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Thesis Title
Performance |nprovenent of Antenna Array Gonmmuni cations Through Tine Shifted
Sanpl i ng for GFDM Syst ens

Recent devel opnents i n w rel ess conmuni cati ons have shown that, by appl yi ng ant enna di versity
techni ques, it is possibletoprovidelinkinprovenent wthout i ncreasi ngthe transnmssi on power
and bandw dth. Wsual |y a separation of a fewwavel engths is required between two antennas in
order toobtainsignalsthat fadeindependent!ly. Inthiswork, anewtechni quecalledT ne Shifted
Sanpling (TSS) to inprove the performance of transmssion wth the correlated fading signal s
for Qthogonal Fequency Dvision Miltiplexing (GDV is proposed.

Chapter 1 gives the detailed introduction on antenna array communi cations, GFDMand spati al
correlationis given in.

Chapt er 2 proposes the TSStechni que. TSSi s asignal processi ng techni que t hat takes the benefi t
of mul tipathdiversityandinproves the perfornance of correl ated ant enna arrays. | nconventional
array systens, individual receivers of an array start sanpling the recei ved signal s at the sane
tinewththe sane sanplingrate. Onthe other hand, inthe proposed schene, the recei ved si gnal s
are sanpled with the sane rate. However, the sanpling points are shifted in each recei ver.
Nunerical results through conputer simul ati on showthat with correl ated recei ved signal s, by
appl ying the proposed technique the correlation for sone subcarriers can be reduced to a
sufficient level for diversity reception.

In Chapter 3, a newadaptive nodul ati on schene for orthogonal frequency division nultiplexing
(AN that provides efficient data transmssion for correl ated receiver antenna arrays is
proposed. Qonventional AQFDM schenes general |y select the nodul ati on schene based on the
estinated carrier-to-noiserati o (ONR oneach subcarrier to naxi mze the throughput for atarget
bit error rate (BER. However, when the antennas are correl ated, these schenes fail to achi eve
the target BER In the proposed schene, nodul ati on schene i s chosen based on the O\R and t he
correl ationcoefficient for each subcarrier and transm ssi on t hroughput i s opti mzedfor agiven
target BER

Chapter 4 anal yzes the perfornmance of the GFDM diversity systens with the spatia fading
correl ati on when the network includes an R-repeater. Inthis chapter, a miltipath channel is
generated by the paths fromthe nobil e and the repeater termnal s. The correl ati on between t he
antenna branches is evaluatedand it is foundthat the TSStechniqueis al so effectivetoinprove
t he BER perfornance when the network includes an R- Repeat er.

Chapter 5 summari zes each chapter and concl udes this dissertation.
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Geochemical Distribution of Trace Metals and Some Rare Earth Elements : An Evaluation,
Fractionation and Assessment of Anthropogenic Pollution in River Water and Sediments

