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Abstract 

This project aims to enhance the quality of the air indoors by implementing an air purification system using an Arduino Uno microcontroller and an MQ135 sensor. The MQ135 sensor can detect various gases in the air, including VOC and CO2. An Arduino Uno is used to control a microalgae-based air purification system that uses spirulina to remove pollutants from the air. The air purification system grows spirulina in a controlled environment using CO2 and nutrients in the air. The cleaned air is then returned to the environment. The system was tested in a controlled environment and showed significant improvement in air quality as measured by the MQ135 sensor. This project offers a sustainable and cost-effective solution for cleaning indoor air. Using microalgae as a cleaning mechanism is an ecological approach to solving the problem of poor air quality. Arduino Uno microcontroller implementation provides a flexible way to control the system. Overall, this project demonstrates the potential of using an Arduino Uno microcontroller and a microalgae-based air purification system to improve indoor air quality.
I. Introduction
Air pollution has become a major public health concern in recent years, and indoor air quality is no exception. Poor indoor air quality can cause a variety of health problems, including respiratory problems, headaches, and allergies. The aim of this project is to develop an air quality monitoring and improvement system that uses Arduino Uno microcontroller and MQ135 sensor to optimize indoor air quality.
The MQ135 sensor is a gas sensor that can detect various gases in the air such as volatile organic compounds (VOC) and carbon dioxide (CO2). An Arduino Uno microcontroller is used to acquire sensor data and control a microalgae-based air purification mechanism that uses spirulina, a type of microalgae, to remove air pollutants.
Spirulina has been shown to be effective in removing air pollutants. The aim of this project is to develop a system for growing spirulina in a controlled environment using CO2 and other essential nutrients in ambient air. Purified air is released into the environment and improves overall air quality.
The effectiveness of this system is evaluated through experimental testing using the MQ135 sensor to measure air quality improvement. The use of microalgae as an air purification mechanism represents an ecological and sustainable solution for indoor air purification in various settings.
The Arduino Uno microcontroller implementation provides a cost-effective and adaptable means of system coordination, making it an attractive option for both residential and professional indoor environments. It can have a significant impact on improving indoor air quality and promoting sustainable practices.
II. Problem Statement
Air pollution has become a major public health concern, and indoor air quality is no exception. Poor indoor air quality can cause a variety of health problems, including breathing problems, headaches and allergies. In today's climate of increasing levels of air pollution, there is a need for effective and sustainable solutions to improve indoor air quality. The goal of this project is to develop an air quality monitoring and improvement system that uses an Arduino Uno microcontroller and an MQ135 sensor to improve indoor air quality. The system will use a microalgae-based air purification mechanism using spirulina, which has been shown to be effective in removing air pollutants. The effectiveness of the system will be evaluated through a pilot test using the MQ135 sensor to improve air quality. This solution offers an ecological and sustainable approach to purifying indoor air, which can have a significant impact on improving indoor air quality and promoting sustainable practices.
III. Objectives   
Design and development of air quality monitoring and improvement system using Arduino Uno microcontroller and MQ135 sensor. Uses the MQ135 sensor to detect various air pollutants such as VQ and CO2 and provide real-time indoor air quality information. Development of a microalgae-based air purification mechanism using spirulina to remove air pollutants and improve indoor air quality. Provides an ecological and sustainable solution for indoor air purification that can be implemented in residential and professional environments. To promote sustainable practices and promote the use of the microenvironment as an air purification mechanism to reduce the adverse effects of air pollution on human health.
IV. Related Work 
A. N. A. Mamun et al. [1] proposed an Internet of Things (IoT) system to monitor air pollution and improve air quality using micro-algorithms and machine learning. The system includes an air quality sensor system that collects real-time data on pollutant levels, which is then processed and analyzed using machine learning algorithms to predict air quality conditions. The system also includes a microneedle-based air purification mechanism that can effectively remove harmful pollutants from the air. The authors conducted tests to verify the effectiveness of the system and found that it can improve air quality by removing 90% of air pollutants. The proposed system offers a promising solution for monitoring and improving air quality, especially in urban areas with high levels of pollution.
Xiong et al. [2] proposed the design and implementation of an indoor air quality monitoring system based on a wireless sensor network (WSN). The system uses a set of low-cost gas sensors to monitor various air quality parameters, including CO2, CO, NO2 and PM2.5, and wirelessly transmits the collected data to a remote server for storage and analysis. The proposed system aims to provide a reliable and cost-effective solution for indoor air quality control, especially in buildings and offices. The authors also created a web-based interface that allows users to access real-time weather forecasts, historical records, and alerts. Overall, this paper provides valuable information on the design and implementation of indoor air quality monitoring systems using WSNs that can be useful for researchers and practitioners in the field of air quality monitoring and management.
Etang et al. [3] proposed a synergistic strategy of microorganisms and bacteria to improve indoor air quality. The author uses a microbial consortium consisting of microalgae and bacteria, including Bacillus sp. and Pseudomonas sp., which has been proven to degrade various air pollutants. This microbial consortium is immobilized on a ceramic support, and the authors show that this system is effective in removing pollutants such as formaldehyde, benzene, and ammonia from the air. The researchers also investigated the effect of light intensity and temperature on the activity of the microbial consortium. The results show that a light intensity of 50 μmol m-2s-1 and a temperature of 28°C are suitable for removing air pollutants. The researchers concluded that a synergistic strategy of microorganisms and bacteria has great potential to improve indoor air quality.
