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Magnetic resonance of bismuth donors in silicon detected by spin dependent
recombination

Realization of quantum information processing devices including quantum computers
is one of the most highlighted projects physicists are pursuing today. When realized,
quantum computers will be composed of multiple elements such as processors, memories,
communication lines, etc. just like today's computers. While superconducting qubits are
excellent candidates as quantum processors, hydrogenic donors in silicon are considered very
promising as quantum memory qubits. Among them, bismuth (Bi) donors in silicon are
important since they demonstrate long coherence (quantum memory) time and, in the low
enough magnetic field needed by the superconducting qubits to operate, the energy separation
between |0> and |1> states is compatible with that of superconducting qubits making them
connectible to each other.

The present thesis shows the successful manipulation and the electrical detection of Bi
donor spins in silicon at arbitrarily chosen magnetic fields, establishing a novel way to readout
electron and nuclear spins of Bi in the zero-field limit. Moreover, the hyperfine clock
transitions of Bi that are extremely robust against external electric field noise are identified
experimentally for future applications to quantum memories.

The present thesis is composed of six chapters. Chapter 1 introduces the motivation of
the research. Chapter 2 describes the basics of spin systems utilized in this work. Chapter 3
summarizes the experimental techniques including sample preparations and measurements.
Chapter 4 describes the low-field (6-110 mT) magnetic resonance spectroscopy of Bi in silicon.
It is performed by monitoring the change in photoconductivity of the sample induced by the
spin dependent recombination. Spectra at various resonance frequencies show signal intensity
distributions drastically different from those observed by the conventional -electron
paramagnetic resonance spectroscopy. A theoretical model considering the recombination
rates for the forty possible combinations of spin states of a pair of a Bi donor and a
paramagnetic recombination center is shown to describe the experimental observation well.
Moreover, excellent tunability of the Bi excitation energy for the future coupling with
superconducting qubits at low fields is demonstrated. Chapter 5 presents comparison of Bi
spectra in 28Si and 2tS1 crystals. The hyperfine clock transition, at which the linewidth is
significantly narrowed, is observed. The experimental results are modeled quantitatively by
the effect of hyperfine and Zeeman interactions in the context of molecular orbital theory for
the pair of a Bi donor and a spin dependent recombination center. Chapter 6 provides

summary and outlook.
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Advanced Robust Control via Disturbance Observer: Implementations in the Motion
Control Framework

Disturbance Observer (DOb) has been widely used in motion control fields to achieve high performance
robust motion control systems since it was introduced at the first IPEC conference in 1983. However, its
applications still suffer from insufficient analysis and design control methods; therefore, the applications
highly depend on designers own experiences. Since DOb is a very efficient and practical robust control tool,
deriving novel analysis and design control methods for DOb based control systems simplifies several
complex robust control problems and high impact in different fields such as motion and process control
areas.

The main objective of this research is to extend the application areas of DOb by proposing novel analysis
and design control methods and clarify its design constraints in the motion control field.

Chapter 1 presents the background and objective of this dissertation. A detail literature survey on the robust
control problem is provided.

Chapter 2 describes the fundamentals of DOb based robust control systems.

Chapter 3 introduces two novel robust analysis methods for DOb based control systems. Firstly,
conventional analysis methods, which depend on Small Gain theorem and p-analysis, are explained, brielfy.
It is shown that conventional analysis methods suffer from conservatism and do not provide a clear insight
into the robustness characteristics of DOb. To eliminate conservatism, a new robustness analysis method is
proposed by using Kharitonov, Edge and Tsypkin-Polyak theorems. Although conservatism is eliminated
and the robustness of DOb is clarified, the proposed method suffers from the strict assumption on the
dynamics of uncertain plant model and DOb. To remove the strict assumption, a new robustness analysis
method is proposed for DOb based control systems by using Bode and Poisson integral formulas. The
proposed method can be implemented to wide range of application areas such as plants with time-delay and
right half plane poles. However, it is influenced by conservatism which may degrade the performance of
control systems. Although the conservatism can be lessened by using more complex analysis methods as
shown in Chapter 3, it is not a severe problem since the proposed method clarifies the robustness of DOb
gualitatively.