Water and sediment samples from Nomi River (located in Ota ward of Tokyo, Japan) were collected
to determine trace metal concentration, contamination and pollution level. The study also aimed to
clarify the trace metal pollution and distribution of rare earth elements (REEs)/ minor elements by
measuring trace metal association with various geochemical substrates in the sediments. The
concentrations of trace metals in water and sediments were measured in the liquid extract by
Inductively Coupled Plasma Atomic Emission Spectrometry (ICP-AES) and Inductively Coupled
Plasma Mass Spectrometry (ICP-MS), respectively. The concentrations of cations (Na, K, Ca, Sr, Cd,
Pb, Fe and Mn) and anions (F-, Cl-, Br-, NOz-, PO43-, SO42") in water samples were determined by
Atomic Absorption Spectroscopy (AAS) and lon Chromatography, respectively. Other major
elements and mineralogy of sediments were determined on bulk prior to extracting by X-ray
fluorescence (XRF) and X-ray diffraction (XRD) analysis, respectively, which allowed qualitative
correlation between the fractionation results obtained and the presence of defined geochemical
phases. For REE, total concentrations were measured by X-ray fluorescence method. Total
concentrations of trace metals in sediments were determined after strong acid attack. The
correlation study reflects, a majority of trace metals in sediments showed significant correlation
with each other, REES, organic matter and fine grained particles (silt and clay). The results showed
that most of the trace metals (Zn, Cd, Cu, Ni, Pb, Mo and Cr) concentration in water and sediment
exceeded the surface water standard, environmental limit and geochemical background values.
According to geoaccumulation index (lgeo), the sediments were strongly polluted by Zn and Cd, and
moderately polluted by Cr, Cu, Mo, Ni and Pb. Pollution load index (PLI) values of the sediments for
all the sampling sites were also higher than 1, which indicates progressive deterioration of the sites
and estuarine quality. Normalization with iron (Fe) in sediment samples showed that the pollution
could be linked to anthropogenic activities.Geochemical partitioning of trace metals were done by
employing a widely used 5- step sequential extraction procedure and the concentrations of trace
metals were measured to understand enrichment and metal availability in five geochemical phases.
A certified reference sample (JSd-2) provided by the Geological Survey of Japan was also analyzed
by using the same procedure as a check and reached 94-102% recovery for all the trace metals
studied. The association of Zn and Cd was found highest with adsorbed, exchangeable and
carbonate (AEC) fraction and maximum association of Cu was recorded with amorphous Fe
oxyhydroxide phase. According to the geochemical partitioning results, the order of potential trace
metals mobility in the aquatic environment of Nomi River was- Cd > Zn > Cu > Cr > Ni>Pb > Fe >

Mn. The REE and minor element concentrations in the sediment samples appeared to have
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relatively uniform composition at all the sampling sites of Nomi River. The content of organic
matter in sediment samples were comparatively high and sediments grain size (silt and clay) in
some sites were also fine. The XRD study detected the presence of several clay minerals in sediment
samples. All of those are likely to be the major host of trace metals and REEs/ minor elements in
sediments. Enrichment factors (EFc) were also compatible with the aforementioned result which
confirms sediments are highly contaminated by Zn and Cd. According to the risk assessment code
(RAC), the sediments possess very high risk of Zn and Cd, medium risk of Cu, Ni, Cr and Pb, and
low risk of Fe and Mn. The study also compared trace metals status in sediments of Old Nakagawa
River and revealed that both rivers are mostly polluted in terms of some trace metals toxicity and
availability. Further elevated levels of these trace metals in sediments and water of Nomi River

might create higher risk to the benthic biota of the river.
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Thesis Title

Fundamental Study on the Inner Structure of Magnetorheological Fluids by Ultrasonic
Propagation Method

Magnetorheological (MR) fluids are formed by magnetizable micron-size particles suspended in a
nonmagnetic fluid. The physical bases of the remarkable characteristics of these fluids are fairly
simple. In the absence of an external magnetic field, these suspensions behave as non-Newtonian
fluids. When an external magnetic field is applied, a magnetic dipole moment is induced in the
magnetic particles. The magnetic interaction between the resulting induced dipoles causes the
particles to aggregate forming columnar clusters aligned in the magnetic field direction. These
columnar cluster structures restrict the motion of the fluids, thus increasing the viscosity of the MR
fluids. MR fluids usually show yield stress strongly depending on the amplitude of the external
magnetic field. Practical interest in these MR fluids derives from their ability to provide for rapid
response interfaces between electronic controls and mechanical systems, which make them
especially useful in control devices.

The key to the numerous technology applications of MR fluids lies in their reversible rheological transition
which is closed to the rapid change in the inner microstructures. Therefore a detailed understanding of the inner
structures and dynamics due to the application of an external magnetic field is needed in order to understanding
and controlling its rheological properties. Since MR fluids are opaque, it is very difficult to analyze the inner
structure using common optical method. Ultrasonic propagation velocity and attenuation in MR fluids change
with the application of an external magnetic field. It seems that the formation of clustering structures influences
the ultrasonic propagation. Therefore, the author proposes a qualitative analysis of these structures by measuring
properties of ultrasonic propagation. Because this ultrasonic technique can be applied to an opaque fluid, it can be
useful for analyzing the inner structures of the MR fluids. The main objectives of this dissertation are focused on:

1. Study and investigation of clustering structure in magnetic functional fluids, especially for MR fluids

2. Measuring properties of ultrasonic wave propagation in MR fluids

3. Study of the effect of the external magnetic field, the elapsed time dependence, effect of the removal of

magnetic field, and sweep rate, as well as the volume fraction effect and frequency dependency.

