Waste Sorting
Application with Image Recognition. The table highlights the waste identification methods,

where most applications use barcode scanners, image recognition, or combination of both,

12



while the proposed application focuses solely on image recognition. For image handling

capability, some applications allow users to capture an image directly using camera, upload an

image from gallery, or both. The proposed application supports both options. Regarding the

tracking feature, which includes functionality like viewing history or statistics of sorted waste,

only a few apps provide such capabilities, while the proposed application plans to enhance this

by implementing interactive features that can track recycling activities and offer a more

engaging experience.

Table 2.1: Comparison of Features Between Applications

. L. Waste Identification | Image Handling | Tracking Additional
Application -
Method Capability Feature Features
Bower: )
Barcode scanner and History,
Recycle & get ) o Camera Capture o Reward system
1mage recognition statistics
rewarded
Recycling .
Image recognition Camera Capture - -
Assistant
Barcode scanner and o
EcoScan _ - Camera Capture | Statistics -
1mage recognition
Camera Capture
BinSpect Image recognition /Upload from History -
Gallery
Camera Capture
WasteWizard Image recognition /Upload from - -
Gallery
Camera Capture ' Educational
Proposed o History, )
Image recognition /Upload from o game, recycling
Application statistics
Gallery calculator

As highlighted in Table 2.1, existing applications primarily rely on barcode scanning,

and image recognition for waste identification. However, barcode scanning has notable

limitations. This method relies on the item’s information rather than the material type, resulting

13



in the inability to recognize items without barcodes. According to Amal Abdel-raouf et al.
(2024), the article “Barcode-less Fruits Classification Using Deep Learning” discusses how
deep learning techniques can classify objects without relying on barcodes, providing enhanced
accuracy and efficiency. Advanced image recognition technology allows a more efficient waste

identification process rather than barcode scanning.

Most of current existing applications are typically restricted to capturing images
directly from the camera, which can be inconvenient for users who need to identify waste items
that are not immediately accessible. This limitation can hinder the user experience, especially
in scenarios when photos are sourced from other individuals or external parties like through
social media. This limitation can be addressed by offering the flexibility to upload images from

the gallery.

Frequency of recycling
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Figure 2.18: Frequency of Recycling

Figure 2.18 illustrates the participants’ engagement in recycling behaviour before a
recycling awareness program. The data reveals that 13.33% of participants reported recycling
often, 6.67% sometimes, 40% rarely, and another 40% stated they never involved in recycling
(Hafizah Hammad Ahmad Khan et al., 2024). These findings highlight the urgent need for
solutions to motivate recycling behaviour, as a large majority of participants, approximately
80%, still have minimal level or zero level of engagement in recycling efforts.

Compared to existing applications, the proposed application offers a more
comprehensive and engaging experience. While most apps support image recognition and basic

tracking, this application goes a step further by implementing interactive features such as a
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waste education game and a recycling value calculator, which are not commonly found in other
solutions. In addition, the app includes a feedback and reporting feature that allows users to
report inaccuracies or issues, which supports continuous improvement. By combining robust
image recognition, multi-source image input, and user-centric tools, the app not only helps
identify waste more accurately but also encourages better waste literacy and user engagement.

While existing applications provide tracking features like history and statistics, they
often lack the depth required for users to effectively monitor their recycling efforts. Features
that can enhance user motivation and give practical knowledge into the impact of their actions
can play a crucial role in addressing the recycling issue. It makes recycling more accessible,
and engaging, ultimately encouraging more people to adopt sustainable practices.

In a nutshell, the proposed application utilizes image recognition for efficient waste
identification by allowing users to capture an image directly from the camera or upload from
their photo gallery. With a comprehensive waste classification system that covers a broad range
of waste types, the application includes features that enhance user motivation and offer
practical knowledge into the impact of their actions, increasing engagement in recycling

efforts.

2.4 Chapter Summary

This chapter analyzes all information regarding the waste sorting application by
identifying the pros and cons of each application. After reviewing and comparing five (5)
similar existing applications with the proposed application, a decision on the inclusion of
features has been made. The analysis highlights key differentiators like waste identification
methods, image handling capabilities, tracking features, platform compatibility, and waste

classification categories. By identifying gaps in current solutions, this chapter provides a

15



foundation for a more effective and user-friendly waste sorting application with image

recognition that addresses existing challenges in waste management.
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CHAPTER 3: REQUIREMENT ANALYSIS AND DESIGN
3.1 Introduction

The background study and evaluation of existing waste sorting applications have led to
a clear definition of the requirements which will be discussed in this chapter. It begins with a
detailed breakdown of the requirements that ensures the app’s design aligns with both user
needs and technical feasibility. The iterative design and planning process are explored,
highlighting the system architecture and logical design through various diagrams. Finally, the
physical design is presented to illustrate the app’s user interfaces. This structured approach

ensures a seamless transition from planning to action.

3.2 Agile Methodology

Agile methodology is used in the development of the Waste Sorting App, encouraging
adaptability to changes in user requirements and emerging technologies. Figure 3.1 illustrates

the Agile Planning Lifecycle.

Figure 3.1: Agile Planning Lifecycle
During planning phase, it begins by breaking down tasks into manageable sprints, each
focusing on specific objectives relevant to the Waste Sorting App. For example, one sprint may
concentrate on developing the image recognition feature, while another focuses on enhancing

the user interface.
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During the design phase, the layout and functionality are developed based on insights
from existing waste sorting applications. This iterative process ensures that features align with
project objectives and user requirements. Key decisions involve selecting image recognition

tools, programming languages, and creating a user-friendly interface.

The development phase involves the actual coding of the app. Each sprint includes tasks
like adding image recognition features or building the user interface based on the design.
Features are created step-by-step and ongoing testing is done during this phase to make sure

each part works as expected, helping to find and fix problems early on.

After the completion of each feature, thorough testing is conducted to check that
everything works correctly. For instance, the app’s image recognition feature is tested to ensure

it accurately identifies various types of waste.

At the end of each sprint, a new version of the app, with added and improved features,
is deployed for user evaluation. This gives users a chance to see the app’s progress and provide

feedback to make early changes and fix any problems that come up.

User feedback is systematically gathered to identify any problems and areas for
improvement. This ensures that the app meets user requirements and enhances the overall user
experience based on real-world usage. The re-planning phase for the next iteration relies on
this collected feedback to prioritize which improvements should be implemented in the
upcoming sprint. Consequently, the goals for the next sprint are adjusted, and the project

timeline is updated to reflect new changes.
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3.3 Requirement Analysis

The requirement analysis focuses on defining the key requirements and specifications
for the development of the proposed application.

3.3.1 User Requirements

The proposed application serves for 2 main user groups, general users and
administrators. General users are the one who interact with the app, while administrators
are system users with the authority to manage the data and user management. The user
requirements are gathered from the analysis of survey conducted and the results are as in

the figures below.

What is your age group?

32 responses
@ Under 20
® 2029
30-39
©® 4049
@ 50 and above

.

Figure 3.2: Data Result on Respondents’ Age Group
Figure 3.2 shows a pie chart that reveals people of all age groups can utilize the
proposed application. Taking consideration that the users are from a wide range of age

group, the user interface must be user-friendly.

Profession/ Field of Work

32 responses

@ Student

@ Working Professional
Retiree

@ Services

@ Kerani

/A
v =
® Clerk

Figure 3.3: Data Result on Respondents’ Employment Status

Figure 3.3 shows a pie chart illustrating the distribution of respondents across
different professions. This diversity suggests that the app’s potential user base spans a wide

range of occupations.
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How do you currently dispose of items you're unsure about (e.g., batteries, electronics, powerbank)?
32 responses

@ Search for disposal instructions online
@ Ask someone for advice

@ Throw them in general waste

@ Sell to recycle company

@ Just throw

Figure 3.4: Data Result on Respondents’ Current Disposal Practices for Uncertain Items

Figure 3.4 shows that 46.9% of respondents throw items they are unsure about, like
batteries, electronics, and powerbanks into general waste. This is a concerning as these
items contain hazardous materials that can leach into the environment and pose risks to

human health and ecosystems.

Would you prefer an option to upload photos from your gallery or take pictures directly using your
camera?
32 responses

@ Gallery only
@ Camera only
® Both options

Figure 3.5: Data Result on Respondents’ Preference of Uploading Image
Figure 3.5 shows that a significant majority of respondents would like to have both
options of uploading photos from their gallery and taking pictures directly from camera.

This indicates a strong preference for flexibility and convenience in photo management.

What type of information do you expect in the scanning results?

33 responses
Waste type 23 (69.7%)
Disposal instructions 23 (69.7%)
Recycling tips 20 (60.6%)
Environmental impact 22 (66.7%)

0 5 10 15 20 25

Figure 3.6: Data Result on Respondents’ Expectations Information in Scanning Results
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Figure 3.6 shows that a high percentage of respondents expect to see both the
“Waste type” and “Disposal instructions” in the scanning results. This indicates a strong

desire for clear and actionable information to guide their waste sorting decisions.

How useful would it be to track your waste sorting history in the app?
33 responses

14 (42.4%)

11(33.3%)

7(21.2%)

Figure 3.7: Data Result on Respondents’ Response of History Feature
Figure 3.7 shows that a significant majority find the idea of tracking their waste
sorting history in the app either “somewhat useful” or “very useful”. This indicates a strong
interest in using the app to monitor their progress and track their contribution to waste

reduction efforts.

Would you like to see statistics related to your waste sorting activities, such as sorting rates or
improvement over time?
33 responses

® Yes
o No
Maybe

—

Figure 3.8: Data Result on Respondents’ Response of Tracking Statistics Feature
Figure 3.8 shows that a majority of respondents express interest in viewing
statistics which indicates a desire for data-driven insights into their waste management

habits and progress that can help motivate users in their waste reduction efforts.
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Would you find a leaderboard comparing your waste sorting performance with others motivating?

33 responses

15
14 (42.4%)
12 (36.4%)

5(15.2%)

Figure 3.9: Data Result on Respondents’ Response to Leaderboard Feature

Figure 3.9 shows that a significant portion of respondents find the idea of a
leaderboard comparing their waste sorting performance with others very motivating. This
suggests that gamification and social comparison could serve as a fun and engaging way

to encourage users to improve their waste sorting habits.

Which features of the app would encourage you to use it regularly?
33 responses

Image recognition for waste|

identification 22 (66.7%)

Tracking and statistics on waste

sorting 15 (45.5%)

Carbon footprint tracking 13 (39.4%)

Tips for reducing waste 18 (54.5%)

Community challenges or|

"
loaderboards| 13 (39.4%)

o 5 10 15 20 25

Figure 3.10: Data Result on Respondents’ Preferences for App Feature
Figure 3.10 shows that the most encouraging feature for users to use the app
regularly is image recognition for waste identification, which is the main features of the
app. This suggests that the app’s core functionality of accurately identifying waste types

is a key driver of user engagement.

What other features or improvements would you like to see in a waste sorting app?

17 responses

maybe can put feature like how much value in terms of money | have collected by recycling things

Figure 3.11: Data Result on Respondents’ Suggestions
Figure 3.11 shows a suggestion from a respondent that seems can be included in
the app. This feature can give motivation to user to use the app as it relates with money.

From the results of the survey, these requirements are aligned with the project’s objectives.
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The app needs to have a simple and intuitive design for an easy navigation for all age
groups to reach a wider audience. The features that included are both options of uploading
images by capturing image directly from their device camera or selecting images from
their photo gallery for identification of waste item, include waste type and disposal
instructions in the scanning results, history, statistics tracker, and some activities, and

performance on a leaderboard compared to other users.

3.3.2 Software Requirements

Software requirements refer to the necessary frameworks, software tools, and
applications needed to develop, operate, and use the proposed application effectively.
These requirements ensure the app’s functionality, user experience, and overall system

performance.

Table 3.1: Software Requirements for Waste Sorting App with Image Recognition

Environment Requirement Description
Development Framework React Native
APIs Firebase, Google Cloud Vision API
Database Firebase Firestore

Development Tools | Visual Studio Code, Android Studio

Version Control Git, GitHub
Delivery Operating System e Android 8.0 (Oreo) and above
e i0S 12.0 and above
Applications e Camera app (for scanning and
identifying waste)

e Email app (for account creation and

verification)

Web Browser Google Chrome, Safari, Firefox, Microsoft
Edge, etc. (for accessing app additional

resources)
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Table 3.1 outlines the essential software requirements for the proposed application.
They are categorized into development and delivery phases. Development phase is the
requirements needed to build and maintain the app, while delivery phase includes software
needed to access the app with its features. In the development phase, React Native is used
as the framework for frontend development, Firebase as the backend, and Google Cloud
Vision API for the image recognition functionalities which leveraging its advanced
machine learning algorithms for accurate object detection and labelling. Firestore serves
as the database, tools like Visual Studio Code and Android Studio are used in coding and
testing, and Git and GitHub for collaboration. For the delivery phase, users need to access
the app with Android or iOS. Users are required to have a camera app, a social media app
optionally, and email app for using the app’s features. A web browser is also needed to

access app additional resources that might be added into the app.

3.3.3 Hardware Requirements

Hardware requirements include the physical devices and specifications needed to
run the app. Table 3.2 outlines the hardware requirements which consist of three
requirements.

