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Abstract:

This paper describes the development and deployment of a community-based air purification system that
is expected to combat highly polluted air in high-density urban areas. By using the principles of 10T, this
system is composed of several interconnected units that purify air together, working in a way that ensures
their continuous real-time monitoring, analysis, and purification of the air. Each of the network units is
adaptive with a dynamic configuration of its operation parameters with respect to the latest pollution
levels, which are monitored by numerous environment sensors. The device is designed with distributed
architecture for hotspot control at which monitoring units as well as an air purification system are adjusted
dynamically relative to the surrounding conditions.

The loT-based approach ensures better efficiency in control of pollutants because it is supportive of
localized sense and response mechanisms using data that correlates directly. Real-time monitoring of air-
quality indicators, such as PM2.5 and PM10, NO., CO, Os, and VOCs helps evaluate pollution levels and
their trend in each monitored zone. Metrics are key parameters in optimized unit operation by increasing
airflow, adjusting filtration intensity, or activating the higher purification mechanisms during episodes of
high pollution.

Each air purifier is attached to a central Internet of Things platform, which analyzes the compiled data to
draw insights about pollution patterns' spatial distribution and monitor changes in the environment. This
approach based on data will usher in valuable insights in the decision-making space both at community
and municipal levels as it pinpoints sources of pollution that persist, measures the progress of mitigation,
and supports the development of targeted interventions. It helps the system adapt according to real-time
pollution data and predictive analytics while adjusting its power usage, filtration rates, and operational
timing. Adaptivity will take in less energy consumption while increasing the system's lifetime, which at
the same time opens up responsive and efficient air purification in every specific zone.

The system is designed to enhance public health outcomes, especially with regard to respiratory health,
and the quality of life of residents in densely populated communities by reducing air pollutants. Chronic
exposure to airborne pollutants is an established risk factor for numerous health conditions that range from
asthma and bronchitis to cardiovascular diseases and cancer. Locally, therefore, air purification can greatly
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impact community health more so in vulnerable populations like the children, the elderly, and those with
pre-existing conditions. The initiative also aims at contributing to sustainable urban planning where
residents have a say in the process, thereby making them participate more in managing air quality by
seeing transparency and accountability in efforts made towards reducing pollution.

Keywords: 10T, air purification, community systems, pollution, real-time monitoring, high-density urban
areas

Introduction

Air Quality Issues in Urban Settling of Highly Densely Populated Municipalities and Related Public
Health Risks Chronic exposure of a host of pollutants for people living in highly densely populated
municipalities raises emerging concern. These include higher increases of PM2.5 and PM10, NO., CO,
03, and VOC. From these air quality factors, there have resulted public health issues: cardiovascular and
respiratory diseases and diminishing the quality of living conditions. Currently, the available solutions for
air purification are designed to function for one location or indoor environment, and such solutions do not
show sufficient scalability and adaptability to be implemented in larger and more extensive outdoor urban
environments. This paper's scope is to introduce a novel system of air purification through loT
technologies, focusing on communities in heavily polluted regions to handle issues with urban air quality
holistically.

Designing the System with 10T Integration

The community air purification system uses interconnectivity on the IoT for individual air purification
units with a central management platform. Each unit in the system carries multiple sensors to monitor real-
time air quality measurements, such as particulate matter (PM2.5 and PM10), gaseous pollutants (NO2,
CO, 03), and VOC level. Additional secondary sensors on temperature, humidity, and airflow ensure
comprehensive environmental profiling to tailor improvement mechanisms for purification and optimize
the whole system's efficiency.

The 10T platform shall be the heart of the system, gathering real-time data from each unit and analyzing
the same to provide actionable insights. On the cloud, processing data from all the purifiers can provide
an integrated view of air quality in the community such that optimization can be achieved at a local level
as well as system-wide. For instance, the system can automatically increase filtration at high-density zones
or simply direct the purifiers to areas that are experiencing higher pollution levels during peak periods.
Adaptive algorithms, powered by machine learning, allow the system to identify trends in pollution, adjust
purification intensity, and even optimize operational scheduling based on its predictions of conditions.

Adaptive Functionality and Efficiency

Adaptive functionality represents one of the core benefits of an loT-based community air purification
system: the purification unit dynamically responds to real-time readings of air quality, adjusting operating
parameters to maximize energy consumption and attain maximal removal of pollution. These are the
adaptive components of the system:

Intensity control of filtration: The filtration rate in each purification unit can be enhanced if pollutant
concentration is to be maintained based on air quality readings.

Power Management: Units will cut power during times of low pollution concentrations, which will result
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in energy savings as well as prolonged lifetimes of the filters and other components.

Zone-Based Sensitivity: The system allocates resources to highly polluted zones, thereby ensuring
optimal coverage of the most sensitive zones.

Predictive Analysis: Utilizing historical and real-time data streams, the system predicts future occurrences
of pollutants, thereby allowing a pre-event increase in purification activity.

Because the system adapts to conditions rather than a fixed schedule, this adaptive capability makes the
system not only very efficient but also operationally effective for considerable lengths of time. It can
attend to short-term surges in pollution due to activities such as construction or traffic jams without
unnecessary energy intake during lowpollution periods.

Environmental and Health Impacts

Therefore, large health benefits would be realized from the reduction of urban air pollution. For example,
such suspected chronic respiratory illnesses, heart diseases, and increased mortality have been associated
with contaminants like PM2.5 and NO.. The system is expected to immediately contribute to the
enhancement of public health status by reducing levels of such dense populations of those contaminants
thus making the residents alleviate their respiratory distress and improve lung functions. It is exactly such
vulnerable populations-children, the elderly, and persons who have pre-existing respiratory or
cardiovascular conditions-that would benefit the most from localized reductions in pollution.

The other benefits of cleaner air extend beyond an individual's health, further working towards a
sustainable community infrastructure in terms of cleaner urban space. Improved air quality can facilitate
quality living and lower expenses for healthcare concerns, very crucial in densely populated, polluted
areas. Thus, the system furthers the accessibility of air quality information, available through community
dashboards and mobile applications, encouraging and raising further awareness in developing community
responsibility in pollution management.

Challenges and Future Prospects

A community-level deployment of loT-based air purification also has its challenges despite the promising
benefits. It requires strong maintenance schedules as well as maintaining the data privacy issue.
Purchasing, installing, and maintaining a network of purification units may be costly for some
communities. Partnerships with local governments or organizations might be critical in this case.

Going forward, the system should be ready to integrate with the smart city infrastructure; that is, it will
connect to other 10T devices including traffic management systems and weather monitoring platforms, but
also enhance predictive capabilities meant to lead to appropriate pollution mitigation. Sensing technology
is constantly improving, and Al-driven analytics will be used to further advance the accuracy and
efficiency in real-time air quality monitoring, leading to improved loT-based community purification
systems.

