

IOT BASED AIR POLLUTION MONITORING SYSTEM USING ARDUINO
ABSTRACT

Air pollution is a growing issue these days. It is necessary to monitor air quality and keep it under control for a better future and healthy living for all. Here we propose an air quality monitoring system that allows us to monitor and check live air quality in a particular area through IOT. System uses air sensors to sense presence of harmful gases/compounds in the air and constantly transmit this data to microcontroller. Also system keeps measuring sound level and reports it to the online server over IOT. The sensors interact with microcontroller which processes this data and transmits it over internet. This allows authorities to monitor air pollution in different areas and take action against it.
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CHAPTER 1
1.1  INTRODUCTION

Air pollution is the biggest problem of every nation, whether it is developed or developing. Health problems have been growing at faster rate especially in urban areas of developing countries where industrialization and growing number of vehicles leads to release of lot of gaseous pollutants. Harmful effects of pollution include mild allergic reactions such as irritation of the throat, eyes and nose as well as some serious problems like bronchitis, heart diseases, pneumonia, lung and aggravated asthma. According to a survey, due to air pollution 50,000 to 100,000 premature deaths per year occur in the U.S. alone whereas in EU number reaches to 300,000 and over 3,000,000 worldwide. Various kinds of anthropogenic emissions named as primary pollutants are pumped into the atmosphere that undergoes chemical reaction and further leads to the formation of new pollutants normally called as secondary pollutants. For instance, according to the Fifth Assessment Report of the Intergovernmental Panel on Climate Change (IPCC), nearly all climate-altering pollutants either directly or indirectly (by contributing to secondary pollutants in the atmosphere) are responsible for health problems. Almost every citizen spends 90% of their time in indoor air. Outdoor air quality of the cities of developed countries improved considerably in recent decades. In contrast to this, indoor air quality degraded during this same period because of many factors like reduced ventilation, energy conservation and the introduction to new sources and new materials that cause indoor pollution. The design of buildings for lower power consumption resulted in decrease of ventilation which further decreases the quality of air inside the building. This increases the need for indoor air quality (IAQ) monitoring Due to this fact and use of new building materials, IAQ often reaches to unacceptable levels. Present innovations in technology mainly focus on controlling and monitoring of different activities. These are increasingly emerging to reach the human needs. Most of this technology is focused on efficient monitoring and controlling different activities. An efficient environmental monitoring system is required to monitor and assess the conditions in case of exceeding the prescribed level of parameters (e.g., noise, CO and radiation levels). By using embedded intelligence into the environment makes the environment interactive with other objectives, this is one of the application that smart environment targets.
The Air Excellence Guide (AEG) may be a common indicator of air quality. The Air Quality Indicator (AQI) is calculated and supported on air pollutants like CO and NO2 compounds that consume opposing possessions happening the atmosphere and human health. The Air Quality Indicator may be a range that represents the very finest meditation of a specific air unused matter at a particular time. I propose an air quality as well as air pollution monitoring system that allows us to monitor and check live air quality as well as air pollution in an area through Internet of Things (IoT). It uses air sensors (Gas Sensor MQ135) to sense presence of harmful gases/compounds in the air and constantly transmit this data. In addition, system keeps measuring air level and reports it. The sensors interact with Arduino Uno (Microcontroller) which processes this data and transmits it over the application. This allows authorities to monitor air pollution in different areas and act against it [1]. In addition, authorities can keep a watch on the air pollution near schools, and hospitals areas. Normally, little concentrations area unit measured exploitation ppb (parts per billion), that represents units of mass of a material per one billion units of total mass. Parts per million (ppm) may be similar and unremarkable used unit to measure concentrations of pollutants. It determines the requirements of a new system and analyze on product and resource requirement, which is required for the successful system. The product requirement contains input and output requirements it gives the wants in term of input to produce the required productivity. The resource requirements define in brief about the hardware that are needed to achieve the required functionality. In this project I am going to make an IoT based Air Pollution Detection Monitoring System in which I monitor the Air Quality over a web server using ESP8266 Wi-Fi device and a trigger alarm when the air quality goes down a certain level means when there is amount of harmful gases is present in the air like CO2. It shows the air quality in PPM (Parts Per Million) on LCD and webpage so that I monitor it very easily.

1.2 Purpose of Project 

The project is an implementation of IoT (Internet of Things) Based Air Pollution Monitoring System Using Arduino. Air pollution is a growing issue and it is necessary to monitor air quality for a better future and healthy living for all. IoT is getting popular day-by-day and standards are on its way. Therefore, collection of air quality information is easier. Analysis of monitoring data allows us to assess how bad air pollution from day to day. Along these lines, there is a requirement for checking air quality and to monitor it. IoT is the system of physical gadgets, vehicles, home apparatuses, and different things implanted with hardware, programming, sensors, and availability which empowers these articles to associate and trade information. IoT permits articles to be noticed or controlled. In this paper, I am proposing and going to piloting a model which IoT to screen air contamination. 

1.3 Objectives of Monitoring Air Quality 

The air quality monitoring program design dependent upon the monitoring specific objectives specified for the air quality management in the selected area of interest. Defining the output influence, the design of the network and optimize the resources used for monitoring. It also ensures that the network is specially designed to optimize the information on the problems at hand. There might be different objectives for the development of the environmental monitoring and surveillance system. Normally, the system has to provide on-line data and information transfer with a direct /automatically/ on-line quality control of the collected data. The main objectives stated for the development of an air quality measurement and surveillance program might be to facilitate the background concentration(s) measurements, monitor current levels as a baseline for assessment, check the air quality relative to standards or limit values, detect the importance of individual sources, enable comparison of the air quality data from different areas and countries, collect data for the air quality management, traffic and land-use planning purposes, observe trends (related to emissions), develop abatement strategies, determine the exposure and assess the effects of air pollution on health, vegetation or building materials, inform the public about the air quality and raise the awareness, develop warning systems for the prevention of undesired air pollution episodes, facilitate the source apportionment and identification, supply data for research investigations, develop/validate management tools (such as models), develop and test analytical instruments and to support legislation in relation to the air quality limit values and guidelines. This emphasizes the need for users and potential users of the data to be involved in planning surveys, not only to ensure that the surveys are appropriate to their needs but also to justify committing the resources.
1.4 Concepts of IoT 

The Internet of Things (IoT) generally refers to the goals achieved by following established network communication protocols, connecting items through various networks and using radio frequency identification (RFID) technology, various sensors, location recognition systems, and information processing mechanisms. Finally, information exchange and item identification, tracking service and real-time management are realized. These physical devices from IoT can achieve collaboration and interaction without human intervention, and provide people with intelligent, intensive, and fast-response services. The IoT plays a remarkable role in many application fields including healthcare, industry, entertainments, agriculture, environmental protection, and security. The pervasiveness of IoT eases some everyday activities and enhances the connection properties of people.