Table 3.2: Hardware Requirements for Waste Sorting App with Image Recognition

Requirement Description

Device Compatibility | Smartphone or tablet with at least 2GB RAM and a 2GHz

processor

Camera Minimum resolution of 8 MP (for capturing high-resolution
images to ensure that the Google Vision API can accurately

analyze waste items)

Internet Connectivity | Stable internet connection
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Processing Power

Devices with a sufficient processing power (for handling
image capture and display results smoothly while the heavy

lifting will be done in the cloud)

3.3.4 Functional Requirements

Functional requirements outline the core functionalities and operations of the

proposed application to ensure that the app delivers its objectives effectively based on the

user requirements stated above. The function requirements consist of:

a) Object Recognition
e The Google Vision API must analyze the uploaded images to return recognized
waste categories with confidence scores.
b) Image Uploading
e Upload images to Firebase Storage for processing by the Google Vision API.
¢) Sorting Logic Module
e Processes the recognized waste data and determines sorting criteria based on
predefined rules.
d) Waste Activities
e Provide features such as a gamification, leaderboard, and recycling value
calculator to motivate and engage users in waste management activities.
e) Search, Filter, and Sort
e Enable users to efficiently locate data by providing search, filter, and sorting
options for easier access and organization.
f) User Accounts
e Enable users to create accounts to track their waste management progress.
g) Feedback System

o Allow users to submit issues or suggestions directly through the app.
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3.3.5 Al Algorithms

Google Cloud Vision is one of the most used widely automated system with
commercial cloud services for advanced image analysis using machine learning (Karanrat
Thammarak et al., 2022). Vision API processes visual data to extract information from an
image. It offers various features like image labelling, face and landmark detection, optical
character recognition (OCR), object localization, and tagging of explicit content. Among
these, image labelling and object localization are particularly relevant for the proposed
waste sorting application.

a) Image Labelling

b) Object Localization

Dataset »{ Preprocessing »| Image Upload

Object < Bounding
- - Yesw-
Detection Boxes

No-

Y

v
O 3 Confidence = Label & Confidence
Output - Thresholding | 8 Y - - Thresholding |« ;
Scores Detection Scores

A

Figure 3.12: Flowchart for Image Analysis

Figure 3.12 shows the flow of image analysis process. It starts by taking a dataset
of waste images and preparing them for analysis. First, the uploaded images go through
object detection to find and locate objects in the images. If multiple objects are found, the
system draws boxes around them and filters out low-quality detections based on
confidence scores. If no objects are detected, this step is skipped, and the process moves

directly to label detection. In label detection, the system extracts information about the
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objects in the images. If labels are successfully detected, confidence scores are applied to
filter the results and generates output based on the available information. If not, the process
moves directly to the output stage. Thus, at the end, the output is generated, which may

include detected objects with their labels.

3.3.6 Machine Learning Model

Google Gemini has the ability of managing multiple forms of data where it can
process and generate content using text, images, audio, videos, and even PDFs
(Muhammad Imran & Norah Almusharraf, 2024). In the context of the waste sorting
application, this means the model can analyze images of waste, identify objects, and
classify them into categories. Gemini models are trained on a dataset that includes data
from web documents, books, and code, and various form of media (Anil, R. et al., 2023).
Hence, the model can interpret waste labels and recognize text on packaging, and even
differentiate between similar-looking waste materials. By implementing Gemini’s
advanced image labelling and object localization capabilities, it stands out as the ideal

choice for the proposed application due to its adaptability to the real-world scenarios.

3.4 Iterative Design and Planning

This section outlines the ongoing process of designing and refining the app’s structure
and features through multiple iterations. It is to ensure continuous improvement based on

feedback and requirements.
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3.4.1 System Architecture

Figure 3.13 illustrates the architecture of the proposed application designed to
describe the high-level structure of the app, including how different components interact

and integrate.

React Native App

Maobile Phone

send user requests & data

Firebase Backend

d images for

l upload images

Firebase ] { Firebase Firestore ] ‘ Firebase Storage ]—umsmuﬁtslorvmrmna

Authentication
Sorting Logic [<send recognized waste data-
provide sorting criteri
Module

Figure 3.13: System Architecture of Waste Sorting App with Image Recognition

Firstly, ensure that the user has installed the app in their devices. Then, the user
captures an image of the waste item directly from the camera or select from the gallery.
This image is then uploaded to Firebase Storage, a cloud-based storage service. From
there, the image is sent to Google Vision API for object recognition. The Google Vision
API analyzes the image and identifies the objects, such as plastic bottles, cardboard, or
batteries. The recognized waste data is then stored in Firebase Firestore, a NoSQL

database. Next, the Sorting Logic Module processes the recognized waste data that uses
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predefined sorting criteria to determine the waste types, and other relevant factors. Finally,

the app displays the sorting results to the user.

3.4.2 Logical Design

Logical design focuses on the conceptual framework of the app, detailing data flow,

relationships, and processes to ensure logical functionality.

3.4.2.1 Use Case Diagram
Figure 3.14 illustrates the interactions between users which are general user
and administrator with the app by defining and organizing various functional

requirements in the proposed application.

Waste Sorting App

Admin

Figure 3.14: Use Case Diagram
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Table 3.3 to Table 3.21 outlines descriptions of each use case to identify
potential gaps in functionality, allowing adjustment before final deployment. Each
table includes the use case name, short description, actors involved, preconditions,
postconditions, steps involved in executing the use case and the alternative and

exception flows detail any variations or errors that may occur during execution.

Table 3.3 shows the use case description for “Register” functionality on how

it allows the user to create an account.

Table 3.3: Use Case Description for Register

Use Case Register

Short Description | Allow the user to create an account.

Actor(s) User
Precondition(s) The user has installed the app but not registered.
Postcondition(s) e Upon successful registration, a new user account is

created and stored in the database.
e Upon unsuccessful registration, no new user account

1S created.

Main Flow 1. The user navigates to the registration page.

2. The user provides required information like first
name, last name, email, password.

3. The system validates all provided information like

check for empty fields, email format, password

complexity, password matching, check for existing

account with the same email.

The user submits the form.

A newly created user account is added to the database.

AN AN

A success notification is displayed.

7. The user is redirected to the login page.

Alternative Flow | (A1) User chooses google login:
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5.
6.
7.

The user selects google login option by clicking on
the “Login with Google” button.

The system redirects the user to the google login
provider’s authentication page.

The user authenticates with the google login provider.
The system retrieves user information from the
google login provider.

A newly created user account is added to the database.
A success notification is displayed.

The user is redirected into the app.

(A4) Existing account found:

1.

The system detects that the provided email is already
associated with an existing account.

The system displays an error message informing the
user that the email is already taken.

The user is prompted to choose a different email or
reset password to recover access to the account.

The wuser fixes the issue and proceeds with

registration.

(AS5) Missing or invalid input data:

1.
2.

The user provides invalid data or empty input data.
The system displays certain error messages for the
invalid fields.

The user is prompted to correct the invalid data.

The wuser fixes the issue and proceeds with

registration.

Exception Flow

(E1) Existing account found:

1.

The system detects that the provided email is already
associated with an existing account.
The system displays an error message informing the
user that the email is already taken.
The user is prompted to choose a different email or

reset password to recover access to the account.
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4. The user cannot fix the issue as the email is not active
and unreachable by the user.
(E3) User cancels registration:
At any point during the registration process, the user may

choose to cancel and exit the registration flow.

Table 3.4 shows the use case description for “Login” functionality on how it

allows the user and admin to log into the app.

Table 3.4: Use Case Description for Login

Use Case Login

Short Description | Allow the user/admin to access the app.
Actors(s) User, Admin

Precondition(s) e The user/admin must have an account.

e The user/admin must have valid login credentials.

Postcondition(s) e Upon successful login, the user/admin is redirected to
the app interface and has access to the exclusive
functionalities.

e Upon unsuccessful login, the user/admin is not logged
into the app and the access to the exclusive

functionalities is denied.

Main Flow 1. The user/admin navigates to the login page.

2. The user/admin provides their email/username and
password.

3. The system checks if the provided credentials match
the stored user/admin data in the database.

4. 1If the credentials are valid, the user/admin will be
logged into the app.

5. A success notification is displayed.

Alternate Flow (A1) User chooses google login:
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1. The user selects google login option by clicking on
the “Login with Google” button.

2. The system redirects the user to the google login
provider’s authentication page.

3. The user authenticates with the google login provider.

4. The system retrieves user information from the
google login provider.

5. The user is logged into the app.

(A2) Missing or invalid input data:

1. The user/admin provides invalid data or empty input
data.

2. The system displays certain error messages for the
invalid fields.

3. The user/admin is prompted to correct the invalid
data.

4. The user/admin fixes the issue and proceeds with

login.

Exception Flow (E1) Account locked:

1. The user has multiple failed login attempts.

2. The user’s account is locked.

3. The system displays an error message informing the
user that their account is locked.

4. The user might need to contact the developers to fix

the issues.

Table 3.5 shows the use case description for “Reset Password” functionality
on how it allows the user to reset their password.

Table 3.5: Use Case Description for Reset Password

Use Case Reset Password

Description Allow the user to reset their password if forgotten.
Actors User

Preconditions e The user must have an account.
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The user must have an access to their registered email

inbox.

Postconditions e Upon successful password reset, the password is
successfully updated and can log in with new
password.

e Upon unsuccessful password reset, the password
remain unchanged.

Main Flow 1. The user clicks “Forgot Password” on the login page.

2. The system prompts the user to enter their email
associated with their account.

3. The system validates the provided email.

4. The system sends a reset link through email.

5. The user enters new password in the required field
and submit.

6. The system updates the user’s password with new
value in the database.

7. The user is redirected to the login page.

Alternate Flow

(A1) Reset link not received:

1.
2.
3.
4.
5.

The user does not receive the reset link.

The user requests a new one by re-entering the form.
The system sends a new reset link.

The user enters the new password and submit.

The user proceeds with the reset password.

(A2) Missing or invalid input data:

I.
2.

The user provides invalid data or empty input data.
The system displays certain error messages for the
invalid fields.

The user is prompted to correct the invalid data.

The user fixes the issue and proceeds with reset

password.

Exception Flow

(E1) Reset link not received:

1.
2.

The user does not receive the reset link.

The user requests a new one by re-entering the form.
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3. The system sends a new reset link.
4. The user enters the new password and submit.
5. The user proceeds with the reset password.
(E2) No existing account found:
1. The system detects that the provided email is not
associated with any existing account.
2. The system displays an error message informing the
user that the email is not registered.
3. The user cannot fix the issue as the email does not
exist in the database.
(E3) User cancels reset password:
At any point during the process, the user may choose to

cancel and exit the reset password flow.

Table 3.6 shows the use case description for “View Profile” functionality on
how it allows the user to view their profile.

Table 3.6: Use Case Description for View Profile

Use Case View Profile

Description Allow the user to view their profile details.
Actors User

Preconditions e The user must have an account.

e The user must be logged in.

Postconditions The user can view their profile details.

Main Flow 1. The user navigates to the profile page.

2. The system retrieves the user’s profile details from
the database.

3. The system displays the information.

Alternate Flow N/A

Exception Flow N/A
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Table 3.7 shows the use case description for “Edit Profile Details

2

functionality on how it allows the user to edit their profile details.

Table 3.7: Use Case Description for Edit Profile Details

Use Case Edit Profile Details

Description Allow the user to edit their profile details.
Actors User

Preconditions e The user must have an account.

e The user must be logged in.

e The user must be able to view the all the information
of their profile.

Postconditions e Upon successful update, the user’s profile details are
updated in the database.

e Upon unsuccessful update, the user’s profile details
remain unchanged in the database.

Main Flow 1. The user navigates to the edit profile page by clicking
on the “Edit Profile” button in profile page.

2. The user edits the details (first name, last name,
gender, email, phone number, date of birth, profile
picture) by providing new value.

3. The system validates the new value input and saves
the updated details in the database.

4. A success notification is displayed.

5. The user can view the updated profile details.

Alternate Flow (A1) Missing or invalid input data:

1. The user provides invalid data or empty input data.

2. The system displays certain error messages for the
invalid fields.

3. The user is prompted to correct the invalid data.

4. The user fixes the issue and proceeds with editing.

Exception Flow

(E1) User cancels edit:

At any point during the editing process, the user may choose

to cancel and exit the editing flow.

36



Table 3.8 shows the use case description for “Capture/Upload Image”
functionality on how it allows the user to capture and upload image of waste.

Table 3.8: Use Case Description for Capture/Upload Image

Use Case Capture/Upload Image

Description Allow the user to capture and upload an image of waste to the

scanner for sorting.

Actors User

Preconditions e The user has access to a device with a camera and
sufficient storage.
e The user has the necessary permissions to access the

device’s camera and storage.

Postconditions e Upon successful item scanning, the image of the
waste item is captured or uploaded and proceed with
the next sorting process.

e Upon unsuccessful item scanning, an error message is
displayed and the user is required to re-capture or re-

upload an image.

Main Flow 1. The user navigates to the Scan page.

2. The user chooses between the options of capturing
image direct from the camera or uploading an existing
image from the device.

3. If capture option is selected, the system opens the
device camera and the user captures the image of the
waste item. If upload option is selected, the system
opens the file picker and the user chooses the desired
image from their device. The user can crop their
selected image before uploading.

4. The system uploads and processes the image.

5. The system displays the results of the recognized

waste type with its information.
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6. The user can choose to scan another item or exit the

scanning process.

Alternate Flow (A1) Image processing error:

1. The user confirms the image for scanning.

2. The system encounters an error while processing the
image.

3. The system displays an error message indicating that
the image could not be processed.

4. The user can try re-capturing the image or re-

uploading a different image.

Exception Flow (E1) User interruption:
1. The user interrupts the image capture/upload process
by closing the app.
2. The process is cancelled.
(E2) User cancels image capture/upload:
At any point during the process, the user may choose to

cancel and exit.

Table 3.9 shows the use case description for “View Scanning Results”
functionality to display the result of the scanned waste.

Table 3.9: Use Case Description for View Scanning Results

Use Case View Scanning Results

Description Display the result of scanned waste.

Actors User

Preconditions A scan has been completed successfully.

Postconditions The user can view the result of waste sorting with its details.
Main Flow 1. After the scanning process is completed, the system

displays the scanning results of the uploaded image
including recognized waste type and other additional
information.

