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Introduction

Air quality monitoring Is essential to ensure population well-
being. With current technological advances, some industries are
being introduced into certain cities, which may directly impact
the air quality of these locations. Around 4 to 7 million people die
every year due to pollution, directly affecting health and causing
cardiovascular, cerebral, and pulmonary diseases [2]. For this
reason, it is essential to use tools to monitor air quality. In this
work, particulate matter data were collected using Open-Seneca
sensors, which are capable of measuring particle concentration
in different ranges such as PM, ,, PM, 5, PM, 4, and PM,,, as well
as other relevant environmental variables such as temperature
and humidity.

However, sensor data are generally subject to noise and in-
terference, which directly compromises data analysis [1]. There-
fore, it is necessary to use techniques capable of processing and
reconstructing these data.

Methodology

The present work uses autoencoders to handle missing data in
time series. The variable of interest is particulate matter PM, ;,
which is one of the main atmospheric pollutants directly impact-
ing social well-being.

For the modeling process, autoencoders implemented in Py-
Torch were used, consisting of two stages: encoding (encoder)
and decoding (decoder). These autoencoders are responsible
for reconstructing the original input. The model was trained us-
ing the Mean Squared Error (MSE) loss function and optimized
using Adam.

Model validation was performed using the TimeSeriesSplit
technique, which preserves the temporal dependency of the data
when the series is divided into training and validation sets.

After the validation stage, a final model was trained using the
entire dataset, aiming to achieve the best possible representa-
tion of the temporal series patterns.

Next, to evaluate the quality of the model, 20% of the data from
the PM, 5 variable were removed and replaced with zeros. After
that, these values were estimated by the autoencoders. The
quality of the imputation was evaluated through the error calcu-
lated between the real values and the imputed values at the re-
moved points. In addition, descriptive statistics of the error were
used, such as mean, standard deviation, minimum, and maxi-
mum values.

Results

The obtained results showed that the autoencoders achieved
a good capability for reconstructing missing data. The point-by-
point analysis indicated that most values are concentrated within
the interval [-0.05, 0.05], which indicates that the imputed values
presented low differences compared to the real values.
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Figure 1: Comparison between the original, removed, and im-
puted time series.

Figure 1 allows the analysis of the temporal series reconstruc-
tion, showing that the imputed series follows the original series
relatively well. It can be observed that even after removing 20%
of the data, the autoencoder was able to estimate values close
to the original ones. These results reinforce the effectiveness of
the adopted approach for data imputation.
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Figure 2: Error behavior at the removed points.

Figure 2 presents the error behavior at the removed points. It
can be observed that most errors are close to zero, indicating a
good reconstruction capability of the model.

Final Considerations

The obtained results showed that the autoencoders achieved
good performance in reconstructing missing data in environmen-
tal time series. The adopted methodology made it possible to
estimate values close to the real ones, demonstrating potential
for applications in air quality monitoring.
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