4. Study of the hysteresis and anisotropy of ultrasonic wave propagation phenomena.

Chapter 1 summarizes the background, previous studies and outline of this study. Chapter 2 provides
complete description of the used experimental system and measurement method. An experimental system is the
physical, technical and procedural basis for an experiment or series of experiments. Preliminary experimental is
conducted before main experimental is realized. It is important because the author is using new equipments,
devices and test cell that are not standardized. Investigations of the magnetic field dependencies are given in the
chapter 3. Chapter 4 dedicates to discussion of time and frequency dependence. This chapter consists of two
sections, first is time dependence that would discuss about application of magnetic field, residual effect of
magnetic field and sedimentation phenomenon, second is frequency dependency. Anisotropy is the property of
being directionally dependent, as opposed to isotropy, which involves homogeneity in all directions. Chapter 5
explains the results of ultrasonic propagation velocity anisotropy. The author is interesting to investigate the
effect of volume fraction due to its significant change on the behaviors of MR fluids in chapter 6. In chapter 7 the
author elaborates experiment result of inner structure of MR fluid by means of visualization using optical
microscope and CCD camera. Finally, conclusion and future work is summarized in chapter 8.
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High Performance Haptic Teleoperation and Collaboration over Networks

In this dissertation, networked motion control laws are proposed for highly transparent and robust
teleoperation systems which can operate over unreliable networks that pose such problems as
communication blackouts and time delays. The common approach for these two cases is the use of
networked motion controllers which provide robust and high performance tracking. The solution for
communication blackouts involves the use of consensus algorithms which can work under
switching network topologies, whereas the time delay problem is solved through the application of
local damping injection.

In chapter 1, the background and the motivations for the research are presented as introduction.

In chapter 2, robust acceleration control using disturbance observers is introduced. It is also shown
that acceleration controllers can be used for motion control tasks such as force and position control.

In chapter 3, firstly, information graphs and consensus algorithms based on graph Laplacians are
briefly described. Following this an acceleration consensus algorithm is synthesized, based on the
2nd order consensus algorithms and consensus filters as well as the robust acceleration controllers.
The behavior of the acceleration consensus algorithms under local and common inputs is analyzed
and a null space controller for networked motion control is introduced.

In chapter 4, it is shown that haptic teleoperation can be considered as a consensus problem.
Acceleration consensus is used for realizing multilateral teleoperation. Force consensus filters are
introduced for estimating the average of the forces on a network. Haptic consensus on networks
with switching network topologies is shown, demonstrating the robustness of the algorithm, and the
validity of the method is verified with experiment results.

In chapter 5, the haptic consensus algorithm is generalized for scaled teleoperation and
micro-macro teleoperation with multiple robots, which is called asymmetric multilateral
teleoperation. A new scaled consensus algorithm-filter is introduced which can enable the nodes to
track functions of inputs, based on the weights of weighted graphs. Similarly, scaled haptic
consensus algorithms are obtained, which enable the scaling of the inputs of operators and the robot
sizes, meanwhile guaranteeing stable and transparent asymmetric multilateral teleoperation.

In chapter 6, the focus of the dissertation shifts to the problem of time delay on the networks, and
the issue of stability and transparency in bilateral teleoperation. It is possible to realize stable and
high performance teleoperation using the four channel teleoperation architecture by augmenting it
with local damping injection. Delay independent L2 stability of the proposed system is shown and
transparency analysis is also provided. Furthermore, it is shown with experiments results that the
proposed method has good performance under constant and varying time delay scenarios.