Chapter 4 introduces novel analysis and design control methods for DOb based motion control systems by
using linear control methods. Firstly, the inner-loop of DOb based motion control systems is re-considered
by applying the practical constraint which occurs due to the low-pass-filter (LPF) of velocity measurement.
It is shown that the bandwidth of DOb and the nominal inertia in the design of DOb are limited by the
practical design constraint of imperfect velocity measurement. Then the stability and robustness of the DOb
based position and explicit force control systems are analyzed in detail. It is shown that the stability and
performance of the robust position and force control systems are improved by increasing the bandwidth of
DOb and the nominal inertia. However, they are limited due to the practical constraints; therefore, there is a
trade-off between the stability of the robust motion control systems and the robustness of DOb. Implicit and
explicit environmental impedance estimation methods are considered by using a force sensor and a reaction
force observer (RFODb) and a detail comparison is provided. Finally, a novel adaptive design method is
proposed for RFOb based robust force control systems.

Chapter 5 presents a novel non-linear stability analysis method for the DOb based robust position control
problem of robot manipulators by using the equivalence of the passivity and DOb based controllers. Similar
to Chapter 4, it is shown that the stability of the robot control systems can be simply improved by increasing
the bandwidth of DOb and the nominal inertia matrix in the design of DOb. Although asymptotic stability
can be achieved if regulator problem is considered, the error of the robot control system is
uniformly-ultimately bounded if trajectory tracking control problem is considered when conventional
acceleration based robust control system is used. The bound of error can be shrunk by increasing the
bandwidth of DOb and nominal inertia.

Chapter 6 summarizes and concludes this dissertation.
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Video-Based Fall Detection by Multiview 3D Spatial Features

In this dissertation, we address the problem of detecting fall incidents by using vision technology.
This problem is critical to ensure the safety of the elderly who increasingly prefer to live alone at
home but are prone to suffer from accidental falls. The aim of detecting falls instantly is to offer
immediate help to fallen elderly, in turn, not worsening their injuries or even saving their lives.
Even though a large body of literature have been dedicating to fall detection, many challenges still
remain for further investigation. One of the major challenges is to discriminate carefully falls from
various activities of daily living (ADL), especially like-fall ones. e.g., crouch on the ground and sit
down brutally, etc. Secondly, fall detection seems to be meaningless without real-time performance.
Other challenges include low image quality, cluttered background, illumination variations,

appearance variations, camera viewpoints, and occlusion by furniture, etc.

We realize that falls are associated with fast body movements to change postures from upright to
almost lengthened, followed by a sufficient duration of staying almost motionlessly on the ground.
This is contrary to slow manners of doing ADL of the elderly. Hence, we propose using 3D spatial
features which are efficiently estimated from multiple views and are highly discriminative to
classify human states into standing, sitting, and lying. Once a sequence of human states is given,

fall events can be reliably inferred by analyzing human state transition.

Firstly, we describe in this dissertation a combination of heights and occupied areas, extracted from
3D cuboids of the person of interest for human state classification. Lying people take larger areas
than sitting and standing people. Standing people are higher than sitting and lying people. These
three states intuitively lie in three separable region of the feature space which can be classified by
SVM. Falls are inferred by time-series analysis of human state transition. For efficient feature
estimation, we configure two cameras whose fields of view are relatively orthogonal. Thus, 2D
bounding boxes of the person, extracted from two views, serve as two orthographic projections of the
3D cuboids. The features are normalized by using Local Empirical Templates which are defined as
foregrounds of standing people in local image patches and can be obtained automatically in
unknown scenes. The normalization cancels the viewing perspective and makes the features
invariant across viewing window. Our experiments on multiple camera fall dataset produce
comparable performance with state-of-the-art methods, tested on the same dataset but demonstrate

