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Abstract: This scientific research is primarily based on real-time data collected on air 

quality. A comprehensive and extensive study was initially conducted to explore the key 

factors contributing to air pollution. Other relevant information will encompass 

additional components such as PM10, PM1, and weather-related factors like 

temperature, humidity, and air pressure. In order to provide a more reliable but at the 

same time qualitative information it was essential to examine the anomalies and issues 

revealed by the gathered data. After carefully identifying and correcting anomalies in 

the dataset, various statistical analyses have been conducted and results have been 

presented in both tabular and visual formats. These data are based on fundamental 

inquiries directly tied to the significance of air quality. After interpreting the statistics, 

a regression model such as OSL was used always including data that do not have 

multicollinearity. Based on the findings, it appears that this model is not suitable for 

forecasting PM2.5 levels because of a significant association between PM10 and PM1 
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INTRODUCTION  

There are several elements in the air that affect the quality of the air. An important 

element is also PM2.5 with a diameter less or equal 2.5 micrometers where, in terms of 

health, they manage to penetrate deep into the lungs and even into the blood, causing 

serious health problems such as respiratory infections, heart problems or even 

strokes.[1] Meanwhile, it is thought that PM2.5 particles also play a role in climate 

change influencing global temperatures by reflecting solar rays or even absorbing them 

[2]. The research holds special importance due to the data that, when processed, 

influences the identification of significant trend patterns in scientific research. 

Additionally, the cleaning process is essential for ensuring accurate statistical 
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presentation. The study begins by utilizing standardized equipment, such as the Air 

Visual Outdoor - YT45 monitoring device, which provides real-time information on 7 

environmental parameters: PM2.5, PM10, PM1, AQI, temperature, humidity and 

barometric pressure [3]. It incorporates two independently calibrated laser sensor 

modules to ensure precise and dependable air quality data. These sensor modules can 

be easily interchanged for recalibration. The significance lies not only in the accuracy 

and real-time nature of the data, but also in preserving the historical early 

measurements. The mobile application can be effortlessly installed on a mobile device, 

allowing real-time data access with just a network connection. Figure 1 depicts the 

initial interface accessed through this application, while Figure 2 illustrates the online-

accessible dashboard. The information has been downloaded from the dashboard for 

the annual periods 2022, 2023, 2024. The data is in CSV format, known for its 

universality and compatibility with Python libraries such as Pandas which has built-in 

support for CSV files. This simple format can handle a wide range of data types from 

numeric to strings, making it versatile for various data storage needs. 

 

 

 

 

 

 

 

 

 

  

                                                                                        

 

The dataset used is in CSV format and contains 9436 records with 23 columns. The 

information received was gross and normally needed adjustments and precisions to 

narrow it down to reach the analysis that will be done for air quality parameters, mainly 

PM2.5. Given that the purpose of this research is precisely data analysis, the use of 

Jupyter notebook version 6.5.4 with the Python 3.11.3 programming language was 

considered as a tool. The libraries used are: Panda which is known for the analysis of 

mainly tabular data. It has tools that enable cleaning, transformation or even 

manipulation of data. It is mainly worked with dataframe objects that resemble excel 

spreadsheets. During the work, the lack of data was found as a result of external factors, 

and with the help of this library, the missing information was properly filled. It also 

Figure 1. Mobile app for air 

visualizer parameters 

Figure 2. Dashboar air quality overview 
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integrates with Matplotlib by providing methods to. simple for graphical presentation 

of various statistics. The NumPy library that helps works mainly for scientific 

calculations mainly in supporting matrices with a rich collection of high level 

mathematical functions who's operates on these arrays. matplotlib.pyplot is another 

used library that is versatile offering a wide range of plot types, from histogram and bar 

charts to scatter plots and line graphs. Normally, the attribute of this library is its 

customization and integration with Panda and NumPy. For the Seaborn library, it was 

chosen to use the distplot function which combines Matplotlib functionality with 

improved features for visualizing the distribution of univariate set of observations. 

When sns.set() is called, it sets the aesthetic parameters for the plots to Seaborn's default 

style. In statsmodels.formula.api, the formula interface is used to define the relationship 

between a response variable and one or more explanatory variables. Considering that 

the last step of this study is to find a suitable regression model. 

 

METHODOLOGY AND TECHNIQUES 

The dataset is in CSV format and comprises 9436 records with 23 columns. The 

extensive information received needed refinement and clarification to focus on 

analyzing air quality parameters, particularly PM2.5.The study seeks to conduct data 

analysis, and as a result, Jupyter notebook version 6.5.4 was selected along with Python 

3.11.3 as the programming language of choice for this task. The following libraries are 

used, starting with the Pandas library, known for analyzing mainly tabular data. It 

provides tools to clean, transform, and manipulate data. It primarily works with data 

frame objects that resemble Excel spreadsheets. In the course of the study, it was 

observed that the absence of data was attributable to external circumstances. However, 

with the assistance of the library, the deficient information was appropriately 

supplemented. Additionally, it facilitates integration with Matplotlib by offering 

methods that enable the straightforward graphical representation of diverse statistical 

data. The NumPy library primarily facilitates scientific calculations by providing a 

comprehensive set of high-level mathematical functions that act on matrices. The 

matplotlib.pyplot package is a versatile tool that provides a diverse selection of plot 

types, including histograms, bar charts, scatter plots, and line graphs. Typically, this 

library's feature set includes customization and integration with NumPy and Panda. The 

selection of the distplot function for the Seaborn library was based on its ability to 

integrate Matplotlib capability with enhanced features for the purpose of showing the 

distribution of a univariate set of observations. Plot aesthetic parameters are set to 

Seaborn's default style when sns.set() is executed.In statsmodels.formula.api, the 

formula interface is used to define the relationship between a response variable and one 

or more explanatory variables considering the fact that the last step of this study is to 

identify if OLS regression model is a fitting model for air quality elements. 

