Original Article

Air Pollution Monitoring System For Various
Cities Using Cloud Computing And The Internet
Of Things

Veerabhadraswamy K M,

Assistant Professor,

Department of Electronics and Communication Engineering,
Government Engineering College, Ramanagara, Karnataka-562159, India,
Veerabhadraswamy.13@gmail.com
DOI: 10.47750/pnr.2019.10.01.14

Abstract

Air pollution occurs when there are concentrations of hazardous substances, also referred to as pollutants, in the atmosphere,
which have the potential to cause damage to ecosystems, human health, and the environment. These contaminants might exist
in the form of gasses, particles, or biological agents. India's main cities have a significant number of companies, power plants,
and factories leads to air pollution. However, without an awareness of the amount of damage caused by pollution, it may be
impossible to implement such rules and regulations. As a result, the purpose of this project is to develop an Artificial
Intelligence (AI) and Internet of Things (IoT) design with cloud storage to monitor the level of air pollution in various cities.
For Al, three different models Support Vector Machine (SVM), K-Nearest Neighbor (KNN), and Artificial Neural Network
(ANN). For input data Particulate Matter (PM) sensors, CO2 sensors, radiation sensors, and visible dust sensors were all used
in this investigation. The sensors are linked into a circuit, which is distributed throughout India. AI model is developed using
Tensorflow and based on the accuracy the best model is also integrated with the developed system of sensors and
microcontrollers. To make this process easier for everyone to access and understand, a website is also developed. This website
allows users to select a particular city or even add a new one. When the city is selected, the values of the parameters recorded
from the sensors are displayed along with the level of air pollution. When one of the parameters exceeds the desired range, the
website sends an alert notification to alert the officials about this. This process makes it easier for the officials to act accordingly
and reduce the impact of pollution.
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I. INTRODUCTION

When dangerous compounds, often referred to as pollutants, are present in the air in amounts that could have a
negative impact on ecosystems, the environment, and human health, this is referred to as air pollution [1]. Gases,
particles, or biological agents can all be considered forms of these contaminants. The combustion of fossil fuels,
construction operations, car exhaust, agricultural practices, and natural phenomena are all sources of air pollution
[2, 3]. Air pollution has developed into a serious issue with detrimental effects in India's main cities. India's biggest
cities are home to large concentrations of companies, power plants, and manufacturing facilities [4]. Building and
infrastructure development projects produce dust and fumes from machinery, which increases the amount of PM
in the air [5]. The use of emission standards, the promotion of cleaner technology, stronger vehicle laws, the use
of alternative fuels, improved public transit, waste management programs, and public awareness campaigns are
some of the actions taken to reduce air pollution in India's major cities. However, enforcing such rules and
regulations might be impossible without knowing the level of damage the pollution has caused. So, this study aims
to design an Al and IoT design with cloud storage to monitor the level of air pollution in different cities. The
design and the detailed working of this circuit discussed elaborately in the upcoming chapters.
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II. LITERATURE SURVEY

This literature review gives an in-depth summary of several research publications linked to enhanced air pollution
monitoring systems. Here is a detailed examination of various papers. The paper [6] proposes an indoor air quality
monitoring system with a real-time sensing unit capable of remotely monitoring carbon dioxide, humidity, and
temperature. An IoT signal processor communicates with a low-power microcontroller in the system, which uses
IoT technology. Its capabilities are expanded by the installation of a remote surveillance system based on Simple
Mail Transfer Protocol and an immediate warning system focused on Short Messaging Service (SMS) through the
SIM900 GSM module. The system responds quickly to distributing alarm messages and emails. It enables long-
term data processing and logging, making it ideal for monitoring indoor air quality. The paper [7] describes an
Ethernet-based remote control and monitoring system based on the LM3S8962 microcontroller. The system is
notable for its stability and extremely low power usage. It facilitates the building of a handmade weather station
with internet access by using the Lightweight IP (LwIP) protocol, which automatically obtains an IP address. Users
can access the system's web server via mobile phone or PC web browsers, which shows data on parameters such
as temperature, humidity, voltage, and PM2.5. Furthermore, the system allows sub-node peripherals to be
controlled via control instructions that are uploaded and delivered to the sub-nodes. It enables wireless LAN to
internet connectivity for remote monitoring and control via ZigBee. The local LCD panel displays critical
parameters as well as IP addresses. This machine also acts as a client, uploading data to Yeelink, a typical data
center networking platform. The research [8] proposes a novel strategy for developing air quality monitoring
systems utilizing cutting-edge IoT methods. Real-time air quality data is collected using portable sensors and
delivered via a low-power wide area network. In the IoT cloud, data is processed and analyzed. The finished air
quality monitoring system, which includes both hardware and software components, has been successfully
deployed in urban areas. The experimental results show the system's dependability in sensing air quality, which
aids in the discovery of patterns and variations in air quality. This technology is ideal for monitoring air pollution
in cities.