From the technical level analysis, IoT can be divided into perception, network and application layers. 

· Perception layer includes diverse sensor nodes and gateways, such as various sensors, electronic tags, read/write devices, cameras, and GPS, whose main function is to identify, collect and transmit information of objects. 

· Network layer is composed of various internet, wireless communication networks, mobile air networks (3G/4G/5G), private networks, network management systems, cloud computing platforms, etc. Its main role is to carry out real-time transmission and fast various data information obtained by the perception layer. 

· Application layer provides a convenient information interaction system for IoT and users according to the actual needs of users.
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Three layers of IoT
The IoT framework is composed of a loop of real-time sensing, calculating, transmitting, and presenting data. For cost and safety reasons, not all IoT devices can directly connect to the outside world (e.g., the cloud). These devices must be connected to a hub or gateway to communicate. For the IoT frameworks considered in this survey, the cloud is the backbone, which offers databases for high-speed storage and reading of data, big data operations for analysis, and security encryption for preserving confidentiality and privacy. Customers use their smart phones, tablets, or laptops to interact with other IoT devices indirectly through Bluetooth, Wi-Fi, or mobile communication technology.
1.5 Air Quality Index (AQI) 

Nowadays, the air quality monitoring system has become a necessity as the air pollution level is increasing exceptionally. Consequently, the air quality in Malaysia is a major concern, as the nation inspires to become an industrial nation by 2020. In Malaysia, the air quality index (AQI) is utilized to regulate the degree of air quality. 
[image: image2.png]Air Quality Index  Levels of

(AQI) Values Health Concern
WhentheAQlisin ...airquality
this range: conditions are:
0t0 50 Good

51t0 100 Moderate
w0 s

Colors

«..as symbolized
by this color:

Green

Yellow

Orange

PLURGEN] Very Unhealthy m
57 o i




Ranges in air quality index (AQI)

The Department of Environment in Malaysia has formulated the air quality rules for air contamination in 1989. The status marker of AQI is partitioned into a couple of classifications. For example, great, medium, unhealthy for sensitive groups, unhealthy, very unhealthy and hazardous which can be of an air quality administration level or choice-making for information translation forms. The index structure known as the AQI is the basic complete methodology for characterizing air quality status that can be seen effectively by the overall population. The advantage of the AQI is that, it is created in handily comprehended ranges of quality in reporting the quality of air as opposed to utilizing the actual concentrations of air pollutants by the public. Furthermore, the upside of utilizing AQI for approaches and administrative activity is that the indicator can uncover the air quality status and its impacts on human wellbeing. Besides that, AQI can give back its impact on human wellbeing as the quality of air is ranged from good to hazardous. The air contamination index, which has been known as one of the significant pointers of air quality that used to record the relationship between air contamination and human health. The graph has a perusing of 1,010 AQI index identified at the US embassy by more sensitive air quality sensor. On 8 November 2016, pollution reported by AQI is very high by monitoring stations, the route over the high peak in hazardous and worst category.
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Air quality reported in Delhi
1.6 Air Quality Parameters 

The important parameters that are considered in the proposed framework include: Carbon Dioxide (CO2) – CO2 is colorless, odorless gas and non-combustible gas. Also, it is measured under the category of smother gases that have ability of interfering the availability of oxygen for tissues. Carbon Dioxide is a gas vital to life in the world, because it is one of the most vital elements evolving photosynthesis process, which converts solar into chemical energy. The concentration of CO2 has amplified due mainly to massive remnant fuels boiling. This increase makes plants grow rapidly. The rapid growth of undesirable plants leads to the increase use of chemicals to eliminate them. 

Sulphur Dioxide (SO2) - Sulphur Dioxide is a colorless gas, detectable by the distinct odor and taste. Like CO2, it is mainly due to fossil fuels boiling and to manufacturing processes. In high attentions may cause breathing problems, especially in sensitive groups, like asthmatics. It contributes to acid rains. 

Nitrogen Dioxide (NO2) – Nitrogen Dioxide is a brownish gas, easily detectable for its odor, very corrosive and highly oxidant. It is produced as the result of fossil fuels burning. Frequently NO terrified to the atmosphere is converted in NO2 by chemical processes. In high absorptions, NO2 may principal to respiratory problems. Like SO2, it contributes to acid rains. 

Smoke - About 1 million people are in custom of tobacco smoking globally of which majority population is from rising countries. Every year nearly 4.9 million people expired due to smoking allow to 2007 report. In addition, second hand smoke is serious threat to the health of people of all age’s causes 41000 deaths each year. 

LPG - Liquefied petroleum gas (LPG) is an odorless and colorless liquid which evaporates readily into a gas. Leakage is generally noticed by adding an odorant into it. It is considered under the category of highly flammable gases and it can be classified as a carcinogen and mutagen if Butadiene content is more than 0.1%. LPG may escape in the form of a gas or a fluid. If it escapes in the form of a liquid, it vanishes quickly and will eventually form large cloud of gas in air, which is relatively thicker than air thus drops to the ground. Whereas, LPG vapors travel along the ground for a long distance and gets collected in drains or basements. Gas principals to burn or detonate after getting in touch with a source of ignition. 

Temperature and humidity- Quantity of temperature is an important for safety of people and affects our life skills. Greenhouse outcome can be observed by measuring temperature and comparing temperature changes from historical to present time especially since the industrial revolution using climate data. Humidity is a type of gas that guards us from UV rays from the sun and helps trick heat on Earth, thereby making the climate on Earth, a pleasant one for living. However, as humidity increases, the warmth on Earth also increases which makes our life uncomfortable. Humidity is essential for various storage and food processing facilities.

1.7 Importance of Air Pollution Monitoring System 

Air is one of the most basic and important elements for human being to survive. Clean and Sound air is the key to a good and healthy life. But now days in city life it has become the most threatened factor. Pollution of air has become the most concerned and affected issue now for us. A diversity of air pollutants has known or suspected injurious effects on human health and the atmosphere. In most areas, these toxins are principally the products of combustion from space warming, power generation or from motor vehicle traffic flow. Pollutants from these sources may not only prove a problem in the immediate locality of these sources but can travel long distances. Generally, if someone is young and in a good state of health, moderate air pollution levels are unlikely to have any serious short term effects. However, higher levels and long term exposure to air pollution can lead to more serious symptoms and conditions causing human health. This not only affects the respiratory and inflammatory response systems, but can also lead to more serious conditions such as heart disease and cancer. People with lung or heart situations to be more vulnerable to the effects of air pollution. Air pollution has also been recognized by doctors as one of the world’s greatest 10 killers seeing some 29,000 premature deaths in UK and 430,000 worldwide in one year. Air pollution can cause both short term and long term effects on health and many people are concerned about pollution in the air that they breathe. 