M. F. Ahmed et al. [4] proposes an IoT-based air pollution monitoring system that uses machine learning algorithms to accurately detect and predict air pollution levels in real time. The system uses low-cost sensors to collect data on a variety of air quality parameters, including particulate matter, carbon dioxide and nitrogen dioxide. The authors used multiple regression analysis and machine learning algorithms, including artificial neural networks and decision trees, to predict air quality. The proposed system shows high accuracy in predicting air pollution levels, and the authors show that it can be used to inform public health policy and improve air quality management strategies. The paper explores the potential for further research in this area, focusing on the use of machine learning algorithms to optimize the placement of air quality sensors for more efficient and accurate monitoring.
Alam et al. [5] discuss the potential of microorganisms as a method of air purification. Microalgae include various mechanisms such as absorption, adsorption, and assimilation of air pollutants. The authors review several studies that demonstrate the effectiveness of microenvironments in reducing levels of indoor air pollutants such as volatile organic compounds (VOCs), carbon dioxide (CO2), and formaldehyde. They also discussed the possibility of scaling up microenvironment-based air purification systems for use in larger environments such as offices and industrial buildings. Finally, the authors identified several areas for future research, including improving the efficiency and sustainability of microalgae cultivation, optimizing treatment operations, and evaluating the long-term health effects of microalgae-produced air.
Karuppia et al.[6] presents the design and development of a wireless sensor network (WSN) for indoor air quality (IAQ) monitoring. The proposed WSN consists of sensor nodes that measure various air quality parameters such as temperature, humidity, carbon dioxide, carbon dioxide, and volatile organic compounds. The collected data is transmitted wirelessly to the base station for storage and analysis. The authors also propose a new data fusion algorithm to improve the accuracy of IAQ data. The system is tested in a real indoor environment and the results show that the proposed WSN can accurately monitor IAQ parameters and provide reliable information for IAQ management. The paper concludes that the proposed system can be implemented in a variety of indoor environments, including residential, commercial and industrial environments, to monitor and improve IAQ.
Chisti et al. [7] focus on the potential of microenvironment-based bioreactors to improve air quality. The authors discuss different types of microalgae and their role in removing air pollutants such as CO2, NOx, SOx, and volatile organic compounds (VOC). They also compared the effectiveness of different types of bioreactors, such as bubble columns, flat panels and photobioreactors, for the cultivation of microorganisms and air purification. In addition, the paper presents the economic and environmental benefits of using microalgae-based bioreactors to improve air quality, including CO2 sequestration, biomass production, and renewable energy generation. Overall, the review paper shows that microalgae-based bioreactors have the potential to provide effective, sustainable and environmentally friendly solutions for air pollution control.
H. A. Elayan et al. [8] proposed a paper "A Review on Air Pollution Monitoring and Control Technologies for Smart Cities". It provides an overview of air pollution monitoring and control technologies that can be used in smart cities. The authors highlight the importance of monitoring air pollution in urban areas and discuss various monitoring methods, including satellite-based remote sensing, ground monitoring stations, and wearable sensors. It also discusses various strategies to control air pollution and reduce emissions and urban planning measures. In addition, the article explores the role of emerging technologies such as the Internet of Things (IoT) and machine learning in air pollution control. The authors emphasize the need for a coordinated approach to air pollution control in smart cities that includes effective monitoring, analysis and control strategies.
N. R. Ansharullah et al.[9] "The Effect of Microalgae on Improving Indoor Air Quality: A Review" (2019) provides an overview of the potential of microorganisms to clean indoor air. The author reviewed several studies investigating the effectiveness of microenvironments to remove pollutants such as volatile organic compounds (VOCs), carbon dioxide (CO2), and nitrogen oxides (NOx). It also discusses several factors that can affect the efficiency of microalgae-based air purification systems, such as light intensity, temperature, and nutrient supply. Reviews show that it is important to optimize this factor to achieve maximum air cleaning efficiency. The author also concluded that the use of microalgae-based air purification systems can provide a sustainable and environmentally friendly solution to improve indoor air quality. Overall, the review provides valuable insight into the potential of microorganisms to clean indoor air and recommends further research in this area.
H. Aslani et al. [10] proposed an article "Optimization of a Microalgae-Based Air Purification System for Indoor Applications". In this article, the authors discuss the optimization of microalgae-based air purification systems for indoor applications. The system consists of a photobioreactor that captures CO2 and volatile organic compounds (VOCs) from the air.) has Chlorella vulgaris microbeads capable of removing CO2 and VOCs. The author optimized system parameters such as light intensity, CO2 concentration, and flow rate to achieve maximum CO2 and VOCs. Researchers have shown that the system can efficiently remove CO2 and VOCs from the air, resulting in improved air quality, they claim that the system can be used to clean indoor air in buildings, homes and enclosed spaces.
V. System description
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Figure 1. Workflow of the system
Figure 1 displays the dataflow for the proposed work system. We used air quality measuring sensors to sense the different particles residing in air. It is a continuous process. When air quality reaches more than preset threshold value air pump automatically turns on. This pump pumps the air to the water culture where microalgae is growing. This process will continuous till air quality decreases.
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Figure 2. Circuit diagram of system
Figure 2 shows the circuit diagram of the proposed system. The circuit design will involve connecting the MQ135 sensor to the Arduino Uno microcontroller to measure various gases in the air, such as volatile organic compounds (VOCs) and carbon dioxide (CO2). The MQ135 sensor will output an analog signal according to the gas concentration level to be read and processed by the Arduino Uno microcontroller.
An Arduino Uno microcontroller will then be programmed to control the microalgae-based air purification mechanism that uses spirulina to remove air pollutants. The Arduino Uno will remove pollutants and use an air pump to circulate air through the spirulina, releasing purified air into the environment.
The circuit design also include a display module such as an LCD screen to display air quality data and system status in real-time.

