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Abstract. Meteorological data collected by an automated LSI Lastem weather station 
connected with an Arduino device for remote acquisition are reported and discussed. Weather 
station, located at 38° 15’ 35.10’’ N latitude and 15° 35’ 58.86’’ E longitude, registered data 
which were analysed by wavelet transform to obtain time-frequency characterization  of the 
signals. Such  an approach allowed to highlight the correlation existing among the registered 
meteorological data. The results show a positive correlation between the minimum temperature 
and the maximum temperature values whereas a negative correlation emerges between daily 
rainfall and minimum temperature values as well as for daily rainfall and maximum 
temperature values. These results suggest the possibility to estimate the global and diffuse solar 
radiation using more reliable climatologic parameters for optimizing solar energy collected by 
solar panels. 

1 Introduction  
The photovoltaic technology is considered well-suited technology, particularly for distributed power 
generation. The literature provides that solar power supplied by the modules depends on many 
extrinsic factors, such as insolation levels, temperature, load conditions and orientation of the panel. In 
particular, meteorological parameters used as predictors include the amount and distribution of clouds 
or other observations such as the fractional sunshine and water content [1,2]. Some variables can be 
changed to maximize the solar energy acquired by the panel. In fact, the design of a solar energy 
module involves complex tradeoffs due to the interaction of several factors such as the characteristics 
of the solar cells, power supply requirements and power management features of the embedded 
system, application behavior, inclination and orientation of the panel, geographical latitude. In 
particular, various optimum tilt angle values as a function of geographical latitude were provided in 
literature for fixed solar panels [3-9]. The significant disagreement among these values may be due to 
the different algorithm used for the determination of the optimum slope of a solar panel and the 
different empirical models that were used for the determination of diffuse solar radiance. Indeed, the 
diffuse solar component is the most difficult quantity to determine, because the distribution of the sky-
diffuse radiance strictly depends on the local condition of the sky and the most considerable cause of 

                                                 
a Corresponding author : mcaccamo@unime.it 

 , 0 004 (2016) DOI: 10.1051/
201  

55MATEC Web of Conferences matecconf/2016550
CPEEA 6

2 2004

         © The Authors,  published  by EDP Sciences.  This  is  an  open  access  article  distributed  under  the terms  of  the Creative
 Commons Attribution License 4.0 (http://creativecommons.org/licenses/by/4.0/). 

http://creativecommons.org/licenses/by/4.0/


error in the computation of the optimum tilt and orientation of a solar panel depends on the model of 
diffuse solar radiation which is used [10]. 

Meteorological data from all parts of the world are needed to know the horizontal global solar 
radiation, and for some regions, measured data may only be applied within a radius of about 50 km 
from weather stations. This circumstance lead to interpolate parameters between stations.   
Some empirical models for estimating the diffuse solar radiation have to be used to obtain the solar 
radiation impinging on a tilted surface so that the relationship between the global solar irradiation on 
horizontal planes and that on tilted planes can be evaluated [11-15]. Nevertheless, the large 
uncertainties regarding climatological parameters appearing in these empirical models suggest us to 
search more reliable parameters. 

Meteorological data study is generally used for the environmental monitoring, in particular for 
weather forecasts, to analyze air pollution and to give useful information for farmers, for alternative 
energies, such as photovoltaic and wind systems, to establish their correct position and for all actions 
and processes required to monitor and characterize the environment quality [16]. It follows several 
standards for climatic observations, for the selection of the sites, accuracy and specifications, for the 
weather station installation and calibration and data interpretation developed by the World 
Meteorological Organization (WMO) [17]. In general, automated weather stations, such as LSI-
LASTEM station, are meteorological stations, which perform climatic observations and data 
transmission automatically, with a specifically microcontroller, such as Arduino. Measurements, read 
out by a central data acquisition unit, are more reliable and can be performed much more frequently 
compared to human weather observations.  

In general, it is possible to classify meteorological data acquisition systems in real time and no real 
time weather stations. The first record data at a precise time and on particular request, established by 
the user, that are very important in emergency conditions and help to monitor all critical warning 
states (tide and river levels, storms). The second are offline stations that provide data on data storage 
devices.

In order to analyze  the meteorological parameters collected by an Arduino-weather station system, 
such as maximum and minimum temperatures and the total daily rainfall, for the year 2014,  a  
Discrete Wavelet Transform (DWT) has been employed.  From this analysis it is possible to correlate 
the meteorological parameters, what it emerges is a positive correlation between the maximum 
temperature and the minimum temperature values, and a negative correlation between daily rainfall 
and maximum temperature values, as for daily rainfall and minimum temperature values [18]. 
This methodology can be used in the near future to obtain more reliable climatological parameters to 
estimate better the diffuse solar radiation. 

