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Abstract — Access to safe drinking water is essential for
public health, yet conventional water quality monitoring
systems are often slow, manual, and lack real-time
accessibility. This paper presents Aqua Trace, an intelligent
water quality monitoring and management platform that
integrates mobile and web technologies with machine
learning for water classification, contamination mapping, lab-
oratory report delivery, and predictive filter recommendation.
The system wuses Random Forest for water quality
classification, Linear Regression for filter prediction, and K-
Nearest Neighbour interpolation for contamination
visualization. Developed using Django REST Framework,
Flutter, MySQL, and Google Maps API, Aqua Trace
improves efficiency, transparency, and public accessibility in
smart water management. Experimental results confirm faster
reporting, accurate contamination detection, and enhanced
decision-making for water safety.
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I. INTRODUCTION

Safe drinking water is essential for health, agriculture, and
industry, but pollution from industrial waste, sewage, and
runoff has made water quality monitoring increasingly
important. Traditional monitoring methods are slow, costly,
and lack real-time accessibility, delaying contamination
detection.

Recent advances in digital technology and machine
learning enable smarter water management through auto-
mated classification, contamination analysis, and predictive
monitoring.

To address these issues, this paper presents Aqua
Trace, an intelligent water quality monitoring system that
integrates machine learning, contamination mapping,
laboratory  report delivery, and predictive filter
recommendation into a unified mobile and web platform.
Aqua Trace includes User, Admin, and Lab modules, with
key contributions:

— Integrated smart water monitoring platform,

— ML-based water classification and filter prediction,
— Digital laboratory report integration,

— Interactive contamination mapping,

—  Predictive alert system for water safety.

The following sections present related work, system
de-sign, methodology, implementation, results, and
conclusion.

II. LITERATURE REVIEW

Recent advances in smart water monitoring use wireless
sensors, machine learning, and deep learning for accurate
water quality assessment. Systems like WaterNet and CNN-
LSTM models improve real-time prediction, while Explain-
able Al increases transparency. However, most systems focus
only on sensing or prediction and lack integrated public
access and lab support.

Aqua Trace addresses these gaps by combining real-
time monitoring, laboratory integration, contamination
mapping, and predictive filter analysis in one unified
platform.

III. PROPOSED SYSTEM

A. System Overview

Aqua Trace is an intelligent water quality monitoring
platform that provides real-time analysis, contamination
visualization, lab report delivery, and filter reccommendations
using machine learning.

B. Architectural Modules
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Fig. 1: Proposed System Architecture of Aqua Trace
The system has five modules:

—  User Module: Monitoring, complaints, and lab re-quests.
— Admin Module: User and contamination manage-ment.
— Lab Module: Sample testing and report delivery.

—  Filter Module: Filter lifespan prediction.

— Mapping Module: Unsafe water zone visualization.

C. Data Flow and Integration

Mobile and web clients connect to the Django REST backend
through secure APIs. MySQL stores data, while machine
learning services perform water classification, fil-ter
prediction, and contamination mapping in real time.

IV. METHODOLOGY

The development of Aqua Trace follows a structured five-
phase methodology to ensure reliability, scalability, and
efficient performance.
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A. Phase 1: Requirement Analysis

System requirements were identified based on existing water
monitoring challenges and stakeholder needs. Key
requirements include real-time monitoring, contamination
classification, lab report integration, filter prediction, com-
plaint handling, and secure mobile accessibility.

B. Phase 2: System Design

The system was designed using a modular layered
architecture separating frontend, backend, machine learning
services, and database management. UML diagrams, DFDs,

and database schemas were prepared before implementation.
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Fig. 2: Use case diagram of the Aqua Trace System
illustrating User, Admin, and Lab module interactions for
water quality monitoring and management.
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C. Phase 3: Implementation

Aqua Trace was implemented using Django REST
Framework, Flutter, and MySQL. Machine learning models
include Random Forest for water classification, Linear
Regression for filter prediction, and KNN for contamination
mapping. Google Maps API supports geographical
visualization.

D. Phase 4: Testing

Unit, integration, and performance testing were con-ducted to
verify functionality, prediction accuracy, API
communication, and response efficiency under multiple user
loads.

E. Phase 5: Evaluation

System evaluation measured functional correctness, model
accuracy, and usability. Results confirmed improved
transparency, predictive awareness, and public accessibility
in water quality monitoring.

V. IMPLEMENTATION

A. Technology Stack

Aqua Trace is developed using modern web, mobile,
backend, and machine learning technologies as shown in
Table I.

