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Abstract— Air pollution has emerged as one of the most critical environmental and public health challenges,
causing severe respiratory and cardiovascular diseases due to prolonged exposure to pollutants such as PM2.5,
PM10, NO., CO, SO, and Os. Existing Air Quality Index (AQI) monitoring platforms primarily provide
generalized information and often lack real-time localized prediction, personalized health recommendations, and
intelligent decision support. This paper presents Respirify, an Al-powered air quality monitoring and health
advisory system designed to provide accurate AQI prediction and personalized health guidance based on
environmental conditions and individual health profiles. The proposed system integrates machine learning models,
including XGBoost and Random Forest, to analyze historical and real-time air quality data collected from trusted
public sources such as CPCB and OpenAQ. The architecture adopts a modular full-stack design comprising a
React.js frontend for interactive visualization, a FastAPI backend for data processing and prediction services, and
ChromaDB for efficient storage and retrieval of contextual information. The system incorporates explainable
artificial intelligence techniques to improve the transparency of health risk assessment while generating dynamic
recommendations based on pollutant concentration, user age, and existing medical conditions. Experimental
evaluation using standard regression metrics demonstrates the effectiveness of the proposed prediction model in
providing reliable AQI forecasts while supporting timely health advisories. By combining intelligent prediction,
personalized recommendations, and user-friendly visualization, Respirify offers a scalable and practical solution
for enhancing environmental awareness, reducing pollution-related health risks, and promoting informed
decision-making for individuals and communities.

Index Terms— Air Quality Index (AQI), Air Pollution Monitoring, Machine Learning, XGBoost, Random Forest,
FastAPI, React.js, ChromaDB, Explainable Artificial Intelligence (XAI), Health Advisory System, Environmental
Monitoring, Predictive Analytics, Personalized Healthcare, CPCB, OpenAQ.

1. INTRODUCTION

relationships among environmental parameters,
while modern web technologies provide interactive
visualization and real-time user interaction. These
technological developments offer an effective
foundation for designing intelligent air quality
monitoring systems that enhance environmental
awareness and public health.

1.1 Background

Air pollution has become one of the most critical
environmental and public health challenges
worldwide, particularly in urban and semi-urban
regions  where  industrialization,  vehicular
emissions, and rapid urbanization continue to
increase pollutant concentrations. Exposure to
pollutants such as PM2.5, PM10, NO, SOz, CO, and
Os has been associated with respiratory diseases,
cardiovascular disorders, and several other chronic
health conditions. Although numerous Air Quality
Index (AQI) monitoring platforms are available,
most existing systems provide generalized air
quality information without offering real-time
localized prediction, personalized health guidance,

In this context, Respirify is proposed as an
intelligent Air Quality Monitoring and Health
Advisory System that combines machine learning
with real-time environmental data to provide
accurate AQI prediction and personalized health
recommendations. The proposed system utilizes
publicly available datasets from trusted sources such
as CPCB and OpenAQ to train prediction models
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or intelligent decision support.

Recent advancements in Artificial Intelligence (Al),
Machine Learning (ML), and Internet of Things
(IoT) technologies have enabled the development of
intelligent environmental monitoring systems
capable of processing large volumes of
environmental data and generating actionable
insights. Machine learning techniques facilitate
accurate AQI prediction by learning complex
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and adopts a modular architecture consisting of a
React.js frontend, FastAPI backend, and ChromaDB
for efficient contextual data management.
Furthermore, the incorporation of Explainable
Artificial Intelligence (XAI) enhances the
transparency of health risk assessment by providing
meaningful insights into the factors influencing
prediction results. Through intelligent prediction,
personalized advisories, and an interactive
dashboard, Respirify assists users in making
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informed decisions to minimize pollution exposure
and promote healthier lifestyles.

1.2 Research Gap

Despite considerable advancements in air quality
monitoring technologies, existing AQI monitoring
platforms continue to face several limitations in
providing accurate, personalized, and actionable
environmental information. Most current systems
primarily report existing pollution levels without
offering localized AQI prediction or individualized
health recommendations. Consequently, users
receive generalized advisories that do not account
for important personal factors such as age,
respiratory conditions, or cardiovascular diseases.

Although machine learning has significantly
improved AQI prediction capabilities, many existing
solutions focus solely on forecasting pollutant
concentrations without integrating personalized
health  advisory = mechanisms.  Additionally,
conventional air quality monitoring systems depend
largely on fixed monitoring stations with limited
geographical coverage, reducing their effectiveness
in residential and semi-urban regions where
monitoring infrastructure is often inadequate.

Another important limitation is the lack of
transparency in prediction models. Most machine
learning algorithms function as black-box systems,
making it difficult for users to understand how
predictions and health recommendations are
generated. This lack of interpretability reduces user
confidence and limits the practical adoption of Al-
based environmental monitoring  solutions.
Furthermore, many existing platforms provide
limited educational information regarding pollution
sources, exposure risks, and preventive measures,
thereby restricting their effectiveness in promoting
public awareness.

