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Investigation of Goodness-of-fit in Ecological Data Modeling
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Aprotic room-temperature ionic liquids (RTILs) have gained significant attention as a medium
for electrodeposition of metals and alloys due to their several attractive properties. Among aprotic
RTILs, 1-butyl-1-methylpyrrolidinium bis(trifluoromethylsulfonyl)amide (BMPTFSA) is one of the
promising RTILs for electrodeposition of a wide variety of metals. However, the mechanism of
electrodeposition of metals in BMPTFSA has not been revealed in depth. In this study,
electrodeposition of cadmium (Cd) and selenium (Se) has been investigated in BMPTFSA with and
without the presence of excess chloride.

In chapter 1, the backgrounds of electrodeposition, ionic liquids and electrodeposition of metals
and alloys in ionic liquids are introduced briefly.

Chapter 2 explains the general experimental techniques of the present work.

Chapter 3 deals with electrodeposition of cadmium in BMPTFSA. The divalent Cd(ll) in
BMPTFSA was found to be coordinated by three TFSA™ and probably exist as [Cd(TFSA)z] .
Electrochemical reaction of Cd(Il)/Cd on a GC electrode was an electrochemically irreversible
process, probably involving 2 one-electron transfer steps. The nucleation process and morphology
of the electrodeposits were found to be affected by the applied potential under diffusion-controlled
region, suggesting the influence of the potential on the electric double layer structure due to the
difference in accumulation of cations led to the change in surface processes.

Chapter 4 describes the electrochemical behavior of Se(1V) species in BMPTFSA in the absence
and presence of excess chloride. The electrodeposition of metallic Se was possible in BMPTFSA in
both absence and presence of excess chloride. SeCls was found to be dissolved in the RTIL with
excess CI~ by forming [SeCls]>. Morphology and crystal structure of Se deposits were found to be
related with the temperature. Reduction of Se to Se(-Il) was confirmed at the potential more
negative than the reduction of [SeClg]>". However, proportionation reaction of Se(—Il) and [SeClg]*
led to deposition of Se.

Chapter 5 is concerned with electrochemical behavior of Cd(Il) species in BMPTFSA in the
presence of excess chloride. Cyclic voltammograms of [CdCls]%* showed an unusual
electrochemical behavior, regardless of electrode materials and ionic liquids, probably related to the
adsorption of BMP™ on the electrode surface. The possibility of electrodeposition of CdSe alloy was
also examined in BMPTFSA containing both [CdCl4]* and [SeCls]%.

Chapter 6 summarizes the results obtained in this study and describes the perspectives of
electrodeposition of metals and alloys using BMPTFSA.
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An Accurate Removal of Eyeblink Artifact from Single-channel Electroencephalogram by Supervised
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Technologies using electroencephalogram (EEG) signals have been penetrated into public by
the appearance of specialized EEG devices. Such devices can capture oscillating neuronal
discharge with only an electrode. Although the aspect of entertainment or amusement associated
with the usage of the system is emphasized, many applications based on specialized EEG device
will be beneficial owing to its usability and portability for signal measurement. Therefore,
single-channel EEG analysis has been attracted attention since nearly five years. Eyeblink
artifacts disguise themselves as EEG components and make EEG signal processing difficult in all
respects because the frequency components of the artifacts and EEG could be overlapped. The
main objective of this research is to propose an accurate eyeblink artifact removal scheme
for single-channel EEG by supervised tensor factorization.

Chapter 1 presents the background and objective of this research. During EEG system operation,
EEG signals should be observed with his/her eyes open for practical use in the
real-world. That allows eyeblink artifact contamination into observed EEG signals.

Chapter 2 describes the fundamental awareness of the brain, eyeball, and eyelid which are
sources of EEG and eyeblink artifacts.

Chapter 3 describes the basics of the source separation and the concepts of the conventional
eyeblink artifact removal schemes as a signal processing module. Nevertheless, a signal
separation algorithm has to be applied to an observed EEG signal to avoid the serious problem,
the separation performance of conventional schemes has still been wrong and they need many
manual operations for signal separation when there is only single-channel data. Thus, proposing
an accurate and automatic eyeblink artifact removal scheme for single-channel EEG signal is a
major challenge in EEG signal processing for the widespread use of systems with specialized
EEG devices.

