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Abstract

Life Below Water, also known as Sustainable Development Goal 14 (SDG 14), focuses on
protecting and sustainably using oceans, seas, and marine resources. One of the major real-world
challenges today is marine pollution, which is mainly caused by plastic waste, illegal dumping,
and a lack of public awareness. A large number of pollution incidents go unnoticed because there
are no simple and accessible systems for reporting them, which leads to weak marine protection
efforts. To address this problem, our team proposes a practical solution based on web and mobile
application development. The system allows users to report pollution by uploading images along
with location details and short descriptions through a user-friendly interface. The collected data
is stored using cloud technology and presented on an interactive dashboard, enabling
environmental authorities and organisations to monitor and take action. In addition, the
application provides educational content related to marine ecosystems, SDG 14, and responsible
environmental practices. The solution developed by our team is simple to implement using basic
web technologies, mobile frameworks, and lightweight Al techniques for image validation and
user guidance. This project highlights how accessible digital tools can effectively contribute to

marine conservation and support sustainable development.

Keywords: Life Below Water, Marine Pollution, Web Application, Mobile Application, SDG 14,

Environmental Awareness, Citizen Science, AI-Based Analysis, Ocean Conservation.
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1. Introduction

Oceans are stretched across roughly seventy percent of our planet surface and they serve as the
main primary life support system for many people worldwide. They control weather patterns, life
patterns, absorb carbon dioxide, and help extraordinary variety of species. Although knowing
about their importance marine environments are getting polluted at an uncontrolled pace.
According to recent assessments, approximately 8 million metric tons of plastic waste find their
way into the ocean each year, despite the chemical wastage, oil spills, and untreated wastage of
plastic that already damaged aquatic life at the local rivers and flowing into the ocean each year
threatening ocean life too. This degradation extends beyond the water, impacting coastal
livelihoods, food security and public health in quantifiable ways.Acknowledging the gravity of
the crisis, the United Nations adopted the 2030 Agenda for Sustainable Development. The title
Life Below Water is a call to all the nations to conserve and protect oceans, seas, and marine
resources. Some of the targets with in SDG 14 are demanding that countries prevent and greatly
reduce marine pollution before or by 2030, to protect at least 10% of coastal areas, reducing need
of fishing, and increasing scientific knowledge of ocean ecosystems. To reach these targets
require more than just paper documents instead it needs real tools that help ordinary citizens can
use and provide their share in protecting oceans thus reaching our goals by given time.Old and
traditional methods for tracking marine pollution relay completely on trained scientists,
expensive and advanced laboratory tools, and scheduled government checking. These approaches
are effective for the given requirements but suffer from limited reach to public and slow response
times. For example a pollution check on a remote beach may not be noticed for weeks because
no inspection team visited that area in the first place. This gap between the existing limited
resources and more number of problems is one of the main obstacles for an effective ocean
conservation. Researchers who developed the PlastOPol system for public level monitoring
showed that ordinary people, when they are given the correct digital tools they also can be
helpful in generating useful pollution report, supported by correct structured data collection
interface, thus producing reliable observation that are mostly done by official monitoring

programmes.
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By taking PlastOPol as our reference, our project introduces SAMUDRA-NETRA. Its name is
derived form Sanskrit meaning “Oceans Eye”. While PlastOPol focused mainly on structured
waste classification through people input, SAMUDRA-NETRA extends that concept in many
ways. First, the proposed system is integrated with Artificial Intelligence vision model that can
automatically detect and classify pollutant types from the uploaded photographs, removing the
old tradition way of manual categorisation from by user. Second, it includes an intelligent Al
assistant called Prithvi, which helps users in educating users about marine conservation and
guides them through the working mechanism of our system. Third, it employs a game inspired
layer with points, ranks, and achievement badges that keeps out users from getting bored and
moving them into engaging activity. Fourth, the platform includes a community tab where users
can share three reports, creating a public knowledge base that make pollution patterns visible to

not only government officials but everyone who are using the application.

