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Improvement of Image Denoising with Interpolation and RAISR

Digital images are frequently contaminated by noise due to different sources such as transmission
errors, malfunctioning pixel elements in the camera sensors, faulty memory location and timing
errors in analog-to-digital conversion. Some undesirable effects such as image degradation and
distortion of some important image features may occur in the digital images due to the noises.
Therefore, image denoising has been recently become an essential step in many subsequent image
processing applications. The purpose of this thesis is to improve the denoising performance of the
image with interpolation and RAISR without deteriorating the image details.

Chapter 1 provides a brief introduction to background theory of image denoising, a variety of
noise commonly encountered in the digital images in the real world, the causes of noise in the
digital images, main issues in the removal of mixed noise and Gaussian noise, the principal
objectives to tackle these problems, the methodology used in this research and organization of this
thesis.

Chapter 2 presents the characteristics and methodology of some state-of-the-art nonlocal-based
Gaussian noise removal methods and convolutional neural network (CNN)-based denoising
methods.

Chapter 3 describes the removal of mixed-noise composed of Additive White Gaussian Noise
(AWGN) and Random-Valued Impulse Noise (RVIN) by utilizing interpolation technique based on
multi-surface fitting for single frame. Directional Weighted Median (DWM) filter is used to remove
RVIN, and Block Matching and 3D filtering (BM3D) is utilized to suppress GN. The core of this
research is the addition of interpolation before the detection of impulse noise of DWM filter to
reduce the impulse noise rate and to improve the accuracy of impulse noise detection.

Chapter 4 describes the improvement of nonlocal-based denoising methods for Gaussian noise
by employing Improved Rapid and Accurate Image Super-Resolution (IRAISR) with less number
of filters. There are two processes in this approach. The first process is to remove noise by using
benchmark Gaussian noise removal methods such as BM3D and Weighted Nuclear Norm
Minimization (WNNM). The second process is to enhance the denoising performance by utilizing
an Improvement of RAISR as a post-processing step. Two improvements of RAISR which are the
minimization of the classes for the gradient angle by geometric conversion and the reduction of the
classes for the strength are also contributed in this research.

Chapter 5 explains an overall conclusion of this thesis, some limitations and further extensions

of image denoising methods.
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Hierarchical Modeling of Tactile Sensation based on Human Perception and Augmentation
of Thermal Perception using Spatial Summation

The interest in haptic technology has been growing exponentially in recent years due to its
capabilities in accelerating product development cycles especially in analysis and design stage. It is
primarily due to the significance in tactile sensations in consumer. By introducing haptic technology in
the manufacturing industry, new products can be developed rapidly, thus allowing higher rate of
production to satisfy the booming market demand. The integration of haptic technology, namely tactile
rendering will be a great aid in product development industries as it can manipulate the prototype’s touch
sensation to the chosen material’'s touch sensation without producing a sample of the product.
Furthermore, to evaluate new products, manufacturers need to conduct a sensory evaluation which is a
time consuming and costly process. Therefore, a need to quantify tactile sensation is explored to
accelerate the product development.

In this research, we investigate the significance of tactile rendering and sensation technologies in
manufacturing industry. For tactile rendering, we focus on the impact of spatial summation for
augmentation of thermal sense in AR thermal display. The proposed display is used to replicate the
material identification, in order to allow users experience various materials without changing the material
of an object. In tactile sensation, we present a novel quantification method of human tactile sense
evaluation for fabrics to provide a reliable quality assessment method for textile industry. We
hierarchically classify adjectives into three groups called as low-order of tactile sensation (LTS),
high-order of tactile sensation (HTS) and desired tactile sensation (DTS). We then perform a multiple
regression analysis to discover the correlations between each extracted LTS factor and all measured
physical quantities. We express DTS adjectives in terms of physical quantities by computing equations.