The proposed Respirify system addresses these
limitations by integrating machine learning-based
AQI prediction with personalized health advisory
generation. By combining real-time environmental
information, historical air quality datasets,
demographic factors, and explainable artificial
intelligence techniques, the system delivers
transparent, context-aware, and user-centric
recommendations. This  approach  improves
prediction accuracy, enhances interpretability, and
supports more effective environmental monitoring
and public health protection.

1.3 Research Objectives

The objectives of the proposed Respirify system are
as follows:

1. To develop an intelligent air quality
monitoring system capable of providing
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accurate real-time Air Quality Index (AQI)
prediction.

2. To implement machine learning models
such as XGBoost and Random Forest for
improving AQI forecasting accuracy.

3. To provide personalized health advisories
based on AQI levels, age groups, and
existing health conditions.

4. To integrate reliable public air quality
datasets from CPCB and OpenAQ for
model training and prediction.

5. To develop a user-friendly web platform
using React.js and FastAPI for real-time
visualization of air quality information.

6. To incorporate Explainable Artificial
Intelligence  (XAI)  techniques  for
improving  the  transparency  and
interpretability of health risk assessment.

7. To increase public awareness by providing
educational information and preventive
recommendations related to air pollution
exposure.

8. To evaluate the effectiveness of the
proposed system using standard regression
metrics including MAE, MSE, and RMSE.

1.4 Limitations of the Study

The proposed Respirify system has certain
limitations that should be considered. The prediction
performance largely depends on the quality,
completeness, and availability of historical air
quality datasets obtained from public sources such
as CPCB and OpenAQ. Missing values, inconsistent
records, or insufficient regional coverage may affect
the overall prediction accuracy.

The current implementation primarily focuses on
outdoor air quality monitoring and personalized
health advisory generation. Although indoor
pollution datasets and explainable Al approaches are
considered during system design, comprehensive
real-time indoor air quality monitoring has not been
fully implemented. Prediction accuracy may also
vary across geographical regions because of
differences in environmental conditions, pollution
sources, and monitoring infrastructure.

The effectiveness of personalized health
recommendations depends on the availability of
accurate user information, including age and
existing medical conditions. Inaccurate or
incomplete user profiles may reduce the relevance of
the generated advisories. Furthermore, while
Explainable Artificial Intelligence improves the
transparency of prediction results, the overall system
performance remains dependent on the effectiveness

Vol 26 Issue 07, July 2026

Page 511 of 523



ISSN:2250-3676

International Journal of Engineering Science and Advanced Technology (IJESAT)

of the underlying machine learning models and the
quality of environmental data.

The current implementation is developed as a web-
based application requiring internet connectivity for
accessing real-time environmental data and
prediction services. In addition, large-scale
deployment and extensive validation across multiple
geographical regions have not yet been conducted.
Further evaluation is required to assess the
scalability, robustness, and adaptability of the
proposed system under diverse real-world
environmental conditions.

1.5 Rationale of the Study

The continuous deterioration of air quality and its
direct impact on human health have created an
urgent need for intelligent systems capable of
providing timely environmental information and
personalized health guidance. Conventional AQI
monitoring platforms mainly provide generalized
pollution data and often fail to deliver localized
predictions or individualized recommendations that
address the specific needs of different categories of
users.

The primary rationale of this research is to develop
an intelligent air quality monitoring platform that
combines machine learning, environmental data
analysis, and personalized health advisory
generation to improve environmental awareness and
support informed decision-making. By utilizing
reliable datasets from CPCB and OpenAQ together
with advanced machine learning algorithms, the
proposed system generates accurate AQI predictions
while providing meaningful recommendations
based on pollutant levels and individual health
conditions.

Respirify adopts a modular architecture consisting
of React.js, FastAPI, ChromaDB, and machine
learning models to provide an efficient, scalable, and
user-friendly  platform  for  environmental
monitoring. The integration of Explainable Artificial
Intelligence further enhances transparency by
enabling users to understand the factors contributing
to predicted health risks. Through intelligent
prediction, real-time visualization, and personalized
health recommendations, the proposed system
contributes to reducing pollution-related health
risks, promoting environmental awareness, and
supporting healthier lifestyles.

2. LITERATURE REVIEW

The growing concerns regarding air pollution and its
impact on public health have accelerated research in
intelligent Air Quality Index (AQI) monitoring and
prediction systems. Conventional air quality
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monitoring methods primarily rely on fixed
monitoring stations that provide generalized
pollution data over large geographical regions.
Although  these  systems  offer  reliable
measurements, they often fail to deliver localized
predictions, personalized health recommendations,
and real-time decision support for individuals.
Recent advancements in Artificial Intelligence (AI),
Machine Learning (ML), Internet of Things (IoT),
and Explainable Artificial Intelligence (XAI) have
enabled the development of intelligent air quality
monitoring systems capable of providing accurate
predictions and user-centric health advisories.

