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The discrimination of seismic events from the ambient background noise, the wavefield 
decomposition into basic wave-packets and the identification of the main phases are fundamental 
tasks in the study of the earthquake source processes. In the last years, the Independent 
Component Analysis (ICA), a technique used in advanced signal processing to separate 
statistically independent sources (Hyvärinen et al., 2001), has found relevant and interesting 
application in the seismological field both for event detection and discrimination purposes 
(Ciaramella et al., 2011, Capuano et al., 2017), as well in providing spectral decomposition 
of the wavefield into basic wave-packets related to the source and their polarization pattern 
(Capuano et al., 2016). Recently, De Lauro et al. (2016) have shown the efficiency of the ICA 
in decomposing seismic wavefield of volcano-tectonic (VT) earthquakes recorded at Campi 
Flegrei by the local network into basic wave-packets naturally polarized in the vertical and 
horizontal planes, providing a clear identification and separation of the P and S waveforms in 
time domain.

The ICA performs a decomposition of the signal mixtures into independent time sources. The 
mixing model is written as, where x is an observed m-dimensional vector (the seismogram), s is 
an n-dimensional random vector whose components are assumed to be mutually independent; aij 
are the constant elements of an unknown mxn mixing matrix A. The extension to the frequency 
domain for sources that are convolved (CICA) gives the model: 

where k is a suitable time lag. The number of extracted sources s (Independent Components, 
ICs) for each direction of motion North-South, East-West and Vertical (NS, EW and Z) is at least 
equal to the number of the input waveforms, so it depends on the number of seismic stations.

De Lauro et al. (2016) modified the basic technique in order to apply it to the three directions 
of motion: the NS, EW and Z components at each station are treated as instantaneous mixtures 
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xi(t). In this case, the ICA output is represented by three independent signals corresponding 
to the basis vectors s, while the estimated coefficient matrix A accounts for the amplitude 
of that independent wave at each location and for each direction of motion. In this way, the 
azimuth and incidence angle of the polarization vector are directly calculated from the ratio of 
the amplitude coefficients of the mixing matrix A.

In the present work we propose two approaches based on the ICA that allow for event 
discrimination and wavefield decomposition. Specifically, we developed an automatic procedure 
to have a prompt and clear separation among the different sources in the seismic signals, such as 
meteo-marine microseism, anthropogenic noise, and VT earthquakes at Campi Flegrei volcanic 
area. Moreover, we introduce a coarse-grained variable, i.e. the Frequency associated with the 
Maximum Amplitude of the Power Spectral density of the ICs (FMPSDA). This parameter is 
sensitive to the variation in the frequency bands of interest (e.g. that corresponding to the corner 
frequencies of VT events) and can be used as marker of the insurgence of seismic activity (Fig. 1). 

In addition, we introduce a novel approach, the “ICA-based Polarization” (ICAP), which 
consists in the estimate of the polarization parameters directly from the ICs and it is based on 
the ICA ability in decomposing the earthquake wavefield into polarized basic sources. 

We applied the technique to both volcano-tectonic earthquakes occurred at Campi Flegrei, 
as well as tectonic seismicity occurred in the Amatrice area (Central Italy), and we estimated 
the direction of the ground motion for both the raw data and the ICs. The particle motion of 
the raw data was obtained for suitable time windows, containing the P and S-wave phases. On 
the contrary, the particle motion of the ICs was determined without a windowing procedure. 
The hodograms of the raw data and the ICs are in good agreement, proving that the ICA well 
decomposes the seismic wavefield in the vertical and horizontal planes (Fig.2 and 3). The ICs 
are clearly polarized and correspond to wave-packets containing the P- and the S- phases. 