From the proposed quantification, we are able to predict or evaluate unknown samples’ tactile sensation.
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Correlating Functional Near-Infrared Spectroscopy with Underlying Brain Regions
for Adult and Infant Populations by Theoretical Light Propagation Analysis

Functional near-infrared spectroscopy (fNIRS) is a noninvasive neuroimaging modality that
assesses neural activity by measuring changes in oxygenated and deoxygenated hemoglobin after
positioning single/multiple source-detector (SD) pairs over the human scalp. In the past few
decades, fNIRS has widely been used to investigate the function of the adult brain and developing
brain in the field of cognitive neuroscience. The fast growth of fNIRS studies is due to the several
advantages that fNIRS is highly portable and has a relatively robust tolerance for body movements,
which is suitable for different experimental settings and various populations including neonates,
children, and adults. However, it remains a challenge for fNIRS to target specific brain regions of
interest by the positioning of SD pairs on the scalp. Since fNIRS data does not provide any
anatomical information on the cerebral cortex, it is extremely important to establish a scalp-cortex
correlation (SCC) between the scalp location of the SD pair and brain regions for measuring brain
functions. Given that the near-infrared light is strongly scattered in head tissues, the objective of
this thesis is to establish the precise optics-based SCC using the light propagation analysis based on
the diffusion equation for the adult and infant populations.

Chapter 1 describes the purpose and background of this thesis.

Chapter 2 validates that the diffusion approximation is a highly efficient and robust light
propagation analysis methodology, which can be used to obtain the precise optics-based SCC, by
comparing optics-based SCC results obtained by the finite element method and Monte Carlo
method that is viewed as the gold standard method.

Chapter 3 proposes a sensitivity-based matching (SBM) method to establish the optics-based
SCC for 45 subject-specific adult head models. Furthermore, when the SCC was computed, the
performance of the SBM method was compared with that of three conventional geometrical
matching methods ignoring the effect of light scattering. The results demonstrate that the light
scattering and individual anatomical differences in the head affect the SCC, which further indicates
that the SBM method is compulsory to obtain the precise SCC.

Chapter 4 aims to establish optics-based SCC for 0-, 1-, 2-year-old infants using the SBM
method, and to determine the optimal SD distance for this age period, during which the most
dynamic growth in head structures and remarkable cognitive changes occur.

Chapter 5 summarizes the main findings of this thesis and presents conclusions with future

works.
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Innovation in the Digital Economy:
Valuing Investments in Digital Business Models under Uncertainty

The Digital Economy has changed the way of how business is done. Since the emergence and
growing importance of digital technologies, a new class of digital business models has emerged.
These business models have substantially different characteristics from traditional asset-based
business models that are built around linear value chains. Today, we can witness increasing
success of such digital business models engaged by both tech-newcomers as well as established
corporations around the world. When it comes to investment decision-making, managers are
facing times of unprecedented pace, unforeseeable trends and ultimately risk. This dissertation
aims to help investment decision-makers to face these uncertainties by presenting a set of
quantitative frameworks that can identify and evaluate investment opportunities related to digital

business models under uncertainty.

Our contributions to this interdisciplinary research area are comprised by several studies. First,
we discuss recent developments in the digital economy and provide an understanding of digital
transformation, BMI and DTBM. Second, based on these findings, we introduce real options
analysis as a viable approach to value these investments and derive investment strategies under
uncertainty. A quantitative model is presented that is based on an iterative approach of
experimentation and learning to support managers in finding the strategic value of DTBM projects.
Third, an alternative perspective on valuation in the digital economy is given by shedding light on
the intangible value of users. We introduce customer-based corporate valuation methods as a
promising alternative to traditional performance measure and derive business value from a digital
company’s most valuable asset: It's users. We employ this approach to show how to value a digital
business by applying it to real-world business cases including Netflix, Roku and Stitch Fix and
present some sensitivity analyses to derive concrete measures for managerial action. Finally, we
show how input parameters for some of the presented models can be obtained by integrating
finance concepts with quantitative technology forecasting literature and demonstrate its functioning

by applying it to the 3D printing technology.
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The overall scope of this dissertation is to provide an understanding of doing business in the digital
age, provide deeper understanding of digital business transformation from a financial perspective
and improve managerial investment decision-making. The study places its focus on investments in
digital business models rather than digitization investments for operational layers of businesses.
The presented frameworks shall serve as a guide for decision-makers to evaluate digital
transformation opportunities in uncertain environments and increase the efficiency of value-based

management in such situations.
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Study of Database Management System Performance and Isolation
in Virtualization Environments

Database management system (DBMS) is one of the foundational and largest applications in
the cloud. Major cloud service providers like Amazon web services, Microsoft Azure, Google clouds
offer DBMS as a service. The cloud employs virtualization to consolidate DBMSes for efficient
resource utilization and to isolate collocated workloads. There are two major virtualization
technologies: hypervisor-based (virtual machines) and operating-system-level virtualization
(containers). The underlying virtualization technologies in the cloud have a critical impact on
performance and isolation, especially in disk 1/O. To guarantee the service-level agreement (SLA),
the disk I/O performance and its isolation are important in DBMSs because they are inherently disk
I/0 intensive.