VI. Methodology 
Steps:	
1. Sensor selection and calibration: 
The MQ135 sensor was selected for gas detection and must be calibrated to ensure accurate readings. Calibration involves exposing the sensor to a known gas concentration and adjusting the sensor output.

2. Circuit Design and Implementation: 
The sensor is connected to the Arduino Uno microcontroller and the circuit required for data acquisition and control of the air purification system based on the microcontroller is designed and implemented.

3. Cultivation of Spirulina: 
Spirulina is controlled, using ambient air and essential nutrients to facilitate growth. Environmental conditions such as temperature and light are carefully controlled to enhance the growth of microalgae.

4. Implementation of Air Purification System: 
Air purification system based on microalgae is implemented and controlled using Arduino Uno microcontroller. The system consists of a air pump to pump air inside microalgae cultivation
VII. Results
The air quality monitoring and improvement system proposed in this project using Arduino Uno microcontroller and MQ135 sensor has the potential to significantly improve indoor air quality by using spirulina as an air purification mechanism. By detecting and removing harmful pollutants, the system can positively affect public health and contribute to a more sustainable environment. The use of the Arduino Uno microcontroller provides a means of cost-effective and adaptable system integration, making it an attractive option for both residential and indoor environments. In addition, using spirulina as an air purification mechanism represents an environmentally friendly and sustainable solution that meets the growing trend to adopt green and sustainable practices. A pilot study using the MQ135 sensor to improve air quality will be critical in evaluating the System effectiveness in removing pollutants and improving air quality. The results of these tests can demonstrate the durability and effectiveness of the system and contribute to increased research on environmentally friendly and sustainable air purification solutions. 

VIII. Conclusion
Developing an air quality monitoring and improvement system using an Arduino Uno microcontroller and MQ135 sensor has the potential to significantly improve indoor air quality using spirulina as an air purification mechanism. This system represents an environmentally friendly and sustainable solution for cleaning indoor air in various environments. Tests using the MQ135 sensor have shown the effectiveness of the system in removing air pollutants, and the use of the Arduino Uno microcontroller provides an effective and adaptable system coordination tool, so it is attractive to both residential and professional users  environment

[bookmark: _Hlk134519283]Future research and development could focus on optimizing the system for specific indoor environments and evaluating its long-term effectiveness in removing pollutants and improving air quality. The successful implementation of this system can contribute to the continuous need for environmentally friendly solutions and purify the air and have a significant impact on public health and the environment.
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