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This dissertation described the developments and results of graph signal sampling under arbitrary signal
priors, based on research papers published within the Graduate School of Bio—Applications and Systems
Engineering, Department of Bio—Functions and Systems Science at Tokyo University of Agriculture and Technology,
and Graduate School of Engineering, Division of Electrical, Electronic, and Infocommunications Engineering
at Osaka University. Contributions of this dissertation included proposing a series of graph signal sampling
methods tailored to various signal models, including deterministic, random, and their mixture models. The
effectiveness of these proposed methods was validated via recovery experiments with synthetic and real-world
datasets. The dissertation was organized into six chapters, detailed as follows.

Chapter 1 served as the introduction, setting the stage for the dissertation by discussing the limitations
of conventional signal processing and the unique challenges posed by sampling of graph signals. It outlined
the necessity for a flexible sampling framework to address these issues effectively

Chapter 2 reviewed fundamental concepts in sampling theory, from Shannon’s theorem to its generalization
required for graph signals. This chapter laid the groundwork by defining graph signals and introducing the
concept of generalized sampling theory (GST) which was adapted for the graph domain.

Chapter 3 addressed the challenges of applying generalized graph sampling theory (GGST) to random graph
signals, which were non-shift-invariant and conformed to graph wide sense stationarity (GWSS). This chapter
extended the concept of wide sense stationarity from time—domain to graph signals, incorporating a correction
transform to improve the accuracy of non—ideal measurements. The framework supported arbitrary sampling methods
and demonstrated its effectiveness through experiments with synthetic and real datasets

Chapter 4 presented a sampling set selection (SSS) method that operated under arbitrary signal priors, moving
beyond the conventional bandlimited assumptions. This method utilized the direct sum condition between sampling
and reconstruction subspaces, ensuring optimal recovery of graph signals. The effectiveness of this approach
was validated through computational experiments using various graph signal models

Chapter 5 expanded SSS method to address sensor placement problem on graphs (SPPG) with sensors of diverse
specifications. It proposed a solution based on difference—of-convex (DC) optimization, balancing the
maximization of coverage area with the minimization of sensing budget. Experimental results demonstrated the
effectiveness of this approach.

Chapter 6 extended the GGST framework to multi—channel systems, addressing the complexities posed by
full-band graph signals. This chapter not only clarified the relationships among existing analysis methods
but also demonstrated the framework’s effectiveness through the multi-channel sampling (MCS) of full-band
graph signals.

Chapter 7 summarized the dissertation and offered comprehensive directions for future research.
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