These people may include:
· People with heart or lung situations, or other breathing problems, whose health to be exaggerated by air pollution.  

· Parents, careers and healthcare professionals who look after someone whose health is sensitive to pollution.  

· People who want to know more about air pollution, its causes, and what they can do to help reduce it.

Monitoring air quality is essential for local authorities as well as for major public and private industries to understand and prevent air pollution and measure emission sources, in order to reserve health and donate to the fight against the greenhouse influence. Industrial operatives use air quality monitoring apparatus to cost effectively monitor and manage emanations on their perimeter, which helps them recover relationships with controllers and communities. With air quality rule shifting the burden from publicly funded monitoring to observing funded by industry, it has been progressively important for businesses to obtain their individual quality monitoring equipment. To get the best results from the environment about the pollution level of air, toxicity and harmfulness for human, air quality monitoring device is vastly used. An air quality monitor is an expedient that actions the level of common air toxins. Displays are available for both indoor and outdoor locations. Indoor air quality monitors are naturally sensor based tools. Some of them are able to quantity ppb levels and come as either varied gas or moveable units. Sensor based tools and air quality monitoring systems are used widely in outdoor ambient claims.
1.8 IOT Based Air Pollution Monitoring System

An IOT Based Air Pollution Monitoring System will monitor the Air Quality over a webserver using internet and will trigger an alarm when the air quality goes down beyond a certain level, means when there are sufficient amount of harmful gases are present in the air like CO2, smoke, alcohol, benzene and NH3. It will show the air quality in PPM on the LCD and as well as on webpage so that we can monitor it very easily. 
The procedure for successful monitoring of air pollution is as follows:  
· Firstly, MQ135 gas sensor is calibrated for the RZero value of the sensor. This is used in the header file of the MQ135 gas sensor for coding the sensor to give the PPM values.  
· The appropriate Arduino code is uploaded to Arduino to initialize Wi-Fi module in order to communicate with Arduino so the transmission and receiving is accomplished.  
· IP address of the webpage created using HTML programming is given as an input to Arduino code.  
· The interfacing with Arduino
· After interfacing the buzzer, MQ135 gas sensor and Wi-Fi module to Arduino, Run the Code on Arduino for verification and upload the same.
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Connections of the Air Pollution Monitoring System
When the value is less than 1000 PPM, then the LCD and webpage will display “Fresh Air”. Whenever the value increases to 1000 PPM, then the buzzer will start beeping and the LCD and webpage will display “Poor Air, Open Windows”. If it increases to 2000 then the buzzer keeps beeping and the LCD and webpage will display “Danger! Move to fresh Air”.
1.9 Geographic Zone Classification 

Due to the complexity of factors determining the environmental quality, large variations are found between water bodies, industries, residential and industrial areas on different location of a city or in different hydro and geoclimatic zones. The use of monitoring has evolved to determine trends in the quality of the aquatic, terrestrial and atmospheric environment and how they are affected by the release of contaminants, other anthropogenic activities or by waste treatment operations. As pollutants vary for each geographic area, they are classified as industrial, residential and traffic zone.
1.9.1. Industrial Zone 

Factories pollute the air through fossil fuel emissions. These emissions include carbon dioxide, methane, and nitrous oxide. Combustion creates these toxic pollutants. While all of these are naturally-occurring substances, it is the high levels of emissions which are of concern. Industrial processes will also emit manmade emissions such as fluorine-containing gases such as hydro fluorocarbons.
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Geographical zones in Coimbatore City

1.9.2. Residential Zone 

Fine particles are most harmful air pollutants to humans. They are easily transported from outdoor to indoor air. Most of the exposure to pollutants takes place in your home, where you spent most of your day. 

1.9.3. Traffic Zone

Vehicular traffic has become a major source of air pollution in urban areas. Exposure to vehicular pollution has a major impact over the health dysfunction of the urban inhabitants. Rise in population and growth in economic activity hasled to increase in pollution. CO, NOx , SO2 are the most commonly occur gas in traffic areas. 

1.9.4 Data Acquisition 

The Data Acquisition Unit (DAQ) consists of the hardware components and sensors that altogether measure the level of pollutants that are required to calculate the Air Quality Index (AQI). The target pollutants CO (Carbon Monoxide) and NOx (Mono nitrogen oxides) are measured using their respective sensors. SO2 is not calculated as the major pollutants affecting any area come from oxides of carbon and nitrogen. Hence having the level of SO2 will be negligible. Also, the SO2 sensors can be connected to the micro controller unit to improve the accuracy if required. The temperature sensor provides the current temperature during the measurement that is necessary to determine the AQI value which depends on temperature and weather. When the micro controller receives a signal from the timer which runs to periodically take readings, all the sensors are activated to obtain the various values from the sensor arrays and the temperature sensor. These values are then processed to determine the air quality index and based on the classification; the corresponding health hazard can be notified to the user. 

The following are the sensors used in data acquisition unit:
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Data acquisition unit
Carbon Monoxide Sensor (CO) 

The carbon monoxide sensor is connected to the analogy pin A0 of the AT Mega 328 microcontroller. The sensor requires a warm up time of 1 day for accurate readings. The power and ground pins are connected to the power and ground pins of the raspberry pi. The Doubt gives the current reading of the Carbon monoxide level when power pin is triggered. 
Nitrogen Oxide Sensor (NO) 

Nitrogen-dioxide is expelled from high temperature combustion. It is also produced during electric discharge from thunder. NOx pollution causes PM 2.5 pollutant which is a fine particulate matter that results in lung infection. As Coimbatore city has many textile mills that emanate cotton dust, respiratory problems are prevalent. 
Sulphur Dioxide Sensor (SO2 ) 

Sulphur Dioxide gas (SO2 ) is a toxic gas with a strong irritating smell. It is present at very low concentrations in the atmosphere and is naturally emitted during volcanic eruptions. It is also a precursor to acid rain and atmospheric particulates. 
Temperature Sensor 

Temperature sensor measures temperature at agiven location. It measures temperature in Celsius. The pollution in a given area varies at different temperatures. Hence, the reading must be measured at different timings. 
Humidity Sensor 