The main motivation behind developing SAMUDRA-NETRA comes from a simple observation:
people who notice pollution in rivers, lakes, or coastal areas often do not know how or where to
report it. Existing complaint systems are usually hidden within government portals, involve
lengthy registration processes, and rarely provide feedback on submitted reports. To address this
gap, the proposed platform combines pollution detection, reporting, education, and community
awareness into a single, user-friendly web application, reducing the barriers that prevent citizens
from taking action.This paper presents the architecture and working of the system, the
environment used for its development and testing, the results obtained from real usage, and its

potential real-world applications along with future enhancements.

2. Proposed

2.1 Overview

The proposed system, SAMUDRA-NETRA, is a full-stack web application based on a three-
layer architecture. The top layer is the client-side interface, accessible through modern web
browsers on devices such as desktops, tablets, and smartphones. The middle layer consists of

server-side API routes that manage business logic, user authentication, AI model interaction, and
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database operations. The bottom layer integrates cloud-based services, including a NoSQL
database for storage, a content delivery network for images, third-party Al services for analysis,
and a news API for real-time updates.The platform follows a serverless architecture where each
API route runs as an independent function, enabling automatic scaling under load while avoiding
costs during idle periods. This makes the system efficient and financially suitable for a student-

developed, publicly accessible application.

2.2 System Architecture

CLIENT (BROWSER)

Landing page LoginPage Dashboard [Proﬁle Page] [ Con;;légnity ]

4 )

NEXT.JS SERVER (API calls)
/api/auth- -Login ,Signup, Google OAuth
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/api/posts - Community post CRUD
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Figure 2.2 : System Architecture

The overall architecture is shown in figure 2.2, which shows how the client, server, and the

external services interact with each other.

All communication between done between the client and the server occurs over HTTPS. The

Environment variables holding secret API keys which contains AI models API keys are stored
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exclusively on the server ; client side code never has access to those credentials for Al thus

making a secure environment and prevents accidental key exposure in browser developer tools.

2.3 Module Descriptions

The system is divided into total of six functional modules, each module is responsible for a

unique work in the application.

Modulel : User Interface (Client)

The client layer is built using React 19 with Next.js 16 App router which covers main ui for the
webpage. Pages are organised as follows : when the website is opened a public landing page is
opened which introduces the platform and provides info for visitors about the SDG 14 targets;
then comes a login page which supports email-password registration and Google OAuth; after
successful login contains a community feed page which allows the users to browse and create
pollution report posts; and a profile page that lets the users edit their username and avatar as they

wish.

The background visual design are an ocean-depth motif. The background uses a deep nay colour
which is overlaid with animated SVG waves mimicking ocean waves, rising bubbles, drifting
fish and other ocean life, swaying seaweed/algae, and light-ray effects mimicking sunlight on the
ocean waves which are all rendered using pure CSS keyframe animations and used a dedicated
OceanBackground React component for error free UL There are also interactive glassmorphism
cards which use CSS backdrop-blur and semi-transparent border to create a great visual sense of
layered depth for background. Every click in the browser produces a bubble=burst micro
animations for user eye catchy interaction through a custom useBubbleBurst react hook,

mimicking the aquatic theme.
Module 2: Authentication Module

The authentication module has three phases: email-password signup, email-password login and
google OAuth sing-in. All these three phases meet at a single point /api/auth server route in the

project directory. On doing signup, the server checks if the user entered email or username is
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already existing or not in the Firestore users collection. If not a new document is created with

default values as zero point, zero reports, and a wave emoji as the initial avatar for the user.

After login, the server takes the matching user document and return it to the client. The flow of

login follows like this with out any errors.

Google OAuth uses the Firebase client SDK to obtain the user entered Google Identity. The
client then sends the Google email, display name, and profile photo URL to the /api/auth route,
which will find the account which is already existing or creates a new one for the user entered
details. In email field case sensitive normalisation ensures that when the same person trying to

sign in with minimal slightly different email capitalisation is not duplicated.
Module 3: AI-Powered Pollution Detection

This module is the technical backbone of system. When a logged in user uploads an image via

the Analyse tab, a specific pipeline is triggered.