This literature review presents the major
developments in air quality monitoring
technologies, machine learning-based AQI
prediction, personalized health advisory systems,
Explainable Artificial Intelligence, and intelligent
environmental — monitoring  approaches  that
collectively form the foundation of the proposed
Respirify system.

2.1 Traditional Air Quality Monitoring Systems

Early air quality monitoring systems primarily relied
on government-operated monitoring  stations
equipped with specialized environmental sensors for
measuring pollutant concentrations. These systems
continuously monitored pollutants such as PM2.5,
PM10, NO2, SO, CO, and Os to calculate the Air
Quality Index.

However, these conventional systems exhibit
several limitations:

a) Limited geographical coverage due to the small
number of monitoring stations.

b) Lack of real-time localized air quality
information.

¢) Absence of personalized health recommendations
for different categories of users.

Key Insight: Traditional monitoring systems
provide reliable environmental measurements but
lack intelligent prediction capabilities and
personalized decision support required for modern
environmental monitoring applications.

2.2 Machine Learning-Based AQI Prediction
Systems

Recent research has increasingly adopted machine
learning algorithms to improve the accuracy of Air
Quality Index prediction. These approaches analyze
historical pollutant concentrations together with
meteorological parameters to forecast future AQI
levels.

Machine learning-based systems generally focus on:
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a) Learning relationships among multiple
environmental parameters.

b) Predicting future AQI values using historical
datasets.

¢) Improving forecasting accuracy through data-
driven modeling.

Despite these improvements, existing approaches
still face several challenges:

1. Dependence on large volumes of high-
quality historical data.

2. Reduced prediction accuracy under rapidly
changing environmental conditions.

3. Limited integration with personalized
health advisory systems.

Key Insight: Machine learning techniques
significantly improve AQI forecasting accuracy but
often focus primarily on prediction rather than
providing comprehensive health guidance.

2.3 Personalized Health Advisory Systems

Recent studies have emphasized the importance of
integrating health information with air quality
monitoring to provide personalized
recommendations. These systems consider user-
specific characteristics such as age, respiratory
disorders, cardiovascular diseases, and activity
levels while generating health advisories.

The primary objectives of these systems include:

 Assessing health risks associated with pollutant
exposure.

* Providing personalized recommendations based on
AQI levels.

* Increasing public awareness regarding pollution-
related health effects.

However, existing systems still have several
limitations:

* Most provide generalized recommendations
without considering localized environmental
conditions.

* Personalization is often limited to basic AQI
categories.

* Real-time contextual decision support remains
inadequate.

Key Insight: Personalized advisory systems
improve user awareness but require accurate AQI
prediction and contextual information to deliver
meaningful recommendations.
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2.4 Explainable Artificial Intelligence in Air
Quality Prediction

As Attificial Intelligence becomes increasingly
important in environmental monitoring, Explainable
Artificial Intelligence (XAI) has emerged as an
essential component for improving the transparency
of prediction models. Explainable techniques help
users understand the environmental factors
influencing  prediction results and health
recommendations.

Applications of XAI in environmental monitoring
include:

a) Explaining pollutant contributions to AQI
prediction.

b) Improving transparency in health risk assessment.

c) Increasing wuser trust in Al-generated
recommendations.

Despite these advantages:

* Many prediction models continue to function as
black-box systems.

* Balancing interpretability with prediction accuracy
remains a significant challenge.

Key Insight: Explainable Al enhances transparency
and user confidence while supporting more
interpretable environmental decision-making.

2.5 Real-Time Environmental Monitoring
Systems

The integration of IoT technologies with modern
web applications has enabled the development of
real-time environmental monitoring platforms
capable of collecting, processing, and visualizing air
quality information.

These systems generally provide:

* Continuous monitoring of environmental
parameters.

* Interactive dashboards for AQI visualization.
* Real-time alerts and pollution trend analysis.
However, several challenges remain:

» Dependence on continuous data availability.

» Limited monitoring infrastructure in residential
and semi-urban regions.

 Difficulty in maintaining prediction accuracy
across diverse geographical locations.

Key Insight: Real-time monitoring systems
improve environmental awareness but require
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intelligent  prediction models and scalable
architectures for effective deployment.

2.6 Intelligent Air Quality Monitoring
Frameworks

Recent intelligent air quality monitoring
frameworks combine machine learning algorithms,
environmental datasets, and modern web
technologies to provide comprehensive air quality
analysis. These systems integrate prediction models
with interactive dashboards to improve accessibility
and user experience.

The major components of intelligent monitoring
systems include:

* Machine learning-based AQI prediction.

* Web-based visualization using modern frontend
technologies.