This dissertation investigates DBMS performance and isolation in containers and virtual
machines. Containers have become widely used in clouds and preferred over virtual machines to
consolidate DBMS due to their near-native performance and lightweight deployment. The key
finding in this dissertation is virtual machines outperform containers in DBMS performance. Our
analysis reveals that file-system journaling has negative effects on DBMS performance and
isolation in containers. DBMS is an update-intensive application and causes a lot of file-system
journaling. Journaling is very important to keep file-system consistency and for crash recovery.
Hence, file-system journaling cannot be disabled especially with DBMS applications.

The contribution of this dissertation is twofold. First, identifying the underlying causes behind
file-system journaling problems in containers. Since containers share the same file-system, the
sharing of journaling modules causes performance dependencies among containers. Also,
file-system journaling interferes with disk 1/O control of containers and violates isolation between
them. Since the journaling module runs outside of controlled containers, their journaling 1/Os are
overlooked by the disk control mechanism and not accounted for by the container that initiates
them. Second, proposing a configuration method to overcome the journaling problems in
containers. The method achieves per-container journaling without re-designing the file-systems or
modifying the existing kernel. The results show that DBMS performance improves up to 3.4x in
containers with the proposed configuration. Eventually, containers get their performance

advantage and outperform virtual machines by 1.4x, and show an identical disk I/O isolation.
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Quantitative Evaluation of Human Skin Surface Characteristics
Based on Image Processing

Skin changes depending on disease, aging or season and conventional skin measurement are not
sufficient. Therefore, it is necessary to simultaneously evaluate a plurality of characteristics, while the
conventional single-purpose device does not perform high effectively. Therefore, establishment of an
objective evaluation method of skin condition using multi-measured skin scope and the image analysis
technique aimed at this research is an extremely important task.

To assess skin condition objectively and comprehensively, several properties are involved in evaluation
system, including skin hydration, skin sebum, skin micro-relief, skin color, and skin microbiological flora.
Chapter 1 introduces the fundamental knowledge of skin structure and skin surface properties. What's more,
an overview of existing measurement of these characteristics is provided. With rapid development of image
processing technology, typical and classic image processing algorithms are given a presentation, as the basis
for subsequent algorithms in Chapter 2 to 6.

Skin micro-relief relates to quite a few parameters, and it is hard to evaluate all of them at the same time.

In chapter 2, we propose a quantitative evaluation algorithm of skin micro-relief and extract four aspects,
including skin surface properties, skin pores, skin furrows, and the skin closed polygons. The age-dependent
changes of them are explored, that most parameters increased as age went on with significant differences. In
addition, skin coarseness is proved to be strongly related to the skin pore area.
Skin color is one of the most obvious features of the skin. According to the CIE-L*a*b* color model, we
perform a skin color measurement in Chapter 3, utilizing the individual typology angle (ITA) and hue angle,
indexes that are calculated from digital images with specific algorithms. The changes of skin color parameters
by age, anatomical sites, and geographic locations are figured out.

Chapter 4 develops a novel approach to segment skin porphyrins induced by P. acnes from ultraviolet

images, which has the potential to predict skin conditions as an assisted tool. We also investigate the
age-dependent changes, that all parameters of porphyrins arrive at the peak at 30 years old.
Abundant hydration in the skin is quite important for skin barrier function. A prior study for quantitative
evaluation algorithm of skin surface hydration by visible optical image processing is proposed in Chapter 5.
Skin hydration content is successfully extracted which has a heavy correlation with the results measured by
commercial instruments.