Chapter 4 presents the effect of eyeblinks contributing to EEG signals for creating templates of
eyeblink artifact removal from observed EEG signals with a signal-channel electrode. The
extracted eyeblink features using wavelet-enhanced blind source separation found new
characteristics of the eyeblink effects: (i) voluntary and involuntary eyeblink features obtained
from all channels present significant differences; (ii) distorting effects have continued influence
for 3.0-4.0 s; and (iii) eyeblink effects cease to exist after the zero-crossing four times. The
results are collected in templates as prior information for supervised learning algorithm.

Chapter 5 proposes a section-based eyeblink artifact removal scheme by using supervised tensor
factorization for single-channel EEG signals. Conventional schemes require additional
information or technique to complete automatic eyeblink artifact rejection. In contrast, the
proposed scheme can automatically remove eyeblink artifacts using supervised learning
algorithm. For the experimental results, the proposed scheme showed best performance for
eyeblink artifact removal in the nine schemes.

Chapter 6 indicates the effectiveness of the proposed eyeblink artifact removal scheme using
single-channel EEG data. The proposed scheme improved the classification accuracy to more
than 30%. For the result, the efficiency of proposed scheme for actual single-channel EEG
analysis has been shown.

Finally, chapter 7 summarizes thesis, and describes the future works of this study.
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This thesis aims at introducing a probabilistic multiscale simulation based approach for design
and fabrication of materials considering microstructural uncertainties. It is apparently clear from the
extant literature that the parameters to capture microstructural uncertainties are unclear, and it is
therefore very challenging to frame the research problem either using the homogenization process
or using a statistical model.

Accordingly, a novel first-order perturbation based stochastic homogenization (FPSH) method
is developed to incorporate material properties’ uncertainties in three-phase constituents by setting
random parameters in probabilistic distribution. When newly considering nonparametric
geometrical fluctuation and/or other miscellaneous errors, the distribution derived above for
macroscopic property is calibrated and re-written in the mixture distribution. The probabilistic
computational approach leads to the decrease in dimension of uncertain parameters in the sampling
space.

In the model, mainly, two types of uncertain parameters are described mathematically to
simulate the fluctuation of microstructural geometry i.e. one is the parametric uncertainties used in
FE model that are measurable; the other one is the non-parametric uncertainties, which are
completely random and can’t be measured.

The fabricated prototype was compared with the simulated predictions which reveals some
differences. Consequently, an update of prediction method was proposed and proved to be effective
to predict the morphology of fabricated microstructure. So it can give a feedback information
without costly microstructure observation.

As a testbed study, a coated particulate material was modelled as a demonstrative example of
above simulation method for three-phase material. The design option was drawn for particle radius
and coating thickness in the case of 5%, 50%, 95% probabilistic response surface through
probability distribution. Moreover, based on probabilistic response surface, the probabilistic
sensitivity was provided a robust design if we choose to have smaller particle radius and coating
thickness will result in insensitive design to the uncertainties in materials properties and geometrical
fluctuation at microscale.

To simplify the problem, a spherical porous material was modelled. It was noticed that
significant difference maybe anticipated in obtaining macroscopic elastic property even if the
porosity ratio is similar to what’s predicted by stochastic method and conventional methods which
is where the proposed method provides superior predictions.

It was concluded that the proposed simulation framework can be used generally for studying a
range of engineering problems related to fabrication of real world materials to improve the design
and fabrication parameters in order to improve the product’s reliability.
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Enhanced Content Navigation Using Edge Routers in Content Delivery Network

The Internet can be defined as a network composed of geographically dispersed servers and clients. In
principle, clients request content from servers, and the servers respond to the requests by sending the requested
content to the clients. The content should be navigated among networks, and certain rules and methods have
been developed to achieve optimized navigation. Navigation is definable as the process of finding a destination
and reaching that destination using a preferable route. Hence, the main challenges for achieving content
navigation on the Internet can be summarized in the following two directions: 1) to determine and select service
points and 2) to route users to selected service points.