* Backend services for real-time data processing.
* Integration of public environmental datasets.
Despite these developments:

* Many systems provide limited personalized
recommendations.

» Explainability features are often absent.

* Scalability and contextual health guidance remain
active research challenges.

Key Insight: Intelligent monitoring frameworks
provide a strong foundation for Al-based
environmental applications but require further
integration of explainability and personalized health
advisory mechanisms.

2.7 Limitations of Existing Systems

Although significant progress has been achieved in
intelligent air quality monitoring, several challenges
continue to limit the effectiveness of existing
solutions:

i. Limited availability of localized real-time air
quality information.

ii. Generalized health advisories that do not
adequately consider individual health conditions.

iii. Limited transparency in machine learning
prediction models.

iv.  Inadequate  geographical coverage of
conventional monitoring infrastructure.

v. Limited integration of AQI prediction,
personalized  health  recommendations, and
explainable artificial intelligence within a unified
platform.
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Key Insight: Existing air quality monitoring
systems primarily focus on pollution measurement
or AQI prediction individually, creating a need for
an integrated, intelligent, and scalable solution that
combines accurate AQI forecasting, personalized
health advisory generation, explainable artificial
intelligence, and  real-time  environmental
monitoring.

3. RESEARCH METHODOLOGY

A systematic research methodology was adopted to
design and develop Respirify, an intelligent Air
Quality Monitoring and Health Advisory System.
The proposed methodology integrates machine
learning techniques with environmental data
analysis to predict Air Quality Index (AQI) and
generate personalized health recommendations. The
system aims to improve prediction accuracy,
enhance environmental awareness, and support
informed decision-making through an interactive
web-based platform. The methodology encompasses
data collection, preprocessing, model development,
system implementation, performance evaluation,
and deployment within a modular architecture.

3.1 Research Design

This research follows an applied research
methodology focused on developing a practical and
scalable solution for intelligent air quality
monitoring and health advisory generation. An
iterative development approach was adopted, where
the system was continuously refined through model
evaluation and performance testing.

The research design consists of the following
components:

1. Qualitative Analysis: Evaluation of the
effectiveness of personalized health
recommendations, system usability, and
interpretability of prediction results
through Explainable Artificial Intelligence
(XAI).

2. Quantitative Analysis: Measurement of
prediction performance using standard
regression  metrics including Mean
Absolute Error (MAE), Mean Squared
Error (MSE), and Root Mean Squared
Error (RMSE).

The proposed system follows a modular
architecture, allowing seamless integration of data
processing, machine learning models, backend
services, database management, and frontend
visualization.
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3.2 System Modules

The proposed Respirify system consists of the
following modules:

J User Interface Module:
Provides an interactive web interface for users to
access air quality information, view AQI
predictions, and receive personalized health
recommendations.

. Data Collection Module:
Collects historical and environmental air quality
data from publicly available sources such as CPCB
and OpenAQ for model training and prediction.

. Data Preprocessing Module:
Performs data cleaning, missing value handling,
normalization, feature selection, and preparation of
datasets for machine learning.

e Machine Learning Prediction Module:
Implements XGBoost and Random Forest
algorithms to analyze environmental parameters and
predict Air Quality Index values.

. Health Adyvisory Module:
Generates personalized health recommendations
based on predicted AQI levels, user age, and existing
medical conditions.

. Explainable Al Module:
Provides transparency by explaining the factors
influencing AQI predictions and health risk
assessments.

. Database Module:
Stores user information, prediction results, historical
records, and contextual information using
ChromaDB for efficient retrieval.

. Backend Processing Module:
Developed using FastAPI to manage API services,
prediction requests, database communication, and
system integration.

* Monitoring and Visualization Module:
Displays AQI trends, prediction results, pollutant
information, and health advisories through an
interactive React.js dashboard.

3.3 Tools and Technologies Used

The Respirify system is developed using the
following technologies:

1. React.js — Development of an interactive
and responsive user interface.

2. FastAPI (Python) - Backend
development, API implementation, and
communication between system
components.
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3. ChromaDB - Storage and management of
contextual information and prediction
records.

4. Python — Data preprocessing, machine
learning model development, and backend
implementation.

5. XGBoost — Machine learning algorithm for
accurate Air Quality Index prediction.

6. Random Forest — Regression model used
for comparative AQI prediction.

7. CPCB and OpenAQ Datasets — Reliable
public datasets used for model training and
evaluation.

8. Explainable Artificial Intelligence (XAI)
— Improves transparency by explaining
prediction outcomes and health risk
assessments.

3.4 System Architecture Description

The proposed Respirify system operates through a
multi-stage intelligent pipeline for air quality
prediction and personalized health advisory
generation. The architecture integrates
environmental data processing, machine learning
models, Explainable Artificial Intelligence, and web
technologies to deliver accurate and transparent AQI
prediction.

