u

) <

The University of Osaka
Institutional Knowledge Archive

Fractal scaling analysis of biomedical time
Title series and its extension to anisotropic
multidimensional fractality

Author(s) |Seleznov, Ivan

Citation |KPrRKZE, 2022, {Et:m

Version Type

URL https://hdl.handle. net/11094/89646

rights
POEBLRWERLIH D ERMABEMRRAERL
7., EXICRATEORBTOEN =L TWWE
Note T, EXDOTHAE THFLEDZEIE. <a

href="https://www. Library. osaka-
u.ac. jp/thesis/#fclosed”> KPR KZEDIETF/ITIC DL
K/DETSRCEI W,

The University of Osaka Institutional Knowledge Archive : OUKA

https://ir. library. osaka-u. ac. jp/

The University of Osaka



Form 3
Abstract of Thesis

Name: Ivan Seleznov

Fractal scaling analysis of biomedical time series and its extension to anisotropic
multidimensional fractality

Title (ERERBRIDISVIINART—) VD TBITEFTDERTIIEEARATISVZIL
P~ DHLIE)

Abstract of Thesis

Noise and fluctuations display fractal-like scaling properties associated with long-range correlations in real-world
complex systems, such as biological, geophysical, and economical systems. The appearance of such fluctuations
has been considered a key marker associated with a universal principle hidden in the complex system dynamics.
This thesis aims to develop methodologies to analyze such long-range correlated fluctuations and to gain deeper
insights into complex biological systems. In the thesis, the applications of various types of long-range correlation
and fractal scaling analysis, such as long-range auto- and cross-correlation analysis, to biomedical time series
will be discussed, as well as the extension of scaling analysis to higher dimensions, called Oriented Fractal Scaling
Component Analysis (OFSCA) will be introduced. The applicability of novel method was shown on the 2D real
world trajectories, such as human postural sway and seismic sensor time series.

Chapter 1 provides the overall background of this thesis. To date, much research has shown that biosignal time
series observed in the human body, such as electroencephalogram (EEG), heart rate variability, and gate intervals
exhibit long-range correlation and fractal scaling behavior, called 1/f fluctuations. Because the biosignal time
series are inevitably nonstationary, it has been pointed out that the conventional scaling analysis methods
assuming stationary processes are not appropriate to quantify the scaling behavior embedded in biological
systems. The analysis methods applicable to nonstationary processes have also been developed to quantify such
behavior adequately and accurately. This chapter provides an overview of such scaling analysis methods and their
applications to biosignal time series.

Chapter 2 focuses on describing some of the existing scaling analysis techniques,such as Detrended Fluctuation
Analysis (DFA) and Detrended Moving Average (DMA) analysis, that are currently developed. Moreover, in this
chapter the applicability of DFA and DMA analysis are shown to biomedical time series, by applying it to the
human brain dynamics (EEG) in various conditions, such as mental counting (serial subtraction) and perceiving
human emotional faces. Both DFA and DMA were suitable to evaluate the oscillatory stability, and when used
in the combination with more common methods of EEG-data analysis, such as power spectral density (PSD) and
coherence, were able to examine the complex nature of EEG time series and provide a more complete picture of
cortical functioning.

The main goal of Chapter 3 is to introduce a novel method of studying the fractal scaling behavior in two-
dimensional (2D) trajectories, called - Oriented Fractal Scaling Component Analysis (OFSCA). Most of the
previous studies have characterized the 2D trajectories using the projections onto the orthogonal directions and
otherwise under the assumption of 2D isotropic properties. Such approaches cannot provide any information on
the geometrically anisotropic structure of the system. Therefore, OFSCA was developed and used to characterize
the directional properties of such trajectories and decompose the fluctuations into the original components. The
applicability of this method to real-world signals is shown, by applying it to the human postural sway (center-of-
pressure (CoP) displacement), which is produced by the complex nature of postural dynamics. The evaluation of
the directional dependency of the CoP trajectory could provide useful information on the balancing ability and
dysfunction. Furthermore, the OFSCA approach can be extended to higher-dimensional data analysis, e.g.
studying complex evolutionary dynamics, or understanding the structure and patterns in high-dimensional RNA
sequencing datasets.

The final chapter summarizes the main conclusions of this thesis.
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