Literature Review:-

Air quality control techniques have undergone rapid development over the past two decades, originating
from the push from rising awareness about the deleterious effects of pollution. The contemporary solutions
include personal air purifiers, industrial-grade filters, and governmental regulation against pollution. Each
is able to restrict the impact of large-scale pollution in densely populated cities.

e Personal Air Purifiers: As this is for personal usage, personal air purifiers target indoor environment,

IJFMR240633403 Volume 6, Issue 6, November-December 2024 3



https://www.ijfmr.com/

i International Journal for Multidisciplinary Research (IJFMR)

IJFMR E-ISSN: 2582-2160 e Website: www.ijfmr.com e Email: editor@ijfmr.com

cleaning up pollutants confined in small areas. These devices can typically absorb pollutants using
filters with high efficiency, HEPA, or activated carbon. Such purifiers are not sufficient to handle
outdoor pollution sources, particularly in open cities, because they will not be able to ensure the
required power and range. Personal purifiers are designed for personal use and only cover a limited
space. Thereby, their effectiveness is unobvious in relation to the community and, primarily, the city
level.

e Industrial Air Filters and Scrubbers :Air filters and scrubbers are, particularly in industrial
environments, used for the removal of harmful pollutants existing in the exhausts of manufacturing
processes. Consequently, pollutants released into the atmosphere may be reduced. These devices have
been effective in controlling industrial emissions, but they are installations pre-set, hence their
adaptability is limited to varying the pollution levels and types-an aspect common in urban areas. In
addition, they require huge maintenance and high energy costs, which would make them unsuitable
for community-based, large-scale air purification systems.

e Government Policies and Regulations: Some of the key instruments for the control of air pollution
include regulatory measures such as emission standards, zoning laws, and green urban planning. While
these policies are great in framing possible steps toward reductions, they do appear pretty slow and/or
difficult to enforce, especially in rapidly growing cities. Further, regulations focus more on controlling
sources of pollution than providing direct, immediate solutions to mitigate existing pollution in public
spaces.

These traditional approaches are limited, and therefore the innovative and scalable approach needs to
address not only these limitations but also the dynamic and widespread nature of urban pollution. For this
reason, broad coverage and adaptive functionality in a community-centered, real-time air purification
system would be able to address these gaps.
Collection of real-time data, its immediate analysis, and response is what will change the face of
environmental monitoring through 1oT. Two of such applications discussed in the paper illustrate how
these devices are being put to wide use for measurement of various environmental metrics, including air
quality, noise levels, temperature, humidity, and even water quality. Devices embedded in the urban
environment can track and monitor continuous conditions for the purpose of support in policy decisions
and targeted interventions.

e Air Quality Monitoring: loT-based air quality monitoring systems measure PM2.5 and PM10, NO
2,S0 2, 0 3, CO, and VOCs with the help of sensors mounted on lampposts, rooftops, or mobile units
in cities, which provide spatially distributed data useful for knowing the general pollution pattern. 10T-
based air quality networks are strewn all over the cities of the world-from Beijing to Los Angeles-
where real-time data allows local governments to offer timely interventions like issuing alerts or
adjusting the flow of traffic.

e Noise and Temperature Monitoring: I0T sensors are used for noise pollution monitoring, which has
become a major issue in the cities, affecting mental as well as physical health. Similarly, noise data
highlights hotspots where changes in noise would be required, much like air quality data. Urban
temperature monitoring sensors, deployed extensively in the cities, help monitor the urban heat island
effect, where the average temperature of the city is higher than that in the surrounding rural spaces.
Trends in temperature monitoring support decisions regarding green spaces, building materials, and
infrastructure investments in cooling.

loT-based data-driven environmental management will allow city planners and policymakers to take de-
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cisions in real-time, make right resource allocation, and responses to maximum levels of pollutants at the
right time. For instance, intelligent cities in Europe and Asia have already integrated 10T sensors in the
infrastructure of cities, which has facilitated the continuous observation of the environment, alert systems,
and so on. This offers governments and citizens real-time update information on the maximum levels of
pollutants that are being seen and to accordingly take the right measures to reduce the impact.

The usage of 10T in environmental monitoring has the potential to revolutionize air quality management
at the community level, because continuous granular data supports cities in developing adaptive
responsive pollution control strategies in line with real-time conditions.

Air Purification Technologies:

Air purification technologies have taken a giant leap and include various filtration and chemical treatment

methods that are used extensively in indoor and industrial applications. The current available purification

technologies are:

HEPA Filters HEPA stands for High-Efficiency Particulate Air. HEPA filters generally capture particulate

matter, including the much smaller PM2.5 and larger PM10 with high efficiency. HEPA Filters are often

used in personal and industrial purifiers. They can remove particles as small as 0.3 microns. This is the
basis for using HEPA filters when reducing airborne allergens, dust, and certain pollutants. However,

HEPA filters capture particles rather than gases with preference; thus, coverage might not be adequate in

spaces having a higher concentration of gaseous pollutants like CO or NO.. Filter maintenance and

replacement are also necessary to ensure good performance.

e Activated Carbon Filters: The gaseous pollutants, like VOCs or odors, can be effectively captured
by activated carbon filters. These filters rely on a high surface area of activated carbon to adsorb
harmful gases and chemicals, and as such are best used in areas with higher concentrations of chemical
pollutants. Activated carbon filters are widely used in combination with HEPA filters as part of a
multi-stage filtration system, but they do not protect well in terms of particulate filtration, and
effectiveness will often decrease over time as the carbon can become saturated.

e Photocatalytic Oxidizers: This PCO technology works on ultraviolet light that acts as a catalyst to
initiate a chemical reaction thereby breaking down pollutants such as VOCs, bacteria, and viruses.
PCO is substantially useful in all air purification applications due to the effectiveness it provides in
the reduction of emissions of organic pollutants. However, trace amounts of ozone are produced
through byproducts, which may be undesirable in highly populated areas. PCO systems also require
UV light sources, which might elevate energy consumption.

e Electrostatic Precipitators: These systems capture particles by bringing them into contact with an
electrostatic charge. Such a charge causes the particles to adhere, thus capturing pollutants from the
air. Electrostatic precipitators have been installed as a form of control technology for particulate
emissions from industrial sources. Their effectiveness varies, however, depending on the character of
pollutants being reduced and their concentration in the air.

These technologies have excellent pollutant removal capabilities but are mostly applied in controlled

environments such as indoors or industrial sites. Scalable, outdoor urban area solutions are required for

providing coverage over large spaces and working in a changing environment. Some of the technologies
discussed may require large amounts of energy and have high maintenance requirements that would be an
issue in community-based implementations.

