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Abstract — Air pollution and its negative impacts on human health have become serious concerns in many
places throughout the world. The traditional methods of monitoring air quality, such as manual sampling
and laboratory analysis, are time-consuming, expensive, and may not provide real-time information. In this
study, an loT-based Air Quality Monitoring System that uses Machine Learning to provide accurate and
timely analysis of air quality data is presented. The system collects data from a network of sensors
measuring various air quality parameters, processes the data using ML algorithms to identify patterns and
predict future conditions, and provides insights into the current state of the environment. The findings
showed that the emissions had an inversely proportional impact on air quality in the study region and the
system achieved an accuracy of 0.978. This study has the potential to provide accurate and timely analysis
of air quality data and regulate air quality in real-time.
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quality monitoring is typically performed using a
network of sensors that measure various parameters

I. INTRODUCTION
The purity of the Earth's atmosphere cannot be

overstated because it adds to the planet's survival.
Air pollution, a problem that trends with
industrialization and civilization [1], has been
identified as a key cause of worry over the years, as
it impacts a deterioration in human health and adds
to the earth's unbalanced nature [2], [3] Air quality
monitoring refers to the process of measuring and
tracking the levels of pollutants in the air. It plays a
critical role in understanding the state of the
environment and ensuring public health [4]. Air

such as temperature, humidity, and levels of
pollutants such as particulate matter, ozone,
nitrogen dioxide, and sulphur dioxide. The data
collected is analysed to determine the levels of
pollutants in the air and identify trends and patterns
over time [5]. The insights obtained from air quality
monitoring can be used to inform air quality
management decisions, including the
implementation of control measures to reduce
pollution levels and protect public health. Effective
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air quality monitoring requires accurate and reliable
data, and the use of advanced technologies such as
the Internet of Things (IoT) and Machine Learning
(ML) algorithms can help to achieve this goal.

In a study by [6] a system that uses semiconductor
sensors was designed to monitor CO, CO2, NO2, and
SOz. These sensors include the MQ7, which detects
CO, and the MQ135, which detects NH3, CO, and
benzene. The ESP8266 was utilized in the design to
send data, while the Raspberry Pi was employed as
the main processing unit to display the outcome of
the pollutant in the environment. The MEAN stack
was utilized to present the data obtained on the
WEB. While the model presented here is a beautiful
approach of presenting data obtained on the web,
these data weren’t uploaded in real-time.

Reference [7] harnessed latent knowledge using
machine learning. MQ7 and MQ135 were utilized
in the 10T deployment to collect data on carbon
monoxide and air quality, respectively. The findings
of their research provided the government of India
with justification to ban one-stroke and two-stroke
engines in order to limit the emission of dangerous
gases. As compared to the air quality index chart
presented in Table 2.3, they observed air quality to
be greater than 300 parts per million (PPM) on
average. The air quality was predicted using linear
regression. The Arduino Uno controller and the
ESP8266 gateway were utilized in the design.
Everything was saved on ThingSpeak. The demerit
noted in this work was the inability of the authors to
monitor more pollutants such as particulate matter
or LPG, this would have given a more
comprehensive result about the air quality index in
the environment.

In order to track indoor air pollution, [1]
developed and IoT based indoor air quality
monitoring system. The cloud-based system was
created utilizing 10T technology to detect the
concentration of aerosol, CO, CO., volatile organic
compound (VOC), temperature, and humidity in
order to evaluate air quality. Data were examined
using cloud computing, which is incorporated on the
web. The emphasis on interior air quality stems
from the United States Environmental Protection
Agency's confirmation that indoor air is more
polluted than outdoor air. Moreover, toxic indoor air
can induce respiratory illness 1000 times more than
contaminated outside air. DHT11 was used to

monitor temperature and humidity. An indoor air
quality monitoring system will mostly find
application among laymen as such the authors could
have used ML to classify the level of safety of these
indoor pollutants to enable give uninformed users
better understanding of their air quality.

To extract necessary information and translate it
into pollution concentrations, a mathematical model
with sensor fusion was applied [8]. The
concentrations of CO, NOz and NOx were
calculated using machine learning in this study.
SVM, DNN, and RN are among the approaches
employed. Concentrates were produced from the
acquired multi-sensor data at the conclusion of the
investigation. The desired outputs of the model are
provided by reliable but expensive measurements of
the pollutants. Mathematical models may not
always be accurate in calculation of concentration
models

Reference [9] focused on monitoring hazardous
gases produced by companies to ensure the decrease
of these harmful gases. CO2, NHs, Benzene, Sulphur
Dioxide, Nitrogen Oxide, and Carbon Monoxide
were among the gases studied. MQ-3, MQ-6, MQ-
2, and MQ-135 sensors were used to monitor the
amount of these gases in the environment.
Additionally, the Arduino was utilized to compute
these values, with the Raspberry Pi serving as the
gate way. In addition, VB.net was utilized to
construct the graphical user interface. The authors
could have taken a step further to classify these
gases based on their pollutant concentration using
ML, this would have added novelty to the literature.