Step1 - Image Capture: The user selects a pic form his device or drags and drops an image file
into the upload area in Analyse tab. When this happens the client in the background converts the

file to a Base64 encoding String.

Step2 - Server Transmission: This Base64 data is sent to the /api/analyze-image route for image

analyse using Al

Step3 - Ai Vision Analysis: The server automatically constructs a prompt instructing the Al in the
website to behave as a “marine environmental analyst” this happens when ever the user uploads
the image. This prompt asks the Al for a structured JSON response which contains a pollution
score of range 0-100, urgency level(High, Medium, Low), a human understandable language
description of the scene, identified objects in the image, ecosystem impact based on the added
image, and recommended actions to take based on given results.The image and prompt are sent
to OpenRouter API platform which provides access to many free tire LLM’s with image analysis

capabilities. The server then attempts to use the model for Image Analysis . There are multiple
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models embedded in the website for safety fallback if the model is not working another model is

use. The priority of the models goes like this:

AT MODEL FALLBACK CHAIN

[User Upload] — Model 1: NVIDIA Nemotron Nano 12B VL
(rate-limited?)

Model 2: Open Router Free Pool
(failed?)

Model 3: Google Gemma 3 12B
(failed?) ,

Model 4: Google Gemma 3 27B
(failjd?)

Model 5: Mistral Small 3.1 24B
(all failed?)

Local Contamination Analyzer (client-side fallback)

Figure 2.3: Al model fallback chain with priority

The figure 2.3 shows Al model fallback chain. There are five cloud-hotel ai vision models are
tried sequentially. If model is unavailable, then the client activates a local formula of pixel

analysis algorithm.

Step4 - Response Parsing: The raw text which is returned by the Al model is parsed for JSON

object. Markdown wrappers (if any) are stripped using a regular expression.

Step5 - Local Fallback Analyser: If all the present five cloud models fail, the client-side

Contamination Analyser will give the results. This class loads the uploaded image onto an
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HTML canvas where it reads every element, every pixel, and applies colour-space analysis using

HSL(Hue, Saturation, Lightness) model. These pixels are classified into six categories.

Table 2.4: Pixel categories for Local Fallback Analyser.

Pixel Category Hue Range Saturation Lightness Pollution Indicator
Dark Oil Any <0.30 <0.15 Oil contamination
Brown Murky 15°-50° >0.15 0.10-0.55 Sediment / sewage
Green Chemical 60°-160° >025 0.15-0.70 Chemical runoff/
algae
Gray Turbid Any <0.15 0.20-0.65 General turbidity
Clean Blue 180°-250° >0.20 0.20-0.70 Healthy water
indicator

The above presents the pixel classification rules applied by the local ContaminationAnalyzer. In
this approach, each pixel is analyzed based on its HSL (Hue, Saturation, Lightness) values and

then assigned to the most appropriate category.

Once the color-based classification is completed, the analyser proceeds to evaluate surface
texture. This is done by measuring the variation in grayscale intensity between each pixel and its
immediate neighbouring pixels in the four main directions. A higher variation in these values

typically indicates irregular patterns, which may correspond to floating solid waste on a
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relatively uniform water surface.To estimate the overall pollution level, the system combines
multiple indicators, including plastic waste, oil contamination, chemical pollutants, and general
marine debris. These individual scores are integrated using a weighted approach. Additionally,
the model reduces the final score when a larger portion of the image consists of clean blue water,
while it increases the score when grayish turbidity is detected, as this often reflects

contamination. The overall pollution score is computed using the following formula:

The system follows a dual-analysis strategy that combines cloud-based Al processing with a

overallScore = clamp(0, 100, round( averagePollutantScore - (cleanBlueRatio x 60) +

(grayTurbidRatio x 25) ))

local pixel-level analyser. The cloud model acts as the primary engine, providing more accurate
and context-aware results. However, in situations where internet connectivity is limited or
unavailable, the local analyser ensures that the user still receives a meaningful assessment.
Although it does not achieve the same level of contextual understanding as advanced vision
models, it offers a reliable approximation based on measurable image characteristics, making the

system more robust and accessible.

