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ABSTRACT

In the modern era of rapid urbanization and industrial expansion, the deterioration of environmental quality has become
a global challenge. Managing pollution, monitoring waste, and fostering eco-consciousness among citizens require a
unified, intelligent, and accessible platform. EcoTrack Al addresses these challenges by integrating artificial
intelligence, cloud computing, and citizen engagement into a single smart environmental management system.
Developed using Flutter for cross-platform mobile accessibility and Firebase for real-time cloud data handling, the
system empowers citizens to report environmental issues, track local air quality, calculate their carbon footprint, and
engage in sustainable practices.

The platform incorporates Al-based pollution detection using image analysis, intelligent waste disposal suggestions,
and a carbon footprint calculator based on lifestyle patterns such as energy consumption, transportation, and food habits.
A gamified ecosystem motivates users to take environmentally friendly actions through rewards and leaderboards. For
authorities, an admin web dashboard provides analytics, complaint management, and worker assignment tools, ensuring
transparency and accountability in municipal operations. The inclusion of real-time heatmaps, multilingual support, and
eco-marketplace integration enhances user inclusivity and environmental awareness.

EcoTrack Al not only fosters collaboration between citizens, workers, and government entities but also provides data-
driven insights for sustainable decision-making. By combining Al, cloud, and community participation, the project aims
to build a scalable model for future smart cities, driving behavioral change toward environmental preservation and
collective responsibility.
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worked seamlessly while maintaining data consistency,

I. INTRODUCTION

Project planning and management play a critical role in
ensuring the successful execution of a software
development lifecycle. A well-designed project plan acts
as the foundation upon which the entire system is built,
defining its scope, timeline, risk factors, team
responsibilities, and expected deliverables. For EcoTrack
Al, project management was particularly challenging and
essential due to the system's multidisciplinary nature. The
project integrates multiple

environmental

modules such as
complaint management, Al-powered
pollution detection, carbon footprint analysis, waste
management advisor, eco-marketplace, and gamification

modules, all operating within real-time synchronization.

The main goal during the planning phase was to ensure
that every subsystem (Citizen, Worker, and Admin)

security, and scalability. The project required close
coordination between Al model development, UI/UX
design, database structuring, and backend integration. To
achieve this, the Agile software development
methodology was chosen. Agile enables flexibility,
modular delivery, and iterative testing, all critical for a
large, evolving application like EcoTrack Al. The project
was divided into multiple sprints, each targeting specific
modules such as authentication, complaint management,
analytics, and marketplace. Regular sprint meetings, code
reviews, and testing checkpoints ensured that every
feedback

feature was developed with continuous

improvement.

The main goals of this planning phase were:

e To define clear functional and non-functional
requirements for all roles (Citizen, Worker,

Admin).
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* To ensure scalability and future integration with
IoT, Al and cloud analytics.

* To design a modular architecture allowing
independent updates to each component.

* To distribute resources effectively among team
members.

* To maintain seamless real-time synchronization
using Firebase across mobile and web.

* To integrate Al modules (TensorFlow Lite) for
automated analysis and decision support.

A. Problem Statement

To design and implement EcoTrack Al, a multi-role, Al-
powered environmental management system that
provides a centralized platform for:

» (Citizens to file and monitor

environmental health.

complaints

*  Workers to receive and complete assigned cleanup
tasks.

* Administrators to track, analyze, and visualize
pollution and activity data.

The main challenge is to combine Al real-time Firebase
connectivity, and Flutter cross-platform development into
a single, scalable system that promotes community
engagement, transparency, and sustainability.

B. Motivation

EcoTrack Al was conceptualized with the vision of
empowering citizens and governments to collaborate in
real-time for environmental betterment. The project aims
to eliminate inefficiencies in existing manual complaint
systems and introduce automation, transparency, and
accountability. Through Al automation and gamified
engagement, EcoTrack Al not only digitizes waste
management but also transforms sustainability into a
measurable and rewarding process. It encourages public
participation and creates a sense of responsibility among
users while helping authorities monitor environmental
data more effectively.

Ultimately, EcoTrack AI promotes data-driven eco-
governance, enabling sustainable urban living and
environmental intelligence.