Chapter 6 establishes a comprehensive skin condition measurement system from 5 sides by combining
the parameters extracted from Chapter 2 to 5. The measurement system is displayed as a radar chart with 5
levels. The integrated quantitative evaluation of skin surface characteristics has become reality so far. Finally,

Chapter 7 summarizes the conclusions and imagines the future perspectives of this work.
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Mechanisms of Material Removal and Surface Formation
in Ultraprecision Machining of Polycrystalline Zinc Selenide

Polycrystalline zinc selenide (p-ZnSe) is a typical infrared optical material that has many
important applications. p-ZnSe possesses soft and brittle properties and consists of grains with
various orientations; therefore, it is very difficult to machine. Unless strictly controlled conditions
are applied, it is difficult to avoid surface damage caused by the brittle fracture of p-ZnSe during
mechanical processing. Meanwhile, owing to the acute toxicity of p-ZnSe, the chips generated from
the material removal process must be well collected to prevent health hazards and environmental
pollution. The overall purposes of this thesis are to understand the material removal mechanism and
surface integrity of p-ZnSe when using different shapes of cutting tools, and to propose a chips-free
processing method for machining p-ZnSe.

Chapter 1 provides the background, motivation, and objectives of this research.

Chapter 2 provides an introduction to ultraprecision machining technology, and an overview of
the material removal mechanisms for brittle single crystalline materials, polycrystalline materials
and multiphase ceramics, as well as a literature review on ultraprecision machining of ZnSe.

Chapter 3 presents the results of ultraprecision diamond turning experiments on p-ZnSe under
various conditions by using round-nosed tools. The corresponding surface formation mechanisms
were investigated by examining the surface topography, chip morphology, material microstructural
change, and cutting forces.

Chapter 4 presents the results of micro-grooving experiments on the p-ZnSe pre-coated with
resin layer by using V-shaped tool. Experimental results showed that the workpiece pre-coating
method is effective in preventing the formation of cracks at the edges of the groove. Through the
finite element simulation, it was found that the resin coating makes the tensile stresses distributed
away from the edge of the groove and the workpiece surface.

Chapter 5 presents the results of single and repeated nanoscratching tests on p-ZnSe by using a
Berkovich-type diamond indenter along the face-forward (FF) and edge-forward (EF) directions.
Results showed that the material removal for the grooves scratched in the EF direction and the FF
direction are in ductile and brittle modes, respectively.

Chapter 6 presents the results of micro/nanoscale burnishing tests on p-ZnSe under dry and
lubricated conditions by using a spherical diamond tool. The material deformation behaviors and
subsurface damages in burnishing process were investigated. The feasibility of high-precision
surface patterning of brittle polycrystalline material without chip generation was verified.

Chapter 7 presents the overall conclusions and the future work from this research.
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A Study of Antenna and User Selection Schemes for Multiuser Massive MIMO Systems

In the 4" generation mobile communication system, high-speed data transmission is achieved by spatially
parallel data transmission between the base station and multiuser using multiple-input multiple-output (MIMO)
antennas. However, to meet the rapidly increasing traffic demand, further increase in speed and capacity is
required. In mobile communication systems of the 5" generation and later, many antennas are placed in the base
station, and multiuser massive MIMO (MU-Massive MIMO) Time Division Duplex (TDD) mobile
communication system is promising. But, to maximize the effective use of the transmission power of the base
station and maximize the throughput, it is necessary to select antenna sets with excellent propagation path
conditions among many antennas of base station and users while reducing the amount of calculation. In this
thesis, we propose methods to efficiently select the combination of base station (BS) antennas and multiusers with
a small amount of calculation, then clarify the effectiveness of the proposed methods by computer simulation for
MU-Massive MIMO systems with TDD mode. Evaluation results show that high throughput can be achieved
based on channel gain (CG) and signal to interference and noise ratio (SINR). Chapter 1 describes the features of
high-speed, large-capacity transmission technologies such as MU-Massive MIMO and beamforming, which are
promising for mobile communications from the 5% generation onward. The issues regarding the selection of the
BS antennas and receive users are described, and the purpose and position of this research are summarized.
Chapter 2 describes the conventional research related to our research, then clarifies their problems. Chapter 3
describes the MU-Massive MIMO system model for our research works and presents a BS antennas and users
selection scheme with a small amount of calculation. The proposed method is based on the Frobenius Norm of the
channel information. The selection scheme is simplified by using complexity control factor for the preselection
step. And then, the brute force search (BFS) fine tuning selection will be done based on assumption of
deterministic MIMO channel to avoid the high computation of singular value decomposition (SVD) requirement
for beamforming transmission in downlink communication. As a result of computer simulation, it is shown that
the proposed method can reduce the amount of calculation required for selection while maintaining almost the
same throughput as the conventional method. Chapter 4 proposes a BS antenna and multiuser selection method
based on CG as well as SINR. In the proposed method, users with higher channel gains but lower interferences
from surrounding users will be selected by discarding all users who give higher interferences to the selected users
in the cell. This kind of selection can be done based on the fine-tuning BFS search on the CG-based and
SINR-based users sets. Computation complexity of BFS search can be reduced based on the common users of
CG-based and SINR-based users sets. As a results of computer simulation, it is shown that the proposed method
achieves higher throughput and reduces the amount of calculation required for user selection compared to the

