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I.LINTRODUCTION

The issue of air pollution is one of the most significant problems for the planet because of the speedy pace of
industrialization and urbanization. There exist many pollutants such as smoke, toxic gases, and particulates in the air that
result in respiratory diseases, heart problems, and various health disorders. According to the findings made during researches
in the sphere of environmental science, polluted air is getting more dangerous than ever before and is a serious concern
nowadays as far as the influence on human health is concerned, especially in urbanized and semi-urbanized regions. Not
only people with some sort of respiratory diseases will be negatively affected but also everyone else.

Traditional air filters are mainly used in indoors and are intended to work with the help of electricity. These filters
cannot be used outdoors because of their excessive consumption of electric power and lack of portability. Moreover, there
are no sources of electricity in many rural places and even in some outdoor regions that makes it impossible to use traditional
air filters constantly. The need in developing an effective outdoor air filter becomes crucial.

The integration of technologies in renewable energy and loT has enabled the development of intelligent
environmental monitoring systems, which are capable of communicating through real-time. Technologies in renewable
energy sources such as solar energy may be harnessed effectively for use in outdoor areas. Alternatively, the 10T technology
will allow the remote monitoring of the environmental parameters through connectivity to the internet. Embedded systems
and microcontrollers play an essential role in developing miniaturized monitoring systems, which work independently.

ESP32 microcontrollers have gained popularity in the operation of loT because of features such as integrated Wi-
Fi connectivity, lower power consumption, and real-time processing efficiency. The ESP32 microcontroller can be used to
connect environmental sensors to monitor the quality of the air on continuous basis. In addition, microcontroller will detect
levels of pollution, which are beyond safety measures, and initiate automatic purifying methods.

Real-time analysis and monitoring of environmental parameters is important for raising awareness on how the
environment should be managed. A cloud platform called ThingSpeak is used in transferring wirelessly data from sensors
and storing them for later visualization. The platform facilitates remote monitoring of quality of the air.

The design and development of an air purifier with loT-based monitoring of air quality via solar power using ESP32
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and ThingSpeak platforms has been presented in this paper. The sensor-based system employs MQ-135 and MQ-2 sensors
for the purpose of identifying gases and smoke present in the environment. Solar energy has been used as the source of
energy for operating the proposed system and it works on the principle of activation of a DC fan connected with a HEPA
filter in case pollution levels go beyond the set threshold levels. The environmental data sensed from the environment can
be easily transmitted to the ThingSpeak cloud server via Wi-Fi communication network.

Il. PROBLEM DEFINITION

The exponential growth in pollution as an effect of industries, urbanization, and vehicular exhaust gases has posed
a great risk to environmental sustainability and human health. The presence of dangerous gases, pollutants, and smoke in the
air leads to various diseases such as respiratory infections, cardiac problems, asthma, and other health-related issues. Due to
excessive pollutants in the air of most urban and semi-urban areas, the level of air pollution often rises beyond safety levels
in the environment.

Traditional air purification systems are mostly indoor and require constant electricity to function. Such systems are
very costly, require more electricity, and cannot be used in outdoor conditions because of their non-portability. In the absence
of regular electricity supply in rural areas, constant functioning of air purification systems is not possible. Consequently,
many outdoor places and public spaces lack an air purification system to protect them from dangerous pollutants.

Present day outdoor pollution monitoring devices are large, costly, and are not fitted with automatic purification
systems for just monitoring purposes. Also, there are no environmental monitoring systems that provide real-time access and
remote monitoring functionalities, which makes these systems ineffective in offering real-time environmental information.
The inability to provide low-cost and portable automatic outdoor air purification systems presents a serious problem in
keeping the environment clean.

Despite advances in embedded system technology and Internet of Things (IoT), many of the current environmental
monitoring systems suffer from inefficiencies in terms of energy consumption, autonomy, and renewable energy integration.
Some of these systems depend solely on electrical power and cannot function effectively outdoors because of the lack of
power source in the outdoor environment.

Hence, it is imperative that an affordable, mobile, and energy-efficient outdoor air purification system be created,
which operates autonomously through renewable energy resources. This system will be able to monitor levels of pollution
in the environment and operate the air purification mechanism automatically whenever pollution reaches dangerous limits,
with a real-time cloud-based monitoring system for conducting environmental analysis and raising awareness among people
about pollution. The creation of such a system using solar power combined with the Internet of Things could help resolve
these issues.