Initially, historical air quality data are collected from
trusted public sources such as CPCB and OpenAQ.
The collected data undergo preprocessing, including
cleaning, normalization, handling missing values,
and feature preparation to improve data quality. The
processed dataset is then supplied to machine
learning models, namely XGBoost and Random
Forest, for AQI prediction.

The prediction results are further analyzed by the
Explainable Artificial Intelligence module, which
identifies the environmental factors influencing
prediction outcomes. Based on the predicted AQI
values together with user-specific information such
as age and existing medical conditions, the Health
Advisory  Module  generates  personalized
recommendations to minimize pollution exposure.

The FastAPI backend manages communication
between all system components and delivers
prediction results to the React.js frontend, where
users can visualize AQI information, pollution
trends, and health recommendations through an
interactive dashboard. Prediction records and
contextual information are stored in ChromaDB for
efficient retrieval and future analysis.
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Fig 1: System Architecture

This architecture provides an efficient, scalable, and
user-friendly solution for intelligent environmental
monitoring while improving transparency and
supporting informed public health decisions.

Step-wise Architecture

Step 1: Data Collection
Historical air quality data are collected from trusted
public sources including CPCB and OpenAQ.

Step 2: Data Preprocessing
The collected dataset is cleaned, normalized, and
prepared by handling missing values and selecting
relevant environmental features.

Step 3: Machine Learning Prediction
The preprocessed data are processed using XGBoost
and Random Forest models to predict Air Quality
Index values.

Step 4: Explainable Al Analysis
Prediction results are interpreted using Explainable
Artificial Intelligence techniques to identify
important contributing factors.

Step 5: Personalized Health Advisory
The system generates health recommendations
based on predicted AQI values, user age, and
existing health conditions.

Step 6: Visualization
Prediction  results, AQI trends, pollutant
information, and health advisories are presented
through an interactive React.js dashboard.

Step 7: Data Storage
Prediction records, user information, and contextual
data are securely stored in ChromaDB for future
retrieval and analysis.
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3.5 Model Implementation and Validation

The proposed Respirify system employs supervised
machine learning algorithms to predict Air Quality
Index values wusing historical environmental
datasets. XGBoost and Random Forest models were
implemented to analyze pollutant concentrations
and environmental parameters for accurate AQI
prediction.

Implementation Steps

* Collect historical air quality data from CPCB and
OpenAQ.

» Perform data preprocessing, including cleaning,
normalization, and feature preparation.

« Split the dataset into training and testing sets.

e Train XGBoost and Random Forest regression
models.

» Generate AQI predictions using the trained models.

* Analyze prediction outcomes using Explainable
Artificial Intelligence techniques.

* Generate personalized health recommendations
based on predicted AQI values and user profiles.

* Deploy the trained models using FastAPI for real-
time prediction.
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Validation

The developed models were validated using
standard regression performance metrics.

Performance evaluation included:

* Mean Absolute Error (MAE)

* Mean Squared Error (MSE)

* Root Mean Squared Error (RMSE)

* Prediction accuracy comparison between XGBoost
and Random Forest models.

e Evaluation under different environmental
conditions using historical air quality datasets.

3.6 Ethical Considerations

The proposed Respirify system follows responsible
Artificial Intelligence practices while supporting
environmental monitoring and public health
awareness.

e Data Privacy: Protects user information and
prediction records from unauthorized access.

* Transparency: Utilizes Explainable Artificial
Intelligence to improve interpretability of prediction
results.

* Accuracy: Employs reliable public datasets and
validated machine learning algorithms to improve
prediction reliability.

* Responsible AI Usage: Generates health
recommendations intended to support awareness
and informed decision-making rather than replace
professional medical advice.

* Environmental Awareness: Encourages
preventive actions that reduce exposure to harmful
air pollutants and promote healthier lifestyles.

3.7 Evaluation Criteria

The performance of the proposed Respirify system
is evaluated using the following criteria:

1. Prediction Accuracy: Evaluates the
accuracy of AQI prediction using MAE,
MSE, and RMSE.

2. Model Performance: Compares the
prediction capability of XGBoost and
Random Forest algorithms.

3. Prediction Time: Measures the time
required to generate AQI predictions and
health recommendations.

4. Health Advisory Effectiveness: Assesses
the relevance and usefulness of
personalized health recommendations.
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5. Scalability: Evaluates the ability of the
system to process increasing volumes of
environmental data efficiently.

6. Overall System Performance: Measures
response time, prediction efficiency, and
reliability of the integrated air quality
monitoring platform.

4. DATA ANALYSIS
4.1 Dataset Analysis

The proposed Respirify system utilizes publicly
available air quality datasets obtained from reliable
sources, including the Central Pollution Control
Board (CPCB) and OpenAQ. These datasets
contain historical records of major air pollutants
such as PM2.5, PM10, NO., SO, CO, and Os, which
are used to train and evaluate the machine learning
models for Air Quality Index (AQI) prediction.