conventional method. Chapter 5 is a conclusion that summarizes the content of the thesis and future issues.
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A Study on Transmit Precoder Designs for Spatial Modulation
and Deep Learning-Based Beam Allocation

In this dissertation, | investigate the transmit precoder designs for spatial modulation (SM) and deep
learning-based high-resolution beam-quality prediction for guaranteeing high-quality and low-latency
communications. Notably, the system performances degrade significantly caused by the correlated
fading channels. To tackle this challenge, | first introduce an orthogonality structure design (OSD) for the
generalized precoding aided spatial modulation (GPSM) to overcome the performance degradation. To
facilitate a better trade-off between performance and computational complexity, | study the peculiarities
of the Hermitian matrix which provides an important insight for conceiving orthogonality conditions to the
channel matrix of GPSM system. Next, | observe that the system performances degrade distinctly when
employing the current existing transmit precoding (TPC) approaches into the multiple-access spatial
modulation (MASM) in multiple-input multiple-output (MIMO) systems. To address this challenge, | next
investigate the dual-ascent inspired TPC algorithms for MASM-MIMO systems. In addition, | study the
peculiarities of the convex optimization methods that take the dual-ascent method into account to find a
global optimum against the non-convex maximum minimum Euclidean distance (MMD) and
quadratically constrained quadratic program (QCQP) problems, as well as to enlarge the
energy-efficiency. Numerical results show the benefits of our proposals under different kinds of
performance metrics. On the other hand, due to the challenges in mmWave networks that: (i) existing
deep-learning based approaches predict the beamforming matrix that in practice can not be well-suited
to the underlying channel distribution as the beamforming dimension at BS is large; (ii) user equipments
(UEs) who are geographically co-located together may render the serve beam conflicts, thus
deteriorating the system performance. In this context, to make fast beamforming available at BS, this
dissertation focuses on investigating the deep learning-based beam and power allocation by exploiting
the image super-resolution technology. More explicitly, this dissertation develops a deep learning-based
beam and power resource allocation approach which can accurately allocate the desired beam and
power for UEs with low-overhead. Numerical results verify the effectiveness of our approach.

The reminder of this dissertation will be structured as follows:
Chapter 1 introduces the concept of transmit precoding, and its applications into the MASM-MIMO

systems. Besides, high resolution beam quality prediction in the downlink mmWave communication and
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its challenges are also introduced in this chapter. Several related works in reference to the above two
research topics are also introduced.

Chapter 2 introduces non-convex precoding optimization problem as well as the analysis of the
non-convex problem solver and its challenges. In particular, this dissertation focuses on investigating
two non-convex optimization problems, i.e., the transmit-precoding optimization problem and the joint
precoding weight optimization and power allocation problem.

Chapter 3 develops a low-complexity solution to the non-convex precoding optimization problem. In
addition, this dissertation introduces an OSD for the GPSM to overcome the performance degradation.
Chapter 4 studies the challenging non-convex MMD problem and the non-convex QCQP problem. To
develop an efficient solution to the above problems as well as to keep low hardware realization cost, this
dissertation presents a dual-ascent inspired transmit precoding approach by exploiting the primal-dual
optimality theory.

Chapter 5 introduces a low-overhead beam and power allocation solution as a solver to the non-convex
joint beamforming (precoding) weight optimization and power allocation problem. By exploiting the deep
learning technology and the super resolution technology, high-resolution beam-quality prediction with
high accuracy can be realized with a low-overhead.