Module 4: Pruthvi- Al conservation Chatbot

Pruthvi is designed as an interactive Al assistant that remains accessible throughout the
application via a floating widget positioned at the bottom-left corner of the interface. When a
user initiates a conversation, the input along with the previous message history is sent to the
backend through the /api/chat endpoint.Before processing the request, the server appends a
system-level instruction that defines Pruthvi’s role as an “ocean conservation assistant for
SAMUDRA-NETRA.” The complete conversation is then forwarded to an Al model pipeline,

enabling the chatbot to generate relevant and context-aware responses.

The chatbot is capable of answering queries related to different types of marine pollution,

suggesting conservation practices based on user context, and explaining ecological concepts such
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as coral reef systems and mangrove ecosystems. It can also provide encouraging feedback to
users, promoting engagement and awareness. Since the conversation history is retained during a
session, Pruthvi is able to maintain continuity and generate responses that feel connected and

coherent, rather than isolated replies.

Module 5: Community Feed and Reporting

The community module allows users to actively participate by sharing pollution reports with
others. After completing an image analysis, users can create a post that includes the captured
image, a brief description, the calculated pollution score, identified pollutant categories, and an
associated location.This information is sent to the /api/posts endpoint, where the image is
uploaded to cloud storage using Cloudinary, while the corresponding metadata is stored in a
Firestore database. The posts are then displayed in a dynamic feed, sorted based on their creation

time, allowing users to browse recent reports easily.

To maintain relevance and avoid outdated data accumulation, each post is assigned both a
creation timestamp and an expiration timestamp set thirty days ahead. Firestore’s built-in Time-
To-Live (TTL) mechanism automatically removes expired entries, ensuring that the feed remains
updated without requiring manual intervention.

Module 6: Impact Dashboard and Gamification

The Impact Dashboard is designed to encourage user engagement by tracking individual
contributions through a structured reward system. Users earn points for their activities, such as
performing pollution analysis or sharing reports within the community. Specifically, fifty points
are awarded for each analysis, while one hundred points are granted for publishing a report.In
addition to points, the system includes a badge-based achievement mechanism that recognises
user participation and consistency. Four distinct badges are defined to motivate users and

promote continued involvement in environmental monitoring and reporting activities.
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Table 2.5: Achievement badges and their unlock criteria.

Badge Requirement
First Report Submit 1 report
Ocean Hero Submit 5+ reports
Wave Maker Earn 500+ points
Guardian Elite Earn 1000+ points

User progress, including accumulated points and report counts, is stored within the

corresponding Firestore document, allowing the data to persist seamlessly across sessions. To

enhance user engagement, the system displays a celebratory pop-up with animated confetti

whenever points are earned. This immediate visual feedback acts as positive reinforcement,

motivating users to remain active and continue contributing to the platform.

2.4 Database Schema

The application uses two firestore collections.

-
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email
usernam
avatarUrl
points
reportsCount
createdAt

N
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Figure 2.6 Database Schema
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The above figure illustrates the Firestore database schema used in the system. In this structure, a
one-to-many relationship is maintained between each user and the posts they create. This design
ensures that all user-generated reports are properly linked and organized. Additionally, the
inclusion of the expiresAt field allows the system to automatically remove outdated records using

Firestore’s Time-To-Live (TTL) feature, helping maintain a clean and relevant dataset.

2.5 Security Architecture

The system follows a multi-layered security approach to protect sensitive data and ensure safe
operation across different components. Critical credentials such as the OpenRouter API key,
Firebase Admin private key, Cloudinary API secret, and GNews API key are stored securely on

the server side using environment variables. These values are accessible only to the backend.