I1l. PROPOSED SYSTEM

The proposed system design is for an outdoor air purifier using solar energy power supply combined with loT-based
air quality monitoring by using ESP32 microcontroller and ThingSpeak cloud server. In the design, a mobile and efficient
solar energy system will be used, which will improve the monitoring and purification of air quality parameter outdoors. The
use of renewable energy technology, embedded system technology, environmental sensor, and Internet of Things (loT)
technology has been used to design a system that provides outdoor air purification and environmental monitoring
autonomously.

The proposed system will be operated using energy provided by the solar panel through the charge controller to the
battery. The energy provided by the solar panel will be enough for uninterrupted operation because it provides the energy
from the surroundings. Thus, the system will operate independently in the outdoor environment without the requirement for
any conventional source of energy.

The proposed system shall monitor the surrounding environment in terms of pollution using gas and smoke sensors
such as MQ-135 and MQ-2. MQ-135 is a gas sensor that detects any form of dangerous gases and pollutants in the
environment while MQ-2 gas sensor detects any smoke and flammable gas in the environment. Signal output from these
sensors will be an analog signal representing pollution levels within the environment. It is upon the ESP32 microcontroller
to interpret this information and make conclusions about the air quality of the environment.

ESP32 microcontroller plays a crucial role within the proposed system. This microcontroller acts in the detection
and comparison of the analog signals sensed by sensors against threshold values and subsequently initiating air purification
based on exceeding threshold limits by pollution levels. When pollution levels exceed the threshold limits, the
microcontroller activates the purifying process through switching on DC fan together with HEPA filter. Fan will suck the
polluted air into the filter system and then filter.

In addition to that, along with controlling the purification process, the ESP32 board has been incorporated with Wi-
Fi capabilities as it provides wireless connectivity. The data gathered by the environmental sensors and also the status of the
device will be transmitted to the cloud platform referred to as 'ThingSpeak' for analysis. Through this cloud platform, the
user will be able to monitor the readings of the environmental factors through graphical representation. In this way, the
gathered information can also be utilized for carrying out environmental analytics.

In conclusion, the system is expected to have features such as portability, convenience in maintenance, and low
cost. Given that the system is dependent on solar energy and embedded technologies, it can be effectively used in places like
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outdoor public sites, smart cities, educational institutions, industry parks, and environmental monitoring centers. Therefore,
the proposed solution is quite environment friendly as well as effective.

IV. LITERATURE SURVEY

Due to increasing pollution levels and subsequent impacts on health problems, scientists have been compelled to
innovate intelligent environmental air monitoring and air purification technologies that involve the use of embedded systems,
renewable energy sources, and l0T. Prior innovations of air pollution purification systems were designed mostly for indoor
applications and relied only on conventional electrical energy. Due to recent breakthroughs in embedded systems, cloud
computing, wireless communication technologies, and renewable energy systems, it is now feasible to design portable and
autonomous pollution monitoring and purification devices. Nevertheless, even though a number of studies have been
undertaken to address the issues of pollution monitoring and purification, several challenges remain unresolved, including
high implementation costs, dependency on energy supply, low portability, and inability to operate independently in the
outdoors.

One of the studies carried out was done by H. Li, X. Wang, and Y. Chen [1]. The study involved designing an air
pollution monitoring device using loT for urban environmental management purposes. In their study, the researchers
designed a pollution monitoring device that utilized ESP8266 microcontroller, among other components like gas sensors and
air pollution sensors.

In another study, R. Gupta and A. Kumar [2] proposed a solar-powered outdoor air purification system suitable for
rural areas. The suggested system design involved the use of sustainable solar energy to drive outdoor air purification systems
without relying on electrical power from the grid. This paper discussed the benefits of using sustainable energy sources and
the effectiveness of pollutant removal processes using filtration methods.

Moreover, Y. Zhao, Q. Liu, and L. Zhang [3] created an loT-based PM2.5 outdoor monitoring system for
environmental surveillance purposes. The research was mainly cantered on acquiring local pollution readings using
affordable sensors that can communicate wirelessly. The paper stressed the importance of accurate sensing and ongoing
environmental data acquisition for managing smart cities.