After reviewing the aforementioned works and
carefully studying their limitations, there is need to
proffer solutions to the gaps identified in literature,
this study models a simple and cost-effective system
that provides solutions to the aforementioned
challenges by integrating Internet of Things (IoT)
and Machine Learning (ML) technologies in the
development of a real-time Air Quality Monitoring
System able to monitor numerous pollutants at the
same time by collecting, processing, and analyzing
data from a network of sensors and classifying the
level of safety of the gases based on their pollutants
concentration. To this aim, this study introduces an
loT-based Air Quality Monitoring System using
ML.
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Il. MATERIALS AND METHOD
A. System Overview

Fig. 1 depicts the architecture of the system used
in this study. The first layer comprises various
sensors required to read the pollution concentration
in the air. This layer also includes the device used to
accomplish the desired network (GSM module) and
the communication protocol. In other words, the
first layer is made up of hardware, often known as
nodes, a gQateway that facilitates internet
connections, and the communication protocol. As a
result, the layer facilitates the collection and
processing of data that describes each pollutant. The
following layer, the second layer, is made up of data
collecting, often known as the cloud. Here is where
the information will be saved. The cloud was
selected over all other data storage media because it
was limitless and available at any time without
regard for proximity. In other words, access might
be granted regardless of the distance from the node.
The third layer contains methods that enable the
system to be smart. This entails using artificial
intelligence to help forecast whether or not the
studied environment is safe. This also provides the
prediction's percentage accuracy.

LAYER 1

SENSORS FOR CO. COg, LPG,
DM -

LAYER2
THINGSPEAK CLOUD

LAYER 3
SMART MECHANISM

Fig. 1 Architecture of the system
B. 10T platform development

The storage of data in the ThingSpeak platform was
initiated through the creation of a Gmail account.
Subsequently, access to the ThingSpeak web
interface  was obtained via the website
ThingSpeak.com. The aforementioned Gmail
account was employed to establish and authenticate
an account on ThingSpeak.com. In the newly

created account, a channel comprising four fields
was generated and preserved for future use. The
complete sequence of these events is illustrated in
Fig. 2.

Initialize/Establish Connection
with Internet

¥
Establish Connection with |+

Database

Yes
¥

Read Air Quality (CO2,
NH3, C6H6 & S)

Read Carbon Monoxide
(co)

Read LPG (Iso-butane &

Propane)
Read Particulate Matter

(PM2.5)

Process the Data to readable format
and send to cloud

Fig. 2 Flowchart of 10T platform development

C. Machine learning model development

The study focuses on ensuring the safety of
individuals within their environment through the
classification of data obtained from the system. This
classification process involves the implementation
of a decision tree algorithm using Python as the
programming language. The sequence of steps
employed in this process is depicted in Fig. 3. The
initial phase of the process involves the reading of
data using the pandas library. The data is
subsequently processed using the same library and
then split into training and test sets. The training set
comprises 70% of the total data, while the test set is
30% of the overall data. The decision tree classifier
is then trained using the training set. Finally, the
accuracy of the classification is evaluated by testing
the classifier on the test set.
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( Start )

Read Data from Cloud

/ /

Preprocess Data

Split Data to Train (70%) and
Test (30%)

Train ML Algorithm (DECISION
TREE)

Test ML Algorithm (DECISION
TREE.)

Predict the Class

Print Accuracy of
Prediction as Output

< Stop )

/ /

Fig. 3 Flowchart of machine learning model

The block diagram of the system prototype is
presented in Figure 4. The system uses a network of
sensors to collect data on various air quality
parameters such as Carbon dioxide (CO2), Carbon
monoxide (CO), Liquid Petroleum Gases (LPG) and
Particulate Matter less than 2.5 microns (PM2.5).
The data collected is processed and analysed using
the ML algorithm resident on the Arduino Uno
microcontroller. The data is also transmitted to the
cloud via the gateway. The circuit diagram showing
the interconnectivity of these devices is presented in
Fig. 5.

POWER UNIT ‘

1

SENSOR UNIT l

MQ135
SENSOR — ™

GATE-WAY [«——

Ma7
SENSOR

Ma6
SENSOR

PM2s5
SENSOR

CONTROLLER UNIT

Fig. 4 Block diagram of the system prototype

msgeesr  wiscmen  Kmesss

Fig. 5 Circuit diagram of air quality monitoring system

I11. RESULTS
The study was conducted within Minna
Metropolis, Niger State, Nigeria. Four major

activity centres were selected for this study, namely
Kpakungu Roundabout, Mobil Roundabout, Tunga
Roundabout, and OBJ Complex Roundabout

In each study location, four parameters (Air
Quality, Carbon Monoxide, LPG and Particulate
Matter) were continuously measured over a time
interval when the centres were busy. These
parameters include air quality, carbon monoxide,
liquefied petroleum gas and particulate matter. The
measurement of these parameters provides a
comprehensive understanding of the air quality
status in each location. Fig. 6 to Fig. 9 shows a
graphical description of Part Per Millions (PPM)
against Entry 1D of each location.
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Fig. 6: Air Quality Monitoring in OBJ Complex Roundabout