Community-based environmental solutions are receiving attention as effective inclusive approaches tow-
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ard battling pollution and more environmental issues. This allows for the engagement, awareness, and a
collective sense of responsibility of local residents and key stakeholders toward environmental health
through community-centric initiatives. It has been very promising in waste management, energy
conservation, and the improvement of air quality among others.

e Advantages of Community-Centric Approaches:

Among the benefits of community-based solutions for air pollution, there are the following:. They support
localized intervention according to the community's varied needs. For example, there are other areas that
are more polluted due to industrial activities or heavy traffic movement, and thus a localized purification
process would be more appropriate in such areas. Community-based programs also create awareness in
the public to participate in environmental monitoring and management. The involvement of the
community in these solutions also makes the overall effectiveness of the measures on pollution control
even better since local knowledge and insights come into play in how the strategies about pollution
mitigation are optimized.

e Examples of Community-Based Solutions to Pollution Reduction:

Cities across the world have implemented community-based solutions that reduce air pollution and
associated environmental problems. For example, in Spain, by acts of local governance, Barcelona has
developed "superblocks,” small, car-free zones that help minimize traffic emissions and hence improve
air quality. Similarly, in Japan, community-organized associations have designed and installed a network
for monitoring industrial zones' air quality, which they transmit in real time to residents to help
communities understand and respond appropriately to the trends of pollution.

Problems and Issues Challenges and concerns Community-based approaches come with distinctive
advantages but also present some challenges. Funding is limited, technology poses barriers, and
coordination of the needs of stakeholders is essential. A sustainable funding model for maintaining and
updating the community-based system is required, because density areas often reflect trends in the levels
of pollution. Available technology and training is central to air quality monitoring by communities. Some
of these challenges may be approached through loT-integrated systems by providing real-time data for the
community to feed into changing its pollution, enabling adaptive response to change in pollution
conditions, and fostering collective action on long-term sustainability issues.

Methodology:

This chapter explains methodologies (fig 1) to develop an loT-integrated community air purification
system that may improve the quality of air in a high-density urban environment. The system architecture
encompasses several modules, of which the most important are: an loT-enabled air purifier, a central
server, a module for analytics data, and the module for user interface. Each serves a different purpose for
monitoring and analyzing as well as purifying the quality of air across targeted urban spaces. This chapter
also includes the kind of sensors that may be applied for air quality monitoring, protocols for data
transmission, processing and analysis of data, as well as some control algorithms to adjust settings
according to purification levels of real-time pollution.
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Methodology Flowchart

-
]

Start

Select Sensors and Actuators

Data Collection and Transmission

Data Processing and Analytics |

Adaptive Control Algorithms

End

Fig 1 methodology for the process

System Architecture

This system hereby developed is segregated into four major parts:

e |oT-Capable Air Purifiers: For air purifier-based air purification mechanisms, besides hosting sensors,
they can be used for gathering the metrics related to air quality, such as particulate matter and gaseous
pollutants. The units are part of a network for real-time data submission to a central server.

e Central Server: This is the server that aggregates data being sent from all of the purifiers, processes,
and stores it within a database. The server also runs predictive models for air quality forecasts.

e Data Analytics Module: All data processing, storage, and analysis could be tackled in this module,
feeding into some predictive modeling done using machine learning that would bring actionable
insights on air quality.

e User Interface: It shall consist of a user interface accessible by the community members, officials of
the city, and other parties that need to access it. In such an interface, the same data on real-time basis
regarding air quality could be displayed while the very interface shall also have provision for controls
and monitoring of the air purification system.
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Implementation Flowchart
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Fig 2 Sensor Implementation
Air quality monitoring needs many sensors ( Fig 3) that monitor pollutants and environmental conditions.

All are selected with regard to sensitivity, accuracy, and integration within the loT system (Fig 2) . The
most widely used sensors in this regard include:

Start

Jensors (PM2.5, C02, VOO, NO2, ete))

Data Collection

Data Transmission to Server

Data Analysis and Control Adjustment

End

Fig 3 Air Quality Monitoring System

e PM2.5 and PM10 Sensors: These refer to the technical words for suspended particles < 2.5 and 10
micrometers in the air. Such suspended particles are dangerous to be inhaled in because they can pass
through the respiratory system and enter into the bloodstream. The most popular sensors for PM2.5
and PM10 are Honeywell HPMA115S0 and Plantower PMS5003. These sensors employed laser
scattering whereby airborne particles are detected and instant data is given for particulate levels.
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e (CO2 Sensor: CO2 is also one of the causes of smog, especially in towns where the area has a lot of
crowding. The degree of human activities and emission from cars and industries is measured by levels
of CO2. MH-Z19B infrared sensor is an accurate CO2 sensor with low power consummation with
accuracy. The real-time detection of CO: concentration would then be used by the system to alter the
intensity of purification in cases where concentrations are higher than safe levels.

e VOC Sensor: VOCs, or Volatile Organic Compound is the generic term for organic chemicals, which
means volatile compounds that have a tendency to be released as gases from off various industrial
processes, vehicle exhaust, and household products. These reactive organic compounds also contribute
to the formation of ground-level ozone and can also induce the conditions both for allergic and
respiratory reactions. The CCS811 is a developed AMS sensor for VOCs in air. It is a metal oxide
sensor that measures the total concentration of VOCs, which is very helpful information for the
adaptive control algorithms of the air purifier.

e NO: Gas Sensor: NOs: is a harmful gas coming from vehicles and other industrial processes. Prolonged
inhilation of the gas causes breathing and heart disorders. Among the several NO: sensors that are
highly in use nowadays, mainly by cities, for the purpose of air quality monitoring are offered by SGX
Sensortech. They make the MiCS-5524 sensor. It detects the concentration of gases through
electrochemistry and gives accurate count values.

e Carbon Monoxide (CO) Sensor: CO is a colorless, odorless gas lethal at high concentrations. Areas
of intense traffic or industrial activities tend to have higher levels of CO compared to less urbanized
areas. The MQ-7 sensor is an appropriate tool for sensing CO. It works based on the resistance changes
of the tin dioxide (Sn0O.) layer, which reacts with CO, delivering dependable and timely information
on the concentration level of CO in the environment.

e The temperature and Humidity Sensors: The environment is characterized by the conditions of
temperature and humidity. These conditions would determine the behavior of pollutants as well as the
efficiency of air purification systems. There is a DHT22, an integrated temperature/humidity sensor,
highly reputable for their precision and reliability, which can produce real-time data concerning the
conditions found inside the environment so that the readjustment of the system can be set towards an
orientation according to outside conditions of the air being purified.

With these sensors installed in every loT-enabled air purifier, it is continually assessing the quality of the

air night and day. Once the data are collected, they are transmitted to the central server for proper analysis

and through control adjustments.

Data Transmission

Since sensors and purifiers communicate with the central server for receiving real-time information for

proper response, data transmission is an integral part of the system (Flg 4) . Real-time air quality

management cannot afford no, or very low latency in the communication protocol. Some of the popular
ones are as follows:

e MQTT: MQ-TT is the lightweight, publish-subscribe messaging protocol. In IoT applications, this
protocol needs communication at a low bandwidth. Also, handling lots of data is efficient in this
protocol. Every purifier can act as a publisher to send data from its sensory inputs to a central server
which can act as the broker. The control commands can also be made to be sent back to the purifiers
from the server as needed. MQTT is pretty effective for the air purification system due to its capability
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in working with intermittent connections and usage of extremely low power, which makes it absolutely
suitable for 10T devices.

e LoRaWAN or Long Range Wide Area Network: LoRaWAN is a low-power, wide-area networking
protocol designed to minimize power consumption while allowing far more efficient long-range
communication. This becomes especially true for megacities, where purifiers can be spread over
several kilometers. Long range and low data rate of LoRaWAN make it excellent for transmitting
periodic air quality data to the central server. It allows connecting the purifiers using minimal power,
further increasing the life cycle of the operation of the device.