2. The user reviews the scanning results for accuracy

and information.
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3. The user saves the results directly to history.
4. The user completes their review of the scanning

results and takes desired actions.

Alternate Flow (A1) Incorrect Results:

1. The user reviews the results and believes the
recognized waste type is incorrect.

2. The user clicks the “Report Issue” icon.

3. The system navigates the user to the feedback page
for providing feedback about the incorrect
recognition.

4. The user submits their feedback.

(A2) Share scanning results:
1. The user wants to share the scanning results.
2. The user clicks the share icon and share via social

media.

Exception Flow (E1) Results Not Available:

1. The user attempts to view the scanning results.

2. The system encounters an error retrieving the results.
3. The user can return to the home screen or contact the

developers to fix the issues.

Table 3.10 shows the use case description for “View History” functionality
on how it allows user to view their history.

Table 3.10: Use Case Description for View History

Use Case View History

Description Allow the user to view a history of their scanned waste.
Actors User

Preconditions e The user has scanned a waste item before.

e The app has the necessary data stored.

Postconditions The user can view the history of scanned and sorted waste

item throughout the usage of the app.
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Main Flow 1. The user clicks history button at the bottom bar and
navigates to the history page.

2. The system retrieves a list of previously scanned
waste items from the database and displays them to

the user.

Alternate Flow (A1) Filter history:

1. The user wants to filter the scan history by date range,
waste type, or other criteria.

2. The user selects the filter options and applies them.

3. The system updates the history list based on the
selected filter options.

(A2) Sort history:

1. The user wants to sort the scan history by date, waste
type, alphabetically, or other parameters.

2. The user selects the sort options and applies them.

3. The system updates the history list based on the
selected sort options.

(A3) Search history:

1. The user wants to search the scan history by waste
type or waste name and provides them in the required
field.

2. The system updates the history list based on the

provided value.

Exception Flow (E1) No History Available:

1. The user navigates to the history page.

2. No items are displayed indicating that no scans have
been performed.

3. The user is prompted to scan waste items to build their

history.

Table 3.11 shows the use case description for “Delete History” functionality

on how it allows user to delete a specific or all history entries.
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Table 3.11: Use Case Description for Delete History

Use Case Delete History

Description Allow the user to delete the history of their scanned waste.
Actors User

Preconditions e The user has scanned a waste item before.

e The app has the necessary data stored.

Postconditions The user can delete specific scanned waste item in the history.

Main Flow 1. The user navigates to the history page and views the
list of previously scanned waste items.

2. The user selects the specific scanned waste item(s)
they want to delete by clicking on the delete icon on
bottom right of the item card.

3. The user confirms the deletion action.

4. The system deletes the selected scan history entries
from the database.

5. A success notification is displayed.

Alternate Flow N/A

Exception Flow (E1) User cancels deletion:
At any point during the deletion process, the user may choose

to cancel and exit the deletion flow.

Table 3.12 shows the use case description for “View Statistics” functionality
on how it allows user to view waste sorting statistics.

Table 3.12: Use Case Description for View Statistics

Use Case View Statistics

Description Allow the user to view waste sorting statistics.
Actors User

Preconditions e The user must have an account.

e The user must be logged in.
e The user has scanned a waste item before.

e The app has the necessary data stored.
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Postconditions The user can view the generated statistics.

Main Flow 1. The user navigates to the statistics page.
2. The system retrieves statistical data related to the total
waste items scanned and waste types recognized.

3. The user can view the graphs of the statistical data.

Alternate Flow (A1) Filter statistics:
1. The user wants to filter the displayed statistics.
2. The user selects the filter options by date range (daily,
weekly, monthly, yearly) and applies them.
3. The system updates the statistics based on the selected
filter options.
(A2) Share statistics:
1. The user wants to share the displayed statistics.
2. The user clicks the share icon and share via social

media.

Exception Flow (E1) No Statistics Available:

1. The user navigates to the statistics page.

2. No statistical data is displayed indicating no scans
have been performed.

3. The user is prompted to scan waste items to generate

statistics.

Table 3.13 shows the use case description for “View Activities” functionality
on how it allows user to view the waste sorting activities.

Table 3.13: Use Case Description for View Activities

Use Case View Activities

Description Allow the user to view the waste sorting activities such as

leaderboard, gamification, and recycling value calculator.

Actors User

Preconditions e The user must have an account.

e The user must be logged in.
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The user must collect points to unlock each activity,
based on the following minimum requirements:

o Leaderboard: 5 points or more

o Gamification: 20 points or more

o Recycling Value Calculator: 40 points or

more

Postconditions

The user can view the list of activities with their details based

on the user’s membership tier:

Leaderboard: Available for users with 5 points or
more (Bronze members).

Gamification: Available for users with 20 points or
more (Silver members).

Recycling Value Calculator: Available for users with

40 points or more (Gold members).

Main Flow

The user navigates to the activity page by clicking on

the activity icon in the bottom bar.

2. The system checks the user’s account and retrieves
their total points.
3. The system displays a list of activities based on the
user’s membership tier:
a. Leaderboard (5+ points)
b. Gamification (20+ points)
c. Recycling Value Calculator (40 + points)
4. The user selects the activity they want to view.
5. The system displays all relevant details for the
selected activity.
Alternate Flow N/A

Exception Flow

(E1) Insufficient points:

1.

The user attempts to select an activity for which they
do not meet the required points.
The user unable to click on the selected activity as it

has not been unlocked yet.
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3. The user is encouraged to scan waste and start earning

points.

Table 3.14 shows the use case description for “Track Leaderboard”

functionality on how to monitor user leaderboard based on activity performance.

Table 3.14: Use Case Description for Track Leaderboard

Use Case Track Leaderboard
Description Monitor user leaderboard based on activity performance.
Actors User
Preconditions e The user must have an account.

e The user must be logged in.

e The user must have at least 5 points (Bronze tier).
Postconditions The user can view the leaderboard.
Main Flow 1. The user selects “Leaderboard” from the activity

page.

2. The system fetches all users’ data.

3. The system processes the data and calculates the user
rankings based on their total points.

4. The system displays the user’s rank relative to others.

Alternate Flow

N/A

Exception Flow

(E1) Insufficient points:
1. The user attempts to access the Leaderboard without
reaching the required 5 points.
2. The user unable to click on the selected activity as it
has not been unlocked yet.
3. The user is encouraged to scan waste and start earning

points.

Table 3.15 shows the use case description for “Track Gamification’

2

functionality on how to enjoy the gamification.
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Table 3.15: Use Case Description for Track Gamification

Use Case Track Gamification
Description Enjoy a gamified quiz-based activity to test.
Actors User
Preconditions e The user must have an account.
e The user must be logged in.
e The user must have at least 20 points (Silver tier).
Postconditions The user is able to access and play the gamified "Know Your
Trash" activity.
Main Flow 1. The user selects “Know Your Trash” from the activity

page.

2. The system verifies the user’s tier and point
eligibility.

3. The system loads a set of randomized quiz questions
related to waste sorting.

4. The user selects answers and progresses through the
quiz.

5. The system evaluates the answers and provides
feedback after each question.

6. Upon completion, the system displays the score.

Alternate Flow

N/A

Exception Flow

(E1) Insufficient points:
1. The user attempts to access the Gamification without
reaching the required 20 points.
2. The user unable to click on the selected activity as it
has not been unlocked yet.
3. The user is encouraged to scan waste and start earning

points.

Table 3.16 shows the use case description for “Track Recycling Value’

2

functionality on how to monitor total recycling value contributed by the user.
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Table 3.16: Use Case Description for Track Recycling Value

Use Case Track Recycling Value

Description Monitor the total recycling value contributed by the user.
Actors User

Preconditions e The user must have an account.

e The user must be logged in.

e The user must have at least 40 points (Gold tier).

Postconditions The user can view their overall recycling value.

Main Flow 1. The user selects “Recycling Value Calculator” from
the activity page.

2. The system fetches the user’s waste-scanning history
including types of waste scanned and quantities of
each waste type.

3. The system fetches current market rates for each
waste type like price per kilogram.

4. The system processes the data and calculates the total
monetary value of the user’s waste collection.

5. The system displays the total monetary value of the

waste they can sell and breakdown of value by waste

type.

Alternate Flow N/A

Exception Flow (E1) Insufficient points:

1. The user attempts to access the Recycling Value
Calculator without reaching the required 40 points.

2. The user unable to click on the selected activity as it
has not been unlocked yet.

3. The user is encouraged to scan waste and start earning

points.

Table 3.17 shows the use case description for “Add Feedback” functionality

on how it allows user to provide feedback or suggestion regarding the app.
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Table 3.17: Use Case Description for Add Feedback

Use Case Add Feedback

Description Allow the user to provide feedback on the app.
Actors User

Preconditions e The user must have an account.

e The user must be logged in.

Postconditions e Upon successful feedback submission, the feedback
is submitted and stored in the system.

e Upon unsuccessful feedback submission, an error
message 1s displayed and the feedback is not

submitted.

Main Flow 1. The user navigates to the feedback page.

2. The user provides the required input to the required
field and submits.

3. The system validates and saves the feedback in the
database.

4. A success notification is displayed.

Alternate Flow (AT) Missing input data:

1. The user provides empty input data.

2. The system displays certain error messages for the
empty fields.

3. The user is prompted to provide input to the required
field.

4. The user fixes the issue and proceeds with adding

feedback process.

Exception Flow (E1) User cancels adding feedback:
At any point during the process, the user may choose to

cancel and exit.

Table 3.18 shows the use case description for “View Feedback” functionality

on how it allows admin to view the feedback provided by users.
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Table 3.18: Use Case Description for View Feedback

Use Case View Feedback

Description Allow the admin to view feedback provided by user.
Actors Admin

Preconditions e The admin must be logged in.

e Feedback data has been submitted by user and exists

in the database.

Postconditions The admin can view the list of feedbacks submitted by users.

Main Flow 1. The admin navigates to feedback management.

2. The system retrieves and displays all feedback.

3. The user can view a list of submitted feedback.
Alternate Flow (A1) Filter feedback:

1. The admin wants to filter the feedback list by date

range, rating, or other criteria.

2. The admin selects the filter options and applies them.

3. The system updates the feedback list based on the
selected filter options.

(A2) Sort feedback:

1. The admin wants to sort the feedback list by date,
rating, or other parameters.

2. The admin selects the sort options and applies them.

3. The system updates the feedback list based on the
selected sort options.

Exception Flow (E1) No feedback available:

1. The admin navigates to feedback management.
2. No feedback items are displayed indicating that no
feedback has been added.

Table 3.19 shows the use case description for “Manage User Accounts”

functionality on how it allows admin to manage user accounts.
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Table 3.19: Use Case Description for Manage User Accounts

Use Case Manage User Accounts
Description Allow the admin to manage user accounts.
Actors Admin
Preconditions e The admin must be logged in.
e User data exists in the database.
Postconditions e The admin can view the list of registered user
accounts.
e The user data is updated in the database.
Main Flow 1. The admin navigates to user management.
2. The system retrieves and displays all user accounts.
3. The admin can choose to:
view a list of registered user accounts.
b. change account status (e.g., activate, suspend,
ban).
c. delete the user account.
Alternate Flow (A1) Filter user:
1. The admin wants to filter the user list by date joined
range, or other criteria.
2. The admin selects the filter options and applies them.
3. The system updates the user list based on the selected

filter options.

(A2) Sort user:

1.

The admin wants to sort the user list by date joined,
or other parameters.

The admin selects the sort options and applies them.
The system updates the user list based on the selected

sort options.

(A3) Search user:

1.

The admin wants to search the user list by user name,
or other parameters and provides them in the required

field.
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2. The system updates the user list based on the provided

value.

Exception Flow (E1) No user available:
1. The admin navigates to user management.
2. No user accounts are displayed indicating that no user

has been registered.

Table 3.20 shows use case description for “Manage Data” functionality on
how it allows admin to manage all data.

Table 3.20: Use Case Description for Manage Data

Use Case Manage Data

Description Allow the admin to manage all data.
Actors Admin

Preconditions e The admin must be logged in.

e Data exists in the database.

Postconditions The admin can view the list of all data.

Main Flow 1. The admin navigates to management screen.
2. The system retrieves and displays all data.
3. The admin can choose to:

a. view data.

b. add new data.

c. edit data.

d. delete data.

Alternate Flow (A1) Filter waste:
1. The admin wants to filter the list by date range, name
or other criteria.
2. The admin selects the filter options and applies them.
3. The system updates the list based on the selected filter
options.
(A2) Sort waste:
1. The admin wants to sort the list by date,

alphabetically, or other parameters.
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2. The admin selects the sort options and applies them.
3. The system updates the list based on the selected sort
options.
(A3) Search waste:
1. The admin wants to search the list by name, or other
parameters and provides them in the required field.
2. The system updates the list based on the provided

value.

Exception Flow (E1) No data available:
1. The admin navigates to management.

2. No items are displayed indicating that no data have

been added.

Table 3.21 shows the use case description for “Logout” functionality on how
it allows users and admin to log out of the app.

Table 3.21: Use Case Description for Logout

Use Case Logout

Description Allow the users/admin to log out of the app.
Actors User, Admin

Preconditions e The user must have an account.

e The user/admin must be currently logged in.

Postconditions e Upon successful logout, the user’s/admin’s session is
terminated and no longer has an access to the
exclusive functionalities.

e Upon unsuccessful logout, the user’s/admin’s remain

logged in.

Main Flow 1. The user/admin clicks the logout button.
2. The system prompts the user/admin with a
confirmation message.

3. The user/admin confirms the logging out.
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4. The system ends the session and redirects to the home

screen.