 

DATA ANALYSES AND FINDINGS 

After defining the base libraries, the CSV file was read and converted into a DataFrame 

using pd.read_csv(). 
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An analysis revealed that 57% of the columns contain data in over 95% of cases, while 

9% (2 columns) have only 19% records with data and 34% are entirely empty. It was 

determined that the columns without data are not necessary for fitting the regression 

model, so they were dropped using data.drop() functionality. 

          

  

 

 

 

 

 

 

 

 

 

 

Additionally, any duplications were checked through data.duplicated().any() function. 

Instead NULL values were evaluated using data.isnull().sum() function. The mean 

imputation technique[4] was then utilized to replace NULL values in specific columns 

such as AQI_US, PM2_5, PM10, PM1, Temperature_celcius, Humidity_% and 

Pressure_pascal. This approach is typically beneficial for machine learning algorithms. 

 

 

 

 

 

 

 

 

 

 

Bearing in mind that some statistics will be applied to these data, it is necessary to add 

some columns with separate information on the year, month, day, hour, etc. The 

Datetime_start column is considered as an object and it is necessary to convert it to the 

date format to extract the detailed columns that serve us in the statistical part. 

Figure 4-Identification of NULL cases Figure 3-Before Data Manipulation 

Figure 5-After Data Manipulation 
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Figure 6-Data with the new columns 

STATISTICS REPORT 

The primary source of inquiries for many statistical data typically comes from a variety 

of interests [5]. Using questions helps us interact with the data and its internals more 

effectively. Finding the air concentration density of PM2.5, PM10, and PM 1 is one of 

the questions involved. This question is summarized in the graphs below. 

 

 

   

  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7-Density of recorded concentration 

PM2.5 in the air 
Figure 8-Density of recorded concentration 

of PM 10 in the air 

 

Figure 9-Density of recorded concentration PM 2.5 in the air 
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What pattern may be seen on a weekly basis for the hourly measurement of PM2.5 

concentration in the air? This one means find the daily average of PM2.5 contained in 

the air in any given hour. 

 

 

 

 

 

 

 

 

 

 

At what time of the day do we expect the amount of AQI_US concentration in the air 

to be high 

 

Figure 10-Monthly average of the hourly recorded for PM2.5 

Figure 11-Monthly average of the hourly recorded for PM 10 
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Figure 12 -Average recorded AQI concentration in the air by the hour of the day 

 

The chart shows that the peak of AQI values occurs during the late evening hours, with 

an average value reaching approximately 70, resulting in a Moderate air quality rating. 

The Air Quality Index generally spans from normal values (0-50) to moderate values 

(51-100), where potential issues may be observed in sensitive groups of people. 

Problematic AQI values are those equal or greater than 101. 

 

Average recorded air concentration elemenets by the hour of the day?

 

Figure 13-Average recorded air concentration elem by the hour of the day 

 

How to visualize the correlation between the features of the data understanding if they 

affect the amount of PM2.5 concentration in the air? 
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Figure 14-Correlation matrix of the variables 

EVALUATING AND FITTING OLS REGRESSIVE MODEL 

To implement the OLS regression model, we need to address multicollinearity among 

variables and then fit a regression model using statsmodels. This involves using the 

variance inflation factor function from the statsmodels.stats.outliers_influence library. 

Before applying the variance inflation factor function, it's important to ensure that the 

dataframe contains only numerical data, has no missing values, and includes an 

intercept value for the data. If your DataFrame cons_data does not already include a 

column of ones (the intercept), this can cause an error which is added with statmodels's 

add_constant function. 

 

 

Figure 15-Adding constant on dataframe and VIF  

As can be seen from the figure AQI_US , PM1 and PM10 are values greater than 5 

which are removed. Then consdata2 is created containing only the independent 

variables, while the variable y holds the data of PM2.5 and will be used as the predicted 

value.  
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Figure 16-OLS regression model results 

After analyzing the results [6], it is comprehensible that the OLS model from 

statsmodels gives us an accuracy of 6% (0.069) which is not satisfactory for prediction. 

Through this research it was understood that it is necessary to use other models in which 

the accuracy should be  greater than 90%. 

 

CONCLUSION AND FUTURE RESEARCH 

Based on the results of this research, it is essential to evaluate the prediction using 

various regression models such as Linear Regression one of  the most  common and  

comprehensive  statistical  and machine  learning algorithm [7]. Decision Tree 

Regressor fails to deal with linear relationships, Linear Decision Tree Regressor is build 

to overcome this limitation by combining the linear regressor with the decision tree 

regressor [8]. Research more about RandomForestRegressor, and 

GradientBoostingRegressor. Comparing these models will help determine the best 

method and draw consistent conclusions for future scientific endeavors. 
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