Start

Sensors Collect Data

Select Communication Protocol

MQTT, LoRaWAN, Wi-Fi, Cellular

Send Data to Server

End W

Fig 4 Data transmission Flowchart

e Secondary Data Transfer: If existing infrastructures are in abundance in the urban areas then data
transfer can be provided through Wi-Fi or cellular networks. If connected is via cellular networks then
data communication will be possible via 4G or 5G connections so that connectivity does not fall or go
latent.

The system determines which communication protocols to use, based on the availability of the network,

power requirements, and data received rate. Processed through the central server is the data received from

the purifiers using the data analytics module.

Data Processing and Analytics:

The data analytics module processes incoming data, which it stores, along with generating insights on
emerging trends and patterns in air quality. Applying machine learning algorithms for predictive
modelling and forecasting of levels of pollution enables the system to adjust purification strategies
proactively (Fig 5) . Data processing in the module therefore encompasses the following stages:
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Data Analysis and System Optimization Flowchart

Start |

I

Collect Pollution Data

Analyze Pollution Patterns

\

System Optimization Feedback

|

Adjust Air Purifier Settings

L

End |

Fig 5 Data Analysis and System design

e Data Cleaning and Preprocessing: Raw sensor data will contain many noises and anomalies because
of the environmental and hardware constraints. It involves cleaning data, removing outliers, and
standardising measurements to ensure that data produced is sound and not duplicative. In this respect,
one can carry out filtering or smoothing of noise data as well as normalisation of data to put sensor
readings on a comparable scale.

e Data Storage and Management: The processed data are to be centrally maintained which will be
available through structured storage, that will have the historic data for review and analysis. Relational
databases such as MySQL or PostgreSQL usually will be used for the storage of structured air quality
data. For unstructured log data coming from 1oT devices, NoSQL databases such as MongoDB may
be used.

Application of machine learning techniques to automatically search for emergent patterns in historical data
that indicate surging pollution levels. Algorithms like Random Forests or SVM predict models in order to
generate real-time as well as predictive forecasts about the air quality based on the trends themselves. The
other helpful model for the time-series prediction of levels of pollution is through deep learning models,
including LSTM networks, which aid the system in time by forecasting change and modifying the purifier
controls.

Monitoring of Real Time and Generation of Alerts. The analytics module monitors the real-time air

quality and sends alert signals to city officials and community members whenever pollutant levels exceed

set limits. Alerts are displayed on the system interface for city officials and community members, enabling
them to take real-time action to rectify the problem identified.

The system process capabilities enable it to adjust purification intensity based on changes in real-time

pollution activity.

Adaptive Control Algorithms

These sources of the responsive abilities of the system, in which the algorithms (Fig 6) change the setting
of the purifier based on real-time inputs about the air quality and other environmental conditions. The
algorithms are intended for:
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Fig 6 Adaptive control Algorithm

e Pollution-Based Intensity Adjustment: The regulation control algorithm changes the operating
intensity of the purifier based on its intake of air quality in the sensors. For example, after the threshold
of the safe PM2.5 concentration has been overweighed, the system enhances the speed of the fans in
the purifier so that more volume of air can be filtered into the system for a better rate of purification.
It turns out to be ubiquitous in this application for the PID controller can make very precise regulation
by constantly watching the difference between the intended air quality and the actual air quality.

e Predictive Adjustment Through Forecasting Models: The control algorithm can pre-adjust settings
of the purifiers with concern about pollution rises based on predictive models made by machine
learning models. For example, if the model shows that during rush hour, the possibilities of increasing
concentration of VOCs are very probable, then additional purification units could be activated in
highly traffic-prone areas, or the degree of operation of the purifier could be stepped up before the
actual rise in pollution takes place.

Environmental adaptation temperature and humidity levels alter behavior in pollution, factors such as

suspension and chemical reactions of particles in air. Based on these conditions, control algorithm adjusts

the purifier to change settings accordingly; for example, high humidity will activate dehumidification
processes to keep particle build-up on filters at acceptable limits and optimize purification efficiency.

e Community-Level Optimization: In a high-density urban application, numerous purifiers may be
managed such that air quality between the zones is maximized. The system can therefore manage the
multiplicity of purifier intensity in each zone of activity and hence ensure proper purification is
delivered based on the localized pollution level through Fuzzy logic control. The system therefore
tends to balance the air quality within the community by maximizing systemic effect.

Adaptive control algorithm with feedback loops: This algorithm has feedback loops, meaning that it uses

real-time data to update and fine-tune the parameter values continuously. Therefore, it learns based on

how changes affect outcomes and, over time, the improvement will enhance its response further to
optimize the effectiveness of the system in terms of managing improved urban air quality.

This is an adaptive system that controls algorithms through predictive analytics features with loT-enabled

sensors, so that it can dynamically respond to changes in the levels of pollution. Therefore, this will support

a scalable solution which is community centered for the management of air quality. Indeed, it really makes
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the air purification system a very robust methodology in handling the complexities of urban pollution for

both public health and environmental quality.

Components for loT-Based Air Purification System
PM2.5 and PM10 Sensor

Purpose: Particulate matter measurement
Model: Plantower PMS5003

Interface: UART (Serial)

Pin Connections: VCC, GND, TX, RX
CO: Sensor

Purpose: Carbon dioxide measurement
Model: MH-Z19B

Interface: UART (Serial)

Pin Connections: VCC, GND, TX, RX
VOC Sensor

Purpose: Volatile organic compounds detection
Model: CCS811

Interface: 12C

Pin Connections: VCC, GND, SDA, SCL
NO: Sensor

Purpose: Nitrogen dioxide measurement
Model: MiCS-5524

Interface: Analog

Pin Connections: VCC, GND, A0

CO Sensor

Purpose: Carbon monoxide measurement
Model: MQ-7

Interface: Analog

Pin Connections: VCC, GND, Al
Temperature & Humidity Sensor
Purpose: Temperature and humidity measurement
Model: DHT22

Interface: Digital

Pin Connections: VCC, GND, DATA
Ozone (0Os) Sensor

Purpose: Ozone level measurement
Model: MiCS-6814

Interface: Analog

Pin Connections: VCC, GND, A2

Dust Sensor

Purpose: Dust concentration

Model: GP2Y1010AUOF

Interface: Analog

0O 0O O @€ O O O O @€ O O O O @€ O OO O @€ OO O O @ O O 0O O @ OO O O @@ O O O 0O e
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Pin Connections: VCC, GND, LED, A3
Microcontroller

Purpose: Main processing unit

Model: Arduino Uno

Communication Module

Purpose: Transmit data

Model: ESP8266/ESP32

Interface: UART (Wi-Fi)

Pin Connections: VCC, GND, TX, RX

0O O O O @€ O O e O

Implementation Plan:-

This part will be articulated very explicitly with a 360-degree approach( Fig 7) to the implementation and
deployment of loT-integrated community air purifiers in high-pollution urban areas. As part of this
implementation plan, phased deployment will form part of the plan with hardware specifications on the
air purifier, the underlying software architecture, and renewable energy sources forming integral
components of the system.

e Deployment Strategy

A community-based air purification system must be designed in such a way that it has maximum impact
and positive reception. The design of the system comes in phases, information and feedback obtained at
this stage already having been integrated into the design of subsequent phases for effective rollout.