Before model development, the collected data
undergoes preprocessing to improve data quality and
ensure reliable prediction. The preprocessing stage
includes handling missing values, removing
duplicate records, normalizing numerical features,
and selecting relevant environmental parameters.
These processed datasets provide meaningful input
for the machine learning algorithms while reducing
noise and improving overall model performance.

The prepared dataset enables the system to learn
relationships among various pollutant
concentrations and corresponding AQI values. By
utilizing historical environmental data from trusted
public sources, the proposed system can generate
accurate AQI predictions and support personalized
health advisory generation across different
environmental conditions.

® Good (0-50)
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AQI

s Category ® Poor (201-300)
: . Distribution
;Q- . @ Very Poor (301-400)
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| D ‘

® ¢ Total Records
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Fig 3: AQI Category Distribution
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4.2 System Performance Analysis

The performance of the proposed Respirify system
is evaluated based on its ability to accurately predict
Air Quality Index values and provide meaningful
health recommendations through an intelligent web-
based platform.

The integrated framework combines data
preprocessing, machine learning prediction,
Explainable Artificial Intelligence (XAI), and
personalized health advisory generation within a
unified architecture. The implementation of
XGBoost and Random Forest models enables
efficient analysis of environmental parameters and
accurate AQI forecasting.

Experimental observations indicate that:

* The system provides reliable AQI prediction using
historical environmental data.

* Machine learning models effectively capture
relationships among multiple pollutant parameters.

¢ Personalized health recommendations assist users
in understanding potential health risks associated
with air pollution.

* Explainable Artificial Intelligence improves
transparency by identifying the environmental
factors influencing prediction results.

* The integrated web platform provides efficient
visualization of AQI information and health
advisories through an interactive dashboard.

The overall system demonstrates stable performance
under different environmental conditions and
effectively  supports intelligent air quality
monitoring and public health awareness.

4.3 Performance Metrics Evaluation

The proposed Respirify system is evaluated using
standard regression metrics commonly employed for
Air Quality Index prediction.

B MAE(Y) B RMSE (4) W MSE(3)

250
s 1
g
§ 150 125
w
100
50 4 78 1.2 94 131
o L N N e
XGBoost Random Forest
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XGBoost 18 1.2 125
Random Forest 94 131 m

Fig 4: Comparison of XGBoost and Random
Forest Models Based on MAE, RMSE, and MSE
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The evaluation metrics include:

* Mean Absolute Error (MAE): Measures the
average difference between predicted AQI values
and actual observations.

* Mean Squared Error (MSE): Evaluates the
average squared prediction error to assess model
accuracy.

* Root Mean Squared Error (RMSE): Measures
the overall prediction error while giving greater
importance to larger deviations.

* Prediction Accuracy: Assesses the effectiveness
of the machine learning models in forecasting Air
Quality Index values.

* System Response Time: Evaluates the efficiency
of generating AQI predictions and personalized
health recommendations.

* Model Reliability: Measures the consistency of
prediction results across different environmental
conditions.

The evaluation results demonstrate that the
implemented machine learning models provide
reliable AQI prediction while maintaining efficient
system performance. The combination of accurate
prediction,  transparent  interpretation,  and
personalized health recommendations improves the
overall effectiveness of the proposed environmental
monitoring system.

4.4 User Evaluation and Observations

The proposed Respirify system was evaluated using
historical air quality data collected from CPCB and
OpenAQ together with multiple environmental
scenarios. The evaluation focused on prediction
reliability, usability, and the effectiveness of
personalized health recommendations.

The experimental observations indicate that the
proposed system successfully integrates machine
learning models with environmental monitoring to
support informed decision-making.

The major observations include:

*» Accurate prediction of Air Quality Index values
using historical environmental data.

» Effective generation of personalized health
recommendations based on predicted AQI levels and
user health profiles.

» Improved transparency through Explainable
Artificial Intelligence, allowing users to understand
the factors affecting prediction outcomes.

* Interactive visualization of air quality information
through a user-friendly web interface.
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+ Efficient integration of React.js, FastAPI,
ChromaDB, and machine learning models within a
scalable system architecture.

Overall, the obtained results demonstrate that
Respirify provides an intelligent and practical
solution for air quality monitoring by combining
accurate  AQI prediction, personalized health
advisory generation, and explainable artificial
intelligence. The proposed system contributes to
improving environmental awareness and supporting
healthier lifestyle decisions while reducing the risks
associated with air pollution.

5. IMPLEMENTATION AND
EXPERIMENTS AND RESULTS
ANALYSIS

5.1 System Implementation

The proposed Respirify system is implemented
using a modular full-stack architecture to ensure
efficient data processing, accurate Air Quality Index
(AQI) prediction, and scalable deployment. The
frontend is developed using React.js, providing an
interactive and responsive interface for visualizing
air quality information, AQI predictions, pollutant
levels, and personalized health recommendations.
The backend is implemented using FastAPI, which
manages APl requests, prediction services, data
processing, and communication between various
system components.