The research [9] describes a unique real-time air pollution monitoring and forecasting system that uses
IoT technologies to preserve the environment. The system's hardware expenses are dramatically reduced by
embracing loT, making it more cost-effective and scalable. It can be used to construct a network of monitoring
sensors in vast monitoring areas. Aside from standard air monitoring capabilities, the system is notable for its
capacity to forecast the development trends of air pollution over a specific time period. This forecasting is
accomplished by using neural network technology to analyze data provided from a front-end perception system.
In practice, this capability enables targeted emergency steps to be performed in order to limit losses and alleviate
the impact of air pollution occurrences. The paper [10] focuses on the design and implementation of an IoT-based
Wi-Fi-based plug-and-sense smart device for dedicated air pollution monitoring. For accurate air pollution
monitoring, the system employs a device-to-cloud architecture. Sensors within the device measure individual
pollutant components and location coordinates, allowing the Air Quality Index (AQI) to be calculated. The AQI
is calculated using a linear segmentation approach, the Greater Vancouver AQI dataset, and a Max operator
aggregation method. LEDs are used in the system to indicate air quality levels and provide health impact
information. Precautionary messages are also presented on the screen. All collected data is sent to ThingSpeak, an
open-source loT application programming interface. This information, together with timestamps, can be exported
to a separate Excel file for further study. A ThingView Android app visualizes pollution levels by location in real
time using line graphs. This low-cost and compact smart device improves public safety by delivering alerts, urging
people to use anti-pollution masks, and recommending alternative transportation routes in high-pollution locations,
while assuring high dependability and consistency.

A low-cost mobile device for measuring air quality indicators is described in the paper [11]. It employs a
multilayer distributed framework, with an Arduino platform functioning as an IoT application. In this research, a
physical device is furnished with software, electronics, sensor and wireless connection to monitor air pollution in
real world. The electrical devices has three sensors that monitor CO, CO2, and powder density levels. This data
collecting is facilitated by an API written in the C++ programming language. This approach was validated in
several Ecuadorian cities, including Quito, Amaguaa, and Tena. The results of air pollutant concentrations acquired
by this approach are consistent with the reference levels provided by international environmental organizations.
This technology provides a cost-effective solution to air quality monitoring while ensuring that the data collected
meets international requirements. The primary goal of this paper [12] is to present a vehicle pollution monitoring
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system that makes use of IoT technologies. This technology is intended to detect polluting automobiles on city
streets and to measure various sorts of pollutants in the air. Furthermore, it notifies the state of air quality to
environmental agencies as needed. The suggested system ensures the presence of wireless sensors specializing in
vehicle-related pollution monitoring. Using IoT, these sensors allow simple real-time data access via the internet.
The measured data is shared not just with environmental organizations, but also with car owners and traffic
departments. This low-cost technology has been shown to be effective in reducing air pollution, particularly in
cities. It addresses the essential issue of automobile pollution, assisting in the reduction of its negative influence
on air quality and public health.

III. MATERIALS AND METHODS

The main objective of the study is to develop a system with AL IoT and an assortment of sensors. Figure 1 explains
the circuit design and the workflow in this process.

Tensorflow
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Figure 1. Workflow of the process

From Figure 1, it can be seen that the sensor combination is first chosen. This experiment made use of the particular
matter sensor, CO2 sensor, radiation sensor, and visible dust sensor. The sensors are connected by wire to create
a circuit that is set up all over different Indian towns. Tensorflow is incorporated with the developed system of
sensors and microcontrollers in the construction of cloud storage. To make it easier for everyone to access and
understand this process, a website has also been developed. The user of this website can select a certain city or add
a new city. When the city is selected, the status of the level of air pollution is displayed together with the values
of the metrics that are gleaned from the sensors.