Finally, Chapter 6 concludes this dissertation by making remark on the key technologies proposed by
Chapter 3, Chapter 4, and Chapter 5 as well as stating their technical contributions. Besides, Chapter 6
presents possible venues for future research topic on developing low overhead beamforming

(precoding) weight prediction and applications.
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Development of a versatile and accurate immersed boundary method
with adaptive mesh refinement approach

A novel non-body conforming mesh formulation is proposed in this thesis, aiming at studying the fluid-structure
interaction systems. The proposed method enables us to handle complex shape solids to move arbitrarily in an
incompressible viscous fluid without following the solid-fluid interface motion with dynamic meshes. Here

we use a high order pressure correction projection method to temporally integrate the governing equations in a
predictor-corrector fashion, while imposing the immersed boundary force in the corrector part to consider the presence

of the solid body in the domain.

To consider the presence of the immersed object, we developed a versatile interpolation/approximation moving least
square method that, in contrast to conventional immersed boundary methods, uses a relatively small cloud of points in

the vicinity of the boundary. This MLS method uses higher-order bases to capture the boundary and reconstruct the
velocity field accurately. This interpolation /approximation method serves the solver a smoother field reconstruction
and thus a higher rate of convergence. The proposed method enforces the no-slip boundary condition sharply at the
fluid-solid interface with a boundary force, with no need for artificial constants or any user-defined parameter to the

rigid body formulation.

In addition to the aforementioned immersed boundary method, we used a parallel adaptive mesh refinement method
with a novel prolongation/restriction scheme to conserve the fluid flows quantities, particularly mass, in data
transformation between coarse and fine grids. Further, to obtain the highest computational efficiency, we adopted a full
approximation scheme version of multigrid solvers, in which the solution is specified on all levels, and the coarsest
solver equation is equipped with scheduled relaxation Jacobi method for further parallel efficiency. With this strategy,

the system’s performance is increased, but the quality of the solution is not compensated.

The performance of the proposed method is studied by solving incompressible flows around stationary and moving
boundaries. As for the moving boundaries, we have treated the well-known spurious force oscillation in the force by
enforcing the immersed boundary forces on the solid object. It has been demonstrated that the present combination of
force imposition and calculation would result in much less non-physical oscillation in the force comparing to the
alternative immersed boundary methods. Thus, it can be considered as the main algorithm for fluid-structure interaction
without pre-defined motion in the structure part. Comparison of our numerical results with the existing numerical and

experimental data shows general agreement, which confirms the capability of the proposed method.
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A Study on Cross-Flow Hydrokinetic Turbines in Counter-Rotating Configurations

Throughout a series of experimental and numerical studies, this thesis explores the possibility of implementing two
cross-flow hydrokinetic turbines in counter-rotating configurations to extract marine power more efficiently compared to

the conventional approach.

The first part proposed an experimental apparatus design to measure the power output of a cross-flow marine
hydrokinetic turbine system operating in a laboratory water tunnel. The results of power coefficient for 8 different
configurations showed the tendency of power enhancement of counter-rotating configurations due to blade interaction
and increase in blockage ratio. Next, the near-wakes of all the single turbine configurations were captured and correlated
with the power output. The relevant flow fields were recorded by a monoscopic particle image velocimetry technique and
analyzed. The near-wake results of the single turbine cases indicated the key to refining the current design for
enhancement of its power production, while serving as a baseline for comparison with twin turbines in counter-rotating
configurations. Similar to the observation of the single turbine configurations, a correlation between flow field structures
and the corresponding power output was later observed for twin turbine configurations. Effects of each parameter of the
counter-rotating configurations were further discussed which suggested guidelines for setting up multiple devices in a

power farm.

Additionally, an open-source Reynolds-averaged Navier-Stokes simulation model was presented and scrutinized for the
specific turbine geometry. The model was compared with the experimental results and then used to study the turbine
power output and relevant flow fields at 4 blockage ratio values. The dynamic stall effect and the related leading edge
vortex (LEV) were observed. The results also gave insight into the blockage effect from a different perspective: The
physics behind the production and maintenance of lift of the turbine blade at different blockage ratios. The model was then
applied to counter-rotating configurations of the turbines and similar analyses of the torque production and maintenance

were conducted.

Lastly, the thesis discussed the experimental capturing of the LEV structures seen in the simulation models. These
experiments not only confirmed the physical existence of the LEVs but were also used to analyze the LEVs in real 3D flow

fields which was not possible for the 2D computational fluid dynamics model.
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