lower computational cost.
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By using height and occupied area, we can distinguish lying from standing and sitting states. But
the information of where the person lies either on a sofa, for example, in normal situations or on the
ground after falls is unknown. Consequently, this method is able to detect a state change from
standing to lying as a fall. Sit-to-stand-transfer falling type in which people change from sitting to
lying states is not considered. Therefore secondly, we present in this dissertation a low-cost
scheme of estimating Human-Ground Contact Areas (HGCA) for fall detection. Standing and sitting
people make a little contact with the ground, mainly by feet. But lying people lie almost completely
on the ground after falls. Hence, HGCA is a good feature for not only classifying human states but
also indicating where the person lies either on the ground or on a sofa. To measure HGCA, we
project foregrounds of the person from one view to another by using the homography of the ground
between views. Overlap regions between the foreground in the latter view and the projected
foreground that only exist where people contact with the ground, i.e., feet location, due to the plane
parallax, are measured as HGCA. We also propose a human state simulation in which a virtual
camera captures various 3D human models in different states from a variety of angles to generate
training samples. View-invariant distributions of HGCA with respect to human states are built
from the training samples to generalize a threshold to separate lying from standing and sitting
states. Temporal analysis of human state transition is used to infer falls. We also test this method
on multiple camera fall dataset, leading to competitive performance and lower computational cost

than state-of-the-art methods, performed on the same dataset.

Recently, Bag-of-Video-Word (BoVW) approaches have been showing good performance on a wide
range of human action recognition datasets. However, to the best of our knowledge, there is no work
evaluating BoVW approaches on a dataset, exclusively dedicated to fall detection. Hence, we carry
out an empirical study to access the effectiveness of BoVW approaches to fall detection. The
standard BoVW approach with Chi-square kernel SVM classifier are tested against multiple
camera fall dataset in Leave-one-scene-out cross validation setup, resulting in favorably

comparable performance with our proposed methods, except its heavy computational cost.

We do hope that our research outcomes will contribute significantly a step toward the
commercialization of vision-based fall detection technology which not only enhances the quality of

life, quality of care, safety of the elderly but also fosters their autonomy and freedom.
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UTILIZATION OF CARRAGEENAN FROM PHILIPPINE EUCHEUMA SPECIES IN
GENE/PROTEIN DELIVERY SYSTEM AND ANTI-BACTERIAL SURFACE COATING

The thesis is about the evaluation and assessment of Philippine carrageenan from Eucheuma species for
potential applications in gene delivery, drug/protein delivery as well as antibacterial surface coating. It is
supported by the assumption that carrageenan being a polysaccharide and a hydrocolloid can be used in the
said applications and can be interacted electrostatically with other polymers like polyethylenimine (PEI) and
chitosan.

The structure of thesis is composed of nine chapters. These are as follows:

Chapter 1 presents the general introduction of the study that includes the background of the study, the
statement of the problem, purpose of the study, objectives, scope and limitations of the study.

Chapter 2 is the literature review which provides the general overview of gene delivery and drug delivery
system. It also includes the overview of anti-bacterial surface coating as well as a brief note on the properties
of carrageenan, polyethylenimine and chitosan.

Chapter 3 demonstrates the addition of 1-carrageenan to pDNA-PEI complex which resulted to the formation
of a ternary polyion complex that showed potential use and its viability in gene delivery. The carrageenan was
attached to the cationic surface of the pDNA/PEI complex. It increased the stability of the pDNA/PEI complex,
decreased its cytotoxic effects and protected the DNA from DNase degradation and other
glycosaminoglycans without losing its efficiency for gene expression in CHO-K1, HUH-7 and COS-7 cells.
Chapter 4 shows the potential ability of carrageenan (x-, 1-, A-) and chitosan to form a controlled-release
system for glucose oxidase (GOD). GOD was encapsulated in chitosan/carrageenan complexes at charge
ratios (+/-) of 3 and 5 in mildly acidic solution (pH 6.0). The simple preparation of chitosan/carrageenan
complexes and their ability to protect protein integrity under acidic conditions make them a promising drug
delivery system for the oral administration of peptides and proteins.

Chapter 5 focuses on examining the capability of chitosan/carrageenan complex formed by electrostatic
interaction as a carrier system for protein delivery. Chitosan/carrageenan complex was formulated at charge
ratios (+/-) of 1,3,5,7 while bovine serum albumin (BSA) was the model protein.