SECURITY ARCHITECTURE

" CLIENT (Browser) o
NEXT PUBLIC FIREBASE * «— Safie: Public config
(no secrets exposed)

HTTPS/TLS 1.3

' SERVER (API Routes) |
OPENROUTER_API KEY
FIREBASE PRIVATE KEY «— Protected by process.env
CLOUDINARY APl SECRET

NEWS_API_KEY |

PROTECTION LAYERS
» gitignore excludes .env
* Private GitHub repo

- » Vercel encrypted env

Figure 2.7 Security Architecture
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The above figure illustrates the system’s security architecture, highlighting the clear separation
between publicly accessible client-side configuration and securely managed server-side
credentials. This distinction ensures that sensitive information remains protected. On the client
side, Firebase configuration parameters are prefixed with NEXT_PUBLIC, indicating that they
are intentionally exposed. Despite being public, access control is strictly enforced through
Firebase security rules on the server, which aligns with recommended best practices (Google,
2024).To further enhance security, the .env file containing sensitive information is excluded from

version control using .gitignore, and the project repository is maintained as private

2.6 User Flow

USER FLOW DIAGRAM

[Landing page]
User Logged In?

| |

Login / Sign up Dashboard

Email / Google / Guest Home - Analyze - Conserve - Impact
Al Analyses Image
Results: Pollutants + Severity + Recommendations
Post to Community

Earn Points

Figure 2.8 : User flow Diagram
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The above figure illustrates the end-to-end user flow, starting from the landing page, followed by
user authentication, image analysis, and finally the process of sharing reports within the
community module. The overall user journey within the platform is designed to be simple and
intuitive, guiding users from initial access to active participation. The complete flow of

interactions is outlined below.

3. Experimental Setup

3.1 Software Environment

The application was developed using Visual Studio Code (version 1.96) on a macOS
environment. The system is built on the Next.js framework (version 16.1.6), running on Node.js
20 LTS, which provides a stable and scalable runtime for both frontend and backend
operations.For the user interface, React (version 19.2.3) is used to create dynamic and reusable
components, while Tailwind CSS (version 4.0) enables efficient styling through a utility-first
approach. PostCSS is integrated into the build process to handle CSS transformations and
optimisation.The application also incorporates the Lucide React icon library (version 0.575),
which offers lightweight and MIT-licensed SVG icons for improved visual representation. On the
backend, database interactions are managed using the Firebase Admin SDK (version 13.7) for
Node js, ensuring secure and efficient data handling. User authentication on the client side is

implemented through the Firebase JavaScript SDK (version 12.10).

For handling image uploads and storage, the Cloudinary Node.js SDK (version 2.9) is used,
allowing seamless media management. Additionally, ESLint (version 9), configured with the
official Next.js ruleset, is employed to maintain code quality and enforce consistent coding

standards throughout the development process.

3.2 External Services

Table 2.9 Service providers

Service Provider Tier Purpose
Database Firebase Firestore Free (Spark) Document storage
Authentication Firebase Auth Free Google OAuth + email

login
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Service Provider Tier Purpose

Image CDN Cloudinary Free (25 GB) Uploaded image hosting
Al Models OpenRouter Free Vision and text generation
News API GNews.io Free (100/day) Conservation headlines
Hosting Vercel Free (Hobby) Serverless deployment

The above table presents the external services integrated into SAMUDRA-NETRA. All selected
services operate within their respective free-tier limits, ensuring that the system can be deployed

and maintained without any financial cost.

3.3 Hardware

The development and testing of the application were carried out on an Apple MacBook equipped
with an M-series processor, 8 GB of unified memory, and a 256 GB SSD. To ensure
compatibility across different devices and platforms, the application was also tested on Android
smartphones using Chrome (version 120 and above), as well as on Windows laptops running
Firefox (version 128) and Microsoft Edge (version 130). These tests confirmed consistent

performance and usability across multiple environments.

3.4 Deployment

The application is deployed using the Vercel platform, which provides seamless support for
Next.js-based projects. On every code update pushed to the repository, Vercel automatically
triggers the build process using the next build command. The platform’s global edge
network ensures efficient content delivery, resulting in an initial load time of under two seconds
in most regions. This deployment strategy enhances both performance and accessibility for users

across different geographical locations.


http://www.ijsred.com

International Journal of Scientific Research and Engineering Development— Volume 9 Issue 2, Mar-Apr 2026
Available at www.ijsred.com

4. Results

This section highlights the key features and interfaces of the deployed SAMUDRA-NETRA
application, along with observations related to system performance. Each figure is presented in

sequence and accompanied by a detailed explanation to illustrate the corresponding functionality.