In chapter 7, the ideas in the previous chapter are extended to multilateral control. Again the delay
independent L2 stability of multilateral teleoperation based on four channel controllers with
damping injection is shown and the sufficient conditions to guarantee the stability are provided.
Validity of the proposed method under constant and varying time delay is shown with experiments
results.

In chapter 8, the dissertation is concluded and the contributions are summarized.
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Towards Human to Robot Mutual Skill Transfer

In this PhD thesis, some possible systems and models are proposed to realize human to robot
mutual skill transfer. From the perspective of this thesis, “skill” is the ability to achieve a motion
task appropriately. Therefore robots have a lot to learn from a skilled human and then teach to other
humans. That is what “mutual transfer” means. Particularly, humans are much better than robots
while dealing with the real world environments. On the other hand, robots are better than humans
for accomplishing repetitive tasks. It is the reason why robots have been kept in the industrial
gpaces. The need for the utilization of robotsin daily life for various tasks is increasing recently and
there are still many issues to be solved to fulfill this need. The concept of skill transfer is proposed
to ease the way for the robots to enter social environments which are occupied by humans.

Chapter 1 describes the basic organization of the thesis.

Chapter 2 describes fundamental structures such as disturbance and reaction force observers to
attain robust motion control.

Chapter 3 describes force reflecting bilateral teleoperation mechanism.

Chapter 4 proposes haptic associative memories based on correlation matrices. Walsh
associative memories (WAM) are matrix memories and in this thesis it is shown that they are
suitable candidates to realize haptic databases and motion reproduction. Haptic interactions are
reproduced perfectly by WAM.

Chapter 5 proposes neural network approach to siffness based storage and reproduction of haptic
motion.

Chapter 6 proposed Infinite Mode Networks (IMN) as an intelligent learning algorithm for
robots. IMNs have been tested under different conditions including noise and time delay. The
results show the robustness of the learning algorithm of IMNSs.

Chapter 7 proposes acceleration waves to reduce the effects of time delay which is caused by
communication lines during data transfer between human and robots. Communication delay time
may result in possible instabilities for the robot control as well as inappropriate information
transfer. Therefore transparent and stable data transfer and control are needed.

Chapter 8 proposes a novel design for human-machine interaction. Ferroliquids can be used as
the media to communicate with the machines. Ferroliquids feature shape change to convey
meaning from one agent to another. In the future, it can be possible to extend the mechanism to a
tactile display.

Chapter 9 summarizes this dissertation and indicates future expectations.
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A study of multicast on WDM optical network and IP network

With the increasing number of applications and devices making use of the network, the demand of high
network bandwidth has been increasing sharply in the recent years. Although the advancement of
different device technologies helps satisfying the demand, it involves a very high investment of
equipments by the network service providers. The method of distributing data can also improve the
usage efficiency of available network resources greatly. Multicast is a technique to deliver data from one
point to multiple points effectively that the same stream of data is not sent more than once on the same
path. Data stream is duplicated at the different branches of the network such that the data stream can be
delivered to multiple destinations. The whole set of paths forms a multicast tree and this tree enables the
efficient data delivery. However there are problems of how to allocate network resources on different

layers of the network, and how to handle the complexity of the multicast delivery model.

Chapter 1 presents an introduction to the multicast data delivery. We will first introduce multicast in the
Internet Protocol (IP) layer, including the related protocols which realize multicast data delivery. Next we
introduce the reliable multicast, in which data has to be delivered correctly to the recipients correctly.
Although a large application area multicast is multimedia data delivery in which some data loss is
tolerable, there are increasing demands for reliability in multicast such as distributed computing.
Structure of the multicast tree for reliable multicast and the data recovery techniques are discussed.
Then we move on to introduce multicast tree in the optical network in which wavelength division
multiplexing (WDM) technique is employed. In the optical WDM network resources are being allocated to
different sessions. We discuss the issues and limitations on the WDM network in order to setup a

multicast session.