A humidity sensor (or hygrometer) senses, measures and reports the relative humidity in the air. It therefore measures both moisture and air temperature. Relative humidity isthe ratio of actual moisture in the air to the highest amount of moisture that can be held at that air temperature. 
GPS 

The GPS unit extracts the latitude and longitude of the polluted area whenever the signal is got from raspberry pi microcontroller. The GPS unit also sends data to the controller. The packet extracted through GPS includes date, time, latitude and longitude. 
1.10 IOT DEVICE PROTOTYPE 

IoT for the most part manages associating shrewd gadgets (implanted hardware gadgets) to Itb by tackling the upside of OSI layered Architecture. With regards to this work It propose a group of Air Quality Monitoring Sensor bits, which are utilized to quantify the convergence of Air contaminations noticeable all around. All the Air Sensors are interfaces with a minor implanted stage outfitted with system availability and are interconnected to Itb making it a worldwide system of associated things. It have essentially utilized the Node MCU which is an open source advancement sheets with ESP8266-12E chips. MQ-2 Gas Sensor is utilized to gather gas focus estimations. This sensor information would be caught and sent to the Thing Speak cloud for IoT based information procurement. 
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Block diagram of proposed IoT based Air Pollution Monitoring System
1.11 PREDICTIVE AND FORECASTING MODELING 

ML chiefly manages computational techniques that improve the execution of mechanizing the verifying of gaining from experience. The way toward taking in by a machine from complex arrangement of information and taking care of basic issues, being increasingly shrewd is the thing that AI is about. Much the same as, there's a standard climate gauging accomplished for the following day, similarly the contamination anticipating model can be utilized with the goal that individuals can take prudent steps. It mean to precisely foresee centralizations of O3, SO2, NO2 and CO. For testing our model It have utilized an approved contamination dataset given by US EPA, which comprises of contamination information for 46 conditions of the USA over the most recent 15 years. 

The way toward structure the forecast models for the most part manage 3 stages: 

· Data Pre-preparing: The initial step of structure an expectation model is information pre-handling where information is cleaned, missing qualities are filled, anomalies are evacuated and furthermore information is masterminded in a manner to fit for the Machine Learning calculations. 

· Feature Engineering: Features are one of the main considerations which increment the forecast exactness such, day, month, time of the day, and so forth. 

· Building Forecasting Model: Model is worked to anticipate the future, for example on the inconspicuous information dependent on the verifiable information. 
In preparing information know target factors are put away, highlights are chosen and these highlights are utilized in every one of the calculations. For the testing part the created models are cross-approved and assessed. The model was assessed utilizing cross validation methods dependent on Root mean square error (RMSE) and the mean absolute error (MAE). The models are actualized and their individual execution is assessed in this work, which gives a subjective proportion of model's exhibition. Mean Absolute Error (MAE) is the estimation of the normal greatness of the blunders in a lot of forecasts is determined without thinking about their course.

In the unpredictable natural changes the repetition of preparing and testing and sending will be done intermittently. This is an iterative procedure which ought to be done to improve the model execution. There are numerable calculations that can be executed, yet out of which Random Forest and XGBoost demonstrated to be the best models. XGBoost is another approach to state "Outrageous Gradient Boosting". The articulation "Tendency Boosting" is proposed as a Greedy Function Approximation: A Gradient Boosting Machine, by Friedman. Slope boosting is presently one of the most Itll known strategies for proficient displaying of unthinkable datasets all things considered. XGBoost is a quick, versatile execution of angle boosting. XGBoost relies upon this special model. XGBoost is a usage of slope supported choice trees intended for speed and execution. The Gradient Boosting Model (GBM) in light of choice tree is a famous AI strategy. Slope boosting is an AI (ML) strategy normally utilized for relapse and grouping issues, which delivers an expectation model as a gathering of frail forecast models, in light of a choice trees. A phase astute design model is worked by GBM fundamentally the same as other boosting strategies. A self-assertive differentiable misfortune capacity is utilized to further sum them up by permitting streamlining. A Autoregressive integrated moving normal (ARIMA) is one of the outstanding straight models in time plan deciding in the midst of the past three decades. Late research practices in foreseeing with artificial neural networks (ANNs) prescribe that ANNs can be a promising differentiating choice to the standard straight strategies. ARIMA models and ANNs are consistently differentiated and mixed ends with respect to the predominance in guaging models. The proposed framework design, which translates the preparation and testing informational index. The proposed design incorporates the preprocessing and highlight extraction with cross approval procedures.
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Solution Architecture to build Predictive Model
1.12 Air Quality Forecasting using Machine Learning (ML) Techniques 

The various machine learning algorithms such as Time series analysis, Naïve Bayes, Autoregression model, Auto Regression Moving Average Mode, Auto Regression Integrating Moving Average Model are used for forecasting and performance indices are discussed in this section. 

1.12.1 Auto-Regression Integrating Moving Average Model (ARIMA)

In an ARIMA model, data transformation has been performed to make the data stationary. A Stationary is an essential condition for an ARIMA Model A Stationary is a necessary condition for an ARIMA Model. The stationary of the data in the time series is characterised by mean, standard - deviation, and auto-correlation structure. If the data present any trend, then applying the differencing and power transformation trend will be removed. When the ARIMA model is recognized, model parameters are assessed, and the last chosen model is utilized for forecast purposes.
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Block Diagram of the ARIMA Model

1.12.2 Performance Indices 

The statistical criteria RMSE and MAE are used to evaluate the performance measure of each developed model. 

1.12.2.1 Root Mean Squared Error (RMSE) 

RMSE is the square root of the mean of the squared errors. RMSE indicates how close the predicted values are to the actual values. Hence, the lower RMSE value signifies that the model performance is good. 

1.12.2.2 Mean Absolute Error (MAE) 

MAE is the mean or average of the absolute value of the errors, the Predicted – Actual.

1.13 Online Dashboard Creation and Website Development 

1.13.1  Case Study area: Vijayawada 

Vijayawada is a piece of the Capital city of Andhra Pradesh. It is the 42 biggest urban areas. Vijayawada city is an extent of 181 km2 falls under Krishna regions in Andhra Pradesh state. It is one of the most significant social, monetary, and instructive focuses in Andhra Pradesh. Because of quick industrialization and gigantic developments, there is the Real-time outstanding development of air contamination. 