V. Sharma, K. Nair, and S. Verma [4] introduced a smart air purifier with an automatic control mechanism
dependent on pollutant concentrations. The proposed system relied on the application of embedded control methods to control
fan operations based on detected pollution levels.

The other contribution to this area that is worth mentioning was given by P. Patel, A. Mehta, and D. Roy [5]. They
examined the use of renewable energy sources in 10T systems for smart city applications. In particular, they studied solar
energy harvesting methods as well as power-efficient electronics to make the operation of such devices autonomous. From
their study, it has become clear that the implementation of renewable energy sources in environmental monitoring
applications would prove cost-effective and sustainable.

Another paper by M. Singh and P. Rani [6] discussed the development of an environmental monitoring system that
utilized both ESP32 microcontroller and ThingSpeak cloud platform. Such a solution made it possible to collect data
concerning multiple environmental factors at the same time in real time. It also enabled the use of the Wi-Fi protocol for
uploading collected data to the ThingSpeak server. Thus, it has become apparent that ESP32 chips combined with cloud-
based loT solutions allow designing efficient and inexpensive environmental monitoring systems.

J. Lee, S. Choi, and K. Park [7] conducted research related to evaluating the performance of HEPA filters for outdoor
applications. Their research aimed at testing the efficiency of various filtration technologies to remove pollutants from the
air.

In addition, the study of R. Kumar, S. Sharma, and T. Bansal [8] was an extensive study of pollution monitoring
systems based on IoT. In this article, the researchers performed a comparative study of various sensor technologies, means
of communication, and cloud monitoring of contemporary pollution monitoring technologies. Based on the findings of the
research, the authors came to the conclusion that modern technologies for monitoring and controlling pollution become
possible due to the increasing popularity of inexpensive embedded systems and IoT technologies.

Additionally, WHO [9] published a report about health consequences caused by polluted air. In this paper, the
researchers noted the strong connection between pollution and respiratory diseases, making the problem of monitoring
environmental pollution relevant for further investigation.

Finally, MathWorks [10] described the main capabilities of the ThingSpeak cloud-based monitoring platform for
IoT projects. The platform enables data collection, visualization, cloud storage, and remote monitoring using REST
interfaces.

In summary, current research studies show that the use of embedded systems, Internet of Things platform, renewable
energy sources, and intelligent control algorithms is efficient in environmental monitoring and air purification systems.
Nonetheless, most of these existing solutions are characterized by certain constraints including power dependence, low
portability, costly installation, and inability to operate independently in outdoor conditions. In this regard, the development
of an innovative outdoor air purifier that utilizes solar energy and incorporates loT-enabled real-time monitoring is a viable
solution.
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V.METHODOLOGY
The suggested solar-powered outdoor air purifier system adopts a well-designed framework that enables monitoring
and enhancement of outdoor air quality through embedded systems, environmental sensors, renewable energy, and loT
communication systems. The suggested air purifier system is designed to monitor harmful gases and smoke pollutants in the
surrounding environment, turning on the air purification process when pollutant concentration exceeds the preset value. The
use of solar energy, ESP32 microcontroller, sensor monitoring system, automatic fan control, and cloud monitoring allows
for efficient and sustainable operation of the suggested environmental monitoring and air purifier system.

A. Solar Power Generation System

The proposed outdoor air purifier system makes use of a solar power generation system to enable the independent
functioning of the system outdoors. The solar energy conversion process converts solar energy into electrical energy. The
generated electricity is controlled by the charge controller to be stored in a rechargeable battery.

B. Environmental Data Acquisition

Environmental data acquisition entails acquiring real-time air quality data using MQ-135 and MQ-2 sensors
incorporated within the system. MQ-135 is a gas pollution detection sensor whereas MQ-2 is smoke detection sensor.
Continuous sensing of the atmosphere takes place with analog readings from both the sensors being generated depending on
the pollution levels in the surrounding environment.

C. Signal Conditioning and Data Processing

Preprocessing and conditioning of the analog readings from both sensors take place prior to any further analysis of
the signals generated from the sensors. The use of noise reduction and threshold comparison takes place in this step to ensure
stable results are attained during the entire process. The ESP32 microcontroller acts as the processor that processes all the
sensor readings.

D. Embedded System Integration

Integration of all components including sensors, power supply, communication and purification system constitutes
an integral component of the proposed embedded system. The processing unit is in charge of sensor interface, purification,
and communication among other functions. Proper interfacing methods will be used in this system to allow proper
communication with the sensors and the processing unit.