Component Technology
Frontend Web Interface HTML, CSS, JavaScript
Mobile Application Flutter
Backend Framework Django REST Framework
Programming Language Python
Database MySQL
Machine Learning Library Scikit-learn
Mapping and Google Maps API,
Visualization Leaflet.js
Development Tools VS Code, Android Studio
Version Control GitHub

Table I: Technology Stack Used in Aqua Trace

B. System Functional Modules

The platform consists of five modules:

— User Module: Enables registration, water monitoring,
complaint submission, lab requests, and alerts.

— Admin Module: Manages users, contamination reports,
complaints, and notifications.

— Lab Module: Handles water sample testing, certified
report generation, and digital report delivery.

— Filter Prediction Module: Uses Linear Regression to
estimate filter lifespan and recommend replacement

timing.

— Contamination Mapping Module: Uses KNN
interpolation to visualize unsafe water zones
geographically.

C. Machine Learning Implementation

Random Forest classifies water into Safe, Moderate, and
Unsafe categories based on quality parameters. Linear
Regression predicts filter replacement timing, while KNN
estimates contamination levels in nearby unmeasured
locations.

D. Interface and Backend Integration

The interface is designed for simple and intuitive use across
web and mobile platforms with role-specific dash-boards for
users, admins, and labs. Django REST APIs manage secure
communication between frontend and backend, while
MySQL stores user records, reports, contamination logs, and
prediction histories.

E. Performance Optimization

Efficient API handling, indexed database queries, cached
map rendering, and lightweight ML models ensure fast
response times and smooth performance under multiple
simultaneous requests.

VI. RESULTS AND DISCUSSION

A. Experimental Setup

Aqua Trace was evaluated with 60 participants, including 45
general users and 15 laboratory/admin users, during two pilot
sessions at MGM Technological Campus and nearby
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residential areas. Participants were divided into an Aqua
Trace group (n = 30) and a conventional monitoring group (n
=30), observed over a 7-day testing cycle.

B. System Effectiveness Assessment

System performance was measured by comparing re-porting
time and water quality accuracy between both groups, as
shown in Table II.

Metric Value
Aqua Trace Avg. Reporting Time (min) 38
Aqua Trace Accuracy (%) 91.6
Improvement Over Conventional Method | +42.5%

Conventional Avg. Reporting Time (min) 11.2
Conventional Accuracy (%) 64.3
Table II: System Effectiveness: Aqua Trace VS.
Conventional Method
Aqua Trace achieved faster reporting and higher
accuracy, demonstrating the effectiveness of ML-based
digital monitoring.

C. System Usability

The system obtained a mean SUS score of 84.1/100,
indicating excellent usability. Users highlighted easy
navigation, clear map visualization, and quick access to
laboratory reports.

D. User Engagement Metrics

Table III summarizes user engagement results.
Frequent contamination map checks indicate strong public
interest in real-time water safety awareness.

E. Performance Analysis

Performance testing across multiple devices measured load
time, prediction latency, and crash rate.

The system remained stable across all devices, with
only minor delays on low-end smartphones.

Metric Value

Reported high satisfaction 88.3%
Found app easier than manual methods | 93.1%
Would recommend to others 90.4%

Avg. daily active usage time (min) 12.7
Repeated contamination map checks | 67.5%
Table III: User Engagement Metrics (Aqua Trace Users, N
=30)

F. Laboratory Module Evaluation

The Lab Module reduced average report generation time from
18 minutes to 6.5 minutes, achieving a 63.9% efficiency gain.

G. Limitations

Current limitations include dependence on manual in-put
without IoT sensors, slower performance on low-end devices,
limited evaluation scope, and moderate-sized ML training
datasets.

Overall, results confirm that Aqua Trace is an
effective, scalable, and user-friendly smart water monitoring
solution.

VII. CONCLUSION

This paper presented Aqua Trace, an intelligent water quality
monitoring platform that combines mobile/web applications,

machine learning, laboratory report delivery, contamination
mapping, and user-centered communication in a unified
system.

Experimental results showed improved efficiency
and accuracy over conventional methods, achieving 91.6%
re-porting accuracy, reducing reporting time to 3.8 minutes,
and obtaining an excellent SUS score of 84.1. High user

satisfaction confirms the system’s practicality and
acceptance.
Aqua Trace effectively bridges traditional

monitoring with smart digital infrastructure, enhancing
transparency and public awareness. Future work includes IoT
sensor integration, deep learning forecasting, NLP-based
report parsing, multilingual support, and blockchain-secured
report verification.
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