Chapter 2 presents our proposed reliable multicast protocol using local retranmission and forward error
correction (FEC) based on group-aided multicast (GAM) scheme. In reliable multicast, feedback and
recovery traffic limit the performance and scalability of the multicast session. In our scheme, we
improve the original GAM by making use of FEC locally in addition to NACK/retransmission in its
local-group based recovery. Our scheme produces FEC packets and multicasts the packets within the
scope of a local group in order to correct uncorrelated errors of the local members in each group of the
multicast session, which reduces the need for NACKI/retransmission. By using our scheme,
redundancy traffic can be localized in each group within a multicast session, and the overall recovery
traffic can be reduced.

Chapter 3 explains the proposed scheme for multicast routing and wavelength assignment for dynamic
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multicast sessions in WDM network using minimum A. In this scheme a light-tree for dynamic multicast
session for the WDM network is established by choosing the wavelength that leads to a reduction in
blocking probabilities by using a parameter A. A is defined as the overall reduction of connectivity of
the nodes in the network caused by a wavelength assignment process when using a particular
wavelength, and we assign wavelength resources to the multicast session by choosing the A which
leads to smallest reduction in connectivity. Through computer simulation, we show that the proposed
scheme has lower blocking probabilities when compared with minimum cost scheme under the condition

that wavelength conversion is not allowed.

Chapter 4 concludes this dissertation with an overall discussion of the multicast data delivery and

techniques discussed throughout the report.
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Autoconfiguration, Multi-Metric Clustering and Gateway Selection Schemes for Mobile Ad-hoc Networks

Mobile Ad hoc Networks (MANETS) are on demand, spontaneous, sdf-configuring, sef-administrative,
distributed, and plug-n-play type networks consisting of mobile wireless nodes. These properties attracted
large research community to actively carry out research on MANETS. Also these properties make it difficult
to solve most of the open issues in MANETS. These issues include IP address assignment to all the mobile
nodes that are coming and leaving the MANET, manage network architecture or structure to effectively
organize, utilize and manage the network resources, and in the case of connected MANET, MANET
connected with IP network, fairly and efficiently provide IP services to all the MANET nodes etc. In this
thesis, the solutions to the above-mentioned issues are proposed.

Chapter 1 describes the background of ad hoc networks, general issues in MANETS, and the purpose and
position of this desertation.

Chapter 2 focuses on the solution for the IP address assignment to the mobile nodes of the connected
MANET. To connect a MANET with an IP network and to carryout communication, mobile nodes need to be
configured with unique IP. Dynamic Host Configuration Protocol (DHCP) server auto configures nodes in
wired networks. However, this cannot be applied to the ad hoc network asit is due to intrinsic properties of
the network. We propose a scalable auto configuration scheme for connected MANETS with hierarchical
topology consisting of leader and member nodes, by considering the global Internet connectivity with
minimum overhead. In our proposed scheme, a joining node selects one of the pre-configured nodes for its
Duplicate Address Detection (DAD) operation. We reduce overhead and make our scheme scalable by
eliminating the broadcast of DAD messages in the network. We also propose the group leader election
algorithm, which takes in account the resources, density and position information of a node to select a new
leader. Also our scheme provides an efficient method to heal the network after partitioning and merging by
enhancing therole of bordering nodes in the group.

Chapter 3 discusses the proposed scheme that efficiently organizes the MANETS into clusters called Energy
Efficient and Stable Weight Based Clustering (EE-SWBC) algorithm. EE-SWBC el ects cluster heads without
sending any additional weight message. It propagates node parameters to its neighbors through neighbor
discovery message (HELLO Message) and stores these parameters in neighborhood list. Each node
normalizes parameters and efficiently calculates its own weight and the weights of neighboring nodes from

-44 -




that neighborhood table using Grey Decision Method (GDM). GDM finds the ideal solution (best node
parameters in neighborhood list) and calculates node weights in comparison to the ideal solution. The
node(s) with maximum weight (parameters closer to the ideal solution) are ected as cluster heads. In result,
EE-SWBC fairly selects potential hodes with parameters closer to ideal solution with less overhead.