E. Decision-Making Algorithm Using Threshold Values

The suggested system for automatic purification control is based on the notion of decision-making algorithm using
threshold values. The ESP32 micro controller continuously monitors sensor inputs against predefined safety threshold values.
In case the level of pollutants exceeds the safe threshold, the microcontroller starts the DC fan along with the HEPA filter to
start the process of air purification.

F. Air Purification
Air purification in the automatic purification control system is carried out with the help of the DC fan and the HEPA
filter working in tandem. With the start of the fan, polluted air is drawn through the HEP A filter for purification.

G. Data Communication in the Internet of Things
Data communication in the proposed automatic purification control system occurs with the help of the Wi-Fi module
incorporated in the ESP32 microcontroller. Data regarding the environment is sent from the sensors to the cloud server.

H. Real-time Monitoring and Visualization

The data collected by the sensors is transmitted to the ThingSpeak platform in graphical form for air quality
monitoring. The data can be monitored from a cloud dashboard that offers real-time sensor readings, graphically visualized
information, and observations from the previous history.

I. Automatic System Control

This project’s system will work in an automatic manner since renewable energy and embedded control system will
be used. The solar energy will provide continuous supply of power to the entire system, while the ESP32 chip controls the
process of sensing and purifying air automatically without any manual effort.

J. System Optimization
The system performance will be enhanced by effective calibration of the sensors, optimal threshold selection, and
energy management. In the purification step, power will be consumed by the system only when there is high level of pollution.
In summary, the methodology presented is quite adequate to design a system that is affordable, mobile, and efficient
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in purifying air in outdoor environments while utilizing the concept of environmental monitoring through the use of IoT
technology. Renewable energy sources, automatic control, cloud communication, and visualization make this design viable
for use in smart environment monitoring.

VI.SYSTEM ARCHITECTURE

The suggested solar-powered outdoor air purifier system acts as an integrated environmental monitoring and
purification system, which includes renewable energy production, air quality monitoring through sensors, embedded control
systems, purification control system, and cloud communication using Internet of Things technology. The system architecture
is developed in a well-structured form where different hardware and software components function collectively to monitor
outdoor air quality continuously and purify the environment automatically.

The suggested system adopts an integrated approach in which all hardware and software components are interlinked
with the help of the ESP32 microcontroller. The well-structured design of the system helps maintain proper synchronization
among environmental sensors, power management system, purification unit, and cloud communication interface. The system
continuously monitors the environment and initiates the purification process automatically when pollutant concentrations
reach the preset threshold level.

The next key characteristic of the suggested model relates to the use of automatic threshold-based control
architecture. The MQ-135 and MQ-2 sensors provide constant feedback about the level of harmful gases and smoke
concentrations in the atmosphere. The ESP32 microcontroller analyses sensor data and triggers the DC fan coupled with the
HEPA filter automatically once pollution levels exceed safety norms. Such an automatic feedback system helps optimize
energy consumption and control the environment effectively without involving a person in the process.

Besides, the suggested architecture allows conducting online monitoring using the Wi-Fi communication channel
on the ThingSpeak platform. The ESP32 constantly transfers environmental sensor data and system performance statistics to
the cloud server for remote monitoring purposes and visualizing results in a graph. The presented architecture also offers a
chance to scale up the system in the future with further integration of environmental sensors, wireless technology, and more
sophisticated monitoring techniques without significant changes in the hardware setup.
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Figure 1: Architecture of Solar-Powered Outdoor Air Purifier System

First of all, the Solar Power Supply Module serves as the principal energy source of the suggested system. It is
consisted of a solar panel, charge controller, and rechargeable battery. The solar panel generates electric power through
conversion of the sun light, but the charge controller is responsible for battery charging control and prevention of
overcharging. The rechargeable battery constantly provides energy for the ESP32 controller, sensors and purification
procedure during low-light and night conditions.

Another important module of the system is the Environmental Sensing Module that is responsible for collection of
information concerning the current air quality in the environment. The MQ-135 gas sensor can detect poisonous gases and
air pollutants, but MQ-2 sensor is capable of measuring the amount of smoke and combustible gases surrounding the air. The
mentioned sensors constantly provide analog output values related to pollutants and send them to the ESP32 microcontroller.