1.13.2 Server Configuration 

The RPie computer was configured to establish a remote connection and provide remote access to the administrator. Using Google Firebase, an online database was created and interfaced with the existing sensor code to store values on the database. Finally, a web application was developed to extract values from the online database, plot it graphically, and display the current and forecasted air quality information in the public domain. 
1.13.3 Realtime Data Logging 

With the help of the Arduino program, the sensors collect analogue data. For every 15 minutes, one reading was recorded. The data is stored in the Firebase database with the help of raspberry pi.
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Data Collected from IoT Node 

With the assistance of python code, the information is utilised for Forecasting future values. With the help of a different Time Series model, the future values are forecasted for the next five hours with a span of 15 minutes for each reading. The obtained forecasted values are stored in the firebase database.
[image: image11.png]



Firebase database
1.13.4 Online Database configuration 

The data collected from the sensors is sent to the IoT database as (firebase) through wireless mode to monitor live and forecasting data. 

1.13.5 Online Monitoring of Air Pollutants 

The real-time live and forecasting values of air pollutants for the next 4 hours are displayed on the website,which is used for Online Monitoring of Air Pollutants from anywhere in the world.
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Overview of Air Quality Monitoring website
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Location Selection View form website
1.14 IoT Technologies for Ambient Air Quality Monitoring 

IoT makes full use of next-generation IT technology in all aspects of life and integrates the existing Internet with IoT to achieve the integration of human society and physical systems. In this integrated network, there are server platforms that can achieve real-time management and interact with people, machines, equipment and infrastructure components within the integrated network. 
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IoT system model
Therefore, human beings can manage life cycle of production in a more refined and dynamic manner, reach a “smart” state, improve resource utilization and productivity levels, and strengthen the relationship between man and nature. Specific applications of IoT include the areas such as intelligent transportation, environmental protection, e-government, public safety, industrial monitoring, and safe home. Regarding ambient air quality monitoring, developed countries such as some from Europe and the United States have carried out many related studies. The IoT-based air quality monitoring platform could perform online monitoring and real-time response, and realizes 24 hours of air condition monitoring throughout the day. It was also proved that the air quality has a great impact on human health with monitoring indoor air conditions. Marinov et al. (2016) studied the air quality monitoring system that was applied in urban environments. The system consisted of sensor nodes, wireless routers, servers and terminals. The sensor node was connected to the router and sent the collected data to the server via Wi-Fi. The terminal could access the server to obtain sensor data. proposed an air quality monitoring system based on ZigBee, and used LabVIEW to draw a graphical interface on the monitor, and finally tested it on a campus to obtain good results. implemented an integrated indoor air quality monitoring system that could collect multiple-gas concentration information simultaneously. The system was optimized to improve fault tolerance, reduce network congestion and system power consumption based on an algorithm calculation. proposed an indoor air quality monitoring system based on IoT, which collected and transmitted data to the gateway node with 5 minute intervals via a Bluetooth connection. The gateway node communicated with the processor via Wi-Fi. The system met the requirement of tracking the ozone concentration near the photocopier.
1.15 DEVELOPMENT OF IoT PLATFORM FOR AMBIENT AIR QUALITY MANAGEMENT 

This IoT system used JavaScript library to write dynamic webpage program, and integrated Arduino Ethernet and jQuery UI to build up an interactive interface for the exchange of webpage information. The NPM (Node Package Manager) management module tool and Express framework are used to develop website application. The application (“apps”) of cell phone and personal access devices (PADs) are developed by using HTML and JavaScript for the end users. The current environmental monitoring technologies are mainly ground-based passive monitoring systems, which are still insufficient for real-time transmission and spatial distribution of pollutants, data collection, and real-time information integration. Therefore, the IoT technology is used in conjunction with relevant scientific advanced equipment to perform air quality monitoring, and provide real-time environmental information for policy planning, information advocacy, and real-
time pollution inspection and prevention. 
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Air pollution monitoring platform of Internet of Things
With the development of IoT technologies, in this research work, our IoT platform of ambient air pollution control was expected to monitor the pollution concentration in real time and identify the pollution type in a specific area by using open-path Fourier transform infrared (OP-FTIR) and miscellaneous gas sensors (MGSs). When the air pollution concentration is over the ambient standard, the Light Detection and Ranging (LiDAR) system is triggered to gather the information of pollution on different locations, both spatially and temporally, to understand the processes and trajectories of the atmospheric pollutants. The source of pollution traced by LiDAR will be monitored with miniature continuous emission monitoring systems (Mini-CEMSs) continuously. The scientific instruments use a variety of communication methods including the NarrowBand Internet of Things (NB-IoT) and Wi-Fi with terminals, i.e., mobile computers and phones, which are not utilized in conventional instrument and traditional technology. In addition, to adapt to different communication distances and device requirements, the appropriate method could be developed to make the system more robust, user-friendly, and inexpensive. The details of the environmental applications extended from the platform were described in the section “Application of IoT Platform.”

IoT Platform of Ambient Air Pollution This environmental air pollution IoT monitoring system (shown in Fig. 1) is a network of multiple scientific instruments (LiDAR, OP-FTIR, mini-CEMSs, MGSs, anemometers) and a web connected by the NarrowBand Internet of Things wireless communication technology. The NB-IoT is a standards-based low-power wide area (LPWA) technology (Alliance, 2015), a unified standard for global telecommunications characterized by wide coverage with low power consumption and cost, and suited for IoT devices in radio interference environments. This monitoring platform (Fig. 7) is composed of NB-IoT networked scientific instruments (LiDAR, OP-FTIR, mini-CEMSs, MGSs, anemometers) and web application software to complete environmental air pollution monitoring network and to realize real-time monitoring around the clock. The monitoring system is composed of three layers of sensors, data transmission and application software. By utilizing the characteristics of NB-IoT’s wide coverage, low power consumption and large connection, the system realizes the uploading of monitoring data and the sending of instructions. The system software mainly includes two parts: embedded software and server-side web application software. The embedded software is responsible for uniformly coordinating and integrating the hardware modules of the system to ensure the stable and orderly operation of the monitoring system. As for system server side, MySQL is used to complete the monitoring database design. The web application software implements the management of user information and the storage and query of monitoring data. At the same time, the geographic information system (GIS) is used to implement the visual display of scientific instrument control and the monitoring data of environmental air pollution. The functions of automate, intelligent, network and systemize, data monitoring and tracking can be integrated into the communication technologies. The industrial operators can self-control through public information to achieve a robust air quality management. The pollutants’ real-time data and control target (industrial zone factory)’s related information can be uploaded to the cloud database. The platform employs Eclipse software to develop mobile audit apps and provide relevant personnel the query and transport of the data. In addition, the platform applies two-way information protocol to compare and to analyze for the air pollution monitoring, location distribution, manufacturer information, configuration of equipment and waste storage facilities, and operating permits. Finally, the platform provides analysis of the potential pollution areas of environmental protection units, identifies the source of discharged pollution, and then assists on-site inspection and improves the efficiency of supervision and management. 