Alternate Flow

N/A

Exception Flow

(E1) User/Admin cancels logout:

At any point during the logout process, the user/admin may

choose to cancel and exit the logout flow.
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3.4.2.2 Activity Diagram

Figure 3.15 illustrates the flow of activities or processes within the app by

showing how the progress of tasks from start to finish.
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Figure 3.15: Class Diagram
Users without an account are limited to viewing the Home Screen, capturing
or uploading images for waste sorting, View Scanning Results, and reviewing their

activity history only. Users must register for an account and log in to access the full

range of features. The registration process involves creating an account with an email
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address or through a third-party service, Google Login. Once logged in, users can
access other exclusive features, including managing their profile, viewing waste
activities like play gamification, calculate their recycling value, and take a look at
the leaderboard. Other than that, it includes viewing detailed statistics, and

submitting feedback.

3.4.2.3 Sequence Diagram
Figure 3.16 to Figure 3.25 illustrates the order of interactions between
different components or actors in the app by detailing how features are executed

step-by-step.

sd Register

‘ System Database
U#er

Navigate to Registration Page
Provide Required Information
Validate Input
-
Check for Existing Account
-
Return Validation Result
-
AJxemauve
““P‘“ Valid] Create a New User Account
Display Success Notification
Redirect to Login Page
-
== == = — — DisplayFrrorMesage— — Il — — — — — — — — — — — — o
[Input Invalid] s

Figure 3.16: Sequence Diagram of Register

Figure 3.16 illustrates the process of user registration to create an account.
The user initiates the process by navigating to the registration page and providing

the required information. The system validates the input together with checking for
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existing accounts. If the input is valid and no existing account is found, a new user
account is created in the database, and a success notification is displayed before
redirecting the user to the login page. On the other hand, if the input is invalid or

there is an existing account with the same email, an error message is displayed.

sd Login
! System Database
' v
1 |
I
|
Navigate to Login Page }
|
I
Choose Login Options |
> |
I
Alternative I
R i Provide Required Information }
[Email Login] i
I
I
I
Validate Input }
Check for Existing Account
Return Validation Result
Alternative Confirm Login ‘
[Input Valid] }
Display Success Notification }
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, |
|
|
—_—_— . - - |
[Input Invalid] . |
Display Error Message |
_______________________________________ |
I
I
I
|
F—————— . — — — — ———— ;- — — — — — — — — - — —
[Google Login] !
Click “Login with Google” Button }
I
I
Redire ogle Login Provider's Authentication Page, }
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, |
I
Authenticates with Google Login Provide “
> I
I
I
|
Redirect/Navigate to Next Page }
I
|
|
I

Figure 3.17: Sequence Diagram of Login
Figure 3.17 illustrates the user login process for the registered user. The user
navigates to the login page and chooses between email login or Google login. For
email login, the user provides the required information, which is then validated by
the system. The system checks the database for an existing account. If the input is
valid and the account exists, the system confirms the login and displays a success
notification. If the input is invalid, an error message is displayed. For Google login,

the user clicks the “Login with Google” button, which redirects them to the Google
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login provider’s authentication page. After successful authentication with Google,

the user is redirected to the next page.

sd Reset Password

System Database

i
Navigate to Login Page !
. i
|
Click "Forgot Password" I
> i
i
i
Redirect to Forgot Password Page 1
i
Provide Registered Email !
Check for Existing Account with Provided Email
-
Return Checking Result
-
Al(cmamc
[Accoum Available] Send Reset Link Through Email
Enter New Password in Required M-ld
Update User’s Password with New Value
-
Display Success Notification
Redirect to Login Page
[Account Unavailable]
Display Error Message

Figure 3.18: Sequence Diagram of Reset Password

Figure 3.18 illustrates the process of resetting a forgotten password. The user
initiates the process by clicking “Forgot Password” located in the login page. The
user is required to enter their email and immediately provide a new password into
the new password input field. It checks the database for an account associated with
the provided email. If found, a reset link is sent to the email for verification. Upon
successful new password entry, the system updates the user’s password in the
database and redirects them to the login page. Otherwise, an error message is

displayed.
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sd Capture/Upload Image

System Database

Navigate to Scan Page

Alternative

Open Device Camera
[Capture] <
Click Capture Button

[Select]
Click File Picker Icon

Open File Picker

Choose an Image

Crop Selected Image

Process Image

Alternative

[Process Success] Return Scanning Results

Review Scanning Results

Save Scanning Results

[Process Error]
Display Error Message

Figure 3.19: Sequence Diagram of Capture/Upload Image and Scanning Process

Figure 3.19 illustrates the process of capturing and then uploading an image
for waste sorting. The user navigates to the Scan Page. They then have the option to
either capture an image directly from their device camera or select an image from
their device’s storage. If the user chooses to capture an image, they click the Capture
Button to capture an image. If they choose to select an image, they click the File
Picker Icon, and the File Picker opens. The user then chooses an image from their
device. The selected image can be cropped. The system then processes the image. If
the process is successful, the system returns the scanning results, which the user can

review and save. If the process fails, an error message is displayed.
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sd View History
} System Database
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| |
I
I
Navigate to History Page }
I
I
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|
I
|
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I
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|
|
________________________ —+ —
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,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, |
I
1
|
I
!

Figure 3.20: Sequence Diagram of View History
Figure 3.20 illustrates the process of viewing waste history. The user
navigates to the History Page and requests to view their history. The system checks
if the user is authenticated. If the user is authenticated which means that they have
an account and logged in, the system retrieves the waste data from the database and
returns it to the user. The user can then view the history details. If the user is not
authenticated, the system redirects them to the login page for them to log in or create

an account.
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sd Delete History
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! 1 |
|
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|
|
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|
|
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|
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|
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Display Updated History

R R ‘
________________________ 4 —
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|
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A |
|
|
|
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Figure 3.21: Sequence Diagram of Delete History

Figure 3.21 illustrates the process of deleting a history entry. The user
navigates to the history page and clicks the delete icon next to the desired item. The
system then asks for confirmation from the user. If the user confirms the deletion,
the system updates the history data in the database and returns the updated history
data to the user. The user can then view the updated history. If the user cancels the

deletion, the system redirects them back to history page without making any changes.
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sd View Statistics

! System Database

Navigate to Statistics Page

Request to View Statistics

Check If User Is Authenticated

Alternative

[Authenticated] Retrieve Waste Data

Return Waste Data

Process Data

Display Data in Statistical Graph/Chart
P

Figure 3.22: Sequence Diagram of View Statistics
Figure 3.22 illustrates the process of viewing waste statistics. The user
navigates to the statistics page and requests to view the statistics. The system checks
if the user is authenticated. If the user is authenticated which means that they have
an account and logged in, the system retrieves the waste data from the database and
returns it to the user. The user can then view the data displayed in a statistical graph
or chart. If the user is not authenticated, the system redirects them to the login page

for them to log in or create an account.
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sd View Profile
! System Database
User

| | 1
1
1
Navigate to Profile Page :
|
1
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|
|
|
l
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Figure 3.23: Sequence Diagram of View Profile
Figure 3.23 illustrates the process of viewing the user profile. The user
navigates to the profile page and requests to view their profile. The system checks if
the user is authenticated. If the user is authenticated which means that they have an
account and logged in, the system retrieves the profile data from the database and
returns it to the user. The user can then view their profile details. If the user is not
authenticated, the system redirects them to the login page for them to log in or create

an account.
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sd Edit Profile Details
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Figure 3.24: Sequence Diagram of Edit Profile Details

Figure 3.24 illustrates the process of editing profile details. The user
navigates to the profile page and clicks “Edit Profile”. The system redirects the user
to the edit profile page and retrieves the existing data from the database. The user
edits the details and returns the changes to the system. The system validates the input
and returns the validation result. If the input is valid, the system updates the data in
the database with the new values, displays a success notification, and allows the user
to view the updated profile details. If the input is invalid, the system displays an error

message. This process does not have authentication as it has already been completed

in the view profile process.
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Figure 3.25: Sequence Diagram of Add Feedback

Figure 3.25 illustrates the process of adding feedback within a system. The
user navigates to the feedback page. The system then checks if the user is
authenticated. If the user is authenticated which means that they have an account and
logged in, they can enter their feedback details and submit them. The system
validates the input. If the input is valid, the feedback data is saved to the database,
and a success notification is displayed. If the input is invalid, an error message is
displayed. If the user is not authenticated, they are redirected to the login page for

them to log in or create an account.
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3.4.2.4 Class Diagram

Figure 3.26 illustrates the structure of the proposed application’s data,

including the classes, attributes, and relationships that define its core components.

Feedback

+ feedbackld: int

+ name: string

+ email: string

+ rating: int

+ feedback: string

+ dateAdded: datetime

+ addFeedback()
+ getAllFeedback()
+ deleteFeedback()

T
|
1
|

User

+ userld: int

+ email: string

+ password: string
+ googleld: string
+ dateJoined: date
+ totalPoints: int

+ totalScores: int

+ login()

+ register()

+ loginGoogle()

+ verifyForgotPassword()
+ getAllUser()

T —

Admin

+ adminld: int
+ email: string
+ password: string

-

+ login()
+addData()
+editData()
+deleteData()

Wasteltem

+ wasteld: int

+ wasteName: string

+ categoryld: int

+ photoUrl: string

+ score: float

+ dateAdded: datetime
+ userld: int

+ uploadimage(image: File)
+ classifyWaste(image: File)

1

UserProfile

+ firstName: string

+ lastName: string

+ gender: string

+ email: string

+ phoneNumber: string
+ birthday: date

+ photoURL: string

+ userld: int

+ getUserByUserld(userld: int)
+ updateUserProfile(userld: int)
+ updateUserProfilelmage(userid: int)

+ addWaste()
+ deleteWaste()

+ getCategoryByCategoryld(categoryld: int)

+ getAllwaste()
N .
1 ImageAnalyzer
Categol
i + type: string
+ categoryld: int + project_id: string

+ categoryName: string

+ categoryRecycle: string
+ isRecyclable: bool

+ categoryURL: string

+ getAliCategory()

+ addCategory(categoryld: int)

+ editCategory(categoryld: int)

+ deleteCategory(categoryld: int)

Figure 3.26: Class Diagram

+ private_key_id: string

+ private_key: string

+ client_email: string

+ client_id: string

+ auth_uri: string

+ token_uri: string

+ auth_provider_x509_cert_url: string
+ client_x509_cert_url: string

+ universe_domain: string

+ analyzelmage(image: File)

The User class has a one-to-one relationship with the UserProfile class which
means a user can have one user profile. The Admin class has a one-to-many
relationship with the User class which means an admin can manage multiple users.

The User class has a one-to-many relationship with the Feedback class which means
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a user can submit multiple feedback entries. The Wasteltem class has a one-to-many
relationship with the Category class which means a category can belong to multiple
waste items. The Admin class has a one-to-many relationship with the Feedback

class which means an admin can view multiple feedback.

3.4.3 Physical Design

Hello Waste!
Ready to Sort?

302 46
POINTS DAYS JOINED

Figure 3.27 shows the home screen which is the first
screen the user will interact with as soon as they open the
app. If the user is logged in, it will show the points, days

joined, and the number of items sorted.

Figure 3.27: Home Screen
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SORTIFY

s,

)

Figure 3.28 shows the login screen where the user needs

Waléome to enter their email and password to log into the app.

Enter your email to continue

They can also login with Google. By clicking

[ Email

“Register”, it will navigate the user to the register screen

l Password

as shown in Figure 3.29.

Don't have an account? Register

-~

(> Sign In with Google

Figure 3.28: Login Screen

SORTIFY
L
Y

)

First Name

Figure 3.29 shows the register screen where the user

Last Name

Password

create an account.

Confirm Password

l
l
[ Email needs to provide their name, email and password to
|
|

Already have an account? Login

& Ssign In with Google

Figure 3.29: Register Screen
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< Return

Forgot Password?

Please enter the email associated with your
account,

1 Enter your email here J
— Figure 3.30 shows the forgot password screen where the
Reset Password

user needs to enter their email that associated with
existing account. After submitting, the system will send
a reset link through email and user can set their new

password.

Figure 3.30: Forgot
Password Screen

Figure 3.31 shows the scanner screen which is main
feature of the app. The user can directly capture the
image by clicking the capture button or can click the file

picker icon at bottom right to open the gallery.

® o

Figure 3.31: Scanner Screen
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Figure 3.32 shows the scanning results screen where a
box will appear from the bottom. The box consists of the

— scanning results, save button, and report button.

Plastic

Many bottles are made of PET or HDPE plastic.
Glass

Glass bottles should be sorted accordingly.
General waste

Contaminated or non-recyclable bottle
types.

F

Figure 3.32: Scanning
Results Screen

Activities
v .

@<

Recycling Value Calculator Gold

Figure 3.33 shows a screen of the list of activities. The

-

activities will be unlocked once the user reach certain

tier.

Figure 3.33: List of
Activities Screen
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< LEADERBOARD

Waste Sorting
302
Nur Hafizah Ramli
15
04 Mira Filzah 0
04 Hannah Delisha 0
04 Amelia Henderson 0
04 Billie Eilish 0

Figure 3.34: Leaderboard
Screen

< Retumn

WNOWNOUR TIRAST

/ How to Play? \

1. Match the correct waste type to the item
displayed above.

Tap the correct waste type for
Aerosol Can (Full)

2. Watch the green timer ring — it shows how
much time you have.

3. Tap the item before the green ring
disappears!

4. Earn points for every correct match.

oxm

5. The game speeds up as your score

y

Figure 3.35: Gamification
Screen

Figure 3.34 shows the leaderboard where the ranks are
decided by total of points collected by the users. The user
with the highest total of point will take the first place and

SO On.