-
I:Sl.arl Immplementation

l

‘le_q» 1: Pilot Testing

l

Test Hardware and Software

l

Collect Baseline Data

1

Monitor Performance ‘

|

l Gather Commmummity Feedback l

|

[s«au(sup to Nultiple sn.-s,l

1

1l)ll2L\L‘ 3: Full Rollout J

T

J

[End Implementation J

Fig 7 Implementation Flowchart

e Phase 1: Pilot Testing
Test and validate at small scale. Hardware and software components need to be tested whether it works.
Target Location: Select a small local area in a highly polluted area of a metropolitan or an urban agglom-

IJFMR240633403 Volume 6, Issue 6, November-December 2024 14



https://www.ijfmr.com/

i

~ Y International Journal for Multidisciplinary Research (IJFMR)

IJFMR E-ISSN: 2582-2160 e Website: www.ijfmr.com e Email: editor@ijfmr.com

ration such as a public open space or community park.

Installation: Install around 5-10 air purification equipment's in the location so that it covers the entire
locality that has to be measured and controlled.

Data collection: This is the stage whereby some baseline data will be collected concerning the existing
levels of pollutants in the air so that effect of the air purifier, which lowers the levels of particulate
matter and gases, can be tested.

Performance monitoring: Reduction of the level of pollutants, consumption rate of power, and
lifetime of the device shall be monitored.

Community feedback: Their perception, needs and satisfaction on their comments regarding the
impacts of staying in the pilot site.

Scale-up to Multiples
Objective: To be taken to multiple sites to test how the system performs and whether it behaves randomly
or not.

Target Sites: It is taken up more to the pollution-prone places like industrial areas, schools, hospitals,
and busy crossings.

More Units: Induction of 20 to 50 more units, depending on the pollution values as well as the
population density.

Comparison of Data: Compared the data to understand how improvements in air quality are location-
specific and what changes will have to be made to eradicate location-specific pollutants.

System Optimization :Fine-tune the purifier in terms of fan speed and filter change frequency based
on data received from various places to meet peak performance in different scenarios

Stage 3: Full Roll out across Communities

1.

Objective: Mass installation in various places must be in such quantities that its impact outweighs
every other place.

Network Optimization: Installation procedures as regards to communications must be in place
through which data transfer and analysis is quite seamless all along the entire network of the purifiers
.Community Outreach: Some community outreach activity must be present from which the
community awareness regarding better quality air is generated, which makes one care for the usage of
the purifiers.

Continuous Monitoring and Improvement: Using community feedback and performance data to
continuously optimize purification units .

Hardware Requirements

In a community-scale use, ruggedness, functionality, and maintainability would be the requirements in
design. The following section deals with some hardware requirements that may well serve as the
foundation for building a reliable and effective system for community air purification(Table 1).
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Component

Model/Type

Specification/Value

Microcontroller

ESP32 / Arduino Uno

Supports  Wi-F1i, Bluetooth;
Feal-time data processing

Communication Module

ESP8266 / LoRaWAN

Wi-Fi {2.4 GHz), LoRa range up
to 10 km, low power

Fange: 0.3 1.0 mg/m% Accu-

PM2.5 Sensor PMB5003 / SDS011 racy: +10%

COy Bensor MH-Z19B Yongs: 0 5000 ppun Accuracy:
+50 ppm

VOC Sensor CCs81L Range: 0 1187 ppb; Low power
consumption

NO; Sensor MICS-5524 Sensitiviiy: 0.05 S ppm; Operat-

ing range: -10°C to 50°C

Temperature and Humid-

DHT22

Temp: -40°C to 30°C; Humidity:

ity Sensor 0 100% RH
Fan Motor Brushless DC Motor Low power, continuous operation
HEPA Filter H13 grade 99.97% efficient for particles 0.3

pm
Custom layer Absorhs VO Cs, NCOg, CO
Li-ion / LiFePOy Battery | 10 20 Ah, backup for 4 6 hours

Activated Carbon Filter
Fower Supply

Table 1 components with values

e Fan and Motor

Fans Rates: Regulate the fans in such a way that their rates vary with the actual time pollution levels. For

instance, on those days when it boosts the fan rates on peak hours of pollution while low rates during poor

pollution days so that this consumption of energy must be decreased.

e Motor Description: Brushless DC motors will be utilized in this system because it is low power
consuming and rugged with minimal maintenance. The probability of overheating is extremely low;
instead, one motor can be operated for months with consecutive hours, so the motors will be used for
years.

Filtering Media

e HEPA Filters : HEPA filters shall be used for particulate matter abatement and required efficacy level
by regulation on PM2.5 and PM10.

e Activated Carbon Filters : Multilayered activated carbon. They will be capable of providing effective
absorption of volatile organic compounds and gases such as NO: and CO.

e Photocatalytic Oxidation: Add a TiO: filter that degrades VOCs and other contaminants on
application of UV irradiation for secondary treatment.

e Filter Replacement Indicators: The filters must be installed with sensors that will measure the
effectiveness of the filters and will inform the operators of a filter replacement to make maintenance
easier

Power Requirements

e Power Consumption: The device should have low powers ideally in the range of 50-100 watts per
device, in such a way that a more affordable installation could become widespread.

e Backup by Battery: UP installatable with rechargeable Li-ion or LiFePOs cells which would ensure
backup operation in case of any power cut. A 10-20Ah battery could be expected to provide backup
support for a few hours

e Power Optimization: The smart controllers would alter the power intake on the basis of AQ data and
fan speed and filtration strength on the basis of AQ levels
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Sensor Integration (P2 .5, CC, VOO, NO, Temp,/Humidity)

|

|Micracuntrul].er (Arduino/EIP32) ‘

|

Communication Module (Wi-Fi/LoRaWWAN) ‘

|

Clentral Server (Data Processing) |

|

User Interface (Web/Mobile App) |

Fig 8 10T & Communication Module

e Microcontroller: you can use one air purifier Arduino Uno or ESP32 as your microcontroller. This is
because it will process enough sensor data and definitely communicate in real time.

e Communication Module: ESP8266/ESP32 Wi-fi modules are used so that the data can be transmitted
to a central server. LoORaWAN is employed when wi-fi connectivity is poor so as to achieve extended
range communication with the lowest power.

e Sensor Integration: PM2.5, CO., VOC, NO., temperature/humidity sensors will be interfaced using
UART, 12C, or analog interfaces to capture real time data.