IV.HARDWARE COMPONENTS

The sensors play a crucial role in this study as it is required for proper input to process and alert the officials about
the presence of an unusual amount of air pollution of various forms like dust, and radiation. In this study, four
different sensors are used. They are the particular matter sensor, CO2 sensor, radiation sensor, and visible dust
sensor. All the sensors are controlled using a microcontroller. The NodeMCU module is used in this study. The
working principle of all these components is explained clearly in this chapter.

A. Particular Matter (PM) Sensor

A PM sensor detects and measures the concentration of PM in the air. PM are tiny solid or liquid particles
suspended in the air that can come from a range of sources, including industrial pollution, automobile exhaust, as
well as dust storms [13]. Through the intake, the sensor draws outside air into the apparatus. The detecting element
and the particulate materials inside the sensor interact. Gravimetric sensors collect particles on a filter, electrical
sensors measure changes in electrical characteristics, and optical sensors measure scattered or absorbed light. A
signal corresponding to the PM concentration is generated by the sensor's detection mechanism. For monitoring
or additional analysis, the sensor output can be employed.
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B. CO2 Sensor

Carbon dioxide gas concentration in the immediate surroundings is measured using a carbon dioxide (CO2) sensor.
CO2 sensors are used in a variety of industries, including environmental research, HVAC systems, industrial
operations, and indoor air quality monitoring. Non-dispersive infrared (NDIR) and electrochemical sensors are the
two most used kinds of CO2 sensors, and they can be made using a variety of methods. Due to their accuracy and
stability, NDIR sensors are frequently employed for CO2 detection. Chemical interaction between CO2 and an
electrolyte is the basis for how electrochemical CO2 sensors work [14]. The carbon dioxide-containing ambient
air is exposed to the CO2 sensor. To get to the sensing mechanism, gas diffuses into the sensor. Digital data,
analogue voltage, or a display showing the CO2 concentration directly are just a few of the output formats that a
sensor can produce.

C. Radiation sensor

Ionizing radiation is detected and measured by a radiation sensor, which is also known as a radiation detector or
dosimeter [15]. Radiation protection, nuclear power plants, healthcare facilities, and environmental monitoring are
only a few examples of its widespread use. Ionising radiation enters a sensor and reacts with the detection medium,
which may be a gas, scintillator, or semiconductor. Ion pairs are created or excited atoms or molecules as a result
of radiation's transfer of energy to the detecting medium. Depending on the type of sensor, these processes
discharge charged particles, light photons, or electron-hole pairs. Depending on the sensor design, the released
charged particles, photons, or electron-hole pairs provide an electrical or optical signal. In order to improve the
signal-to-noise ratio and recover valuable information, signals are often amplified and processed by electronics.

D. Visible dust sensor

A device used to identify and gauge the amount of dust in the air is called a dust particle sensor, sometimes known
as a dust sensor. These sensors are frequently employed in industrial applications, environmental monitoring, and
indoor air quality monitoring. Into its sensing chamber or sample region, the sensor sucks in ambient air. Whether
it be through light scattering, gravimetric deposition on a filter, or variations in capacitance, the airborne dust
particles interact with the sensor's detection mechanism [16]. The electronics of the sensor analyse the signals
produced by the sensing mechanism to calculate the size and density of the dust particles. The sensor outputs data
that can take on a number of different shapes, including digital data, analogue voltage, or a display of the dust
particle concentration.

E. NodeMCU controller

NodeMCU is a development board with open-source firmware that depends on the ESP8266 chip. The ESP8266
Wi-Fi chip, which is inexpensive, makes it simple to include Wi-Fi connectivity in a variety of applications,
including those pertaining to the IoT. For the quick prototyping and development of IoT applications, NodeMCU
offers a software platform and a hardware platform. Because NodeMCU has built-in Wi-Fi, it can connect to Wi-
Finetworks and use the internet to communicate with other devices and cloud services. The Lua scripting language
is supported by the NodeMCU firmware, making it simple to write and run code on a device. AWS IoT, Google
Cloud IoT Core, and other cloud platforms and services are just a few of the ones that NodeMCU can interact
with. This makes it possible for the NodeMCU board and cloud-based apps to communicate seamlessly, enabling
remote monitoring, data analysis and control.

