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Abstract: Intelligent systems based on IoT platform, Raspberry Pi with developed 
machine learning model to predict the values of various pollutants in the air using the 
data with three parameters: air temperature, humidity, and pressure are proposed in this 
paper. The experiments are conducted for different scenarios with respect to verification 
and validation of the proposed machine learning model for air quality monitoring and 
assessment. 
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1. INTRODUCTION 
 
In the industrial and urbanized world, we live in, exists the colossal problem of 

air pollution. The giant numbers of cars and factories within each town pollute the air 
daily with tremendous counts of polluting particles. Not only cars and factories 
pollute air, but also people who heat up their homes using heaters with coal and etc. 
[1, 2].    

The goal of this paper is to develop an intelligent system for air quality 
monitoring assessment using the Raspberry Pi platform and machine learning 
algorithm developed using the Python programming language. Margaret Rouse 
describes IoT as a system of interrelated computing devices, mechanical and digital 
machines, objects, animals or people that are provided with unique identifiers (UIDs) 
                                                        
1 The full paper is proposed for including in the IEEE Xplore Digital Library 
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and the ability to transfer data over a network without requiring human-to-human or 
human-to-computer interaction. Further, that everything that can be assigned an IP 
address and can transfer data over the network is a thing in the IoT. The paper fully 
encompasses the idea of the Internet of things (IoT) [3].  

The Raspberry Pi has an Ethernet adapter that allows it to connect to a network, 
and also has a Wi-Fi module implemented in it, which also allows it to connect to a 
network, but giving it the ability to get mobile. Because of the small size of the 
Raspberry Pi and its mobility it can predict pollutant values everywhere. It just needs 
to be positioned at the place where predictions need to be done. The system will take 
as inputs the measured values from sensors for temperature, humidity, and air 
pressure, and using a neural network regressor outputs predicted values for these 
pollutants: nitric oxide, nitrogen dioxide, ozone, and PM10 [4, 5]. The pollution 
problem is getting more and more up-to-date when we check the European air quality 
index showing the current pollution in a wide range of European countries (European 
Air Quality Index). The statistics has been shown that the air in all biggest cities in 
Europe is with heavily polluted. This shows that the problem is very serious and 
needs caution. 

The main goal of this paper makes is possible to think that there is a way of 
predicting some pollutants to some extent, thus making it possible to influence some 
of the factors that cause this pollution before it has even happened. In the next 
sections of the paper will be summarized the system framework, developed machine 
learning model which are trained with data for the last 5 years provided by the 
Executive Environment Agency [6], Ministry of Environment and Water, Bulgaria. 
Finally, the experimental result will be presented and analyzed. When collecting and 
processing multiple data, it is taken into account the challenges of the contemporary 
digital age for the individuals’ privacy and personal data protection [7, 8].  

 
2. INTELLIGENT SYSTEM FRAMEWORK 
 
The system framework is compound of four levels. The bottommost layer 

contains the Raspberry Pi with the GrovePi+ board (Hardware level), which is needed 
to connect the sensors to the system, and the sensors themselves. The Raspberry Pi is 
a low cost, credit-card sized computer that plugs into a computer monitor or TV, and 
uses a standard keyboard and mouse. It can do everything a normal desktop computer 
can. It is also a great IoT platform, on which people can learn to program in Scratch 
or Python. The Grove Pi+ is the next very important component of the whole 
intelligent system that needs to be described. The choice of this board happened after 
finding the sensors for the intelligent system. The reason for this is that the 
component searching for assembling a system that does what the main goal of this 
thesis describes, assumes that after finding a platform, the sensors follow. In other 
words, we slide the female pins of the Grove Pi+ over the male pins of the Raspberry 
Pi. And the result is a compound system of 2 electronic devices. 
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The next level of the designed system framework sits the operating system. The 
Raspbian for Robots operating system is used for the system. It manages the 
communication between the system and the software, and also the resources of the 
system. 

Above the operating system layer, sits the software one. It includes all the 
scripts, written in Python, which accomplish the goal of the system. The scripts can 
be divided into three main parts: data processing scripts, sensors I/O scripts, machine 
learning model scripts.  

Topmost of the framework is the user interface layer. There sit the scripts, which 
realize the two user interfaces. The first one acts as a monitor, which shows rows of 
information about measured values, and their predicted outputs. The second UI can 
be used to enter the three inputs (Temperature, Humidity, and Pressure) to check the 
machine learning model’s prediction about them. 

 
3. MACHINE LEARNING MODEL AND USER INTERFACES  
 
The intelligent system uses a Multi-layer Perceptron (MLP) regressor as a 

machine learning model [9, 10]. The Multi-layer Perceptron regressor 
implementation from scikit-learns trains using backpropagation, and has no activation 
function at the output layer. The network outputs some values for each of the 4 
pollutants and these values do not need to pass any activation. For the software 
implementation of the machine learning model, the following libraries are needed: 
Os, Pandas, Numpy, StandardScaler, train_test_split, MLPRegressor [11, 12]. The 
datasets that are used for training and validation of the machine learning model in the 
designed system framework has been provided by the Executive Environment 
Agency (EEA), Ministry of Environment and Water, Bulgaria.  

At the top of our framework sits the user interface, which has two scripts, each 
one being a different UI. The first one acts as a monitor, which shows rows of 
information about measured values, and their predicted outputs. The second UI can 
be used to enter the three inputs (Temperature, Humidity, and Pressure) to check the 
machine learning model’s prediction about them. The UI is created using the tkinter 
python library, which is entirely for building UIs. For the realization of this 
intelligent system, we used only vertical scrolling. The scrollbar can be seen on the 
top right corner under the close button. All elements that can be seen on this UI are 
positioned using the grid() method of tkinter, with which a position for an object can 
be specified by giving a row and a column numbers. This UI simply allows the user 
to use the machine learning model to predict values for NO, NO2, O3, and PM10 by 
inputting values for temperature, humidity, and pressure. 

 
4. RESULT ANALYSIS AND CONCLUSIONS   
 
The performance of the trained model is realized by the r² (r squared) score, the 

coefficient of determination. It describes how much of the output variable’s variation 
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is described by the variation of the input variable. It can take negative values, but 
mainly it is between 0 and 1. Negative values mean a bad model. Basically, the r 
squared score shows how good the model is. Our model has an r² score of about 0.65. 
R² score returns the coefficient of determination. R² simply gives a measure of how 
far our predicted values are from the true ones. In other words, the bigger the r² score, 
and the better the model is. 

The IoT area is growing tremendously and the ML is the core of it. We can see 
that the electronics in every home has Wi-Fi connection and is automated to work 
without human intervention. The goal of this paper is fully corresponds to the goals 
of IoT intelligence with ML and brings a system to the real world, which can help in 
preventing air pollutions. This paper realizes an intelligent system that can be used to 
predict the quantities of NO, NO2, O3, and PM10 air pollutants using temperature, 
humidity, and pressure as inputs, which are received from sensors. The results for the 
MLP model are obtained by a lot of parameter tuning. This includes trying to adjust 
every different parameter and check what its influence to the output result of the 
model will be. 
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