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CLEARZONE - FOCUSES ON CREATNG CLEAN, WASTE-FREE
ZONES IN COMMUNITIES

ABSTRACT
The ClearZone project aims to create a useful waste management platform that bridges the 

gap between individuals and NGOs, fostering collaborative efforts for a cleaner environment. 
The platform integrates geolocation-based waste reporting, an NGO dashboard, user 

leaderboards, and a notification system to streamline waste management processes.

Significant progress has been made in deploying the waste classification model on Hugging 

Face, where it is publicly available. However, the integration of the model into the web 

application remains pending. The mapping feature, which visualizes waste locations, has been 

partially implemented and currently functions on one page. The notification system is yet to be 

fully developed and integrated, which will enhance user and NGO engagement by providing 

real-time updates on waste report statuses.

Key completed features include user and NGO authentication, profile management, waste 

reporting (without CNN-based auto-classification), and a partially functional geolocation 

module. Upcoming milestones involve finalizing the integration of the deployed model into 

the web app, expanding the mapping functionality to all relevant pages, and completing the 

notification module to provide a seamless user experience.

The project's overall structure and progress indicate its potential to significantly impact 
environmental sustainability by simplifying waste reporting and management. Once the 

pending tasks are completed, ClearZone will be a fully functional platform ready for real-world

application.



vu

TABLE OF CONTENTS
DECLARATION
APPROVAL FOR SUBMISSION
ACKNOWLEDGEMENTS
ABSTRACT
TABLE OF CONTENTS
LIST OF TABLES
LIST OF FIGURES
LIST OF SYMBOLS / ABBREVIATIONS 

LIST OF APPENDICES

• •
11

• • •
111

V

vi
• • vu

xiv
xv

xvi
• • •

XVlll

CHAPTER

1INTRODUCTION
1.1 Background
1.2 Problem Statement
1.3 Aims and Objectives

1.3.1 Data Collection and Preprocessing
1.3.2 Data Labeling
1.3.3 Model Training and Testing
1.3.4 Image Detection Using Computer Vision
1.3.5 Geolocation Integration
1.3.6 Notification System
1.3.7 User Rating System
1.3.8 System Evaluation and Refinement

1.4 Scope of Project
1.4.1 Scope
User Module

1
1
1
2
2
2
3
3
3
3
3
3
3
3
41.4.1.1

4NGO Module1.4.1.2

4Geolocation and Mapping 

Leaderboard and Rating System 

Notification System 

Responsive Web Application

1.4.1.3

41.4.1.4

41.4.1.5

41.4.1.6



VU1

LITERATURE REVIEW 
Background 

2.2 Related Work

2 5
2.1 5

5
2.3 Comparison Table with Existing Study 

2.3.1
9

Model Analysis 9
2.3.2 Performance Metrics 10

2.3.2.1 Accuracy 10

2.3.2.2 Precision 10

2.3.2.3 Recall 10

Inference Speed2.3.2.4 10

11REQUIREMENT SPECIFICATIONS
3.1 Purpose
3.2 Functional Requirements

3.2.1 Account Management
3.2.2 Waste Reporting Workflow
3.2.3 NGO Dashboard And Feedback Loop
3.2.4 Notification Engine
3.2.5 Leaderboard and Scoring

3.3 Non-Functional Requirements
3.3.1 Usability and Accessibility
3.3.2 Performance and Scalability
3.3.3 Security and Reliability

3.4 Technical Environment
3.4.1 Software Stack
3.4.2 Deployment Platforms

3.5 Hardware Environment
3.5.1 End-User Devices
3.5.2 Developer Workstations

3.6 User and Operational Requirements

3
11
11
11
11
11
12
12
12
12
12
12
13
13
13
13
13
13
13



IX

DESIGN AND METHODOLOGY
4.1 Proposed Methodology (Framework) 

4.1.1

4 14
14
14Data Collection

Crowdsourced Images: 

Geolocation Data

4.1.1.1 14

4.1.1.2 14

4.1.1.3 User Data 14

4.1.2 Data Preprocessing 

Image Preprocessing

4.1.3 Machine Learning and Computer Vision Model 14 

CNN Implementation

Multi-User Validation

14

4.1.2.1 14

144.1.3.1

154.1.3.2

4.1.4 User Interface and Web Application Development 15 

Frontend Development

Backend Development

154.1.4.1

154.1.4.2

15Maps Integration

4.1.5 Notification System 

NGO Alerts

4.1.4.3

15

154.1.5.1

15User Feedback

4.1.6 Testing and Validation

4.1.7 Deployment and Maintenance 

System Deployment

Process Model
4.2.1 Why Agile For Our Project? 

