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It is important to conduct a MT survey near a population area when surveying an active fault for evaluating disaster risk.
However, it is difficult to visualize the subsurface resistivity structure because electromagnetic (EM) noises contaminate the EN
data acquired at such area. Near a population area, two conditions are expected: a) most time-series of EM data are contar
nated by large EM noises, and b) the number of EM signals and noises is more than the number of observed components (i.t
underdetermined system). Many methods for noise reduction of MT data have been suggested and have succeeded to derive |
responses with high accuracy from noisy data (e.g., Egbert, 1997; Chave and Thomson, 2004; Weckmann et al., 2005). HoweVve
these are not assumed to be used under such a great noise-level environment. The noise reduction method based on Indepen
Component Analysis (ICA) at Frequency Domain was suggested by Sato et al. (2017; 2019, submitted), and can decompos
noisy data into EM signals and EM noises with high accuracy. However, the accuracy of ICA-based method degrades whe
three or more large noises are included in MT data at a station. We therefore must remove EM noises directly from EM date
under an underdetermined system in order to derive MT responses at a population area with high accuracy. We newly propo:
noise reduction method maintaining its accuracy under an underdetermined system focusing on their statistical independence a
characteristics of multiband. The proposal method is named Independent Multiband EM-Signal Analysis (IMEMSA).

Here, we introduce the algorithm of IMEMSA shortly. IMEMSA is designed combining ICA and Nonnegative Matrix Fac-
torization (NMF: Kameoka et al., 2009 or Multi-Channel NMF: Sawada et al., 2013; Sato and Goto, 2018). ICA can estimate
source signals with high accuracy under overdetermined and determined systems. However, it cannot be applied theoretical
under an underdetermined system. NMF can estimate the components Basis constituting source signals focusing on signa
characteristics of multiband theoretically even under an underdetermined system. However, NMF has its instability to work
properly. Additionally, NMF’s cost function focuses on only large amplitude, and this is the reason for its difficulty to apply
to EM data including large noises. For example, when electric field data and magnetic field data have S/N below 0.1 and 0.
respectively, EM signals cannot possibly be reconstructed by NMF. At first in IMEMSA, we apply ICA to EM data and obtain
independent separated components. Using magnetic field data at a remote site, we divide the separated components into t
class: a) including EM signals much (defined here as)¥and b) including noises much (Y). We make the spectrogram of
Y _s combining Ys obtained at each frequency. Applying NMF to the spectrograms, NMF can start near the EM signals and
derive Basis. We apply the same process tn,Yand NMF can start near the noises and derive Basis. These obtained Basis are
classified into noises and EM signals using reference data. As a result, we can separate and extract EM signals and noises fr
the underdetermined system.

In the presentation, we introduce the detail algorithm of IMEMSA and the application example to synthetic data.
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