The need for optimized content delivery accelerates the development of the Internet by proposing content
delivery networks (CDNs). CDNs use content cache servers within Internet Service Provider (ISP) networks
and select a service point for a content request of a client by using the Domain Name Service (DNS). ISPs, on
the other hand, can route a client to a service point according to a selected network path by using routing
protocols, which are optimized based on the link state information. Namely, content providers and ISPs are
separated in content navigation. Thus, researchers are proposing that "the effectiveness of content navigation is
doubtful in the absence of a reliable collaboration between the ISPs and CDNs." Meanwhile, network device
manufacturers have been upgrading servers, routers, and links to provide innovative services to enhance
content navigation.

To this end, dissertation proposes an approach to enhance content navigation in CDNs by using edge
routers of ISPs. Edge routers can be utilized to create a collaboration between ISPs and CDNs by collecting and
using both the network state information of the ISPs and the content server state information of the content
providers simultaneously to leverage content navigation in a CDN. Dissertation proposes a solution for the
collaboration by using a Service-oriented Router (SoR) as an edge router. The SoR is a novel router architecture
for providing content-based services by shifting the current Internet infrastructure to an information-based
open innovation platform. SoR uses the Server Link Router-state Routing (SLRouting) protocol to collect both
network and server state information. The SLRouting protocol hypothesis is a new paradigm of network path
selection using network device states to calculate the network path selection metric. SoR utilizes the collected
information for selecting a service point that is appropriate to a user request and routes the request to the
selected service point by leveraging the DNS-based user redirection and by performing content-aware packet
redirection.

Consequently, the structure of the dissertation is divided into three main sections: 1) design and
development of a software SoR, 2) design and implementation of the SLRouting protocol, and 3) the use of
both SoR and the SLRouting protocol to enhance content navigation by creating a collaboration between ISPs
and CDNs. In addition to the evaluation of the software SoR and SLRouting protocol as individual units,
dissertation implemented an emulator-based environment using Planet Lab and a simulator-based evaluation
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environment using ns-3 for evaluating the proposed CDN architecture supposing a wide area network. In
conclusion, the proposed architecture yields better performance in terms of request redirection and effective
network resource utilization, and serves as a guideline for future content service models by addressing adequate
ISP-CDN collaboration through enhanced content navigation.
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Design of Heterostructured Molecular Magnets Based on Layered Double Hydroxides

Tunable molecular magnets are promising materials for magnetic recording media. For
example, photo-controllable magnetic materials would enable orders-of-magnitude increase in
information storage density. Moreover, photo-generation and photo-control of spins can
enhance a speed in spintronics and spin-photonics based processing. Along these lines, two
requirements should be considered to design such tunable molecular magnets; (1) A suitable
molecular framework is prepared for tuning the magnetic properties. (2) Photoactive materials
are confined into such a molecular framework in a well-defined manner. In this thesis, two types
of heterostructured molecular magnets were designed, which are based on the layered double
hydroxides framework.

In chapter 1, research background and previous studies are summarized to highlight this
study. Brief introduction is provided for molecule-based magnets, layered double hydroxides,
and magnetic heterostructures.

In chapter 2, the magnetic heterostructure was prepared by an organic-inorganic hybrid
approach, where n-alkylsulfonate anions were intercalated into the magnetic cobalt-nickel
layered double hydroxides. Systematic variations in the interlayer spacing of the layered double
hydroxides enabled to investigate the structure-dependent magnetic properties. In this magnetic
heterostructure, the coercive fields changed as the interlayer spacing increased. Especially for
the large interlayer spacing, a dimensional crossover of the magnetic ordering occurred as
reflected by a dramatic change in the coercive field.

In chapter 3, the photo-magnetic heterostructure was prepared through intercalation
chemistry, where the photo-magnetic cobalt-iron Prussian Blue analogue was grown in the
diamagnetic magnesium-aluminum layered double hydroxides. Due to a two-dimensional
interlayer gallery of the layered double hydroxides, growth of cobalt-iron Prussian Blue
analogue was confined two-dimensionally. Even in the two-dimensional structure, cobalt-iron
Prussian Blue analogue exhibited photo-induced magnetization.

In chapter 4, results are summarized, and future perspectives are offered especially for
functionalization of magnetic layered double hydroxides through intercalation chemistry.
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