Chapter 4 describes the proposed gateway selection scheme for the connected MANETS. In case of
connected MANET, where MANET is connected to the IP Network through Gateway nodes, it is important
to select a gateway node with stable path, a path with less traffic load, and small delay. Several gateway
selection schemes have been proposed that sdect gateway nodes based on single Quality of Service (QoS)
path parameter, for instance path availability time, link capacity or end-to-end delay etc. or multiple
non-QoS parameters, e.g. the combination of gateway node speed, residual energy, and number of hops, for
MANETs. Each scheme just focuses to improve only single network performance i.e. network throughput,
packet ddivery ratio, end-to-end delay or packet drop ratio etc. However, none of those schemes improve
overall network performance because they focus on single QoS path parameter or multiple non-QoS
parameters. To improve the overall network performance, it is necessary to select a gateway with stable path,
a path with maximum residual 1oad capacity and less latency. Here, we propose a gateway selection scheme
that considers multiple QoS path parameters such as path availability time period, its available capacity and
path latency, to select a potential gateway node. Also we improve the path availability computation accuracy,
introduce feedback system to send updated path dynamics to the traffic source node and propose an efficient
method to propagate QoS parameters in our scheme.

Finally, Chapter 5 concludes and summarizes this dissertation and discusses the future directions in the
above mentioned research areas.
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Wireless communications is ubiquitous. People are no longer just checking email from wireless devices.
Multimedia services are in very high demand, while the quality of multimedia services is increasing. This
puts enormous pressure on the wireless service providers to constantly increase the throughput. The 4"
generation wireless systems are been designed to address this throughput demand.
Orthogonal-frequency-division-multiplexing (OFDM) technology is being chosen as the PHY/MAC layer
of the 4™ generation networks due to number of advantages it provides and high throughput being one of
them. Although OFDM is able to provide increased throughput in theory, in practice it is difficult to
achieve this limit. Resource allocation is the technique that allocates bandwidth, power, etc., to users,
such that the system throughput is increased, while at the same time user quality-of-service (QoS) is

maintained.

Chapter 1 presents an introduction to the OFDM system with its’ theoretical background. Then resource
allocation fundamentals are presented with some simulation results showing the importance of proper
resource allocation and also the nature of the complexity of the problem. Finally we introduce the
channel estimation fundamentals of the OFDM system. Channel estimation is an important, as well as
an integral part of OFDM systems which uses coherent demodulation, multiple-input-multiple-output
(MIMO), antenna selection and many other techniques. Most of all, channel estimations are required for
proper resource allocation. Resource allocation algorithms rely heavily on the channel estimations to
allocate subcarriers, power, modulation and coding levels, etc., to achieve better throughput and QoS.
Hence, channel estimations play and important part in the resource allocation process as well. A
discussion on importance of channel estimations and the complexity involved with the process is

discussed here.

Chapter 2 presents our proposed low complexity resource allocation technique using a user ranking
procedure to address the complexity issue of the channel estimation in OFDM systems,. This technique
takes in to account users channel characteristics and define several attributes. Fuzzy set theory is used
then on these attributes to prioritize the users. The proposed methodology is flexible in the sense that it

can be used with different attributes to customize to the system parameters and required performance.

Chapter 3 explains the proposed steady-state Kalman filter for the channel estimation in OFDM systems.
Conventional Kalman filters are used in OFDM systems for channel estimation due to their simplicity and
the ability to operate in non-stationary environments. Nevertheless, Kalman filters are quite
computationally complex due to a matrix inversion present in the calculation. In OFDM systems, channel

estimations are required to perform frequency and this could become a computational burden. The
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proposed steady-state Kalman filter uses channel and system characteristics to simply the problem to a
scalar level. In addition to reduced complexity, the steady-state Kalman filter is able to avoid the

convergence period, thus providing better performance.