4.1 Landing Page

This is the main landing page for the website. The interface features a visually engaging hero
section, where the platform title “SAMUDRA-NETRA: Ocean’s Eye” is placed over a deep-
navy animated background that includes elements such as rising bubbles, moving fish, and gently
swaying seaweed. A prominent call-to-action button labelled “Join the Movement” directs users
to the registration page.Below the main section, three informational cards highlight important
statistics, including the percentage of Earth covered by oceans (70%), the number of people
dependent on marine resources (over 3 billion), and the share of carbon dioxide absorbed by
oceans (approx 30%). Further down, a responsive grid displays nine SDG 14 target cards, each
containing an icon, title, and a short description.The page concludes with an additional call-to-
action encouraging users to register and participate in conservation efforts. Overall, the landing
page serves both as an educational interface for new visitors and as a conversion point for user

onboarding.

4.2 Login and Registration Page

This page contains the authentication interface, which supports both returning and new users.
Existing users can log in using their email and password, while an integrated Google sign-in
option enables faster access. For new users, a toggle allows switching to the registration form,
where basic details such as username, email, and password are collected.Input validation is
performed on the client side before the data is sent to the /api/auth endpoint. Once

authentication is successful, users are redirected to the main dashboard, ensuring a smooth

transition into the application.
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4.3 Dashboard — Home Tab

This page shows the Home tab within the dashboard. This section provides a quick overview of
the user’s activity by displaying their profile details, including display name, avatar, accumulated
points, and total reports submitted.In addition, a live news feed is integrated into the interface,
presenting recent updates related to ocean conservation. These articles are retrieved from the
GNews.io API and include key information such as the headline, source, publication date, and an
accompanying image. This feature keeps users informed about global marine issues while

reinforcing their role in contributing to environmental monitoring.

4 .4 Dashboard — Analyze Tab (Image Upload and Al Analysis)

The initial state of the Analyze tab, where users are provided with a drag-and-drop interface for
uploading images. The upload area is visually highlighted with a dashed border and includes
guiding text to assist users.Additional outputs include a descriptive summary of the scene, a list
of detected elements (such as plastic waste or murky water), an ecosystem impact statement, and
a set of recommended actions. Visual indicators such as coloured progress bars are used to

represent the severity of each pollutant, making the results easier to interpret.

Table 4.4 : Respond Metrics

Scenario Average Response Time Analysis Source

Primary Al model (Nemotron) 2.8 seconds Cloud (OpenRouter)
Secondary Al model (Gemma) 3.4 seconds Cloud (OpenRouter)
All cloud models unavailable 0.9 seconds Local (Canvas API)

The above table summarises the average response times recorded for pollution analysis under
three different operating conditions. The results indicate that the local fallback mechanism
performs faster, primarily because it eliminates the need for network communication and
associated latency.Performance testing shows that the analysis completes in approximately three
seconds when processed using the primary Al model. In cases where the fallback analyser is
used, the response time is reduced to around one second. A summary of the observed

performance metrics is provided in Table 4.For example the output generated after an image is
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processed ,In this example, the system assigns a pollution score of 68 out of 100 and categorizes
the condition as “Moderately Polluted.” The analysis further identifies multiple pollutant types,
including Plastic Waste (72% severity), Oil Contamination (55%), Chemical Pollutants (41%),
and Marine Debris (63%). Based on these findings, the system marks the situation as “High”

urgency.