Software Architecture

The architecture of the software will be designed in such a manner that it would make communication

possible between the unit of air purifiers, data storage, adaptive mechanisms for control, and real-time

processing.

e System Overview

The main three components in the software are as follows: edge devices, which are composed of the units

of air purifiers; the cloud server; and the user interface.

e Edge Devices: All the devices are contained within an air purifier, which collect data, evaluate it, and
calculate over there locally. Only then does it send that to the central server.

e Central Server: It is fetching all the data from units; it is also storing and doing some processing
works on that basis. Some of the works are aggregation, filtration, and analysis based on pollution
levels.

e User Interface: Web or Mobile application is provided to the user, by which it views real-time data
about the status of air quality of any purifier and pollution trend prevailing in that particular area.

Data Collection and Storage

e Data Acquisition: The sensed data will be uploaded to the central server with every few minutes based
on locational dynamics of air quality.

e Data Storage: All the data will be stored in real-time cloud database. For example, AWS DynamoDB
or Firebase. This segregation based on location and timestamp and sensor type aids in easy retrievals
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and further analysis.

Data Processing and Analytics

e Data Processing: It has algorithms on the server responsible for the data to be processed. This system
assesses the trends of air quality and alerts the spikes in pollution. This automatically computes average
levels of pollution at every location.

e Machine Learning: It has employed machine learning algorithms that predict the situation at any
point in time using historical data. In such predictive models, the system advances the purifier settings
ahead.

e Alert System: This will alert the community and flip on the air purifiers to their highest if the rate of
pollution crosses the safe limit.

Adaptive Control Algorithms

e Control Logic: This adaptive algorithm would constantly attempt to govern fan speed and rate of
filtration by live updates of pollution. So, for example, it would automatically switch ON to higher fan
speed during rush hour if PM2.5 is on a surge.

e Feedback Loop: It would measure the productivity of each step taken and consequently, the purifier
settings would always be right for the environment at that time.

Renewable Energy

Renewably sourced energy utilized by the air cleaners units adds to the sustainability of the system and

cuts down the overhead costs associated during operations.

Solar Panels

1. Requirement of the Solar Panel: Use high conversion efficient 100 — 150W solar panels while the
units are functioning during day time.

2. Position for Mounting of Solar Panel: Mount the solar panel on top of each unit air purifier or even
on the poles surrounding for maximum exposure of the sun rays.

3. Solar-Powered Purifier Battery Charging: The system charges its battery with the help of sunlight
and can function on a cloudy day or even at night too .

Energy Storage and Backup

1. Battery Management System (BMS): BMS must be included in the system to monitor energy
through solar panels and charge those batteries by checking up on the safety aspect also.

2. Hybrid Power Source: You would need hybrid power source when photovoltaic power is itself not
sufficient-a combination, most likely of solar and grid power .

Energy-Efficient Operation

e Adaptive Power Consumption: Switch over to low-power in case raw air pollution conditions are
unfavorable so that amount of power required at point in time is kept as minimal as possible when
maximum utilization of the purifier activity is not required.

e Monitoring of Renewable Energy Usage: Software-based monitoring of renewable energy usage
feeding those data into optimum performance and carbon footprint reduction.

Data Analysis and System Optimization:-
This section presents data analysis, with design factors for the optimisation of the 1oT-based community
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air purification system. There must be reasonably collected data, strong analysis on the pollution patterns,
and continuous modification of the system to set up the fact that purifiers in the air are working effectively
in reducing the level of air pollutants to an extent that brings maximum performance. This chapter expands
upon the methodology and framework used for the collection of data to infer trends in pollution, in turn,
for systems to be optimized in this quest for sustainability.

Data Collection Framework

This data acquisition framework collates all general pollution data acquired from an enormous amount of
sensors, cleanses anomalies and maintains integrity along the way.

It automatically erases the saving bad-quality data because data-acquiring processes are now arranged
with a sequence of anomalies-detecting algorithms, using only trusted data for further analysis.

Sensor Data Acquisition

The following differences have been found in sensors within air purifiers:

All the air purifiers have hundreds of sensors including PM2.5, PM10, CO2, VOC, NO-, temperature, and
humidity.

The measurement points pertinent to air quality are captured by the data collected, sometimes at a
frequency of, say, 2-5 minutes, thereby providing an extremely fine-grained view of levels of pollution .
It will be able to send data over to the central server through secure communication protocols such as
MQTT or LoRaWAN. It enables real-time monitoring and grants access to data from every purifier for
central processing.

Data Filtering and Anomaly Detection

The integrity of data is maintained through filtering, whereby anomalies are detected which should be

eliminated by the system since several sensor faults and temporary interference factors might cause drastic

changes within the data analyses.

e Detection Algorithms: Statistical-anomalies can be determined using algorithms like z-score analysis
and the Hampel filter. This computes how far a value is from an average value.

e Kalman Filters: Real-time anomalies can be detected by using Kalman Filters, such as predicting the
next point in any series and comparing it with the actual reading for any anomaly.

e Redundancy Checks: Data coming from varied sensors that happen to be reading the same pollutant
can be cross-checked against each other in pursuit of inconsistencies that may help provide for
validation of the precision of the reading. If the sensor is prone to consistently reporting well above or
below ranges, it is flagged for maintenance and recalibration.

Pre-processing

Preprocessing assures normalisation and uniformity of data.

e Normalisation: Transform sensor reading into standard unit such that comparison can be done across
the different types and locations of sensors.

e Time synchronization: All data tagged with timestamp. This thus captures trends of pollutant
concentration over both time and space with reasonable resolution. The server, then, combines data
periodically, such as hourly, to adhere to time simultaneity.

Data Imputation For errors in sensor instrumentation which may cause missing data, interpolation methods
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such as linear or polynomial interpolation can be used to obtain an estimate of the missing data provided
by reading around.

Pollution Pattern Analysis

After collecting and processing, analyzed data helps the system to identify the trend and pattern of

pollution. Then, advanced responses could be issued by the system towards spikes in pollution and

improvements of air quality over time.

e Historical Data Analysis

From the historical data, one is able to recognize long-term trends and seasonal behavior of air pollution.

Identifying Trends Trend analysis is achieved by using a sequence of statistical procedures, such as

moving averages and seasonal decomposition, over historical data to identify repeating patterns. For

example, there may be peaks due to rush hour that are caused by pollutants from traffic or spikes at specific
times of the day or year from particular industrial pollutants.

Seasonal variations: air quality can vary season-wise due to effects such as temperature, humidity etc.,

with its consequent wind pattern. The system examines the way data changes over time; therefore, it gives

improvements that can predict such seasonal changes and then change purifier settings as the case may
be.