Fig. 7: Air Quality Monitoring in Mobil Roundabout

Fig. 8: Air Quality Monitoring in Kpakungu Roundabout

Fig. 9: Air Quality Monitoring in Tunga Roundabout

IvV.DISCUSSION

The dataset consisted of 2682 measured data in
Parts Per Million (PPM) of air quality, carbon
monoxide, LPG and Particulate Matter. The
objective of the study was to evaluate the
performance of a decision tree algorithm in
predicting air quality based on sensor data. Before
applying the decision tree algorithm, the dataset was
pre-processed to handle missing values and
categorical data. The dataset was then split into a
training set (70%) and a test set (30%) for model
training and evaluation.

Table 1. Air Quality Index

Range (PPM) Status
0-50 Good
51-100 Moderate
100-150 Unhealthy for

sensitive people
151-200 Unhealthy
201-300 Very unhealthy
301-500 Hazardous

A class column with values for ‘Good', 'moderate’,
‘unhealthy for sensitive people’, 'unhealthy’, 'very
unhealthy', and 'hazardous' and its corresponding
PPM range is shown in Table 1 above. This index
describes the classification air quality based on its
pollutants concentration.

The decision tree algorithm was trained on the pre-
processed dataset using the training set. Fig. 10
presents the decision tree obtained from the data.

A2 == 296.5
qini = 047

sampies = 252
value =85, 0,0, 157]
7 ~

sampies = 48
walue = [0, 48, 2, 0]

Fig.10: Decision Tree from the training dataset
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The performance of the model was evaluated
using precision, recall, accuracy, and F1 score
metrics. The model achieved an accuracy of 0.9937
on the test set, indicating that the model was able to
correctly predict the air quality category for 99.37%
of the test instances. The precision and recall of the
model were 0.994 and 0.9937, respectively,
indicating that the model was able to correctly
identify the true positives and avoid false positives
and false negatives. The F1 score of the model was
0.9937, which is a harmonic mean of precision and
recall, indicating a good balance between precision
and recall. A summary of these results is presented
in the confusion matrix shown in Fig. 11.

- 34 0 - 600

- 500
— 6.8e+02
400

Fig. 11 Confusion Matrix of Decision Tree

From the confusion matrix, it is observed that
there were 34 instances correctly classified as
‘Good' air quality and there were no instances
misclassified as 'Good' air quality. Similarly, for
the 'Moderate’ air quality class, 680 instances were
correctly classified and there were only 4
misclassified instances as '‘Unhealthy'. The third
class, 'Unhealthy for sensitive people', had only 2
correct classifications while 0 were misclassified as
'Moderate'. The final class, 'Very unhealthy', had
88 correct classifications, while 1 was
misclassified as 'Moderate’

V. CONCLUSION

This study aimed to design and implement a
comprehensive air pollution monitoring system that
measures various pollutants, transmits data in real-
time and classifies the level of safety in a location
based on pollutant concentrations. To achieve this,
the first objective was to design a system that
measures Carbon Monoxide (CO), Air Quality
(Carbon Dioxide (CO2), Particulate Matter (PM)
and Liquefied Petroleum gas (LPG) in the

atmosphere. This objective was met by developing
a system that utilized sensors to measure the
pollutants and generate data. The second objective
was to design an loT-based system that transmits the
measured pollutant concentration in real-time to an
online platform. This objective was achieved by
integrating the system developed in objective one
with an loT module and Thingspeak platform. The
third objective was to design a system that classifies
the level of safety of a location based on the
pollutant concentration using Machine learning.
This objective was accomplished by using the
decision tree algorithm to classify pollutant
concentrations into safe, fairly safe, and unsafe
levels. The fourth objective was to implement the
systems designed in objectives one, two, and three.
This objective was achieved by developing a
prototype of the air pollution monitoring system and
testing it in four study locations within Minna
Metropolis in Niger State. The final objective was
to appraise the performance of the system by
evaluating its recall, F1-score, accuracy, and
precision. The evaluation showed that the system
was stable and had high recall, F1-score, accuracy,
and precision in measuring pollutant concentrations
and classifying the level of safety in a location based
on the pollutant concentration.

In summary, this study successfully designed and
implemented a comprehensive air pollution
monitoring system that measures various pollutants,
transmits data in real-time, and classifies the level
of safety in a location based on pollutant
concentrations. The system was found to be stable
and had high sensitivity, accuracy, and precision in
measuring pollutant concentrations and classifying
the level of safety in a location based on the
pollutant concentration. The developed system has
the potential to contribute to efforts aimed at
mitigating air pollution and improving air quality.
Future works will focus on the development of a
central monitoring dashboard based on IoT that can
observe a wider geographical location and the use of
hybrid machine learning techniques to ascertain the
performance in air quality monitoring.
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