4.5 Dashboard — Conservation Tab (Pruthvi Al Chatbot)

Dashboard illustrates the Conservation tab, which is organized into two main sections. The left
panel presents six categories of conservation practices, including Reduce Plastic Usage, Beach
Cleanups, Sustainable Seafood, Water Conservation, Support Marine Organisations, and Spread
Awareness. Each category provides a set of practical and easy-to-follow tips that users can adopt
in their daily lives.On the right side, or as an overlay on smaller screens, the Pruthvi Al chatbot is
integrated to provide interactive assistance. In the example shown, a user asks, “What happens to
sea turtles when they eat plastic?” and the chatbot responds with a clear explanation of the risks
involved, such as ingestion issues, intestinal blockage, and chemical exposure. It further suggests
simple actions, such as minimizing single-use plastic, to help reduce such impacts. This

combination of static guidance and interactive support enhances user learning and engagement.

4.6 Dashboard — Impact Tab

The Impact tab, where users can track their contributions to the platform. This section highlights
key metrics such as total points earned, number of reports submitted, and achievement badges
unlocked. Progress indicators are used to show how close the user is to reaching the next
milestone.At the top, the system assigns a “Guardian Rank” (for example, “Wave Maker” at 540
points), which reflects the user’s level of participation. By incorporating elements of
gamification, this feature encourages continued involvement and motivates users to remain active

over time.

4.7 Community Feed

Each post includes essential details such as the user’s name and avatar, the uploaded image, the
calculated pollution score, identified pollutant categories, a short description, and the time of

posting. A floating “4” button is provided for creating new posts, opening a form where users can
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submit their own reports. This feature promotes collaboration and awareness by allowing users to
learn from real-world observations shared by the The Community page, which acts as a shared
space where users can view pollution reports submitted by others. The posts are arranged in

reverse chronological order, ensuring that the most recent updates appear first.

4.8 Profile Page

The Profile page, where users can manage their personal information and review their activity
within the platform. The interface displays details such as username, avatar, total points, number
of reports, and the date of account creation.Users are also given the option to update their profile
through an “Edit Profile” feature, which opens a form for modifying their details. This section
ensures that users have control over their account while maintaining a clear overview of their

contributions.

4.9 Performance Summary

Table 4.9 Performance summary

Metric Observed Value

Average page load time 1.7 seconds

Al analysis success rate (cloud) 94.2% (first model)

Al analysis success rate (with chain) 99.6% (across 5 models)
Local fallback activation rate 0.4% of analyses

Average session duration 5.3 minutes

Reports submitted per active user 3.1 (over 14 days)

Return rate within 7 days 62%

Cross-browser compatibility Chrome, Firefox, Safari, Edge
Mobile responsive Yes (tested 360px—1440px)

Table 4.9 summarises the key performance metrics obtained from a two-week internal pilot study

conducted with fifteen volunteer users.The results show a high success rate of 99.6% for the
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cloud-based Al pipeline, which supports the decision to use a chained model approach instead of
relying on a single service. This strategy improves reliability by ensuring that if one model fails,

others can still process the request.

The activation of the local fallback analyser was observed to be minimal, indicating that cloud
services were available in nearly all testing scenarios. However, the presence of the fallback
mechanism remains important, especially in situations where network connectivity is unstable or

unavailable, ensuring uninterrupted system functionality.

5. Applications, Discussion, and Ablation Study

5.1 Real-World Applications

The SAMUDRA-NETRA platform can be applied across a variety of real-world scenarios.
Coastal municipalities can adopt it as a digital reporting system for monitoring pollution in
beaches and waterfront areas, replacing traditional manual complaint methods with faster, image-
based submissions.Environmental organisations involved in river and coastal cleanup initiatives,
particularly in regions such as India, Indonesia, and the Philippines, can use the platform to

coordinate volunteers and track environmental changes over time.

The community feed enables easy sharing of field observations, including before-and-after

comparisons of cleanup efforts.

In the education sector, the platform can be incorporated into environmental science programs,
allowing students to perform real-time pollution assessments using their smartphones.
Additionally, marine research groups can utilize the crowdsourced data as a supplementary layer
to complement their existing monitoring systems, helping to cover areas where fixed sensors are

not available.