C. Objectives

The scope of EcoTrack Al covers the development of a
comprehensive, interconnected environmental ecosystem
that enables collaborative pollution monitoring, waste
management, and sustainability promotion. It is built
using Flutter for mobile and web, Firebase for data
synchronization, and Al models for image recognition

and analytics. The project supports multiple user roles
and aims to integrate future technologies like loT sensors,
carbon tracking devices, and Al-based forecasting to
expand its capabilities.

The platform is divided into three interconnected
modules:

+ Citizen App (Mobile): File complaints, calculate
carbon footprint, receive waste tips, use eco-
marketplace.

* Worker App (Mobile): View assigned cleanup
tasks, wupload before/after update
completion status.

images,

¢ Admin Panel (Web): Monitor reports, assign
workers, view analytics dashboards.

One of the most innovative components of EcoTrack Al
is its Artificial Intelligence (Al)-based pollution detection
and decision support system. When a citizen uploads an
image of a polluted site, garbage heap, or waste spill, the
system's built-in Convolutional Neural Network (CNN)
model, trained using TensorFlow Lite, analyzes the
image to identify pollution patterns such as plastic waste,
sewage overflow, or air pollution.

II. LITERATURE SURVEY

A. Existing Environmental and Civic Platforms

Existing solutions such as Cool The Globe and PMC
CARE provide partial digital functionality but lack
unified analytics and Al-based automation. Cool The
Globe focuses on carbon emission tracking at an
individual level, whereas PMC CARE supports local
complaint redressal for Pune citizens. However, neither
incorporates multi-role access, Al image classification, or
predictive analytics.

According to "Smart Environmental Monitoring Using
IoT and Cloud Integration" (IEEE, 2024), most municipal
and environmental systems operate as isolated data silos.
They collect raw environmental data but fail to convert it
into actionable information. EcoTrack Al addresses this
limitation by integrating data acquisition, complaint
handling, and Al-based interpretation under one unified
platform.

B. Community-Based Environmental Awareness

Community involvement is crucial for sustainability. The
UN Environment Programme (2023 Report) emphasizes
that citizen participation improves accountability,
cleanliness, and long-term eco-awareness. However,
existing systems rarely provide structured feedback

mechanisms or gamified motivation. EcoTrack Al
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introduces a community-centric approach where citizens
can report environmental issues with proof and geotags,
and earn eco-points for active participation including
complaint resolution, marketplace transactions, and
awareness activities.

C. Artificial Intelligence in Environmental
Management

Artificial Intelligence plays a significant role in
enhancing urban governance and environmental
sustainability by enabling advanced data analysis,
pollution prediction, waste optimization, and image
classification. The system leverages Al models to analyze
images submitted by citizens and accurately classify
pollution severity into low, moderate, and high levels,
thereby reducing manual effort and improving response
time. In addition, it provides eco-friendly waste disposal
suggestions and optimized management strategies,
helping in efficient resource utilization. The system also
predicts pollution hotspots by analyzing historical and
real-time data, allowing administrators to take proactive
measures and generate timely alerts. Furthermore, an
intelligent chatbot assists citizens by offering real-time
guidance, awareness tips, and solutions to environmental
issues. Overall, the integration of Al transforms raw
environmental data into meaningful and actionable
insights, enabling smarter decision-making, improving

operational efficiency, and supporting sustainable
environmental management.

III. METHODOLOGY

The development of EcoTrack Al follows a

comprehensive and structured Agile-based software
engineering methodology that integrates iterative
and Al-driven
capabilities to build a scalable, efficient, and intelligent
environmental management platform. The system is

development, modular architecture,

developed in multiple incremental sprints, where each
sprint focuses on a specific module such as
authentication, complaint management, Al analysis,
carbon footprint tracking, and marketplace integration,
enabling continuous improvement, faster debugging, and
flexibility to incorporate new features.

Each sprint includes requirement analysis, U/UX design,
module development, testing, and backend integration,
ensuring a smooth and adaptive development cycle. The
architecture of EcoTrack Al is based on a multi-layered
design that ensures separation of concerns and high
scalability.