V. SOFTWARE COMPONENTS

The data collected from the sensors are analyzed using the microcontroller module. But for that process to happen,
the data had to be stored somewhere. In this study, the Tensorflow is used for developing an Al model. Google
offers a service called TensorFlow Cloud that makes it easier to train and use TensorFlow models in the cloud.
Utilizing the scalability and resources of cloud infrastructure provides a streamlined approach for managing
machine learning trials. It facilitates team cooperation, improves scalability, and makes experiment management
simpler. TensorFlow Cloud takes advantage of cloud infrastructure and services to free users from worrying about
infrastructure maintenance so they can concentrate on creating and enhancing their machine learning models.
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A. ANN

ANN [17] can be seen as parallel and distributed processing systems comprised of numerous simple, highly
interconnected processors. Among the various architectural paradigms in ANN today, the Multilayer Perceptron
(MLP) is the most widely used. All neurons inside a layer are associated with all neurons in subsequent layers via
unidirectional connections, which is a common feature of neural networks of this class. These connections only
send data in the forward direction. Each connection is associated with adjustable weights, which are modified
based on a defined learning rule.

The training of feedforward neural networks typically employs the Backpropagation Algorithm (BPA)
[18]. The network creates a nonlinear mapping among input and output variables using this approach. As a result,
with provided input/output pairs, the BPA modifies the weights of the network to represent the nonlinear
relationship. After training, a network with fixed weights can generate output for a given input. The conventional
BPA for network training attempts to reduce an energy function representing immediate error. In essence, the
purpose is to reduce the following function:

1

E(m) =3 8=1[dq _Yq]2 (1]

Here, d signifies the required output for the q™ input, and y, represents the actual neural network
output. The adjustment of each weight follows the rule:

dE

In this equation, E is the error function, k is a proportionality constant, and wj; represents the weights

between neurons j and i. The weighting procedure is repeated until the variation between the node and the actual
output is within a permissible range.

B. KNN

KNN represents a straightforward algorithm that stores the available cases and makes classifications for new
instances based on similarity measures, often involving distance functions [19]. KNN has a historical presence in
statistical estimation and pattern recognition dating back to the early 1970s, recognized for its non-parametric
nature.

The functioning of the KNN algorithm is as follows: when assigning a class to a particular case, it relies
on the majority vote from its neighboring cases. The case is then categorized into the class that is most prevalent
among its K nearest neighbors, as determined by a distance function. If K equals 1, the case straightforwardly
belongs to the class of its closest neighbor. There are several distance metrics applicable to continuous variables,
such as Euclidean, Manhattan, and Minkowski distances. In our context, we have employed the Euclidean distance
formula, which quantifies the distance between data points in multi-dimensional space.

2 (i —yi)? [3]

Selecting the optimal value for K is a task best tackled by initially scrutinizing the dataset. Generally,
opting for a larger K value enhances precision by mitigating the impact of random noise, but it is essential to
acknowledge that there is no certainty that the largest K will consistently yield the best results. Alternatively, cross-
validation presents a retrospective method for pinpointing an appropriate K value, often within the range of 3 to
10. This process balances the risks of overfitting and the quest for accurate classification, ensuring that KNN
performs optimally.

C. SVM

In 1995, SVM became a frequently used categorization algorithm. In categorization, the conventional process
entails separating data into training and testing samples, with each instance in the training sample including a
"target" and an array of "attributes." The fundamental goal of SVM is to build a model using training sample that
will forecast the target values of the test data based on the features [20]. For a given training set of instance-label
pairs (x;,y7;) i = 1,....,1 where x; € R" and y € {1-1}!, SVM necessitates the solution of the following
optimization problem:

min “wTw+CIL & [4]

Subject to yviwTop(x) +b) =1 —§, [5]

The function is used to map the training vectors x; onto a higher dimensional space. In this higher-
dimensional space, SVM aims to locate a linear separating hyperplane with the greatest margin. C > 0 acts as the
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penalty variable for the error term. Furthermore, the kernel function is represented as K(x;, x;) = q)(xi)Tq)(xj),
and there are four basic kernels: polynomial, linear, radial basis function (RBF), and sigmoid. We used the RBF
kernel for our application:

K(xi,x;) = exp (—y”xi - x]-||2),y >0 [6]