1.16 Environmental Air Monitoring Sensors 

The gas sensor is a device that converts a specific gas concentration into an appropriate electronic signal, such as voltage, current, or resistance. Jones et al. (1987), in the Health and Safety Executive Laboratories of UK used a catalytic sensor to monitor the explosive mixture of methane and air. This device is prepared on the surface of platinum wire for high-temperature resistance. The catalyst layer and the heater are used to keep the catalyst at a high temperature to ensure the rapid combustion of flammable gas molecules. When the air and the combustible gas are mixed, the combustible gas is oxidized and contacts the catalyst to generate heat, which causes the surface temperature of the platinum wire to rise. The higher the temperature is, the greater the resistance is. As such, the concentration of specific gas can be identified by obtaining an electronic signal and measuring the change in the resistance value of the platinum wire. In 2001, Vincenzi et al. (2001) employed the screen printing method by attaching palladium with tin oxide to distinguish gases such as carbon monoxide, methane and nitrogen dioxide. Nguyen et al. (2011) presented a 1-D tungsten oxide nanowire produced by electrospinning, which has a measurable minimum concentration of ammonia around 10 ppm. Mane et al. (2014) published the tungsten oxide thin film by solgel method for nitrogen dioxide measurement. It was found that the film has a fast response and the lowest concentration that can be measured is 5 ppm. Chinh et al. (2014) used thermal evaporation to produce a 1-D structure, and then applied yellow photolithography technology to produce electrodes and self-heating devices. It is possible to measure 10 ppm of nitrogen dioxide gas (Molenar, 2005). The typical gas sensors such as VOCs, CO, SOx, NOx are based on metal oxide semiconductors (MOSs). The sensor component is a micro-electromechanical system (MEM) device using silicon wafer technology to implement in an approximately 1-µmthin silicon nitride membrane to achieve ultimate stability and lowest possible power consumption. The catalytically active material shows a gas-concentration-dependent resistance change. Since the value of the gas sensor has drift due to longterm continuous working time or aging, the gas sensor needs to be calibrated by connecting the standard gas in the gas cylinder, adjusting the specified flow rate, and resistance value. In addition, some new sensors can possess self-correct function based on the relationships among the temperature, gas sensor values, the voltage, and current in the circuit. As for the concentration of suspended particles, it is measured by using light-scattering theory. When the particles pass through the laser light, scattering and light attenuation would be generated. The measurement and analysis of different particle sizes are carried out by the Mie optical scattering theory algorithm.
CHAPTER 2
LITERATURE SURVEY