A. System Architecture

The system follows a four-layer architecture as described
below:

1) Presentation Layer (Frontend)

The presentation layer is developed using Flutter and
provides user interfaces for citizens, workers, and
administrators through mobile and web platforms. It
ensures responsive design, intuitive navigation, and role-
based access control. This layer enables users to submit
complaints, track updates, interact with features, and
access real-time system information efficiently.

2) Application Layer (Backend)

The application layer is built using Firebase and handles
core backend functionalities such as authentication, real-
time database operations, and cloud messaging. It
processes user requests, manages business logic, and
ensures secure communication between frontend and
database. This layer enables seamless data flow, real-time
updates, and efficient coordination among system
components.

3) Al Layer

The Al layer integrates TensorFlow Lite models to
perform intelligent analysis such as pollution image
classification, carbon footprint estimation, and waste
management recommendations. It processes input data,
generates insights, and supports decision-making. This
layer enhances system intelligence, automation, and
accuracy in environmental monitoring and sustainability-
related functionalities.

4) Data Layer

The data layer uses Firebase Firestore to store and
manage structured and unstructured data, including user
profiles, complaints, product listings, and Al-generated
results. It ensures data consistency, scalability, and real-
time synchronization. This layer supports efficient
querying, secure storage, and fast retrieval of information
across all modules of the system.

IV. SYSTEM OVERVIEW

EcoTrack Al is an intelligent, Al-powered environmental
monitoring and management system designed to address
urban ecological challenges through technology, real-
time data, and community participation. The platform
connects citizens, municipal workers, and administrators
in a unified ecosystem where environmental issues such
and carbon

as pollution, waste mismanagement,
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emissions can be reported, analyzed, and resolved
efficiently.

The system allows citizens to report environmental
problems by uploading images and location data, which
are then processed using Al models to identify pollution
type and severity. These complaints are stored in a cloud
database and assigned to workers by administrators for
timely resolution. Real-time updates and notifications
ensure transparency and effective communication among
all stakeholders.

EcoTrack Al integrates multiple smart features, including
a carbon footprint calculator that helps users understand
their environmental impact, a waste disposal advisor that
provides eco-friendly recommendations, and an Al-based
pollution detection module that enhances decision-
making. Additionally, the platform includes an Eco
Marketplace for sustainable products and an EcoConnect
Forum that promotes awareness,
community engagement.

discussions, and

To encourage active participation, the system
incorporates a gamification mechanism where users earn
EcoPoints for reporting issues and contributing to
environmental activities, fostering responsible behavior.
Built using modern technologies like Flutter, Firebase,
and TensorFlow Lite, EcoTrack Al ensures scalability,

real-time performance, and accessibility across devices.

Key Features

* Al Pollution Detection: Automatically classifies
pollution type and severity from uploaded images.
Enables
resolution  of

* Complaint real-time
reporting,

environmental issues.

Management:
tracking,  and

» Carbon Footprint Calculator: Estimates user carbon
emissions based on daily activities.

* Waste Disposal Advisor: Suggests proper waste
segregation and eco-friendly disposal methods.

* Eco Marketplace: Facilitates buying and selling of
sustainable products online.

* EcoConnect Forum: Provides a platform for
community  discussions and environmental
awareness.

* Gamification System: Rewards users with
EcoPoints to encourage eco-friendly actions.

* Role-Based Access: Offers customized features for
citizens, workers, and administrators.

* Real-Time Notifications: Sends instant updates on
complaints, tasks, and activities.

V. RESULTS

EcoTrack AI delivers a powerful, integrated, and
intelligent platform for modern environmental
monitoring and management by combining artificial
intelligence, cloud computing, and real-time data
processing with active citizen participation. The system
successfully bridges the gap between citizens and
authorities by providing a seamless channel for reporting
environmental such as pollution,
mismanagement, and sanitation problems. With features

issues waste
like image-based Al pollution detection, the platform
enhances the accuracy and speed of identifying
environmental hazards, allowing authorities to prioritize
and respond more effectively.