5.2 Discussion

The experimental results suggest that integrating cloud-based AI models with a local fallback

analyser creates a dependable and flexible system, particularly suited for citizen-driven
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environmental monitoring. This hybrid approach ensures that users receive results even under

varying network conditions, which is essential for field-based applications.

The introduction of gamification features also had a noticeable impact on user engagement.
Users who earned at least one achievement badge were observed to submit significantly more
reports compared to those who had not. This behaviour aligns with previous research by
Morschheuser et al. (2017), which highlights the positive influence of game-design elements on
user participation in crowdsourcing systems.Despite these strengths, the system has certain
limitations. One key limitation is the lack of a verified ground-truth dataset to quantitatively

evaluate the accuracy of Al-based pollution detection.

Additionally, since the models are accessed through a free-tier aggregation service, there is
limited control over model updates, which may affect consistency over time.Future
improvements should focus on developing a labelled dataset in collaboration with marine

research institutions.

This would enable the evaluation of performance metrics such as precision, recall, and F1-score

for different pollutant categories, thereby improving the reliability and credibility of the system.

5.3 Ablation Study

To evaluate the contribution of individual system components, a simplified ablation study was
conducted by selectively disabling certain features and observing the resulting changes in user
behaviour. The study was carried out over two separate seven-day periods using the same group
of volunteer participants.By comparing system usage across different configurations, it was
possible to identify the impact of key features such as Al-based analysis, the fallback

mechanism, and gamification elements on overall engagement and system performance.
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Table 5.3 : Ablation Study

Configuration Avg Reports/User Avg Session Time Return Rate
Full system (all features 31 53 min 62%
enabled) ' ' 0
Without gamification (no 1.7 31 min 389
points/badges) ' ' 0
Without Al chatbot : 0

(Pruthvi disabled) 2.6 4.0 min 51%
Without community feed | 2.2 3.5 min 44%

Table 5.3 presents the results of the ablation study, highlighting the impact of removing
individual system components on user behaviour. The findings indicate that the gamification
module plays a critical role in maintaining user engagement.

The most significant drop in performance was observed when the gamification features were
disabled. In this case, the average number of reports submitted per user decreased by 45%,

session duration reduced by 42%, and the seven-day return rate declined from 62% to 38%.

When the community feed was removed, a moderate reduction in activity was recorded, with
approximately 29% fewer reports being generated. This suggests that the visibility of user
contributions within a shared space encourages participation, although its impact is not as strong

as that of personal reward mechanisms.

In contrast, disabling the Al chatbot had a relatively smaller effect on the number of reports
submitted. However, it noticeably reduced the time users spent within the platform, indicating
that the chatbot contributes more toward user engagement and interaction rather than directly

influencing reporting behaviour.

6. Conclusion

This paper introduced SAMUDRA-NETRA, a web-based platform designed to enable users to

identify, document, and share instances of marine pollution through an integrated set of features,
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including Al-driven image analysis, an interactive conservation chatbot, a community reporting

system, and a gamified engagement model.

One of the key highlights of the system is its ability to operate entirely on free-tier cloud
services, demonstrating that meaningful environmental solutions can be developed without
requiring significant financial investment. The results obtained from internal testing with
volunteer users indicate that the multi-model Al pipeline achieves a high level of availability

(99.6%), while gamification features significantly improve user participation and retention.

The primary contributions of this work can be summarized in three aspects. First, the system
introduces a hybrid analysis approach that combines a cascading AI model pipeline with a local
fallback mechanism, ensuring continuous operation even under limited connectivity. Second, it
integrates community-driven reporting with an educational chatbot, creating a unified platform
that supports both awareness and action. Third, the ablation study provides practical evidence

that gamification is the most influential factor in sustaining user engagement within the system.

Future enhancements will focus on developing a custom lightweight image classification model
trained on a labelled marine pollution dataset, which will improve detection accuracy and reduce
reliance on external APIs. In addition, the development of native mobile applications with
integrated camera and GPS capabilities is planned to support real-time field reporting.
Collaborations with government agencies will also be explored to enable direct complaint
resolution, along with the introduction of multilingual support to make the platform accessible to

a wider range of coastal communities.
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