1. “CASE STUDY: MONITORING OF AIR QUALITY IN KING FAISAL UNIVERSITY USING A MICROCONTROLLER AND WSN” AL-HAIJA, Q. A., AL-QADEEB, H., & AL-LWAIMI, A.,
Wireless sensor network (WSN) enhanced the process of monitoring many environmental phenomena such as the air pollution monitoring issue in proposed this paper. In this paper, a WSN based microcontroller equipped with gas sensors have been actively used for air quality monitoring. The design included several units mainly: Arduino Microcontroller, MQ-2 Gas Sensors, and the current regulator circuit. Based on the normal gas levels of the clean air, the obtained results indicate that there is a big difference in the gas levels of both gases (LPG and CO) which obtained from the several tests and circuit runs. However, the acquired results for the air quality control inside the KFU buildings show no risky situation to be considered for further actions. The technology of Wireless Sensor Networks (WSNs)is in the front part of the investigation of the computer networks and it could be the next technologic market of a huge sum of money. Sensor nodes have limited processing power, storage, bandwidth, and energy. This limitation makes provision of the security in sensor networks not an easy task. The availability of cheap, low power, and miniature embedded processors, radios, sensors, and actuators, often integrated on a single chip, is leading to the use of wireless communications and computing for interacting with the physical world in applications such as air quality control. Sensor networks may consist of many different types of sensors [5] such as seismic, low sampling rate magnetic, thermal, visual, infrared, acoustic and radar, which are able to monitor a wide variety of ambient conditions [5] such that: temperature, humidity, air quality, vehicular movement, lightning condition, pressure, soil makeup, noise levels, the presence or absence of certain kinds of objects, mechanical stress levels on attached objects, and the current characteristics such as speed, direction, and size of an object. Arduino is a flexible programmable hardware platform designed for artists, designers, tinkerers, and the makers of things. Arduino’s little, blue circuit board, mythically taking its name from a local pub in Italy, has in a very short time motivated a new generation of DIYers of all ages to make all manner of wild projects found anywhere from the hallowed grounds of our universities to the scorching desert sands of a particularly infamous yearly arts festival and just about everywhere in between. Usually these Arduino-based projects require little to no programming skills or knowledge of electronics theory, and more often than not, this handiness is simply picked up along the way. AIR Quality Control System Design to monitor the pollution of air in King Faisal University using a microcontroller and Wireless Sensor Network (WSN) is proposed in this article. WSN enhanced the process of monitoring many environmental phenomena such as the air pollution monitoring issue in proposed this paper. It provides a real-time information about the level of air pollution in different regions, as well as provide alerts in cases of drastic change in quality of air. Based on these readings, such information can then be used by the authorities to take prompt actions such as evacuating people or sending emergency response team. the design can be enhanced by several ways such as: adding a wireless network card to the microcontroller circuitry for better and easier control of the sensors readings as well as more sophisticated sensors could be used such as MQ-135, MQ-136 and others. 
2. “REAL-TIME AIR QUALITY MONITORING THROUGH MOBILE SENSING IN METROPOLITAN AREAS” DEVARAKONDA, S., SEVUSU, P., LIU, H., LIU, R., IFTODE, L., &NATH, B.,
This is a coarse-grained and expensive approach where the pollution measurements are few and far inbetween. In this paper, we present a vehicular-based mobile approach for measuring fine-grained air quality in real-time. We propose two cost effective data farming models – one that can be deployed on public transportation and the second a personal sensing device. As urbanization causes the growth of suburban communities, the existing transportation infrastructure dependent on fossil fuels must expand. Increase in vehicle use gives rise to an increase in traffic related pollutant emissions. According to census data, about 79% of the US population lives in urban areas. As per 2010 Highway Statistics there are 242 million vehicles in the US alone. To track the effect of this large fleet of urban vehicles on the environment and on the health of individuals, it is imperative to track pollutant levels in the urban and suburban settings. According to the US EPA, the six common air pollutants are particulate matter, ground-level ozone, carbon monoxide, sulfur oxides, nitrogen oxides, and lead. These are called the criteria pollutants and thus are required to be measured to tell us how healthy the air is to breathe. Among these, vehicular emissions contribute carbon monoxide, carbon dioxide and nitrogen oxides to the air pollution. The current pollution measurement methodology uses expensive equipment at fixed locations or dedicated mobile equipment. The raw data obtained in this manner is used to further extrapolate the extent and concentration of pollution through dispersion models. This is a coarse-grained system where the pollution measurements are few and far in-between. Widespread deployment of this measurement paradigm is constrained by its prohibitive cost. In addition, it is desirable to have access to real-time measurements to be able to quickly analyze and identify alarming levels of pollutants. Currently, access to such data is limited if not absent. It is available to and discernable by only a few who are well informed on the subject of pollution. A scalable sensing platform could effectively disseminate pollution information to users in need. Today, the scarcity of fine-grained air quality information is hindering public awareness of health issues arising from pollution. Studies suggest that the health effects among asthmatics from short-term changes in air pollution levels are an important public health problem. We anticipate that, with the help of fine grained air quality measurements, people could be advised to take actions based on real time pollution levels to accommodate individual health needs. The availability of real-time air quality data could make drivers better educated about driving patterns and how it impacts the environment and increases pollution. Better driving habits will lead to reduced pollution. Also, more health conscious citizens may choose alternate “healthy” routes based on the pollution information. It will benefit them as well as others by reducing pollution concentration in peak roadways so everybody breathes cleaner air. In this paper, we present a vehicular-based approach of measuring fine-grained air quality in real-time. We propose two cost effective data farming models – one that can be deployed on public transportation and the second a personal sensing model. We present preliminary prototypes and discuss implementation challenges and experiments. In particular, we found that a personal sensing device conveniently mounted inside a vehicle in front of the vent can measure carbon monoxide levels that correlate well with outdoor values.
3.“ SMART AIR POLLUTION DETECTION AND MONITORING USING IOT” D.ARUNKUMAR, K.AJAYKANTH, M.AJITHKANNAN, M.SIVASUBRAMANIAN, 
Every vehicle has its own emission of gases, but the problem is occurs when the emission of the gas beyond the standardized values. The foremost reason for this breach of emission level being the incomplete combustion of the fuel which is been supplied to the engine they occurs due to the improper servicing of vehicles on time. This emission from the vehicles which cannot be completely avoided, but in certain things we can able to control this. At this situation, in most of the countries air pollution is the major problem. In our life there are three essential requirements are used on earth i.e. air, water and food. At end the formers are grown by our foods; before eating it is washed and cooked. Before it consumed the water, the water passes through a scrupulous cleaning process. From the statics , without knowing anything weather the air polluted or not the living beings, taking breathe over 3000 gallons of air in each day. Therefore this proposes have to increase awareness to people regarding air quality monitoring and pollutants. Due to the air pollution not only affect the human health and also damage the environment and eco system so reduce the aging of living things. Where Sensors networks which are been used as an active research area because it has so many advantages mainly due to the potential of their applications .In this paper we are going to investigate the use of Wireless Sensor Networks(WSN) for air pollution monitoring in locality. With the growing industrial, the problem are raised due to the pollution, air pollution is becoming major concern for the health .We proposed a system that which are innovative system named Wireless Sensor Network Air Pollution Monitoring System(WAPMS)to monitor in locality through the use of wireless sensors deployed in huge numbers in locality. This system makes use of the Air Quality Index (AQI) which is presently not available in the market. Where we can able to improve the efficiency of WAPMS, where we have designed and implemented in such a way that Recursive Converging Quartiles (RCQ, is a new data aggregation algorithm. These are the algorithm which are often used to merge data to locate copy data, Filter out invalid readings and summaries them into a simpler form where there is reduction of the amount of data to be transmitted to the particular sink and thus saving energy. For better power management system where we often use a hierarchical routing protocol in WAPMS and caused the motes to sleep during ideal time. This makes for the people belonging to the particular locality can find the amount of pollution which is present so that they can take precautions according to the locality. In this many sensors are activated which are clubbed together and by advanced clouding the amount of percentage can be detected from any here from the location.
2.1 EXISTING SYSTEM

· Many emission management frameworks are designed today by dreaming about different natural borders. The the current structure model uses the spatial and natural environments for a wide range of technologies in different fields to track remote sensor organisations. 
· The sensor hubs talked comfortably with the moving hubs sent to the subject-matter of interest that prohibited the use of complicated steering calculations, but neighbourhood calculations are extremely minor. 
· RFID is a way to send and retrieve information via electromagnetic transmission to a viable integrated RF circuit. It is primarily used in grocery stores and manufacturing to detect and label items. RFID frameworks have two key components: labels and readers. 
· A tag has an extraordinary recognisable proof number and memory to store additional information, such as producer, product type and ecological factors, e.g. temperature, mugginess, etc. 
2.1.1 Disadvantages of existing system

· Need of manual labor, cost of operation is high, has the risk of human error and data can easily altered.
· For both gases and particulate matter, if several identical low cost systems are co-located, the user should expect a high level of repeatability (R2 > 0.9) and should expect to be able to adjust accuracy by ‘calibrating’ – adjusting slope and offset – against a co-located reference/equivalent station.  

· Ozone is monitored daily, but mostly during the ozone season (the warmer months, approximately April through October)
2.2 PROPOSED SYSTEM
· The structure suggested includes the accompanying biological thresholds, so as to measure air pollution concentrations: gases, Other constraints are calculated including temperature, mugginess and light power and tone. 

· The basic information sensed is transformed by ADC into advanced qualities. 
· The ADC output is passed to the microcontroller that is treated and shipped off of the IoT stage. 
· Our cloud knowledge base with IoT support reveals the constant values. The LCD display also shows the intentional consistency. 
2.2.1 Advantages of proposed system

· The measurements of pollution concentrations are the best characterization of the concentration of a given pollutant at a given time and location  

· The data are supported by a comprehensive quality assurance program, ensuring good data of known quality.
· Easy to Install 

· Updates On mobile phone directly  

· Accurate Pollution monitoring 

· Remote location monitoring.
2.3 FEASIBILITY STUDY
The feasibility of the project is analyzed in this phase and business proposal is put forth with a very general plan for the project and some cost estimates. During system analysis the feasibility study of the proposed system is to be carried out. This is to ensure that the proposed system is not a burden to the company.  For feasibility analysis, some understanding of the major requirements for the system is essential.