Chapter 4 presents a statistical analysis of the quantization noise present in an end-to-end OFDM link.
Quantization noise is present in every digital communication system, and although the higher resolutions
of currently available quantizers are able to reduce the quantization noise to negligible levels, this higher
resolution comes at a high power consumption cost. With newer systems integrating MIMO, the effect of
power consumption of the quantizers are going to more severe as parallel radio-frequency (RF) links are
required. Here we identify the effect of system model on the quantization noise. It has been shown that
guantization noise is a function of the quantizing signal probability density function (PDF), and here we
analyze how the signal PDF is changing from the transmitter to the receiver end, and how it affects the
guantization noise. This study is motivated by the Kalman filter channel estimation, where the noise
statistics are an important parameter that needs to known. Often only background Gaussian noise is
considered, but as we have shown in this chapter, quantization noise should also be taken in to account

depending not only of the quantizer resolution, but also on the propagating channel.

Chapter 5 concludes this dissertation with an overall discussion of the OFDM system and techniques

discussed throughout the report.
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A Study on Fundamental Technologies of Wearable Artificial Kidneys Using Microfluidic Systems

Recently, millions of people affected by Chronic Kidney Disease are receiving dialysis treatment
which is complained for high costs and restrictions of patients’ daily life. A wearable artificial
kidney (WAK) which works instead of the dialysis system and allows patients to live daily lives is
strongly demanded. In this thesis we propose a WAK using microfluidic system which can exploit
the merits of small sizes, fast diffusion, and high specific surface. In particular we focus on the
fundamental technologies including separation of wastes from blood and purification of dialysate.
We developed amicrofiltering device using polyethersulfone (PES) nano porous membranes which
is superior in selective separation of molecules of nano orders. The device is geometrically
optimized according to theoretical microfluidics so that a 2.5 times urea removal efficiency of a
human kidney is realized. We consider a method of using bacteria in dialysate purification for their
merits of complex multistage reaction at room temperature. For utilization in microfluidic systems,
bacteria are immobilized using alginate gel beads. The gel beads, whose sizes affect the ferment
efficiency of bacteria, are formed by an emulsion droplet generating device which is proved
theoretically and experimentally to be capable of controlling droplet size. The relation between

bead size and bacteria ferment efficiency is evaluated using yeast.
Chapter 1 describes the motivation, original contributions and outline of this work.

Chapter 2 describes the background knowledge and previous research related to this work
including function of kidneys, wearable artificial kidney, porous membrane, immobilized organisms
and relevant previous researches.

Chapter 3 describes theoretical microfluidics related to separation and theories of diffusion
through porous membrane in multilayered microfluidic device. And the structural design,
fabrication and optimization of the microfilter according to the theories are also described.

Chapter 4 describes the experimental setup and results including porous membrane separation
properties, and diffusion efficiency evaluation of our multilayered microfilter. Also the geometrical
optimization of our device is verified to be feasible.

Chapter 5 describes theoretical equations on the equilibrium of drag forces and surface tension
in droplets generation, and enzyme kinetics of bacteria immobilized with gel beads, and the design
and fabrication of emulsion droplet generating device.

Chapter 6 describes the procedure of gel beads generating and bacteria immobilization, and the
experimental evaluation of bead size controlling and bacteria ferment efficiency. By experimental
results, our size prediction equation is verified to be reliable with a differential of less than 5%.

Chapter 7 summarizes the results of thiswork and discusses future research prospects.
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A Study on Energy-and-Area-Efficient Charge Redistribution Successive Approximation
Analog-to-Digital Converters

In battery-powered mixed-signal applications including data communication and image processing systems, high
performance analog-to-digital converters (ADC) are in great demand. This work aims to design medium
resolution and moderate sampling rate ADCs with very low power consumption and small footprint. Energy and
area savings are realized in several aspects. In architecture selection, charge redistribution based
successive-approximation-register (SAR) architecture shows the highest power efficiency, benefiting from the
structure containing only one active analog component. In circuit design, each of ADC building blocks is
simplified and optimized to reduce power consumption and area. Split capacitor digital-to-analog converter
(CDAC) is used to reduce input load capacitance and area. This work proposes a split CDAC calibration scheme
to improve linearity performance. A bridge capacitor larger than conventional design is implemented so that a
tunable capacitor can be added in parallel with the lower-weight capacitor array to compensate for mismatches. A
tri-level charge redistribution scheme is proposed to reduce the CDAC switching energy and improve the settling
speed. Differential capacitor bottom-plate charge-sharing technique is used to realize the third reference level
without consuming extra power. The tri-level scheme also helps simplifying the SAR control logic circuits by
eliminating the need for set-and-reset function. To avoid on-chip reference generation and therefore save power
and cost, any reference voltage different from the supply voltage is removed. Asynchronous processing technique
is used to eliminate power-hungry GHz clock generation and speed up the SAR algorithm as well.