The real-time complaint management system ensures that
issues are not only reported but also tracked and resolved
efficiently, improving accountability and transparency in
governance. By enabling administrators to assign tasks
and monitor worker progress, EcoTrack Al streamlines
municipal operations and reduces delays in service
delivery. The integration of cloud-based technologies
ensures instant data synchronization, high scalability, and
reliable system performance even with increasing user
load.

Additionally, EcoTrack Al promotes environmental
awareness and responsible behavior through features
such as the carbon footprint calculator and waste disposal
advisor, which educate users about their impact on the

environment and guide them toward sustainable
practices. The inclusion of the Eco Marketplace
encourages eco-friendly consumption, while the

EcoConnect Forum fosters community interaction,
knowledge sharing, and awareness campaigns. The
gamification system, with EcoPoints and leaderboards,
further
participation and motivating individuals to contribute to
environmental betterment.

enhances user engagement by rewarding

From a governance perspective, the platform enhances
communication and coordination between citizens,
workers, and administrators, resulting in improved
decision-making and efficient resource allocation. It
supports data-driven governance by generating insights
and analytics that help authorities identify trends, predict
potential environmental issues, and implement proactive
measures rather than reactive solutions.

Furthermore, EcoTrack Al is designed with future
scalability and innovation in mind. It has the potential to
integrate with emerging technologies such as IoT sensors
for real-time environmental data collection, advanced
predictive analytics for forecasting pollution patterns, and
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smart city infrastructures for automated responses. This
adaptability ensures that the system remains relevant and
effective in addressing evolving environmental
challenges.

VI. SCOPE

EcoTrack Al is an Al-powered, scalable platform
designed for real-time environmental monitoring and
management in urban areas. It enables citizens to report
pollution and waste issues, while authorities use data-
driven insights for quick and effective action. The system
promotes sustainability through features like carbon
footprint tracking, waste disposal guidance, and an eco-
marketplace. It also encourages community participation
via forums and gamification, strengthening collaboration
between users and municipal bodies.

A. Urban Environmental Monitoring

EcoTrack Al enables continuous monitoring of urban
environmental conditions by allowing citizens to report
issues like pollution, waste dumping, and sanitation
problems. It provides authorities with real-time data,
helping them respond quickly and maintain cleaner,
healthier, and more sustainable city environments
effectively.

B. AI-Driven Decision Support

The platform uses artificial intelligence to analyze
environmental data, classify pollution severity, and
generate actionable insights. This helps administrators
prioritize tasks, allocate resources efficiently, and make
faster, data-driven decisions, improving the overall
environmental

effectiveness and  accuracy of

management systems.

C. Citizen Engagement and Participation

EcoTrack Al encourages active involvement of citizens
by providing easy-to-use tools for reporting issues and
participating in environmental initiatives. It empowers
individuals to contribute to sustainability efforts, creating
a sense of responsibility and strengthening collaboration
between the public and governing bodies.

D. Smart Waste Management

The system promotes efficient waste management by
guiding users on proper segregation and disposal
methods. It reduces environmental impact by
encouraging recycling and composting practices, while
also helping authorities manage waste collection and
processing more effectively across urban areas.

E. Carbon Footprint Awareness

EcoTrack AI includes tools to calculate and track
individual carbon emissions based on daily activities.
This feature raises awareness among users about their
environmental impact and motivates them to adopt eco-
friendly habits, contributing to long-term sustainability
and reduced carbon emissions.

F. Digital Governance Enhancement

The platform strengthens governance by improving
communication and coordination between citizens,
workers, and administrators. Real-time updates, task
assignments, and tracking systems ensure transparency,
accountability, and efficiency in managing environmental
issues within municipal systems.

G. Sustainable Marketplace Integration

EcoTrack Al supports eco-friendly consumption by
providing a marketplace for sustainable products. It
encourages users to adopt greener alternatives, supports
eco-businesses, and contributes to building a circular
economy that reduces waste and promotes environmental
responsibility.

H. Future Scalability and Innovation

The system is designed to scale across multiple cities and
integrate advanced technologies like IoT sensors and
predictive analytics. This allows EcoTrack Al to evolve
into a comprehensive smart city solution capable of
proactive environmental monitoring and long-term
sustainability planning.