Three key considerations involved in the feasibility analysis are:

· Economical feasibility

· Technical feasibility

· Operational feasibility

2.3.1 Economical Feasibility
This study is carried out to check the economic impact that the system will have on the organization.  The  amount  of  fund  that  the  company  can  pour  into  the  research  and development of the system is limited. The expenditures must be justified. Thus the developed system as well within the budget and this was achieved because most of the technologies used are freely available. Only the customized products had to be purchased.

The economic feasibility based on the terms of:

· Time

· Cost

· Man power

2.3.2 Technical Feasibility
This study is carried out to check the technical feasibility, that is, the technical requirements of the system. Any system developed must not have a high demand on the available technical resources. This will lead to high demands on the available technical resources. This will lead to high demands being placed on the client. The developed system must have a modest requirement, as only minimal or null changes are required for implementing this system.

2.3.3 Operational Feasibility
The aspect of study is to check the level of acceptance of the system by the user. This includes the process of training the user to use the system efficiently. The user must not feel threatened by the system, instead must accept it as a necessity. The level of acceptance by the users solely depends on the methods that are employed to educate the user about the system and to make him familiar with it. His level of confidence must be raised so that he is also able to make some constructive criticism, which is welcomed, as he is the final user of the system.

CHAPTER 3
SYSTEM SPCIFICATION
3.1 HARDWARE REQUIREMENTS:
· Keyboard
· Mouse
· Hard disk 500GB
· Ram 4 Gb 
3.2  SOFTWARE REQUIREMENTS:
· Operating System : Windows 10
· Language              : Arduino UNO C++
CHAPTER 4
SYSTEM DESIGN AND DEVELOPEMENT

DATA FLOW DIAGRAM
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CHAPTER 5
TESTING AND IMPLEMENTATION

5.1 TESTING

 Implementation is the stage of the project when the theoretical design is turned into a working system. This is the final and important phase in the system life cycle It is actually the process of converting the new system into a operational one.

 5.1.1Unit Testing


Unit testing comprises the set of tests performed by an individual programmer prior to integration of the unit into a larger system. The module interface is tested to ensure that information properly flows into and out of the program unit. The local data structure is examined to ensure that data stored temporarily maintains its integrity during all steps in an algorithm’s execution. Boundary conditions are tested to ensure that the module operates properly at boundaries established to limit or restrict processing. All independent paths through the control structure are tested. All error-handling paths are tested.

5.1.2 Block Box Testing

Black-box testing is a method of software testing that examines the functionality of an application without peering into its internal structures or workings. This method of test can be applied virtually to every level of software testing: unit, integration, system and acceptance. It is sometimes referred to as specification-based testing.

5.2 SYSTEM IMPLEMENTATION
Implementation is the stage of the project when the theoretical design is turned into a working system. This is the final and important phase in the system life cycle It is actually the process of converting the new system into a operational one. 

CHAPTER 6

RESULT AND DISCUSSION 
The MQ135 sensor can sense CO2 and some other gases, so it is perfect gas sensor for my Air Quality Monitoring Detection System Project. When I connect it to Arduino then it senses the gases, and I get the Pollution level in PPM (parts per million). MQ135 gas sensor gives the output in form of voltage levels and I need to convert it into PPM [15]. So for converting the output in PPM. Sensor is giving me value of 0.1 when there was no gas near it and the safe level of air quality is 0.5 PPM and it is not exceeding 0.5 PPM. When it exceeds the limit of 0.5 PPM, then it starts cause Headaches, sleepiness and stagnant, stale, stuffy air and if exceeds beyond PPM then it can cause increased heart rate and many other diseases. When the value less than 0.5 PPM, then the LCD and webpage will display “Fresh Air”. Whenever the value increase 0.5 PPM, then the LCD and webpage will display “Poor Air, Open Windows”. If it increases 1 PPM, then the buzzer keeps beeping and the LCD and webpage will display “Danger! Move to fresh Air”.
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Running the System
After uploading the code, I am connected to the Wi-Fi of my ESP8266 device, the serial monitor has opened and it is showing the IP address like shown below (192.168.43.57).
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Type this IP address in your browser, it shows the output as shown below. I have to refresh the page again if I want to see the current Air Quality Value in PPM. After uploading code, When the value less than 0.5 PPM, then the LCD and Web Browser will display “Fresh Air”.
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when the value increase 0.5 PPM, then the LCD and web browser display “Poor Air, Open Windows”.
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when the value increase 1 PPM then the buzzer keeps beeping [17] and the LCD and Web Browser display “Danger! Move to fresh Air”.
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	MQ135 Sensor Detect
	Air Quality Value (AQV)
	Display Result

	CO2
	AQV< 0.5 PPM
	Fresh air

	CO2
	AQV> 0.5 & AQV< 1 PPM
	Poor air

	CO2
	AQV> 1 PPM
	Danger


Air Quality Range Wise Result
This table shows that the air quality health and its risk through a 0.1-1.0 base scale. It is divided into three parts like as Fresh Air, Poor Air & Danger Air. It detects the air pollution level and indicates the risk through this scale. When the updated data compared to the base data then it shows the result accordingly to this scale [18]. The compared data is between 0.1-0.5 it shows that health risk is low and indicate open window, when it rises up to 0.6-1.0 it shows that the pollution in the air is considered dangerous for human being and I take some steps quickly.
	Air Quality Indicator Range (PPM)
	Result
	Health Impacts

	0-0.5
	Fresh Air
	Minimal impact

	0.6-0.9
	Poor Air
	May cause minor breathing discomfort to sensitive people.

	1 to above
	Danger Air
	May cause breathing discomfort to people with lung disease such as asthma, and discomfort to people with heart disease, children and older adults.


AQI levels and Connected Health Impacts
CHAPTER-7

CONCLUSION
CONCLUSION
This system includes the sensors that detect the parameters causing pollution. The sensors are carbon dioxide sensor. Whenever there is an increase in the level of these parameters the sensor senses the situation and an alarm or indication is given. The message is displayed in the LCD display. If the authority of the industry does not take any actions to minimize the emissions then the system takes certain actions to this. If carbon-dioxide rises above the threshold value then machines are terminated from working. Similarly if fire is detected then exhaust fans are turned on, if LPG and color change in liquids is detected the suitable actions are taken to overcome them. The system is operated through wireless system using the concept of IOT. The status of sensors of particular industry can be accessed anywhere from anyplace.
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