The collected environmental data is further processed using the Embedded Processing and Control Module which
is based on the ESP32 microcontroller. The ESP32 microcontroller represents the main part of the whole system.

The Air Purification Module is designed based on the use of a DC fan together with a HEPA filter arrangement.
When the pollutant levels become higher than pre-defined safety levels, the ESP32 switches on the DC fan to start purifying
air. The air passes through the HEPA filter which filters out pollutants and hence provides purified air. With respect to this,
the air purification mechanism is energy efficient since it works as per need.

This information is relayed to the loT Communication and Cloud Monitoring Module using the Wi-Fi capabilities
of the ESP32 microcontroller. The environmental readings and statuses are then relayed to ThingSpeak platform for graphical
representation and environmental analysis. Therefore, users will be able to check pollution rates, and environmental trend
analysis can be done with the use of internet-enabled gadgets from anywhere.

The suggested architecture is based on the use of a User Monitoring Interface. Here, the environmental status and
condition can be analyzed using environmental conditions can be monitored through the ThingSpeak graphical interface.
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In summary, the designed architecture guarantees a good interaction between the sensor node, controller, purifier,
renewable energy supply unit, and cloud communication system in order to effectively monitor and purify outdoor air quality.

The proposed architecture has provided a good basis for an effective monitoring and purification system that is reliable,
sustainable, and operates autonomously.

VIL.LRESULT AND DISCUSSION
The proposed outdoor air purifier system powered by solar energy was developed successfully for environmental
monitoring and air purification in real-time automatically. The design of the system included the combination of ESP32,
MQ-135, MQ-2 sensors, relay module, rechargeable battery, solar panel, DC fan, and HEP A filter. The prototype was capable
of detecting the presence of gas and smoke particles in the environment in real-time and turning on the air purification process
when the pollutant level exceeds the preset threshold values. Environmental data collected from sensors was uploaded
successfully to the cloud database called ThingSpeak through Wi-Fi communication.

Figure 2. Developed Hardware Prototype of the Proposed Solar-Powered Outdoor Air Purifier System

The above figure represents the developed hardware prototype of the proposed solar-powered outdoor air purifier
system. The prototype includes the MQ-135 and MQ-2 sensors which sense pollution levels along with the DC fan to suck
air through the filter. A rechargeable battery is employed in this system which works through solar energy input to the system.
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Figure 3. Graph Showing the Real-Time Gas Levels Monitoring in ThingSpeak

The figure above represents the graph indicating the real-time monitoring of gas levels within the loT system under

discussion using the cloud platform known as ThingSpeak. The ESP32 device efficiently collected the data and uploaded
them into the cloud through Wi-Fi communication channels.

Field 2 Chart

Solar Based Air Monitoring System
1.00

0.80
0.60
0.40
0.20
0.00 & -

26 Apr 27 Apr 28 Apr

c02_level

Date
Thingspeak.com

Figure 4. Graph Showing the Real-Time Air Quality Monitoring in ThingSpeak
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The figure above represents the graph demonstrating the process of CO2 level monitoring performed by the l1oT
system under discussion. As seen from the chart, the interaction of the sensor with ESP32 and the cloud platform has been
effective in facilitating real-time monitoring and air purification operations in case of pollution levels.

On the whole, the IoT system discussed worked effectively without any significant delays in data collection and
transfer. The use of solar energy sources and embedded control systems has ensured the reliability and efficiency of
operations.

VIII.CONCLUSION

Thus, we can state that the presented solar-powered outdoor air purifier together with the air quality monitoring
based on Internet of Things technologies is a great approach to solving the problem concerning the monitoring and reduction
of air pollution levels outdoors using renewable energy sources. Thanks to the combination of ESP32 board, MQ-135 and
MQ-2 sensors, relay, DC fan, and HEPA filters, it was possible to automate the process of air purification according to the
current environmental conditions.

It should be noted that the designed device was able to perform its main task concerning the real-time monitoring
of the gases and smoke content and transferring of the corresponding data to the cloud service called ThingSpeak via Wi-Fi
network. Moreover, thanks to the automatic activation of the process under certain conditions, it was possible to save energy
and money without the unnecessary use of electricity. The usage of solar energy and a battery helped our device operate
autonomously and not to depend on external electrical supply.
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