Figure 3.35 shows the game, “Know Your Trash”, where
firstly the game instructions will display. User can click

“Start Game” to start the game and collect scores.
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< RECYCLING VALUE CALCULATOR
RM 0 ‘

You can earn money by recycling at your
nearest recycling center.

CALCULATOR
Weight-based (per kg)

Newspaper

Calculate

Item-based (per unit)

CPU Set

Figure 3.36: Recycling

Value Calculator

Waste Sorting

Bronze 302

Waste

Sorting

w0 @gmail.com

Edit Profile

Figure 3.36 shows the recycling value where the top
section is the total monetary value of the user’s waste
collection based on the current market rates. The bottom
section states the categories that contributes to the

monetary value.

Figure 3.37 shows the profile screen that includes the
statistics button that will lead to the statistics page as
shown in Figure 3.39, settings button, logout button,
profile image, member tier for registered user, and a
glimpse of the profile details. By clicking the “Edit
Profile” button, it will navigate the user to the page as

shown in Figure 3.38.

Figure 3.37: Profile Screen
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< Retumn

Edit Profile Details

Figure 3.38 shows the edit profile screen which consist of

the form that includes first name, last name, gender, email,

phone number, and date of birth fields.

Figure 3.38: Edit Profile
Screen

Figure 3.39 shows the statistics screen where the top

section shows the statistical graph of total waste items

. scanned. The bottom section is a pie chart of the waste

< types recognized.

# Metal: 3 General woste: 5 Plastic: 2
Food waste: | Compostable: |
# Textiles and clothes: 2 4 Dry Recyclables: | 4 Glass: |

# Bulky waste: |

[ o
® ] =K [ ]

Figure 3.39: Statistics
Screen
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History

Q search X

Date Added (Oldest)

/ FILTERS

Silk
Textiles and clothes, General waste

Figure 3.40 shows the history screen where a list of

(‘ | Drink
ﬂ Metal, Plastic, Glass
o scanned waste items will be listed, and it is scrollable.
: : ;I:::Iirilns(ic, General waste
4/ o This page consists of search bar, filter button, and sort

Food waste, Compostable

"

b
. "

dropdown where a container will open as soon as the user

Table top
. P click the filter button.
s}
" Paper bag
. Dry Recyclables

>

Figure 3.40: History—
Screen

3.5 Chapter Summary

This chapter focuses on the important steps of requirement analysis and design for he
proposed application. It emphasizes the methodology of the proposed application with utilizes
Agile approach that offers advantages for the proposed application particularly in term of
efficient time management, cost reduction and iterative development. The analysis phase looks
at data, the system itself, and the functions it needs to perform, helping to clarify how the
system will work and meet user expectations. The design phase discusses the system’s
structure, how it will be logically organized, and the design of the user interfaces, giving a clear

plan for building the solution.
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CHAPTER 4: IMPLEMENTATION AND TESTING

4.1 Introduction

This chapter presents the detailed implementation and testing phases of the proposed
application. After determining the problem and architectural design of the system in the
previous chapters, the focus now shifts to how the system was developed and tested. This
chapter discusses the selected technologies, their roles in achieving the system’s objectives,
and explaining each of the main modules of the application. In addition, this chapter discovers
the execution flow from the user’s point of view and the administrator that provides an
overview of the project’s code structure, and describes the main challenges together with its
solution. The development process has followed a modular and iterative approach, with
continuous testing and improvements based on feedback and system requirements. A big part
of the testing focused on the integration of the Google Vision API, which enables the object

recognition and label detection features in the app.

4.2 Implementation

The implementation phase focuses on converting the planned system design into a
working application. This involves setting up the front-end and back-end, integrating third-

party services, and ensuring that each component works together as intended.

4.2.1 Technologies Used
The development required the use of several key technologies to ensure that the
system functions effectively and is user-friendly. Each tool and platform was chosen based

on its suitability to meet the project’s objectives.
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4.2.1.1 React Native

React Native, an open-source mobile application framework developed by
Meta (Joshi, 2025). In building this mobile application, React Native has been
selected from other frameworks such as Flutter because of its ability to build cross-
platform apps (Android and i0S) by only using a single JavaScript codebase. In
addition, previously experiences with React for web development reduces the
learning curves for React Native. This facilitates faster development and has allowed
for greater code consistency and maintainability across both web and mobile
platforms. Moreover, one of its main advantages is that React Native also allows the
reuse of codes, components or logic developed from previous React projects that can
be effectively adjusted for this proposed project. React Native has a broader
community and resource which makes it more accessible and easier to learn
compared to other frameworks. Additionally, since the app frequently interacts with
native device features like the camera for image scanning, React Native is a practical

choice due to its robust integration with native modules.

Figure 4.1: List of Project Dependencies
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Figure 4.1 shows a range of dependencies and packages to improve the
development efficiency, support essential functionalities, and improve the overall
user experience. These dependencies include libraries for the user interface
components, (@react-navigation for seamless navigation, form handling with react-
hook-form, network requests using axios, (@react-native-firebase and (@react-
native-google-signin for authentication and real-time data synchronization. Then,
several dependencies such as react-native-image-picker, react-native-image-resizer,
react-native-vision-camera, and react-native-fs are used to enable the camera
functionalities which are for capturing and processing images during the scanning
process. These dependencies ensure that image input from users can be used

effectively to identify and classify waste.

4.2.1.2 Firebase

Firebase is one of the most widely used technologies on the market today that
provide a range of features such as real-time data synchronization, user
authentication, cloud storage, and static hosting, all of which are supported by
Google (Sureka, 2022). This project used several Firebase services such as Firebase
Authentication that manages the registration and login processes, Cloud Firestore,

Firebase Storage, and Firebase Rules to protect sensitive data.

Figure 4.2: Firebase Authentication

Two authentication providers are enabled which are email/password and
Google Sign In as shown in Figure 4.2. Cloud Firestore, a NoSQL cloud database,

has a real-time syncing and scalability that provide a simple way to store data. By
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using Firebase, it simplified the backend deployment and reduced the need to

manage a dedicated server or database manually.

4.2.1.3 Google Vision API

Google Vision API is a cloud-based machine learning service that extracts
information from images and was integrated in this project to support image-based
waste classification. For this project, two specific features were integrated which are
object localization and label detection. Both were chosen because certain objects
may be detected by one feature but not the other one that depends on the image
angles or background complexity.

Label detection provides general labels that describe the overall content of
the image such as items, places, activities, animals, or other types of elements.
Meanwhile, object localization focuses more detailed analysis by detecting and
locating specific objects in the image using bounding boxes (Daminion, 2023).
These bounding boxes help visually highlight the identified objects in the image,
which is useful in cluttered or multi-object scenarios. By combining object
localization and label detection, the system ensures more robust, accurate, and user-
friendly classification, even in cases where the image is not ideal.

While Google does not explicitly state which machine learning model
powers the Vision API, it is reasonable to assume that EfficientNet, a convolutional
neural network (CNN) developed by Google, is part of its underlying architecture.
EfficientNet has demonstrated superior performance in various image classification
tasks due to its balanced scaling of depth, width, and resolution (Tan & Le, 2019).
Furthermore, article such as “DeepFake Image Detection and Classification using

EfficientNet Model” by Singh et al. have shown that EfficientNet performs
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exceptionally well in high-accuracy classification scenarios like waste image
recognition. Given this, it is plausible that Google Vision API utilizes EfficientNet
or its variants to achieve its accurate and efficient image labelling and object
detection capabilities.

In terms of cost management, the application is designed to operate within
the Google Cloud free tier, which includes 1,000 units per month for Vision API
usage at no charge. Usage is carefully monitored before sending to stay within these
limits and prevent unexpected charges. If usage exceeds the free tier, additional costs
will be covered, with pricing starting at approximately RM 6.55 per 1,000 units for

Label Detection and RM 9.82 per 1,000 units for Object Localization.

4.2.1.4 Dataset Used

A publicly available dataset was used from Kaggle titled “Waste
Classification Data” to support the classification logic and expand the application’s
object list. The dataset contains 22500 images of organic and recyclable waste items
(Sekar, 2019) and approximately 1000 images were selected for testing purposes. In
addition, 940 images sourced from Google were also used for testing. These images
were categorized into four types which are single item with a white background,
single item with a dark background, multiple items with a white background, and
multiple items with a dark background. While the app does not train a machine
learning model directly, the dataset was applied during testing to have a better
understand of typical waste item labels and to build a structured object-category

mapping in the Firebase database.
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4.2.1.5 Other Tools

In addition to the core technologies, there are several other tools that have
supported the implementation process. Visual Studio Code, a powerful editor, plays
a big role in developing this project as it provides an effective environment for
writing, organizing, and maintaining the codebase. Next, Android Studio is primarily
used for its Device Manager feature as it allows an emulation of the mobile
application on different Android devices to ensure that the application can work
properly across screen sizes and configurations for an efficient testing. In addition,
Figma is used during the design phase to create the UI/UX mockups, layout flows,
and visual components of the application before its implementation. Finally, Git is
used to ensure a track of code changes for code reviews to prevent data loss during
development. Figure 4.3 shows the repository for this project in GitHub. These tools
have been chosen because of their reliability, strong community support, and ability

to integrate smoothly into the project’s workflow.

Figure 4.3: Sortify Repository in GitHub
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4.2.2 System Modules
This section explains the main modules that make up the application. These
modules work together to handle image input, communicate with the Google Vision API,

display results, manage waste item data, and support administrative actions.

4.2.2.1 Front-End Implementation

This section refers to the user interface and experience (UI/UX) part of the
app, which is implemented entirely in React Native. The structure is organized under
the “screens” directory, where each folder corresponds to a specific screen or
functional section of the mobile app. This modular design helps in maintaining
scalability, readability, and ease of navigation. Figure 4.4 shows some of the main

modules.

v screens
ActivitiesScreen.js
FeedbackScreen.js
ForgotPasswordScreen.js
HistoryScreen.js
HomeScreen.js
LoginScreen.js
ProfileScreen.js
RegisterScreen.js

ScanScreen.js

SettingsScreen.js

StatisticsScreen.js

Figure 4.4: Files in Screen Folder
“ActivitiesScreen” displays a list of some fun activities or games related to
waste sorting or environmental conservation. “FeedbackScreen” allows users to
submit their opinions, suggestions, or report issues within the app for the developers
to improve the app experience. “ForgotPasswordScreen” handles the password
recovery process. “HistoryScreen” presents a chronological list of all scanned waste
items by the user to keep track of their personal disposal habits. “HomeScreen” acts

as the main landing page. “LoginScreen” acts as the entry point for returning users
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and admin to access their personalized content by logging in using their email and
password or through Google Sign In. “ProfileScreen” shows the user’s profile details
and allows them to edit. “RegisterScreen” allows new users to create an account by
providing necessary information. “ScanScreen” is the core functionality of the app,
enabling users to capture or upload an image of waste, which then processed via the
Google Vision API to classify the waste type and provide disposal guidance.
“SettingsScreen”  offers app preferences and customization options.
“StatisticsScreen” visualizes waste management data through charts and summaries
to motivate improvement through data-driven insights. Each screen is styled using
react-native-paper and responsive design using Flexbox and ScrollView to support

different screen sizes.

4.2.2.2 Backend Integration

The backend of the Waste Sorting Application was developed using Firebase
Firestore and Firebase Storage. Both offer real-time performance, scalability, and
ease of integration with React Native. Firestore serves as the main cloud database
and Firebase Storage is used to handle images uploaded by user. In this project, the
database consists of multiple collections such as ‘“categories”, ‘“‘counters”,

b1 2 ¢

“feedbacks”, “issues”, “objects”, “users”, and “wastes” as shown in Figure 4.5.

+ Start collection

Figure 4.5: Firestore Collections
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The “users” collection stores user information, including first name, last
name, email address, phone number, profile photo URL, gender, birthday, date
joined, and a unique user ID. The “counters” collection is used to increment and
track user IDs each time a new user registers. The “categories” collection contains
predefined waste categories, each with a category ID, name, image URL,
description, and a Boolean field indicating whether the category is recyclable. The
“objects” collection contains information about common item names that can be
recognized by the system and are linked to a corresponding “categoryld” from the

3

“categories” collection. The “wastes” collection saves scanned waste records,
including the waste name, detection results such as waste type and confidence score,
image URL, date added, and associated user ID. The “feedback™ and “issues”
collections record the feedback and issues submitted and reported by user during app
usage.

[ category_images/

[ issue_images/

[ profile_images/

[(5 wastes_images/

Figure 4.6: Firebase Storage Files
Each time a user scans an item, submits an issue, updates their profile image,
or when an admin uploads a category image, the image is first validated and then
uploaded to Firebase Storage. Once uploaded, Firebase returns a public URL, which
is then stored in Firestore under the relevant collection. Figure 4.6 shows the list of
files in the Firebase Storage which are “category images”, “issue image’m
“profile_image”, and “wastes _images”. Each directory helps organize the uploaded

images based on their purpose to ensure easy management.
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The backend also supports administrator actions. Admin users can log in
securely to manage entries in the objects and categories collections via the content
management system (CMS). This includes adding new object or category, updating
information, and reviewing user feedback or reports. Firestore’s real-time
capabilities ensure that any updates made by the admin are immediately updated in

the app without requiring manual refreshes.

4.2.2.3 Google Vision API Integration

Images captured or selected by users are first converted into Base64-encoded
strings to perform the detection. These encoded images are then sent in a POST
request to the Vision API using Axios. Figure 4.7 shows the snippet that

demonstrates the implementation of this request.

t response

key="GOOGLE_VISION_API_KEY ',

Figure 4.7: Vision API request

The API responds with a list of label annotations and localized objects
together with its confidence score. The application processes both sets of results and
removes any duplicate labels. The unique list of detected objects is then matched
against the existing entries in the Firestore “objects” collection. If a match is found,
the corresponding “categoryld” is retrieved and used to access additional details
from the categories collection, such as disposal instructions and recyclability status.
Once the classification is completed, the application uploads the image to Firebase

Storage, and saves the image URL and classification results to the “wastes”
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collection in Firestore. This enables users to maintain a personalized history of

scanned waste items for future reference.

