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An application of frequency-domain ICA to analyze global wave characteristics of Pi 2
magnetic pulsations observed on the ground
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Ground-observed Pi 2 pulsations are mixtures of several components that are reflecting different geophysical phenomena
such as propagations of fast and Alfven mode waves, resonances of magnetic filed lines and/or plasmaspheric cavity and ¢
cilations of magnetosphere-ionsphere current systernomoto et al., 2001]. However, even in the past five years studies, its
generation and propagation mechanisms have been only partly understood. In the previous studies, many observational r
searches have been done in the magnetosphere and on the ground. The advantage of satellite observation is that we can ob
three-dimensional wave characteristics by in-situ observations. On the other hand, its disadvantage is that information prc
vided by satelite observation is spatialy-limited for the magnetospheric scale. The advantage of ground-based observation
that we can obtain comprehensive wave structures by using globally expanded ground-magnetometer chains. On the other hai
ground-observed Pi 2 signals have all informations that are associated with generation mechanisms and propagation mechanis
described above. In order to understand the generation and propagation mechanisms of Pi 2 pulsations, it is important to intre
duce some signal processing techniques that make it possible to redeem those disadvantages.

In the present study, we introduce Independent Component Analysis (ICA) to analyze Pi 2 pulsations. ICA is one of the mul-
tivariate statistical techniques that started to be used in the 1990s in the field of signal processing [e.g., Common, 1994]. Wit
ICA, source signals are assumed to be non-Gaussian and statistically independent of each other and estimated by maximizi
their statistical independence. It has been successful in resolving observed mixed signals including brain imaging data and voic
signals into source signals.

Tokunaga et al. [2007] showed that ground-observed Pi 2 signals are decomposed into several independent components
using FastICA, one of most famous ICA algoritm, based on the assumption of intantatinepus mixture model. They showec
ground-observed Pi 2 signals can be decomposed into 7 significant patterns within the framwork of so-called blind source sey
aration. While, in recent years, it has been found that a new insight of the propagation mechanism of Pi 2 pulsations globaly
observed on the ground. Basing on the results of Uozumi et al. [2004], [2007], it is most likely reasonable to presume that
ground-observed Pi 2 pulsations are spatio-temporal mixtures, and therefore, they should be decomposed into smaller numk
than the result of Tokunaga et al. [2007]. In this paper, we will extend the application of ICA to ground observed Pi 2 pulsations
from blind source separaition (spatio mixture ICA model) to the blind source deconvolution (spatio-temporal ICA model).
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