Historical air quality data collected from trusted
public sources, including CPCB and OpenAQ, are
preprocessed before being supplied to the machine
learning models. The prediction module employs
XGBoost and Random Forest algorithms to
forecast AQI values based on environmental
parameters. ChromaDB is used to store prediction
records, contextual information, and user-related
data for efficient retrieval and management.

The system also incorporates Explainable Artificial
Intelligence (XAI) techniques to improve the
transparency of prediction results by identifying the
environmental factors influencing AQI prediction.
The complete application is designed to provide
accurate AQI prediction together with personalized
health recommendations through an integrated and
user-friendly web platform.

5.2 Experimental Setup

The proposed Respirify system was evaluated using
historical air quality datasets obtained from CPCB
and OpenAQ. The datasets include records of major
atmospheric pollutants such as PM2.5, PM10, NOs,
SO., CO, and Os, which were used for training and
testing the machine learning models.
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Before model training, the collected data underwent
preprocessing, including missing value handling,
normalization, duplicate removal, and feature
selection. The processed dataset was divided into
training and testing subsets to evaluate the
prediction capability of the implemented machine
learning models.

The experiments focused on comparing the
prediction performance of XGBoost and Random
Forest using standard regression evaluation metrics,
including Mean Absolute Error (MAE), Mean
Squared Error (MSE), and Root Mean Squared Error
(RMSE). In addition, the effectiveness of the
generated health recommendations and the overall
responsiveness of the web application were
observed under different environmental conditions.

5.3 Output Results

This section presents the major outputs generated by
the proposed Respirify system during different
stages of execution.

Air Quality Prediction

95

O Moderate
Q@ Hyderabad

AQI Forecast

AQI

AIR QUALITY INDEX

M [ Good 0

M Moderate 51-100

M\ | Unhealthy for Sensitive 101-150
m 151-200 Q
(# Very Unheaithy 201-300 )
301-500 &

Figure 5.1: Air Quality Prediction Dashboard
Displaying Predicted AQI
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Air Quality Prediction of machine learning models with Explainable
Artificial Intelligence enables users to understand
the factors influencing prediction outcomes while
improving transparency and decision-making.

95 5.4 Graphical Analysis
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Q@ Hyderabad Graphical representations were used to analyze the
\ performance of the implemented machine learning
models and evaluate the overall effectiveness of the
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acceptable but may cause minor health the proposed Respirify system. Manual evaluation
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AQI 95 is not considered high-risk, air Line Chart Ana]ysis
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Quality Index values, visualize pollution trends, and Samples
provide personalized health recommendations
through an interactive user interface. The integration Fig 7: Actual vs Predicted AQI
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A line chart is used to compare actual AQI values
with predicted AQI wvalues generated by the
implemented machine learning models. The
graphical representation illustrates the closeness
between predicted and observed values, indicating
the effectiveness of the prediction models in
capturing air quality trends.

Observation

The graphical analysis indicates that the proposed
Respirify system successfully integrates machine
learning algorithms with environmental data
processing to generate reliable AQI predictions. The
visualization also demonstrates the system's ability
to present prediction results and pollution
information through an interactive and user-friendly
interface.

5.5 Results Analysis

The experimental results demonstrate that the
proposed Respirify system provides an efficient and
intelligent solution for Air Quality Index prediction
and personalized health advisory generation. The
integration of historical environmental datasets,
machine learning algorithms, and Explainable
Artificial Intelligence enables accurate AQI
prediction while improving the transparency of
prediction outcomes.

The implemented XGBoost and Random Forest
models effectively analyze pollutant concentrations
and environmental parameters to forecast AQI
values. The use of standard regression evaluation
metrics confirms the reliability of the prediction
models under different environmental conditions.
Furthermore, the personalized health advisory
module successfully generates recommendations
based on predicted AQI values together with user-
specific information, including age and existing
health conditions.

The React.js frontend and FastAPI backend provide
efficient ~ communication  between  system
components, allowing users to access prediction
results, pollutant information, and health
recommendations through an interactive dashboard.
The incorporation of Explainable Artificial
Intelligence further enhances user confidence by
providing  meaningful  insights into  the
environmental factors affecting AQI prediction.

Overall, the experimental results confirm that the
proposed Respirify system effectively combines
machine learning, environmental monitoring, and
personalized health advisory generation within a
scalable = web-based platform. The system
contributes to improving environmental awareness,
supporting informed decision-making, and reducing
the potential health risks associated with air
pollution.
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6. CONCLUSION

The proposed Respirify system presents an
intelligent and efficient approach for Air Quality
Index (AQI) prediction and personalized health
advisory generation. By integrating machine
learning algorithms with publicly available
environmental datasets, the system provides
accurate AQI forecasting while promoting
environmental awareness and supporting informed
decision-making. The implementation of XGBoost
and Random Forest models enables effective
analysis of historical air quality data, whereas the
incorporation of Explainable Artificial Intelligence
(XAI) improves the  transparency  and
interpretability of prediction results.