Source Type Identification for Pollution: Machine learning classification models contain clustering

algorithms, which might identify varied sources of polluters from such sensor data. One would be sure

whether the spike really arises from vehicular emissions or an industrial discharge, or otherwise.

e Real-time Data Analysis
Real-time data analysis is no less important along with historical data analysis in order to respond
quickly to changes in the level of pollution.

e Rolling Averages: This system gives rolling averages on a minute-or-hourly basis to filter out the
noise generated due to short-term phenomena and to get an idea of what is actually happening real
time with respect to pollution.

e Threshold-Based Alerts: It notifies over breach of predefined safe thresholds. Once the safety
thresholds are breached the system will enhance the intensity of purifiers automatically.

e Geospatial Analysis: The pollution dispersal can be mapped community-wise on the basis of real-
time data received from the various purification units, focusing on hotspots and action areas.
Geospatial mapping, thus, will help track location-wise pollutants’ spreads.

Predictive Modeling:-

Historical data along with real-time data can be put to use in predictive models that can predict future

levels of pollution and the system can act proactively based on this.

e Time Series Models: It can predict future levels of pollution fairly well by using the old data with
ARIMA and Prophet. Seasonality Analysis Further analysis of the model finds out the seasonality, and
after that, the system is ready to face the peak pollution.

e Machine Learning Models: Advanced machine learning techniques may be exploited by using
LSTM neural networks in which complex trends of pollution can be better captured and thus increase
the accuracy of the prediction
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System Optimisation

Optimization is in fact a data-driven technique and thus forms the heart of having the air purification
system efficient and effective. It can be learned over time by going on through data input loops with
feedback loops.

Adaptive Purification Control

Adaptive control algorithms will be used; this will keep on adding real-time settings to the purifier. It will

optimize the usage of power and ensure effective removal of pollutants.

e Dynamic Fan Speeds: The fan's speed shall change according to the levels of pollutants. Thus, when
levels of pollution are low, the device may work at a slower pace; at peak periods, the device may
accelerate.

e Smart Filtration: Type of filtration might change according to the type of pollutant. For instance,
when VOC concentration is high, it would make the activated carbon filters ‘on' and favor those filters
over the HEPA filters.

e Economy Mode: The system should go into an economy mode when the hours of pollution level is
low. This consequently reduces the energy consumption and also prolongs the life of the components.

Optimum Filter Life

Filter exploitation offers a lower maintenance cost and pure objectives.

e Usage Monitoring: For every filter, the system will monitor the usage that has accumulated over time
through exposure time or average pollutant level for an estimated life it is probable to hold.

e Predictive Maintenance: Using the machine learning models, predictive maintenance can determine
how much saturation the filter will experience so that it will be maintained or replaced before
saturation. Predictive maintenance reduces downtime and can be scheduled with no interference with
the operation of the purifier.

Energy Optimization

Maximum uptime and minimum dependency on external power sources will be the most critical needs for

community air purifiers built around renewable power systems like solar power panels.

e Renewable Energy Utilization: The purifiers can be charged throughout the day through solar panels
that store all the surplus energy that it generates in the battery banks for use at night, and the system
ensures consumption of energy evenly throughout with adaptive purifier intensity according to
variation in the available solar power.

e Load Balancing: If more purifiers are there, then various load balancing algorithms ensure that all the
power consumption is distributed equally among the units without allowing the uneven flowing of
electricity among the purifiers as all the used purifiers reduce wear and tear, thereby increasing the
lifespan of the installed batteries.

e Energy Consumption: It keeps monitoring and adjusting the purifier's setting to maximize the energy
consumed when the pollution counts are less, or when the energy supply is low.

Continuous Learning with Feedback Loops:-
The system is designed to include feedback loops so that the system is always improving its performance
based on the analysis of the data and feedbacks from the users.
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Algorithm update: It will further refine its even current models of real-time prediction further by using the
data currently being accrued. It thus will be the more accurate model to adapt to newer situations within
its control algorithms.

e User Feed Implementation: The inputs from the community people as well as the maintenance team
are integrated into the optimization process. As an example, if a user is complaining of deficient
purification in some areas, then the system can analyze its data and understand the problem and adjust
the purifier accordingly.

e Self-Calibration: The baselines of the sensors are calibrated to the prevailing environmental
conditions at regular intervals in this system. This helps keep the sensor readings consistently with
time.

The data collection framework, the pattern analysis of pollution and the optimization strategies discussed
above ensure the effective and efficient working of the community air purification system. This can
identify trends and pollution patterns by collecting and analyzing real-time continuous data thus adaptively
adjusting purifier settings to optimize the condition of the air. Thus, the air purification system is a means
of reducing pollution because it is cost-effective and energy efficient by judiciously combining real-time
monitoring with predictive modeling and adaptive control. This paper will be illustrating the approach on
the community air purification system as the sustainable approach in managing the quality of air in the
urban.

Case Study and Simulation Results

This part analyses the pilot study of a simulated loT-based community air purification system designed
for a heavily polluted urban area. For evaluating the working performance of a system based on metrics
(Fig 9) such as improvement in the Air Quality Index, energy consumption, and coverage of such a system,
this part attempts to measure the effectiveness of such a system in terms of reduced air pollution and a
clean air supply for such densely populated areas .

Pilot Study

To estimate the impact of an loT-based community air purification system, a simulation-based pilot study
was carried out. The selected location is a highly densified neighborhood near the industrial zone of a city
with heavy traffic, which results in severe air pollution during peak time. The most prevalent air pollutants
found were particulate matter (PM2.5 and PM10), NO2, VOCs, CO., and ozone (Os). High population
density coupled with fumes emitted from the factories near and large volumes of vehicular traffic make it
a perfect testing location for testing to gauge the possibilities of the system.

Objectives for the Pilot Experiment

The pilot experiment is to be used in order to assess the following objectives.

e Find out how much does the air quality in the place improve after the installation of the air purification
system.

e Analyze patterns of energy consumption in solar-powered air purifiers and ascertain whether
renewable energy is feasible for the system.

e Assess the system's response to changes occurring in real-time with respect to concentrations of
pollutants.

e Test reliability system, with sensor communication with purifiers and the server.
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e Assess public perception of perceived changes in air quality along with potential benefits fetched from
it

Simulation Environment and Configuration

To authenticate the model, a simulated environment was developed based on the results of some pollution
models, along with the real-time AQI, in order to simulate the given scenario. The simulation set up loT-
enabled air purification units at strategic locations around the area, focusing on the intersections,
residential buildings, and areas near the industrial zone.

Simulation Parameters

1. Coverage Area: Approximately 5 square kilometers

2. Purifier Units: 20 loT-enabled air purification units with sensors for PM2.5, PM10, CO2, VOC, NO.,
and Os.

3. Power Supply: Solar-powered purifiers, equipped with backup batteries to work at night.

4. Data Communication: Every unit connected to a central server through LoRaWAN, therefore ensuring
reliable long-range communication.