Thethesisis organized as follows:

Chapter 1 is an introduction of the overall study, starting from the data converter history and a variety of
architectures. The trend in ADC design and the motivation of this research is summarized.

Chapter 2 presents the split CDAC calibration scheme. The issues of conventional split CDACs are analyzed,
followed by the principle and implementation of the proposed calibration method. The feasibility is proved by the
test chip measurement results.

Chapter 3 presents the tri-level charge redistribution scheme. The switching energy inefficiency and settling
problem of the conventional method are first analyzed. Then the tri-level method and differential capacitor
bottom-plate charge-sharing technique are introduced in details. The improvement of energy efficiency and
settling speed are shown in simulation results.

Chapter 4 gives a high performance SAR ADC design, which combined the split CDAC calibration and the
tri-level charge redistribution techniques. Circuit design details of each building block are provided. The ADC test
chip implemented in a stand CMOS process is measured and compared with other state-of-the-art converters.

Chapter 5 summarizes the thesis and provides a prospect of future work.
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Optical Characterization and Rotational Dynamics Observation of Colloidal Gold Nanoparticles
via Polarized Light Scattering Microscopy

Gold nanoparticles exhibit unique optical properties compared to the bulk form. These
properties are size- and shape dependent, and originates from the localized surface plasmon
resonance (LSPR) of the nanoparticle. The enhanced absorption and scattering, photochemical
stability, good biocompatibility and polarization-sensitive optical response, make gold nanoparticles
suitable probes for biosensing and detection applications. To enhance the sensitivity in these
applications, robust techniques for optical characterization of nanoparticles as well as for
monitoring their dynamics are highly needed.

In this dissertation, we propose the use of polarized light scattering microscopy to characterize
colloidal gold nanoparticles in solution, as well as to observe their rotational dynamics. Optical
characterization is achieved by measuring the polarization anisotropy of the nanoparticle and then
deducing its aspect ratio. Rotational diffusion of colloidal nanoparticles is observed as fluctuations
in the scattering polarization, from which we were able to extract the rotational diffusion time on
the microsecond time scale. Comparison of the experimental measurements with theoretical
expectations is found in a good agreement confirming the validity of the proposed method.

Chapter 1 summarizes the background, survey of metal nanoparticles research topics and the
objectives of this study. Chapter 2 describes the fundamentals of electromagnetics in metals based
on the macroscopic Maxwell equations and the metal dielectric function. Chapter 3 discusses the
first branch of the plasmonics research area: surface plasmon polaritons at metal/dielectric
interface. Chapter 4 describes the second branch of the plasmonics research area: LSPs of metal
nanoparticles. Some related theories such as the quasi-static approximation of nanoparticles and
Mie theory are outlined. It also discusses the observation methods of LSPs and their properties.
Chapter 5 describes experimental results of a study of the polarization anisotropy for nearly
spherical gold nanoparticles dispersed on a glass substrate. We found that each particle has its own
scattering response due the relative changes in morphologies. The sensitivity of the optical response
of particle dimersto the light polarization was figured out. Chapter 6 discusses experimental results
of optical characterization of nearly spherical gold colloidals in solution. Rotational diffusion of
nanoparticles was visualized and their aspect ratio was evaluated. Chapter 7 describes experimental
results of optical characterization of colloidal gold nanorods. Also, it discusses the rotational
dynamics of the nanorods and how we could access the rotational diffusion time. We figured out the
relation between the rotational time with both the rod’s aspect ratio and the solution viscosity.
Chapter 8 outlines the promising applications of gold nanoparticles and polarized light scattering in
biosensing. Chapter 9 summarizes the conclusions and future perspectives.
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