The primary objective of this research was to
develop a scalable web-based platform capable of
predicting air quality conditions and generating
personalized health recommendations based on
environmental parameters and  user-specific
information. The experimental analysis
demonstrates that the proposed system successfully
integrates machine learning, environmental
monitoring, and modern web technologies within a
unified architecture. The developed platform
provides reliable AQI prediction, interactive
visualization, and meaningful health advisories,
thereby assisting users in minimizing exposure to
harmful air pollutants.

Overall, the proposed Respirify system contributes
to intelligent environmental monitoring by
combining accurate prediction models, personalized
health recommendations, and explainable artificial
intelligence. The system provides an -effective
solution for improving public awareness and
supporting healthier lifestyle decisions in regions
affected by air pollution.

6.1 Key Findings

a. Accurate AQI Prediction: The implemented
XGBoost and Random Forest models effectively
predict Air Quality Index values using historical
environmental data.

b. Personalized Health Recommendations: The
system generates health advisories based on
predicted AQI values together with user-specific
information such as age and existing health
conditions.

c. Improved Transparency: The integration of
Explainable Artificial Intelligence enhances user
understanding by identifying the environmental
factors influencing AQI prediction.

d. Interactive Visualization: The React.js-based
dashboard provides an intuitive interface for
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visualizing AQI values, pollutant information, and
health recommendations.

e. Efficient System Integration: The combination
of FastAPI, ChromaDB, machine learning models,
and web technologies provides a scalable and
efficient system architecture.

f. Environmental Awareness: The proposed
platform encourages users to take preventive
measures for reducing health risks associated with
poor air quality.

6.2 Implications of the Study

This study demonstrates the potential of Artificial
Intelligence and Machine Learning in improving
environmental monitoring and public health
awareness. Traditional air quality monitoring
systems primarily provide pollutant measurements
without offering intelligent prediction or
personalized health guidance. The proposed
Respirify system addresses these limitations by
integrating AQI prediction with individualized
health recommendations within a user-friendly web
application.

The implementation of Explainable Artificial
Intelligence further improves the transparency and
interpretability of prediction results, increasing user
confidence in  Al-assisted environmental
monitoring. The developed platform can assist
individuals, researchers, and environmental
agencies in understanding pollution trends and
adopting appropriate preventive measures. The
proposed approach also demonstrates how modern
web technologies and machine learning can be
combined to develop scalable environmental
monitoring solutions.

6.3 Limitations

Despite its effectiveness, the proposed Respirify
system has certain limitations:

* Dataset Dependency: The prediction accuracy
depends on the quality and completeness of
historical air quality datasets obtained from public
sources.

* Geographical Variations: Prediction performance
may vary across different regions because of
variations in environmental conditions and
monitoring infrastructure.

e Limited Indoor Monitoring: The current
implementation primarily focuses on outdoor air
quality prediction and health advisory generation.
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» Internet Dependency: The web application
requires internet connectivity for accessing
prediction services and environmental information.

* Limited Real-World Validation: Extensive large-
scale deployment across different geographical
locations has not yet been conducted.

6.4 Future Work

The proposed system can be further enhanced
through the following improvements:

1. Integration of real-time IoT-based
environmental sensors for continuous air
quality monitoring.

2. Expansion of the system to support indoor
air quality prediction and monitoring.

3. Development of mobile applications for
wider  accessibility and  real-time
notifications.

4. Incorporation of additional environmental
and meteorological parameters to improve
prediction accuracy.

5. Implementation of advanced deep learning
models for enhanced AQI forecasting.

6. Large-scale deployment and validation
across multiple geographical regions for
improving scalability and robustness.

6.5 Final Conclusion

In conclusion, the proposed Respirify system
provides a practical, scalable, and intelligent
solution for Air Quality Index prediction and
personalized health advisory generation. The
integration of machine learning algorithms,
Explainable Artificial Intelligence, and modern web
technologies enables accurate AQI forecasting,
transparent prediction analysis, and effective
environmental decision support. The system
successfully  combines  Reactjs,  FastAPI,
ChromaDB, XGBoost, and Random Forest within a
unified architecture to deliver an efficient web-based
environmental monitoring platform.

The obtained results demonstrate that Respirify can
contribute significantly to environmental awareness
by providing reliable AQI prediction and
personalized health recommendations. With further
improvements,  including  real-time  sensor
integration, expanded geographical coverage, and
advanced prediction models, the proposed system
has the potential to become an effective intelligent
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platform for next-generation air quality monitoring
and public health management.
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