VI. RESULT AND DISCUSSION

The study aims to design a circuit consisting of sensors, microcontrollers, and Al in various cities to constantly
monitor the pollution level and alert the officials in case of increases in pollution level. However, it cannot be
possible for someone to constantly monitor the levels to check whether the values stay within the range or not.
Thus, a website that displays all the output values from the sensors of all the listed locations is designed. The figure
2 summarizes the findings of the air pollution monitoring system that used ML methods such as SVM, KNN, and
ANN. The models' accuracy is outstanding, with ANN achieving the highest accuracy at 98.33%, closely followed
by SVM at 97.33%, and KNN at 94.67%. These findings highlight the accuracy with which these methods classify
air pollution data. Specificity and sensitivity, which assess the model's ability to properly distinguish non-polluted
and polluted cases, also show that SVM and ANN perform well. SVM has a high specificity of 98.64% and an
acceptable sensitivity of 96.08%. ANN produces excellent results, with a high specificity (99.32%) and sensitivity
(97.37%). SVM and ANN both outperform in terms of positive predictive value (PPV), with SVM scoring 98.66%
and ANN scoring 99.33%. Finally, negative predictive value (NPV) demonstrates SVM and ANN's great
performance in reliably predicting negative instances, with SVM achieving 96.03% NPV and ANN achieving
97.35%. KNN, while trailing in several metrics, nonetheless produces respectable results. ANN excel at identifying
air pollution data, with high accuracy and predictive values, making them ideal tools for air quality assessment
and monitoring.
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Figure 2. ML model performance on air pollution monitoring system
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Figure 3. Home page of the website

The homepage of the website is shown in Figure 3. As shown in Figure, the header of the website contains the
name of the website and a sign-out button. The sign-out button indicates that the user is currently signed in and
only then it displays the list of cities. The main part of the website consists of a search bar where the user can
search for a particular location. Below the search bar, a set of icons each indicating a city is displayed. It also
consists of an Add City button which allows the user to enter a new city with a new set of calibrated sensors which
are already present in that particular city. So, when the user selects one of the existing cities, the website displays
the details about the city. The detailed report of a particular city is shown in Figure 4.

In Figure 4, the city which is selected is displayed. Four different values — the particular matter, CO2
levels, radiation level and visible dust level are shown also displayed here. The values are collected from the
sensors which are placed in that particular city itself. Below the values, a status which indicates that all the
parameters are within a safe limit is also shown for easier reference. When one of the values exceeds the limit, an
alert message is sent by the website and it is shown in Figure 5.
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Figure 4. Detailed report of a city
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Figure 5. Alert message from the website

In the figure above it can be seen that the CO2 levels are higher than the safe limit. Thus, the status of the website
is changed to an alert message along with a pop-up alert message. Here, as the entire website is monochromatic
and the alert message is in red, it immediately attracts the attention of the officials so they can take any measures
that can reduce the CO2 levels in that particular region.
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VIL CONCLUSION

Air pollution is caused by the burning of fossil fuels, building activities, car exhaust, agricultural activities, and
natural occurrences. In India's major cities, air pollution has become a big problem with negative impacts. Some
of the steps made to lower air pollution in India's largest cities include the adoption of emission regulations, the
promotion of cleaner technologies, stricter car laws, the use of alternative fuels, improved public transit, waste
management initiatives, and public awareness programs. Yet, without understanding the extent of the harm that
pollution has done, it may be impossible to enforce such rules and regulations. A circuit was designed in this study
to assist officials by notifying the fact that air pollution has gone bad in a particular region. Firstly, a sensor
combination is picked. The specific matter sensor, CO2 sensor, radiation sensor, and visible dust sensor were all
used in this investigation. The sensors are wired together to form a circuit, which is installed throughout several
Indian cities. Tensorflow is used in the development of ML model, and it is combined with the created system of
sensors and microcontrollers. A website is also created to make it simpler for everyone to access and comprehend
this procedure. The user of this website has the option to add a new city or choose a specific city. The status of the
degree of air pollution is shown together with the values of the metrics that are recorded from the sensors when
the city is selected. In the future, the website can be updated into a more secure one by adding administration rights
to the officials and user rights to the general public so everyone can be aware of the state of pollution in any city
they wanted.
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