2 Data Engineering Acquisition System: Arduino-Weather Station 

 
Figure 1. Environmental Data Logger (E-log) Communications Protocols. 
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The data were carried out by a LSI LASTEM weather station,  integrated by a microcontroller for the 
remote connection, that allows to register typical meteorological parameters such as temperature, wind 
speed and direction relative humidity, barometric pressure, solar radiation and rainfall [19]. More 
precisely, it has been employed the MODBUS  protocol to establish a communication between the 
weather station and the microcontroller to read and write the data [20,21]. In Fig. 1 a sketch of an 
environmental data logger (E-log) communications protocol is reported. 

3 Wavelet Results Data Analysis  

In the last years wavelet transforms find a lot of various applications in numerous field such as 
physics,  meteorology, engineering, mathematics, and spectroscopic data analyses [22-27]. Differently 
from Fourier transform, the wavelet analysis allow to highlight which frequencies are present  and 
where, or at what scale, they are. Furthermore, the wavelet transform allows to decompose the 
registered signal into its wavelet components by means of a set of  translated and scaled of mother 
functions [28]. The meteorological data has been collected by means of a meteorological station 
situated at 38° 15’ 35.10’’ N latitude and 15° 35’ 58.86’’ E longitude, i.e. Messina University; and 
then, the registered meteorological quantities, i.e. maximum temperature, minimum temperature and 
total daily rainfall for the year 2014 has been analyzed through the Discrete Wavelet Transform 
(DWT).  It’s well known that Messina's temperature is moderated by the warm Mediterranean sea, 
with dry summers and wet winters, and its location in proximity to the equators. In Fig. 2, the average 
of minimum temperature and the average of maximum temperature for the year 2014 are shown. It 
clearly emerges that  the warmest month is August, with a value 28,90° and  the coolest months is 
March, with a value 11,22 °C. 

 
Figure 2. Average minimum temperature and average maxima temperature for the year 2014 (see the text for 
details). 

Figure 3. Total annual rainfall averages for the year 2014. 
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The annual precipitation in Messina are due to the alternating jet streams in the Mediterranean, Fig. 
3 reports the total annual precipitation averages for Messina in the year 2014. As it can be seen, 
November is the wettest month (12,54 cm) and August is the driest month (0,24 cm). 

In order to investigate meteorological parameters, the Symlet Wavelet was taken into account. 
More specifically the Symlet wavelet allows to decompose the analyzed signal into approximation 
coefficient, that represent the low frequency of the signal and into detail coefficients which 
correspond to the bands of higher frequencies, as shown in Fig. 4. 

Figure 4. Decomposition of the signal into approximation (a1, a2, a3, a4, and a5) and detail (d1, d2, d3, d4, and 
d5) coefficients. 

Using Matlab Wavelets Toolbox, it has been possible to make, by means of Symlet wavelet 
transform at level 5 , the decomposition of minimum temperature, maximum temperature and total 
daily rainfall [29,30]. Figg. 5-7 report the analysis of investigated signals: at the top the input 
investigated meteorological parameter, the second raw represents the approximation coefficient: a5 
which is connected to the general parameter trend, and finally the details coefficients: d1, d2, d3, d4 
and d5 take account of the hifher frequencies [31]. 

Figure 5. Decomposition of minimum temperature data by means of the mother wavelet Symlet at level 5. 
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Figure 6. Decomposition of maximum temperature data by means of the mother wavelet Symlet at level 5. 

Figure 7. Decomposition of rainfall data by means of the mother wavelet Symlet at level 5.

From such an analysis, it emerges a positive correlation between maximum temperature and 
minimum temperature for the year 2014, due to a similar behavior for the two quantities: the 
approximation and the detail coefficients as a function of time are in most the cases each other in 
phase. On the other hand, since the approximation and the detail coefficients as a function of time are 
in most the cases each other out-of-phase, between daily rainfall and minimum temperature as well as 
between daily rainfall and maximum temperature  negative correlations emerge [32,33]. 

Conclusions 
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In this paper DWT was applied to data registered by means of the LSI-LASTEM interconnected to a 
microcontroller for remote data aquisition. The analysis, performed through the mother wavelet 
Symlet shows a positive correlation, for the year 2014, between the minimum and maximum 
temperature parameters. On the contrary, a negative correlation between rainfall and maximum 
temperature as well as between rainfall and minimum temperature is registered. The employed 
methodology can be used to collect climatological parameters with the aim of studying more reliable 
empirical models to better estimate the diffuse solar radiation and hence to optimize solar radiation 
collection technology. 
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