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The control and reduction of the high levels of NO2
are one of the main targets of governments.
Many atmospheric air quality reports have been
regularly published in recent years. The meteorological conditions have a marked effect over the pollutants concentration as they diminish the ability of the
atmosphere to disperse pollutants. The relationships
between meteorological conditions and air pollutions may suggest estimating concentration values
using a multivariate regression model. These relationships (pollution-weather) are very complex and
may have nonlinear properties. Thus, better performance can be obtained using Artificial Neural Networks (ANNs) [4]. ANNs have become an alternative to traditional methods and they are an important
tool to model air pollution with a wide range of pollutants at several time scales [5]. ANN approaches
have been frequently used in atmospheric and air
quality modelling studies [6]. Some studies have
used ANNs to estimate air pollution peaks using meteorological variables [7].
Environmental monitoring is a very important
task. An environmental monitoring network consists
of a number of sensor nodes (few tens to thousands)
working together to monitor a region to obtain data
about the atmospheric pollution. Typically, network
maintenance such as detecting failures is difficult
and expensive since there are so many nodes. It is
necessary to make these applications more reliable
and robust in the real world. One interesting approach deals with the data fusion of the multiple sensors at the monitoring stations. Thus, sensor nodes
can be able to self-organize and identify problems
themselves. Data fusion has several advantages [8],
mainly involving enhancements in data authenticity
or availability. From network management and reliability perspectives, it is important that sensor nodes
are capable of self-organizing themselves. Soft computing techniques have received an increasing interest in research on multi-sensor data fusion technology [9].
The main objective of the present work is to determine the concentration values of Nitrogen Dioxide (NO2) at a certain monitoring station using a data

This study is focused on calculation of a
reliable estimation of the hourly concentration value
of NO2 at a monitoring station based on a data fusion
approach. Different feature selection procedures
have been tested and their results were used as inputs
to an artificial neural network (ANN) two-stage
approach. The final aim is to develop a data fusion
estimation tool in order to aid the decision-making
in the monitoring process. ANN models were trained
using backpropagation and early stopping in order to
avoid overfitting. Furthermore, the study compares
the different combinations of methods to estimate
hourly NO2 concentration values. The comparison
was made using different performance indexes (R, d,
MAE, MSE). The data from the Algeciras Bay was
used as a case study. This approach may become a
supporting tool for different purposes such as
missing data imputation, automatic detection of
decalibration or imprecise data in monitoring
networks.
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Air pollution has become an important environmental problem in metropolitan areas [1]. EU and
many national environmental agencies define quality
objectives for allowable levels of atmospheric pollutants [2]. An accurate air pollutants monitoring is required for air quality management to provide proper
actions and control strategies [3]. The main urbanrelated pollutants are CO, NOx, hydrocarbons, and
particles. Nitrogen dioxide (NO2) it is a very reactive
toxic gas, which produces a strong odour, is highly
corrosive and have great irritating power. NO2 is the
main responsible in the formation of the smog and
acid rain in urban areas. In turn, it produces acute
and chronic effects, particularly in sensitive people.
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fusion approach of the meteorological variables,
measured in other locations, and the concentration
values measured in other monitoring stations located
in the area of study. In this paper, authors have used
different feature selection approaches in order to
provide the best features as inputs to the following
estimation stage. Different topologies of ANNs have
been used in order to estimate the concentration values at a monitoring station as a function of the selected features. The different approaches have been
compared using an experimental framework. Authors have also used a previously designed
resampling procedure [10, 11] in order to statistically analyze and compare the results.
The rest of this paper is organized as follows:
Section 2 describes the data and the region. Section
3 gives an overview of the feature selection methods.
Section 4 gives a quick description of the artificial
neural networks design. Section 5 presents the experimental framework. Section 6 discusses the results. Finally, Section 7 concludes the paper.

TABLE 1
Monitoring and meteorological stations.
Code
1
2
3
4
5
6
7
8
9
10
11
12
13
14
W1
W2
W3
W4
W5

This work is located in the Bay of Algeciras region, which is one of the most industrialized areas in
Andalusia (South of Spain). Besides, Algeciras has
the most important port of the Mediterranean Sea
and a freeway (A-7), which links the entire region
with almost 70,000 passenger cars and 4,000 heavy
vehicles per day. It is a very populated region, with
almost 300,000 people living in different towns, and
many sources of particulate and gaseous air pollution
are present. Despite that, there are only a few studies
devoted to the study of air pollution in the region.
A monitoring network located in the area of
study has supplied the database used in this work.
This network is composed of fourteen monitoring
stations. Additionally, five weather stations have
supplied meteorological data. On the one hand, the
monitoring stations have recorded an hourly database of NO2 concentrations during a period of six
years (2010-2015). These measures are controlled by
the Environmental Agency of the Regional Andalusian Government (Spain). On the other hand, the
meteorological information has been extracted from
the weather stations located at three different sites,
including a meteorological tower where the variables (wind speed and wind direction) have been
measured at 60-meter height. No imputation methods have been used. Table 1 shows the stations that
make up the monitoring network. Codes 1 to 14 indicate NO2 monitoring stations, while codes W1 to
W5 indicate weather stations. Figure 1 shows each
station represented by its code. A description of each
recorded variable can be found in Table 2.

Station name
EPSA Algeciras
Campamento
Los Cortillijos
Esc. Hostelería
Col. Los Barrios
Col. Carteya
El Rinconcillo
Palmones
San Roque
El Zabal
Economato
Guadarranque
La Línea
Madrevieja
La Línea weather station
Los Barrios weather station
CEPSA weather station (10 meters)
CEPSA weather station (60 meters)
CEPSA weather station (15 meters)

FIGURE 1
Location of the monitoring and weather stations.
Map data: Google, Data SIO, NOAA, U.S. Navy,
NGA, GEBCO TerraMetrics.
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TABLE 2
Variable description.

1.

2.
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TABLE 3
Results Stage-1. Best ANN models for each feature selection method.
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TABLE 4
Data set used in each ANN model of Table 3.

TABLE 5
Results Stage-2. Fusion of the selected models of
Stage-1. Best ANN model.
This work is part of the coordinated research
projects TIN2014-58516-C2-1-R and TIN201458516-C2-2-R supported by MICINN (Ministerio de
Economía y Competitividad-Spain). Monitoring
data has been kindly provided by the Environmental
Agency of the Andalucian Government.
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FIGURE 2
Comparison of the observed and estimated
values with the best model of the second stage.
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