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Abstract of Thesis

Noise contamination naturally degrades an accuracy of data analysis, and the development of noise reduction method has been
considered to be an important problem in the fields of signal processing. Here, we present the denoising algorithms for
multichannel measurement systems where the data are simultaneously collected over time by several sensors distributed in space.
In contrast with single-channel approach, the main challenge of developing multichannel denoising is to design the method, i.e.,
spatio-temporal denoising, that can efficiently incorporate both spatial correlation and temporal characteristics of relevant data
into an analysis for separating the data of interest from the contaminating noise.

Mathematically, we can represent the spatio-temporal data mentioned above using a matrix and our problem statement in this
work is to estimate the clean data from the given noisy data, which obey an additive noise model under three assumptions: the
clean data matrix is spatially low rank, perturbed by the full rank noise, and orthogonal to the noise, respectively. We emphasize
that these assumptions are commonly found in the areas of biomedical, speech, and sensor array signal processing.

Assuming that the noisy data and noise matrices were known, we used generalized singular value decomposition (GSVD)
associated to a pair of noisy data and noise matrices to reformulate the additive noise model, and achieved to derive the GSVD
form of clean data that exactly satisfies those three assumptions. We thus knew how the clean data matrix is perturbed by the
additive noise and understood how to recover the clean data from the noisy data using GSVD. For example, the left singular
vectors (temporal bases) of the noisy data matrix in fact contain noise biases which seriously affect the conventional spatial-only
denoising, e.g., a family of subspace-based and linear estimation methods since the noise bias removal is not carried out
effectively in such methods. But in our case, we propose to use a denoising function to reduce these noise biases, and we can
choose the suitable denoising function for different applications easily from a variety of existing temporal filters.

To solve the blind noise reduction problem, namely, we are only given the noisy data matrix without knowing about the true
noise matrix such as a prior knowledge of the spatial noise covariance structure. Then, we propose GSVD-iteration schemes with
an aim of approaching a solution which attains the maximal energy of desired properties. The desired properties of the solution
are defined by the selected denoising function. On the interpretation of GSVD, the right singular vectors (spatial bases) perform a
role of spatial decorrelation separating the noisy data into uncorrelated components (temporal bases) and the singular values are
related to their energy levels. Ultimately, we are able to provide the flexible GSVD-iteration scheme which does not need users to
set the rank of the solution in advance although it must be done for the most of traditional spatio-temporal denoising methods.
This achievement is considered an important contribution of the thesis.

Particularly, the practical examples of improving the brain source estimation in noisy magnetoencephalography (MEG) data were
shown to demonstrate the effectiveness and advantage of our proposed methods compared to several traditional methods.
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