Figure 4.8: Label Detection and Object Localization Results

An example is shown in Figure 4.8. An image of plastic straws returns a label
detection result of “Drinking Straw” with the highest confidence score, while the
object localization feature fails to detect a defined object. This scenario is common
when objects lack clear edges, is photographed at an awkward angle, or if the API
lacks training data for that specific context. Even in such cases, label detection
provides sufficient information for the app to determine the correct waste category.
This proves that it is important to integrate both features, label detection and object
localization, into the system to get accurate identification and classification of

wastes.

4.2.3 Flow of Execution
This section outlines the step-by-step process of user interactions, image
processing, and communication with the Google Vision API. Additionally, it explains how

the system handles different user roles, such as regular users and administrators.
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4.2.3.1 Regular User Workflow

For regular users, after authentication, the app directs them to the main user
interface composed of a bottom tab navigator with several key sections which are
Home, Activities, Scan, History, and Profile as shown in Figure 4.9. Customer
actions are smoothly managed through stack navigators for logical screen grouping

and seamless navigation.

Figure 4.9: Bottom Bar

Each registered user is assigned with a unique “userld” greater than 5 to
differentiate them from administrative accounts in the system. This “userld” is used
throughout the application to link personal data, such as waste scan history, feedback
submissions, and activity logs. For unregistered users or users who choose to explore
the app without signing in, features access is limited. They can only view the Home
and Scan screens. This limited access still allows them to scan waste items and
receive instant classification results using the Google Vision API. However, in order
to save scans to track waste sorting history, they are prompted to create an account
or log in. This approach ensures the app remains usable and helpful even to new or
casual users, while encouraging registration for access to more advanced features

and long-term benefits.
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4.2.3.2 Administrator Workflow

v Admin

Js AddltemModal.js
Js AdminList.js

Js CategoryCMS.js
Js EdititemModal.js
Js FeedbackCMS.js

Js IssueCMS.js

J5 ObjectCMS.js
Js SkeletonCMS.js
Js UserCMS.js

Js WasteCMS.js

Figure 4.10: Files in Admin Folder

Administrators have access to specialized Content Management System
(CMS) screens for managing and maintaining the overall system. Administrators are
identified in the system by having a “userId” less than or equal to 5 to differentiate
from regular users. Figure 4.10 shows the “Admin” folder which is to support the
administrative tasks by organizing the admin interface into some modules.

“CategoryCMS” manages waste categories where Admins can add, edit, or
remove categories to ensure accurate classification and up-to-date disposal guidance.
“ObjectCMS” is used to maintain the object reference database. Admins can delete
the object data, associate them with waste categories, and add new entries for objects
that are not detected by the Google Vision API. This ensures continuous
improvement and accuracy of the waste classification. “FeedbackCMS” and
“IssueCMS” allows admins to view user feedbacks or issues that are submitted
through the application for future improvement. “UserCMS” is to manage user
accounts by viewing user profiles, checking registration details, and applying actions
such as disabling or promoting users as needed to maintain community standards
and system integrity. “WasteCMS” displays all recorded waste entries scanned by
users to ensure accurate tagging, track common waste patterns, and audit detection

results. The other files are just the components in creating the CMS.
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These screens allow admins to perform CRUD operations and manage the
app content dynamically. As more users scan waste through the app, the object list
naturally expands. Admins are responsible for validating and updating this growing
database. If certain objects are not detected by the API, they can be manually added
through the “ObjectCMS” module to improve future classification. This separation
ensures administrators have a secure, dedicated area to perform high-level
management tasks without interference from the general user flows, while

maintaining consistent navigation and theming across all app areas.

4.2.4 Code Structure and File Organization

src
auth
components
context
hooks
screens

sections

theme
utils

vendor

gitignore
§ .zshrc

s App.js
0

Js jest.config.js

)5 metro.config.js
{} package.json

J$S react-native.config.js
README.md
tsconfig.json

Figure 4.11: Code Files Repository
Figure 4.11 shows the basic structure of the project’s source code that was
organized into folders. The codebase follows a modular and scalable structure centred
around React Native and React Navigation. At the root is the “App.js” file which initializes
global providers and configures navigation. The “AuthContext” manages user

authentication and global user state, accessed via a custom hook “useAuth”. This enables
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components to reactively respond to login state changes. The application uses React
Navigation’s stack and tab navigators to switch between authentication-related screens,
the main app interface, and admin panels based on user ID. The app uses react-native-
paper for Ul components with a custom theme extending the default. The theme is
provided globally to maintain consistent colours and fonts. Additional reusable
components like Toast notifications and icon sets, Iconify enhance the Ul experience
without cluttering screen logic.

» hooks

Js getAllUsers.js

Js getAllWastes.js
Js getCategories.js

Js getCategoryByCategoryld.js
Js getObjectByObjName.js
Js getObjects.js

Js getUsers.js

JS getWastes.js

Figure 4.12: Files in Hooks Folder

Figure 4.12 shows the directory in the project that contains custom React hooks
responsible for fetching and managing data from the backend API. These hooks abstract
away the logic of making API requests and provide reusable, clean interfaces for various
components to consume data asynchronously. Each hook corresponds to a specific data
entity in the application to ensure maintainable code.

“getAllUsers” fetches a list of all users from the backend. It is used primarily in
administrative to display and manipulate user data. “getAllWastes™ fetches all waste
records stored in the system and it is also useful for administrative reports that require a
comprehensive overview of waste items. “getCategories” fetches all waste categories
available in the database to associate with the Google Vision API same goes with
“getObjects”. “getObjects” fetches all waste objects available in the database.
“getCategoryByCategoryld” fetches detailed information about a specific waste category

based on its unique category ID. It is used when detailed category information is required,
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such as in displaying waste category information for users to learn same goes with
“getObjectByObjName”. “getObjectByObjName” fetches data for a particular waste
object by its name. “getUsers” fetches the currently authenticated user’s data to personalize
the app experience. “getWastes” fetches currently authenticated user’s waste data to
supports waste tracking, history views, and data analytics. Each hook typically manages

its own loading and error states internally.

4.3 Testing

This section outlines the testing efforts carried out to ensure that the application
functions as intended and meets the project’s objectives. A series of structured test cases were
designed and executed to evaluate the system across different criteria, including functionality,

reliability, usability, and efficiency.

4.3.1 Testing Strategy and Environment

The testing strategy for this project followed a black-box testing approach, where
the system functionalities were evaluated based on inputs and expected outputs without
considering the internal code structure. The aim was to verify that the application met all
functional and non-functional requirements, particularly for waste scanning using the
Google Vision API, user interaction flows, and admin content management.

Functional testing was carried out for major modules, including waste scanning,
user authentication, and admin content management. Each feature was tested with valid,
invalid, and edge case inputs to evaluate system responses under different scenarios. The
application was tested primarily on Android devices, with various screen sizes to ensure

responsive design and compatibility. Firebase Firestore and Storage were tested for data

88



consistency, and Google Vision API was validated using a range of real-world waste
images under different lighting conditions and backgrounds.

Informal user testing was conducted with a small group of testers who provided
feedback on layout, ease of use, and clarity of features to evaluate the usability. This was
supplemented by user surveys that collected subjective evaluations of the interface,
accuracy of results, and satisfaction. This testing environment ensured that the app was
validated in conditions similar to real-world usage and maintained consistency across

devices and networks.
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4.3.2 Test Cases and Results

Tables 4.1 to 4.3 present the functionality test cases, while Tables 4.4 to 4.6 cover the reliability tests. Tables 4.7 to 4.9 summarize

the tests conducted for efficiency.

Functionality
Table 4.1: Test Case Functionality - Waste Scanning (Google Vision API)
Waste Scanning (Google Vision API)
ID | Test Scenario Test Description Test Data Expected Result Status | Severity Notes
F1 | Camera Choose “Only this time” or N/A Camera launches Pass High | N/A
permission “While using the app”. successfully.
granted
F2 | Camera Choose “Don’t allow”. N/A Camera won’t work and only | Pass | Medium | App should not
permission file picker option works. crash if
denied permission is
denied.
F3 | Capture image Take photo using camera. N/A Image captured and Pass High | Ensure phone
previewed in app. storage is enough.
F4 | Select image Tap file picker icon at N/A Selected image appears and Pass High | N/A

from gallery

bottom right of the screen.

Choose an image.

proceeds to scanning.
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F5 | Scan known Upload clear image of Display the item’s label with | Pass High | Label should
object known item. its confidence score and the match object data
result. in Firestore.
F6 | Scan unknown | Upload image not in Display “No item detected”. Pass | Medium | N/A
object objects list.
F7 | Display scan Complete analyzing image N/A Display label, category, and Pass High | N/A
result process. its description.
F8 | Save scan result | Confirm scan result by N/A Data stores in Firestore under | Pass High | Able to view in
pressing “Sorted!” button. “wastes” with user ID. History page.
F9 | Report Tap flag icon beside N/A Report saves in Firestore Pass | Medium | Admin can
inaccurate result | “Sorted!” button. Submit under “issues”. review the report.
the report.
Table 4.2: Test Case Functionality - User Authentication
User Authentication
ID Test Scenario Test Description Expected Result Status | Severity Notes
F10 | Register new user | Navigate to Register screen. Enter | Account created in Firebase Pass High | N/A

all fields correctly and submit.

users collection
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F11 | Register with Navigate to Register screen. Leave | Display validation error and Pass | Medium | N/A
missing fields email blank and submit. unable to submit.
F12 | Register with Navigate to Register screen. Enter | Display validation error and Pass | Medium | N/A
invalid email invalid email format and submit. unable to submit.
F13 | Register with Navigate to Register screen. Enter | Display “Email already in Pass | Medium | N/A
existing email existing email and submit. use” error message and
unable to submit.
F14 | Register with Tap “Sign In with Google” button | Logged in successfully using | Pass High | N/A
Google and select a Google account. Google credentials.
F15 | Login valid Navigate to Login screen. Enter Logged in successfully and Pass High | N/A
credentials registered email and password. Tap | redirected to Home screen.
“Login” button.
F16 | Login invalid Navigate to Login screen. Enter Display “Invalid credentials” Pass High Should not reveal
credentials incorrect password. Tap “Login” error message and unable to if email exists
button. log in.
F17 | Forgot password Tap “Forgot Password” in Login Reset link is sent to the Pass High | Firebase sends
screen. Enter valid registered email. | following email. reset email.
F18 | Reset with wrong | Tap “Forgot Password” in Login Display “Email not found” Pass | Medium | N/A

email

screen. Enter unregistered email.

error message and unable to

reset password.
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Table 4.3: Test Case Functionality - Admin CMS

Admin CMS

ID Test Scenario Test Description Expected Result Status | Severity Notes
F19 | View user list Log in as admin and navigate to User | All users displayed with full Pass High | N/A

CMS. details.
F20 | Add new category | Navigate to Category CMS and click | New category saved and Pass High | Image stored in

“Add”. Fill form and submit. listed. Firebase Storage.
F21 | Edit category Navigate to Category CMS. Click on | Category details updated in Pass High | N/A

the three dots icon and select “Edit”. Firestore.

Edit name and save.
F22 | Invalid object data | Add object with empty name field. Display an error message and | Pass High | N/A

prevent submission.

F23 | Delete feedback Navigate to Feedback CMS. Click on | Feedback removed in Pass | Medium | Should confirm

the three dots icon and select “Delete’

Confirm the deletion.

b

Firestore.

before deletion.
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Reliability

Table 4.4: Test Case Reliability - Waste Scanning (Google Vision API)

Waste Scanning (Google Vision API)

ID | Test Scenario Test Description Test Data Expected Result Status | Severity Notes
R1 | Scan with Upload the same image 5 Display consistent label. Pass High | N/A
same image | times.
repeatedly
R2 | Scan image Upload image with Display several labels. Pass | Medium | Accuracy depends on
with multiple | multiple objects. the confidence score
items of the labels.
R3 | Scan blurry Upload blurry or unclear " Display “No item detected” | Pass | Medium | N/A
image image. I or inaccurate labels.
Ca
R4 | Large image | Upload image with the size N/A Display an error message Pass | Medium | N/A
size handling | of more than 30MB. and reject the image.
RS5 | Unsupported | Upload image in bottle.pdf | Display error message and | Pass | Medium | N/A
image format | unsupported format. reject the image.
handling
R6 | Network Disconnect internet and try N/A Display an error message Pass | Medium | Should retry or handle
interruption | to upload image. and app does not crash. gracefully.
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Table 4.5: Test Case Reliability - User Authentication

User Authentication

ID Test Scenario Test Description Expected Result Status | Severity Notes
R7 | Network interruption | Disconnect internet and try | Display an error message and Pass | Medium | Should retry or handle
to log in. app does not crash. gracefully.
Table 4.6: Test Case Reliability - Admin CMS
Admin CMS
ID Test Scenario Test Description Expected Result Status | Severity Notes
R8 | Network interruption | Disconnect internet and try | Display an error message and Pass | Medium | Should retry or handle
to submit category. app does not crash. gracefully.
Efficiency
Table 4.7: Test Case Efficiency - Waste Scanning (Google Vision API)
Waste Scanning (Google Vision API)
ID Test Scenario Test Description Expected Result Status | Severity Notes
E1 | Fast scan result Upload image and measure Result returned within 3 | Pass | Medium | Measures performance

time

response time.

seconds

under normal conditions.
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Table 4.8: Test Case Efficiency -User Authentication

User Authentication

ID Test Scenario Test Description Expected Result Status | Severity Notes
E2 | Time to login Complete login with valid input Result returned within 3 | Pass | Medium | Measures performance
and measure response time. seconds under normal conditions.
Table 4.9: Test Case Efficiency - Admin CMS
Admin CMS
ID Test Scenario Test Description Expected Result Status | Severity Notes
E3 | Load list quickly | Go to Object CMS with 300+ Result returned within Pass | Medium | N/A

records and measure response time.