Frequent Deliverables

Risk Mitigation

4.1.5.2

15

16

164.1.7.1

164.2
16

164.2.1.1

164.2.1.2

Implementation of Agile in ClearZone 174.2.2
17Sprint 1 

Sprint 2 

Sprint 3 

Sprint 4

4.2.2.1

174.2.2.2

174.2.2.3

174.2.2.4



X

4.2.2.5 Sprint 5 17

Module Discussion 
4.3.1
Purpose

4.3 18
18Frontend Module

4.3.1.1 18

Implementation4.3.1.2 18

4.3.1.3 Features 19

4.3.1.3.1 19User Authentication 

Waste Reporting Interface 

Leaderboard 

Interactive Maps 

Tools

4.3.1.3.2 19
194.3.1.3.3
194.3.1.3.4
194.3.1.4

194.3.2 Backend Module
19Purpose4.3.2.1

19Implementation

API Endpoints 

Cloudinary Integration 

Middleware
4.3.3 GitHub Module 

Purpose

Implementation

Version Control
Collaboration
Deployment

4.3.4 Database Module (MongoDB) 

Purpose

Implementation

Collections:
MongoDB Atlas 

Data Flow

4.3.2.2
194.3.2.2.1
204.3.2.2.2
204.3.2.2.3
20
204.3.3.1
204.3.3.2
204.3.3.2.1

4.3.3.2.2
4.3.3.2.3

20
20
20
204.3.4.1
204.3.4.2
204.3.4.2.1

4.3.4.2.2
4.3.4.2.3

21
21

Cloudinaiy Integration 214.3.5
21Purpose4.3.5.1



XI

4.3.5.2 Implementation: 21

4.3.5.2.1 Advantages 21
4.3.6 Notifications Module 21

4.3.6.1 Purpose 21

4.3.6.2 Implementation 22

4.3.6.2.1 Push Notifications
4.3.6.2.2 Email Notification

4.3.7 Reporting and Mapping Module 

Purpose

22
22
22

4.3.7.1 22

Implementation 224.3.7.2

224.3.7.2.1 Waste Reporting
4.3.7.2.2 Interactive Maps
4.3.7.2.3 Verification

4.3.8 Leaderboard Module 

4.3.8.1 Purpose

22
22
22
22

22Implementation:

4.3.8.2.1 Data Flow
4.3.8.2.2 Scoring Mechanism:

4.3.9 Data Flow Summary
4.3.10 Advantages of the Approach

4.4 Workflow Diagram
4.5 Dataset
4.6 Project Diagram
4.7 Ui Screenshots

4.3.8.2

22
22
23
23
24
25
26
27

34SYSTEM IMPLEMENTATION
34Introduction

Development Environment and Toolchain 

Frontend Implementation 
5.3.1 Authentication Pages

5.1
345.2
345.3
35
355.3.2 Report Submission Form

5.3.3 User and NGO Dashboards
5.3.4 Leaderboard

State Management, Data Fetching, and Validation 35

35
35

5.3.5



Xll

Backend Implementation 
5.4.1

5.4 36
Express.js API Service 36

5.4.2 FastAPI Classification Service 36
Database Schema and Integration 
Deployment and Containerization 
5.6.1

5.5 36
5.6 36

36Frontend
5.6.2 37Backend

Api Service
Classifier Service

5.6.5 Reverse Proxy and Environment Configuration 38
Testing and Quality Assurance 
Summary

5.6.3 37
5.6.4 37

385.7
395.8

40SYSTEM TESTING AND EVALUATION
6.1 Introduction
6.2 Testing Objectives
6.3 Types of Testing Performed

6.3.1 Unit Testing
6.3.2 Integration Testing
6.3.3 System Testing
6.3.4 Usability Testing
6.3.5 Compatibility Testing
6.3.6 Performance Testing

6.4 Test Cases
6.5 Error Handling and Bug Fixes
6.6 Evaluation and Results
6.7 Limitations 

Suggestions for Future Testing
6.9 Chapter Summary

6
40
40
40
40
40
41
41
41
41
41
42
42
42
426.8
42

44CONCLUSION7
44Summary of Work 

System Evaluation 
Challenges and Limitations 
Future Enhancements

7.1
447.2
447.3
447.4