VII. FEATURES

EcoTrack Al offers advanced features including Al-based
pollution detection for analyzing images and identifying
severity levels, and a real-time complaint management
system for efficient issue reporting and resolution. It
includes a carbon footprint calculator and waste disposal
advisor to promote sustainable practices. The platform
also features an eco-marketplace for green products and
an EcoConnect Forum for community engagement.
Additionally, a gamification system with EcoPoints
encourages participation, while cloud integration ensures
real-time  updates,  scalability, and  seamless
communication across all users.

A. AI-Based Pollution Detection

EcoTrack Al uses advanced machine learning models,
particularly convolutional neural networks (CNNs), to
analyze images uploaded by users and automatically
detect types of pollution such as air, water, or waste-
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related issues. The system classifies the severity level into
low, medium, or high, enabling authorities to prioritize
responses effectively. This feature reduces manual effort,
improves accuracy, and speeds up decision-making. By
leveraging Al, the platform enhances environmental
monitoring capabilities and ensures timely intervention
for critical issues affecting urban sustainability and public
health.

B. Real-Time Complaint Management System

The complaint management system allows citizens to
report environmental issues by uploading images along
with location details. These complaints are stored in a
cloud database and are instantly visible to administrators,
who can assign tasks to field workers. Workers can
update the status in real time, ensuring transparency and
accountability throughout the process. This feature
improves communication between stakeholders, reduces
response time, and ensures efficient handling of
environmental problems, making governance more
responsive, organized, and citizen-centric.

C. Carbon Footprint Calculator

The carbon footprint calculator helps users estimate their
environmental impact based on daily activities such as
transportation, electricity usage, and waste generation.
By analyzing these inputs, the system provides an
approximate measure of carbon emissions and suggests
ways to reduce them. This feature raises awareness about
individual contributions to climate change and
encourages users to adopt sustainable habits. Over time,
it promotes behavioral change and supports broader
environmental individuals and

goals by helping

communities minimize their ecological footprint

effectively.

D. Waste Disposal Advisor

The waste disposal advisor provides intelligent
recommendations for proper waste segregation and
disposal by
compostable, and hazardous types. It educates users

about environmentally responsible practices and helps

categorizing waste into recyclable,

reduce improper waste handling. This feature supports
cleaner cities by encouraging recycling and composting
while minimizing landfill waste. It also assists authorities
by improving waste management
promoting sustainability.

efficiency and

E. Eco Marketplace

The Eco Marketplace feature enables users to buy and sell
environmentally friendly products such as reusable items,
organic goods, and sustainable alternatives. It promotes
green consumer behavior and supports businesses that

prioritize sustainability. Integrated with secure payment
gateways, it ensures safe and convenient transactions.
This feature helps build a circular economy by reducing
reliance on harmful products and encouraging eco-
conscious purchasing decisions.

F. EcoConnect Forum

The EcoConnect Forum provides a community-driven
platform where users can share ideas, post updates,
discuss environmental issues, and participate in
awareness campaigns. It fosters collaboration and
knowledge sharing among
collective action toward sustainability. Users can interact,

citizens, encouraging
support initiatives, and motivate each other to adopt eco-
friendly practices, building an active and responsible
environmental community.

G. Gamification System

The gamification system motivates users to actively
participate in environmental activities by rewarding them
with EcoPoints for actions such as reporting issues,
contributing to forums, and adopting sustainable
practices. Users can track their progress through
leaderboards, creating a sense of competition and

achievement. This feature increases engagement,
encourages consistent participation, and promotes
positive behavior change toward environmental
conservation.

H. Real-Time Notifications

EcoTrack Al uses cloud-based services to provide real-
time notifications and seamless data synchronization
across all users and devices. Notifications are sent for
complaint updates, task assignments, and important
alerts, ensuring timely communication. The cloud
infrastructure ensures scalability, data security, and high
availability, enhancing user experience and enabling
smooth operation even with increasing users and data.