5 seconds
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4.3.3 Usability Testing

A user testing session was conducted using a Google Form to assess the usability
of the waste sorting mobile application. A total of 32 responses were collected from users
who interacted with various features of the app. The goal was to evaluate the app’s ease of

use, visual clarity, navigation, and overall user experience.

Which features did you use/test in the app? Ciri-ciri manakah yang anda gunakan/uji dalam aplikasi
ini?
32 responses

Scanning Image (Capture Image

via Camera) 32(100%)

Scanning Image (Chaose Image

via File Picker) 20 (%)

Game: Know Your Trash

22 (68.8%)

Recycling Value Calculator 22 (68.8%)

Figure 4.13: Test Results on Features Tested by Respondents
Figure 4.13 shows that all 32 respondents used the “Scanning Image (Capture
Image via Camera)” feature that makes it the most tested feature. The image selection via
file picker was used by 30 respondents. The interactive game “Know Your Trash” and the

“Recycling Value Calculator” were both used by 22 users.

Did all the features work as expected? Adakah semua ciri berfungsi seperti yang diharapkan?
32 responses

@ Al Yes
® Some Yes
@ All No
@ Some No

Figure 4.14: Test Results on Whether All Features Worked as Expected
Figure 4.14 shows that a large majority of respondents stated that all features
worked as expected. Two users reported that only some features worked, and one user

reported that some features did not work.
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Were you able to correctly identify waste using the app's scanning function? Adakah anda berjaya

mengenalpasti jenis sampah dengan betul menggunakan fungsi imbasan aplikasi?
32 responses

@ Yes, most of the time
@ Sometimes

Not At All
@ | didn't use this feature

Figure 4.15: Test Results on User Ability to Identify Waste using Scanning Function
Figure 4.15 shows that most users were able to correctly identify waste using the
scanning feature. Nine users selected “sometimes”, indicating that while the recognition

was fairly accurate, some images may have caused confusion or misidentification.

Was the scanning result accurate? Adakah keputusan imbasan tepat?
32 responses

® Yes
@ No

Figure 4.16: Test Results on Accuracy of Scanning Result
Figure 4.16 shows that 31 out of 32 respondents agreed that the scanning result was
accurate. Only one respondent reported inaccuracy. This reflects high confidence in the

system’s classification performance.

How easy was it to navigate the app? Sejauh mana mudahnya untuk anda mengendalikan aplikasi
ini?
32 responses

30

20

0(0%) 0(0%) 0(0%)

Figure 4.17: Test Results on Ease of Navigation
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Figure 4.17 shows that users found the app very easy to navigate. Out of 32
responses, 29 rated the navigation as very easy. No one rated it below 4 which confirms

the strong usability design.

How would you rate the app’s design and layout? Bagaimana anda menilai reka bentuk dan susun
atur aplikasi ini?
32 responses

40
30 31 (96.9%)
20
10

0(0%) 0(0%) 0(0%) 1(3.1%)
[

1 2 3 4 -]

Figure 4.18: Test Results on the App's Design and Layout
Figure 4.18 shows a similarly positive view of the app’s user interface. 31 users
rated the design and layout as “5”, and 1 rated it “4”. This suggests that the visual design

and layout effectively support the user experience.

Did you need help or instructions to use the app? Adakah anda memerlukan bantuan atau panduan

untuk menggunakan aplikasi ini?
32 responses

@ Yes, | needed help
@ No, | figured it out easily

Figure 4.19: Test Results on Whether Needed Instructions to Use the App
Figure 4.19 shows that 27 users were able to use the app without help, while 5 users
required assistance. While the majority found the app intuitive, this also suggests that

onboarding or help screens could benefit new users.
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How was the image recognition accuracy? Bagaimanakah ketepatan pengecaman imej dalam
aplikasi ini?
32 responses

20

17 (53.1%)

14 (43.8%)

0(0%) 0(0%) 1@ 1%)

1 2 3 4 -]

Figure 4.20: Test Results on User-rated Image Recognition Accuracy
Figure 4.20 shows that 17 users gave a “4” and 14 gave a “5”, indicating that most

found the image recognition quite accurate. One user rated it “3,” which may reflect

occasional inconsistencies in label detection.

Would you use this app in real life if it were available on the Play Store? Adakah anda akan

menggunakan aplikasi ini jika ia terdapat di Play Store?
32 responses

@ Yes
® No
Maybe

Figure 4.21: Test Results on Willingness to Use the App if Available on Play Store
Figure 4.21 shows that 23 respondents would use the app in real life, while 9

selected “Maybe.” No users rejected the idea, indicating strong user interest in the app’s

continued use and distribution.

What features would you like to see in future updates? (Optional)
Ciri-ciri apa yang anda ingin lihat dalam aplikasi ini?

5 responses

Can detect specific jenis botol seperti kaca
Nearby location for waste disposal

maybe can show me where the nearest recycle place

Figure 4.22: Test Results on User Suggestions for Future Updates
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Figure 4.22 shows the open-ended feedback from users. Some suggestions for
improvement include adding a “nearby recycling location” feature and enhancing material
recognition, such as distinguishing glass from plastic bottles. These responses provide

direction for future feature enhancements.

101



4.3.4 Sample Recognition Results Using Google Vision API

Figure 4.23 shows the confidence scores from the Google Vision API when recognizing individual waste items with a white
background. The results show a moderately high average accuracy, though some scores fall below 0.70, likely due to small or less visually

distinct items. The uniform white background generally supports recognition but may not provide sufficient contrast for every object.
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Figure 4.23: Recognition Results - Single Item with White Background
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Figure 4.24 shows the results for individual items that were placed on a dark background to observe any variation in detection
performance. As seen in the figure, while several confidence scores remain high, the overall average is slightly lower than with a white

background. Each dark background of each image does not provide the same contrast which might make difference to the confidence scores.
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Figure 4.24: Recognition Results - Single Item with Dark Background
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Figure 4.25 shows the results

scores are generally higher. This is to
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Figure 4.25: Recognition Results - Multiple Items with White Background
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Figure 4.26 shows the results when multiple identical or similar items are shown together on a dark background. Recognition accuracy
remains high in this scenario with many confidence scores above 0.90, possibly because the repeated items create stronger visual pattern.

However, slight drops in score can occur if object edges blend into the background.
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Figure 4.26.: Recognition Results - Multiple Items with Dark Background
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Table 4.10: Confidence Score Summary Across Image Scenarios

Test Scenario Total Samples | Min Confidence | Max Confidence | Avg. Confidence | Dominant Score Range
Single Item with White
138 0.508 0.992 ~0.845 0.80-0.98
Background
Single Item with Dark
138 0.509 0.992 ~0.835 0.75-0.98
Background
Multiple Items with White
135 0.508 0.995 ~0.869 0.80-0.98
Background
Multiple Items with Dark
139 0.523 0.995 ~0.867 0.75-0.98
Background

Table 4.10 presents a comparative analysis of the confidence scores returned by the Google Vision API for different waste image
scenarios. The key metrics compared are the number of samples tested, the minimum and maximum confidence scores, the average confidence
score, and the dominant confidence score range. These scenarios were chosen to assess how background colour and item quantity affect object
recognition accuracy and reliability. The four scenarios include:

1) Single Item with White Background
2) Single Item with Dark Background
3) Multiple Items with White Background

4) Multiple Items with Dark Background
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The single item with a white background scenario showed a relatively high average confidence score of approximately 0.845, with
most scores falling in the 0.80 to 0.98 range. The white background likely helped the Google Vision API isolate the object with minimal noise
or distractions, contributing to higher accuracy. This aligns with typical machine vision performance, where clean and uncluttered backgrounds
result in better recognition. Meanwhile, for the one with dark background, the average confidence dropped slightly to around 0.835. While
the system still performed well, the darker background may have introduced minor shadows or contrast issues that affected detection precision.
This demonstrates that while Google Vision can handle varying lighting conditions, white backgrounds are slightly more optimal for
recognition accuracy.

For the multiple items scenario, the one with white background yielded the highest average confidence score of approximately 0.869.
Interestingly, even with more than one object in the image, the Vision API still performed very well likely because the white background
allowed for better distinction between individual items. The system could correctly detect the primary item or return multiple high-confidence
labels. Despite the complexity of multiple objects and a dark background, this scenario still produced a high average confidence score of
approximately 0.867, very close to the white background scenario. This suggests the model is fairly robust, but performance may vary
depending on object colour, contrast, and lighting. The dominant confidence range of 0.75 to 0.98 remains consistent with the other tests,
showing reliable classification even under challenging conditions.

However, despite this, the average score for the single item scenarios was slightly lower than in the multiple items scenarios. One

possible reason for this could be the inherent ambiguity of certain small or generic items when photographed alone. For example, a single
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toothpick may not provide enough visual detail or context for accurate identification, while a group of toothpicks, as seen in the multiple items
images, becomes more recognizable to the model due to repetitive visual patterns and clearer object context. Yet, accuracy may decrease when
different types of objects are present in one image. For example, a mixed pile of unrelated waste can introduces visual complexity, making it

harder for the model to determine a dominant object, which lowers the confidence and consistency of predictions.

Table 4.11: Toothpick Recognition Results

Scenario Image Confidence Score (%)
Single Item with White 531
Background '
Single Item with Dark Not Detected
Background
Multiple Items with White
84.3
Background
Multiple Items with Dark 36.8
Background '
Mixed Pile of Unrelated Waste
includes toothpicks, plastic, 65.6
box
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Table 4.11 shows a test that was conducted using the object toothpick across various image scenarios to observe how Google Vision
API performs under different visual conditions. The toothpick test results clearly demonstrate the limitation mentioned before. A single
toothpick on a white background yielded a low confidence score of 58.1%, and it was not detected at all on a dark background. In contrast,
when multiple toothpicks were present, the confidence improved significantly with 84.3% on a white background and 86.8% on a dark
background. The repetition and quantity helped the model recognize the object more effectively by providing more pattern reinforcement. On
the other hand, accuracy tends to decrease when an image contains a mixed pile of unrelated objects. For example, the same test involving a
mixed waste pile including toothpicks resulted in a lower confidence score of 65.6%. This supports the idea that visual complexity and
competing features from different items reduce the model’s ability to determine a dominant object. The model may struggle to prioritize the
toothpick or may mislabel based on dominant features from other objects in the pile.

As shown in Figure 4.27, images containing mixed waste items often result in several undetected or misclassified items. This is due to
the increased visual complexity and lack of a dominant object. When multiple unrelated items are present in a single image, the Google Vision
API struggles to determine a clear classification. This contrasts with earlier scenarios like single item or multiple items of the same type,
where the visual pattern were more consistent and distinct. These findings strengthen the need for clearer image input, or possibly introducing

a custom-trained classifier in future work to handle complex real-world inputs more accurately.
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Figure 4.27 shows the confidence cores for images containing a mix of unrelated waste items. The results show more inconsistencies
and lower average scores that indicates difficulty in detecting a dominant object. Visual clutter and overlapping materials increase