The obtained results indicate that the ICA successfully discriminates and extracts different 
independent sources in continuous seismic signals. The coarse-grained procedure on massive 
data is able to detect the occurrence of even extremely low-energy VTs and the FMPSDA 
may represent a suitable parameter to monitor in the observatory practices. The approach can 
be employed for the prompt detection in massive data of other kinds of seismic signals such 

Fig. 1 - Time evolution of the FPSDMA, from 3rd to 12th October 2006 (no VT activity) and from 19th to 28th (occurrence 
of VTs). Upper plot: results for the raw signal, vertical component. Lower plot: results for the ICs, vertical component. 
The 12–16 Hz frequency band corresponding to VT activity is evidenced in yellow.
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as Long Period events, volcanic tremor, tectonic earthquakes and/or fluid-induced seismicity 
buried in noisy environments.

Moreover, the ICAP provides fast decomposition into simpler wave-packets corresponding 
to the main seismic phases. The ICAP, compared to standard techniques, is suitable to retrieve 
polarization parameters in a “single step” using the whole waveforms, avoiding a-priori 
segmentation and/or filtering of the signals.

Real time implementation of ICA/ICAP in monitoring networks for the analysis of the 
seismic signals would reduce repetitive and painstaking work performed by the analysts, thus 
improving the surveillance levels of high-risk volcanic and tectonic areas.

Fig. 3 - Comparison between the particle motion of the raw data and the ICs, for the Amatrice earthquake occurred on 
2016, August 24th . On the left, the hodograms (EW-NS) of the raw signal (blue line) calculated in two time windows 
containing the P and S-phase, respectively, and of the two ICs (red and green lines). The corresponding azimuth values 
obtained for the ICs are 163° for the P- and 7° for the S-phase, in agreement with those inferred from the standard 
polarization analysis (covariance matrix technique) shown in the right panel.

Fig. 2 - Comparison between the particle motion of the raw data and the ICs, for the VT earthquake recorded at Campi 
Flegrei on 2015, October 7th. In each row of the figure, the hodograms (EW-NS, NS-Z, EW-Z) of the raw signal (blue 
line) are calculated in two time windows (TW1 and TW2) containing the P and S-phase, respectively. The trajectory 
of the ICs is represented in red and green.
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Introduction. In the last decades, an increasing number of global optimization algorithms 
has been proposed to solve geophysical inverse problems (Sen and Stoffa, 2013). Indeed, an 
inverse problem can be posed as an optimization problem where the function to be optimized, 
usually called objective function, misfit function or fitness, provides an estimate of the difference 
between observed data and synthetic data computed by a trial model. In the framework of 
probabilistic global optimization methods (Weise, 2011), some algorithms use statistical 
distributions inspired by physical processes to get suggestion on which solution candidate has 
to be tested next, as for example the Simulated Annealing algorithms, which select the next 
solution candidate according to the Boltzmann probability factor of atom configurations of 
cooling metals (Kirkpatrick et al., 1983; Tlas and Asfahani, 2008; Biswas and Sharma, 2014). 
Other algorithms, such as the Genetic Algorithms, are instead inspired by Darwinian evolution 
processes and treat solution candidates as individuals that compete in a virtual environment 
controlled by the genetic mechanisms of mutation, reproduction and crossover (Goldberg, 
1989). 

In this work, we present and discuss some applications of a new hybrid global optimization 
algorithm, GPA, recently proposed by the authors for quantitative interpretations of potential 
field data (Di Maio et al., 2016). The proposed approach includes a mutation operator in a 
controlled random search algorithm and its effectiveness has been proved on several synthetic 
and field data concerning single self-potential (SP) anomalies. Here, the results of a numerical 
study focused on multiple self-potential anomalies are shown for two of the main application 
fields of the SP method, i.e. for volcanic and soil contamination risk.

The global optimization algorithm. The proposed algorithm for geophysical data inversion 
is an improvement of the first controlled random search algorithm proposed by Price (1976) 
for finding the absolute extreme point of a scalar function S of m variables. After defining the 
initial search domain for each of the m variables, a number N of trial points, with N >> m, is 
chosen randomly within the initial search domain, and the S values at each point are stored 
in the search array A. At each iteration, if the value of S in the selected trial point P is less 