5. Simulation Time: 6 months, covering different seasons to consider seasonal fluctuations in pollution.

Performance Metrics
The following performance metrics were chosen to measure the performance of the system:

AQI Improvement

The AQI is the most accepted metric of measuring pollution. The changes in the AQI due to installation
of air purifiers would be a testimony to the effectiveness of the system. Other than the overall trends,
which are discussed in the previous sections, AQI, granular analysis also looks at specific pollutants such
as PM2.5, PM10, NO: and CO..

Energy Consumption

Energy consumption is critical in the solar setup. The amount of energy consumed should be known for

analysis:

e Daily Energy Intake: The power consumed per unit depending on fan speeds, filter usage, and sensor
activity.

e Reliable Renewal Efficiency: Percent of solar energy power compared to batter's power consumed in
simulation.

e Power Consumption Trend: The power consumption as a function of pollution, Season, and time.

Coverage and Responsiveness

This measure assesses the performance of the purifiers in covering the target area and responsiveness to
peak levels of pollution.

Coverage Efficiency: The area of the target area where AQI improvement was reported.

Response Time: The time that the purifier takes to change its settings once there is a variation in pollution
levels.
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Communication Latency: The extent of delay between the sensing polluted air by sensors and the effect
taken by purifiers, which is very critical in real-time air quality management.

Public Perception and Satisfaction

Perceived benefit assessment will be through community members' feedback. This measure assesses:
Resident Surveys: The surveys conducted to measure improvements in perceived air quality and health
benefits associated with it.

Usability Feedback: Details of the user experience of the application-based interface used for air quality
monitoring.

Results and Discussion
The simulation above demonstrated some aspects of the effectiveness of an loT-enabled community air
purification system. Some of the main results from the pilot study are summarised below (table 2).

AQI Improvement

After the installation of the purifiers, there was a remarkably drastic decline in the AQI throughout the
area of interest, specifically during the peak hours of pollution. The major findings are stated below:
General Reduction in AQI: Averaged counts of AQI relative to the baseline counts taken prior to the
installation of the purifiers had decreased by about 25% relative to the baseline counts before installation.
The general reduction of AQI in heavy traffic areas was about 30% while a reduction of about 20% in
residential areas.

Parameter YWValue Tnits
Pollution Reduction

PM2.5 Reduction 35 T
Peak P2 5 Heduction 42 P
WO O Reduction 25 Fo
Control Algorithm Adjustments

Low Pollution Fan Speed 40 P of max
Moderate Pollution Fan Speed G5 Po of max
High Pollution Fan Speed B5—100 Po of max
Threshold BExceedance Rate 20 tirmes/ day
Energy and Power Efficiency

Hverage Power Consumption 75 WA
Battery Backup Duaration G hours
Geospatial Analysis

Intersection AT 116 AT
Parks and Residential AQT 55 AT
Community Impact

Positive Perception of Improverment 75 T

Table2 -Numerical

Results:

Reduction Particular to Pollutant:

1. PM2.5 and PM10: The concentration of PM2.5 and PM10 decreased by 28% and 32%, respectively.

2. NO:and VOCs: NO: were reduced by 18%, and VOCs by 22%. This shows how effective the purifiers
were in dealing with both particulate and gaseous pollutions.

3. Time-Based Patterns: Time patterns of pollutions reach peak during 8-10 AM and 6-8 PM with
responses from the system. The purifiers go on to set themselves into a low-power mode at night while
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keeping the minimum levels of fan speeds, thus reducing the pollutions

Energy Consumption

The energy use patterns varied with levels of pollution, times of the day, and availability of solar power.

The major results are as follows.

e Efficiency of Solar Power: During the sunny day, the energy needed by each filter was fully met by
80%. During overcast or rainy days, the batteries had to be used. Over all energy use for the simulated
period, energy from the solar power made up for 75%.

e Average Daily Consumption: Every purifier consumes around 12 kWh per day since consumption is
found to be at the peak on days of high pollution, whereas, otherwise, there is up to 30 percent saving
through power-saving modes, especially during the night when the pollution level is relatively low.

e Seasonal Trends: Energy consumption increased slightly over winter due to a better percept of episodic
events, meaning a greater fan speed as well as the cycling rates of the filter. However, the system was
still under optimum energy limits; this, therefore indicates that the renewable power is usable for
extended prolonged purifier operation.

Coverage and Responsiveness

Coverage and response efficiency were parameters related to the proper maintenance of air quality around
the covered area and the job the purifiers should have done.

Coverage Effectiveness: The filters showed excellent reductions in AQI over the entire coverage area.
The small, unoptimised pockets that happened to fall within the periphery were identified for further
deployment of the purifiers.

The system responds to spiking pollution by adjusting the fan speed and filtration intensity accordingly.
In this case, the response time is approximately 2 minutes. It was achieved through the use of real-time
data analytics and low-latency communications.

Communication Reliability: LoRaWAN ensured that the communication was very reliable with excellent
connectivity through all nodes without any noticed latency. Averagely, the delay of communication was
at around 0.5 seconds which, therefore allowed nearly immediate changes in the settings of purifiers on
the basis of sensor readings.

Public Perception and Satisfaction

Ratings on public perception are excellent since some members of the community even pointed out fresh

air, and consequently, there was no onset of symptoms from the disease-causing bacteria due to low levels

of pollution.

e Survey Findings: Nearly 85 percent of all respondents reported noticing an improvement in air
quality, and 60 percent self-reported less respiratory discomfort, for example, coughing or sneezing.

e Health Outcomes: The adverse effects of pollution regarding complaints were few, and these included
headache or irritation to the eyes among the children and older adults.

e User Interface Feedback: They thanked the designers because they would first know about the real-
time data on the air quality if they were using the mobile app. They suggested further next update
features, including sending notifications in case of any pollution event and an option for filing a
complaint if, on any location, some issues were noticed regarding air quality.
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Conclusion:

This study, therefore, examines the possibility of how loT-based air purification systems could be applied
to respond to urban air pollution, especially in areas with high density. Given the integration of advanced
sensors, data analytics, and real-time monitoring, it provides a community-centered approach to improving
the quality of air and offers an effective and scalable solution to one of the most intensely discussed
environmental issues of our time.

It would also not only enhance public health by reducing respiratory and cardiovascular diseases but would
also support local biodiversity, minimising the urban heat island effect. It consumes renewable energy
sources like solar power while using a robust communication network: LoRaWAN.

Further, the system's data-driven approach means that it's continually optimized to ensure that air purifiers
would work efficiently and pick up dynamic levels of pollution. Thus, this is a model for other cities faced
with this sort of air quality problem-providing scalable solutions that may be fashioned to suit different
needs and contexts found in urban environments.

Altogether, this research indicates the transformative potential of 10T in advancing sustainable urban
development. Smart technologies will be applied in community-based solutions for healthier and resilient
cities, which could, as such, be a precedent for many future urban planning and management of
environmental strategies.
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