classification challenges and often resulting in partial or failed recognition.
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Figure 4.27: Recognition Results - Mixed Waste Items
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Adapter Electronic waste Cocktail shaker Plastic, Metal Lantern Glass, General waste, Electronic waste, Metal Power bank Electronic waste
Aluminium foil Dry Recyclables, General waste Coffee cup General waste Laundry detergent Plastic Razor Dry Recyclables, Electronic waste
Apple Food waste, Compostable Coffee filter Food waste, Compostable Leaf Generalwaste Razor blade DryRecyclables
Avocado Food waste, Compostable Coffee grounds Food waste, Compostable LED bulb Hazardous waste Remote control Electronic waste
Backpack Textiles and clothes, General waste Comb Plastic, General waste Leather Textiles and clothes, General waste Salt and pepper shakers. General waste
Bag Plastic, Textiles and clothes, Paper ‘Compact disc Electronic waste Lifejacket Textiles and clothes, General waste Sandal General waste
Baked goods Food waste, Compostable ‘Computer keyboard Electronic waste Light bulb Hazardous waste, General waste, Electronic waste Sanitary towel General waste
Ball Generalwaste ‘Computer monitor Electronic waste Lighting Hazardous waste, Bulky waste, Electronic waste Saucer Glass, General waste
Bandage ‘Generalwaste, Medical waste Container Plastic, Glass, General waste, Metal Magazine Dry Recyclables, Paper Scarf Textiles and clothes, General waste
Banana Food waste, Compostable Cotton Textiles and clothes, General waste, Compostable Marker pen Generalwaste Sculpture Bulkywaste, General waste, Metal
Basket Plastic, General waste Cotton swab General waste Mask Textiles and clothes, General waste, Medical waste Shoes Textiles and clothes, General waste
Batterycell Hazardouswaste, Electronic waste Crab Food waste, Compostable Mason Jar Dry Recyclables, Glass, General waste Shirt Textiles and clothes, General waste
Beanbag Bulky waste Crayon General waste Mattress Bulky waste Shorts Textiles and clothes, General waste
Bed Bulky waste Cup Plastic, General waste, Paper Medicine Medical waste Shrimp Food waste, Compostable
Beer bottle Glass Cup lid Dry Recyclables, Plastic Metal box Dry Recyclables Silk Textiles and clothes, General waste
Bleach Hazardous waste, Chemical waste Curtain Textiles and clothes, General waste Metal lid DryRecyclables Skirt Textiles and clothes, General waste
Bookcase Bulky waste Diaper General waste Metaltin Dry Recyclables Smartphone Electronic waste
Bones ‘Generalwaste, Compostable Doll Hazardouswaste, General waste Microwave oven Electronic waste Sock Textiles and clothes, General waste
Boot Textiles and clothes, General waste Dress Textiles and clothes, General waste Mop General waste Spray Dry Recyclables, Hazardous waste, Metal
Bottle Plastic, Glass, General waste Drinking straw Generalwaste Muotorcycle Hazardous waste, Vehicle Staple DryRecyclables, Metal
Bottle cap Plastic, Metal Drum Plastic, Hazardous waste, Bulky waste, Metal Mail polish Hazardous waste Stuffed toy Textiles and clothes, General waste
Bowtie Textiles and clothes, General waste Egg Dry Recyclables, Plastic, Food waste, General waste, Paper, Compostable Mapkin Generalwaste Suitcase Textiles and clothes, General waste
Bowl Plastic, Glass, General waste Envelope General waste, Paper Notebook Generalwaste, Paper Sun hat Textiles and clothes, General waste
Box ‘General waste, Paper, Metal Feminine hygiene General waste Qil Hazardous waste Sunglasses General waste
Bracelet General waste, lewelry Figurine General waste Outerwear Textiles and clothes, General waste Surgical gloves Medical waste
Bread Food waste, Compostable File folder Plastic, General waste, Paper Paint Hazardous waste Table Bulky waste
Brochure Dry Recyclables, General waste, Paper Fluorescent bulb Hazardouswaste Painting Hazardous waste, General waste Table top Bulky waste
Brush ‘Generalwaste Flower General waste, Compostable Pan General waste, Metal Tampon General waste
Bucket Plastic, General waste, Metal Flowerpot Plastic, General waste Pants Textiles and clothes, General waste Tea bag Food waste, Compostable
Camera Electronic waste Flyer Dry Recyclables, Paper Paper bag DryRecyclables Thermometer Hazardous waste, Electronic waste
Canned packaged goods Food waste, Compostable Food Food waste, Compostable Paper cup DryRecyclables Tie Textiles and clothes, General waste
Car Hazardous waste, Vehicle Footwear Textiles and clothes, General waste Paper towel General waste Toilet Bulky waste
‘Cardboard Dry Recyclables, General waste, Paper Fork Plastic, General waste, Metal Peel Foodwaste, Compostable Toilet paper Dry Recyclables, General waste, Paper, Gompostable
Carpet Bulky waste Fruit Food waste, Compostable Pen General waste Toothbrush Generalwaste, Electronic waste, Compostable
Ceilingfan Electronic waste Frying pan General waste, Metal Pencap Plastic Toothpick General waste
Cereal box Dry Recyclables Furniture Bulky waste Pencil case Textiles and clothes, General waste Top Textiles and clothes, General waste
‘Chandelier Glass, Bulky waste, Electronic waste, Metal ~ Game controller Electronic waste Pear Foodwaste, Compostable Toy block General waste
Cheese Food waste, Compostable Glass Glass, General waste Photographic film Plastic, General waste Towel Textiles and clothes, General waste
Chest of drawers Bulky waste Glasses Generalwaste Photo DryRecyclables Twig General waste
Chewing gum Generalwaste Glove Textiles and clothes, General waste Picture frame Glass, Bulky waste, General waste Used bandages Medical waste
Chime Glass, General waste, Metal Glue Plastic, Hazardous waste Pillow Textiles and clothes, General waste Vacuum cleaner bag General waste
Christmas tree Bulky waste, General waste Grass clippings Compostable Pizza Food waste, General waste, Paper, Compostable Vacuum flask Generalwaste, Metal
Cigarette ‘Generalwaste Guitar Bulky waste, Electronic waste Plastic bag Generalwaste Vase General waste
Cleaning waste ‘Generalwaste Hairdryer Hazardous waste, Electronic waste Plastic bottle Plastic Wegetable Food waste, Compostable
Clothes hanger Dry Recyclables, Metal Halogen bulb Hazardouswaste Plate Glass, General waste Wallet Textiles and clothes, General waste
Clothesiron Electronic waste Handbag Textiles and clothes, General waste Plaster Generalwaste Wine bottle Glass, General waste, Compostable, Metal
Clothing Textiles and clothes, General waste Hat Textiles and clothes, General waste Poster Generalwaste, Paper Wine glass Glass, General waste
Coat Textiles and clothes, General waste Jacket Textiles and clothes, General waste Post-It note Dry Recyclables, Paper Wok Metal, General waste
Coaster Plastic, Glass, General waste, Compostable Jeans Textiles and clothes, General waste Potato Foodwaste, Compostable Wood chips Compostable

Figure 4.28: List of Waste Objects and Their Categories

Figure 4.28 shows the reference database used to assist the waste sorting feature in categorizing various items accurately. It contains a

wide array of objects commonly found in households and categorizes them based on appropriate waste disposal guidelines such as recyclable,
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compostable, hazardous, electronic, bulky, or general waste. It serves as the foundation for determining the waste category from the object
labels detected by the Google Vision API and also provide accurate, responsible, and automated waste disposal recommendations for users.
By scanning a large volume of images, the app is able to expand its understanding of real-world waste items, particularly those that
may be obscured, mislabelled, or unique to certain environments. This also addresses a key limitation of object detection models, which may
not always detect specific or lesser-known objects, especially when the item lacks clear visual features or is photographed in complex
conditions. The object list within the reference database is continuously growing. As more images are scanned, new labels are encountered
where some of which may not be initially recognized or classified by the API. In such cases, the system records these unidentified labels and
allows them to be manually reviewed and added to the database over time. This iterative learning approach ensures the app becomes smarter

and more comprehensive with continued usage.
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4.4 Chapter Summary

This chapter outlined the implementation phase of the mobile application, including
selected technologies, developed system modules, and user workflows. The integration of
Firebase and Google Vision API allows the application to provide smart waste classification
features in real time. Label detection and object localization has been combined to improve the
classification accuracy, and supported by a reference database that maps detected objects to
waste categories. Core features such as image scanning, object detection, and waste
categorization were successfully integrated and tested. Testing confirmed that the application
performs effectively under most conditions, with some limitations in image clarity and
recognition accuracy. Feedback from users was used to improve usability and data coverage.
Although several challenges have encountered, the system has been successfully implemented

to deliver a functional and scalable solution.
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CHAPTER 5: CONCLUSION

5.1 Introduction

This chapter provides a summary of the project’s achievements of the project, identifies
its limitations, suggest areas for future improvements, and concludes the development journey.
The main objective of this project was to develop a user-friendly mobile application that assists
users in identifying and categorizing waste items through image-based recognition. The
application enables users to upload or capture photos of waste, which are then processed using
the Google Vision API to determine the appropriate waste category. This chapter highlights
the implemented features, the practical outcomes, and the broader potential of the system in

promoting better waste management habits and environmental awareness through technology.

5.2 Project Achievements

This project has successfully fulfilled its main objectives, which focused on developing
a mobile waste sorting application and enabling automatic classification through image input.
Table 5.1 shows the achievement of the project’s objectives.

Table 5.1: Achievement of Project Objective

Objectives Achievements
To develop a waste sorting A mobile app was successfully developed using React
mobile application Native and Firebase, featuring user login, scanning,

waste history, feedback, and admin management.

To allow users to upload photo | Integrated Google Vision API and Firebase Firestore to

of waste items for automatic classify waste items based on scanned images. Labels are

identification and categorization | matched to stored objects and mapped to categories.

The app has been thoroughly tested using a variety of images, including common
household waste, blurry photos, multi-object scenes, and items not found in the database. These

tests helped verify the effectiveness and limitations of the system, and ensured that the app
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remains stable and informative across different use cases. These achievements show that the
application has successfully met its intended goals and provides a practical tool for encouraging

proper waste disposal habits.

5.3 Limitations and Constraints

While the system met its primary goals, a number of limitations and technical
constraints were encountered. During the development and testing process, several technical,
functional, and resource-related challenges were encountered. These challenges impacted
development speed, system accuracy, and cost-efficiency.

One major challenge was the inconsistency of the Google Vision API results. The API
occasionally produced inaccurate or inconsistent results, especially when users submitted
unclear, blurry, or poorly lit images. In some cases, it failed to recognize any objects, or it
returned general or unrelated labels. This inconsistency affected the waste classification
accuracy. Hence, a comprehensive object database had to be written manually, where common
household objects were manually added to the Firestore database. This acted as a fallback when
the API couldn’t detect items. An administrative feature is introduced to manage the data
efficiently to streamline ongoing updates. Due to these inconsistencies, extensive testing was
conducted using different types of images, including various lighting conditions, backgrounds,
and item arrangements to have a better understanding of the API’s behaviour and to improve
the accuracy of the system.

Another challenge was the inability of the API to detect the material of an item. For
example, when a user scans a picture of a bottle, the Vision API might detect it as just a “bottle”
without indicating whether it's made of plastic, glass, or metal. This makes accurate
classification difficult, especially for items that look similar but belong to different waste

categories. Thus, all possible descriptions for bottle were included in the “objects” collection
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in the Firestore. This allowed the app to provide users with multiple possibilities along with
appropriate disposal instructions for each type.

The system also struggled with multiple objects in a single image. The Vision API
sometimes detected several items at once, which led to confusion when determining the correct
item to classify. Hence, the app displays all detected labels that match entries in the “objects”
collection. This means users may see multiple possible results and need to identify the most
relevant one themselves. While this approach keeps the system simple, it may affect the
accuracy of waste classification when images contain more than one item.

Google Vision API’s free tier is limited to 1,000 units per month. Exceeding this limit
incurs additional charges, which could be costly during testing or widespread usage. During
testing or high usage periods, this restriction pose a challenge for maintaining consistent
performance without escalating costs. Hence, mock data was used during development to
simulate results without consuming real quota. This challenge was also mitigated through the
use of Google Cloud student credits, which provided additional quota for testing and
development.

Finally, from a user interface perspective, ensuring responsive design across different
screen sizes and devices required additional effort. Some UI components, such as cards,
images, and buttons, initially overflowed or broke layout on smaller devices, especially during
image preview or result display. Styling adjustments and layout restructuring were

implemented to improve compatibility.
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5.4 Future Works
There are several areas where the application can be improved in future versions:

1. Replacing or supporting Google Vision with a custom-trained image classifier tailored
to waste images could improve accuracy, especially for local or uncommon waste
items.

ii.  Adding logic to distinguish object materials more reliably, possibly by combining
metadata or image texture analysis.

iii.  Integrating local processing capabilities to enable scanning without internet access.
iv.  Expanding the application to support multiple languages for broader accessibility.
v.  Introducing points, badges, or rewards for the gamification to motivate users to

consistently practice proper waste sorting.

5.5 Conclusion

In conclusion, this project successfully developed a mobile waste sorting application
that allows users to scan and identify waste items using the Google Vision API. The main
objective was to provide a tool that supports automatic waste classification and guides users
on proper disposal. Throughout the development process, new technical skills were gained,
particularly in integrating machine learning APIs, working with Firebase, and implementing
real-time mobile features using React Native. The system currently serves as a functional
prototype that can help educate the public on waste categorization and responsible disposal. By
allowing users to scan items, view detection results, track their history, and even report
inaccurate classifications, the application offers a user-friendly and educational experience.
Despite certain limitations, the system could be scaled for broader use, offering better accuracy,

personalization, and community involvement in waste management for future enhancements.
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APPENDIX

onst analyzeImag

setAnaly

{
const response axios.post(
"https://vision.googleapis.com/v1/images:annotate?key=

{

GOOGLE_VISION_API_KEY ',

requests: [
{
image: { content: base64
features: [
{ type: "OBJECT_LOCALIZATION", maxResults: }

{ type: "LABEL_DETECTION", maxResults: 10 }

response.data. responses [0] . localizedObjectAnnotations ;
response.data. responses[¢].labelAnnotations 1;

const objectAnnotations
const labelAnnotations

const objectMap Map();

objectAnnotations. forEach(obj => {
objectMap.set(obj.name.toLowerCase(), {

detectionType: ‘object'

3
H;

labelAnnotations. forEach(label => {
const key label.description.toLowerCase();
('objectMap.has(key)) {
objectMap.set(key, {
label.description,
score: label.score,
boundingPoly: { normalizedVertices:
detectionType: 'label’

name:

1
};

b

const combinedRawObjects - Array.from(objectMap.values());

const cleanedObjects [1;

const obj combinedRawObjects) {
const { name, score, boundingPoly, type } obj;
query(collection(firestore, , hame));

getDocs (objectQuery);

const objectQuery ‘objects'), where('objName',

const objectSnapshot
(objectSnapshot.empty)
objectSnapshot.docs[0].data();

objectDoc.categoryld;
objectDoc, categoryDesc;

objectDoc
categorylds
categoryDescs

query(collection(firestore, 'categories'), where('categoryld’,
getDocs(categoryQuery);

const categoryQuery

categorySnapshot
categorySnapshot.empty 8] categorySnapshot.docs.map(doc => doc.data());
categoryDescs ['No description'];

const categories

const finalCategoryDesc
cleanedObjects.push({
name,
score,
vertices: boundingPoly.normalizedVertices 1,
categories: categories.map(c => c.categoryName)
categoryDesc: finalCategoryDesc,
recycleInstruction: categories.map(c => c.categoryRecycle)
isRecyclable: categories?.[@]?.isRecyclable f e,
photoURL,
detectionType: type,

[*Unknown'],

['N/A'],

3

setDetectedObjects(cleanedObjects);
setIsDrawerVisible(true);
(error) {
Toast.show({ type: 'error', textl: 'There was a problem analyzing the image.', text2: error.message
{

setAnal

‘in', categorylds));

'Please try again later.' })
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