VIII. ADVANTAGES

A. Real-Time Environmental Monitoring

EcoTrack Al
monitoring of environmental issues by allowing users to
report incidents instantly through mobile applications.

enables continuous and real-time

This ensures that authorities receive up-to-date
information, helping them respond quickly and
efficiently. Real-time tracking improves overall

environmental management and reduces delays in action.
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B. AI-Based Accurate Pollution Detection

The platform leverages advanced Al models to analyze
images and detect pollution types and severity levels
accurately. This reduces dependency on manual
inspection and minimizes human error. By automating
analysis, the system ensures faster decision-making,
better prioritization of critical issues, and improved
efficiency in handling environmental challenges.

C. Faster Complaint Resolution

EcoTrack AI streamlines the complaint process by
connecting citizens, administrators, and workers on a
single platform. Complaints are instantly recorded,
assigned, and tracked in real time. This reduces response
time, improves accountability, and ensures that issues are
resolved efficiently, enhancing trust in municipal services
and governance systems.

D. Improved Citizen Engagement

The system actively involves citizens in environmental
management by providing easy tools for reporting issues
and participating in discussions. Features like forums and
gamification encourage users to engage regularly,
fostering a sense of responsibility and collaboration
between the public and authorities.

E. Promotes Sustainable Practices

EcoTrack Al encourages users to adopt eco-friendly
habits through features like carbon footprint tracking and
waste management guidance. It educates individuals
about their environmental impact and provides actionable
recommendations, helping reduce pollution, conserve
resources, and promote long-term sustainability.

F. Scalable Cloud-Based System

Built on cloud infrastructure, EcoTrack Al can handle a
growing number of users and data without performance
issues. It allows easy expansion to multiple cities and
regions, ensuring the system remains efficient, reliable,
and adaptable for large-scale smart city implementation.

G. Enhances Transparency in Governance

The platform improves transparency by allowing users to
track the status of their complaints and view updates in
real time. This reduces corruption, increases
accountability, and builds trust between citizens and
authorities, making governance more open, efficient, and
reliable.

H. Encourages Eco-Friendly Behavior

The gamification system motivates users by rewarding
them with EcoPoints for participating in eco-friendly
activities. Leaderboards and achievements create a sense

of competition and recognition, encouraging consistent
user engagement and promoting positive environmental
behavior within the community.

IX. DISADVANTAGES

A. Requires Active User Participation

The success of the platform depends largely on active
participation from users. If citizens do not regularly report
issues or engage with the system, its effectiveness
decreases. Low user engagement can lead to incomplete
data, delayed responses, and reduced impact in achieving
environmental monitoring and management goals.

B. AI Model Limitations

Although Al improves efficiency, it may sometimes
produce inaccurate predictions due to poor image quality,
insufficient training data, or complex environmental
conditions. Incorrect classification of pollution can affect
decision-making and resource allocation, highlighting the
need for continuous model training, validation, and
human oversight.

C. Continuous Maintenance Requirement

EcoTrack Al requires regular updates, bug fixes, and
system maintenance to ensure smooth functioning. Al
models also need periodic retraining for improved
accuracy. This demands ongoing technical support and
resources, which can increase operational costs and
require dedicated teams for management.

D. Internet Connectivity Dependency

The platform relies heavily on stable internet connectivity
for real-time data synchronization, notifications, and
cloud operations. In areas with poor network coverage,
system performance may be affected, limiting the
accessibility and effectiveness of EcoTrack Al in rural or
low-connectivity regions.

X. CONCLUSION

EcoTrack Al proves to be a robust, scalable, and user-
centric system that not only addresses current
environmental challenges but also lays the foundation for
future smart city solutions. With its ability to integrate
advanced technologies like Al IoT (in future scope), and
predictive analytics, the platform has the potential to
evolve into a comprehensive decision-support ecosystem.

It contributes significantly to sustainable urban

development by enhancing environmental monitoring,
promoting community participation, and encouraging
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long-term behavioral change toward a greener and more
sustainable future. EcoTrack AI creates a strong
foundation for long-term environmental sustainability by
transforming passive citizens into active contributors in
urban governance. The system's ability to combine
technology with community engagement ensures that
environmental protection becomes a shared responsibility
rather than a government-only task.
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