Chapter 6 discusses the two oligosaccharides isolated from i-carrageenan by mild acid hydrolysis and its
application for protein delivery. The oligosaccharides were characterized in terms of chemical structure and
sugar units. It was also evaluated for its efficiency to encapsulate bovine serum albumin (BSA).

Chapter 7 describes the forming of the bi-layer of polyethylenimine and carrageenan monitored by atomic
force microscopy and biomolecular binding analysis.

Chapter 8 shows the formation of multi-layers of polyethylenimine (PEI) and carrageenan (x, 1, ) by
layer-by-layer assembly and its antibacterial activity against Enterobacter cloaceae, Staphylococcus aureus
and Enterococcus faecalis 29505 for potential use as coating on biomaterial surface. All the multi-layers
exhibited growth inhibition.

Chapter 9 discusses the summary and conclusion.
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Study on Uncertainty Modeling and Sampling Scheme with Focus on Tail Distribution Applied to
Biomechanics Simulation of Pressure Ulcer

In the field of computational mechanics, ever since the publication of guideline for validation of finite
element analysis by the American Society of Mechanical Engineers in 2006, uncertainty modeling is becoming an
important issue not only in the industries but also in the academic research because they require huge
computational cost when Monte Carlo simulation is used. The uncertainties of input parameters for finite element
analysis are usually expressed by probability density function (pdf). However, epistemic uncertainty is lacking in
accuracy of pdf and confidence. In other words, there remains a problem in the uncertainty modeling when it is
hardly expressed by pdf. Also in the Monte Carlo simulation, the prediction of the critical value of quantity of
interest (Qol) is not easy and the case with very low frequency is hard to be validated because it will rarely
happen in real life situation.

Hence, this thesis proposed practical sampling scheme for Monte Carlo simulation with focus on Qol in
the tail distribution, which was named as stepwise limited sampling (SLS) method. The uncertainty parameters
with and without defined pdf were considered in this study. Mathematical description of those uncertainty
parameters and every computational procedure were presented. This method consists of three steps. The first step
is the convergence check of the expected value of Qol. New methodology for convergence check was proposed
and verified. The second step is the definition of limited sampling zone. The parameters in this limited sampling
zone may result in a critical value of Qol. It was approximated by polygon after choosing two parameters among
many parameters, which contributed to the automatic processing in the computer program and also for the
projection process to reduce the number of uncertainty parameters. The third step is the analysis of tail distribution
by generating random numbers in the limited sampling zone.

This proposed method was then applied to biomechanics analysis of pressure ulcer with assumption that
tiny damage in fibril tissue at the bone-muscle interface in human buttock is the trigger of this disease. Seven
parameters were taken into consideration including Young’s modulus of fat and muscle, shear modulus of fat,
volume fraction of fat and muscle, loading condition, length and location of fibril tissue damage modeled by
cutout in finite element method. Three parameters with respect to the mechanical properties of fat and muscle
were expressed by pdf. On the other hand, pdf was not given to other four parameters. The proposed SLS method
could successfully analyze the tail distribution and critical combination of parameters were obtained that result in
very high shear strain value at the cutout tip at the bone-muscle interface following the prediction of occurrence of
pressure ulcer. The biomechanics analysis could also explain the reoccurrence of pressure ulcer even after the
surgical treatment. Through this demonstration of SLS method, the reliability and usefulness of the obtained tail

distribution were proven together with its cost-effectiveness to be used in wide engineering fields.
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Device-Free Localization and Activity Recognition using Array Sensor

In recent years there has been a growing interest in localization and activity recognition of people indoors.

Most of the existing systems such as the Global Positioning System (GPS) and wearable sensors, which
require wearing sensing devices on the person to estimate their locations and activities, might be
inconvenient from the users’ perspective. This is particularly relevant for users who have some physical or
mental disabilities. There are other scenarios where it might be impossible to attach the sensors, since the
person that is being monitored is not expected to cooperate with the system, such is the case with intruders in
an alarm system.
Device-free sensing technology is a novel concept to estimate location and to recognize activity of people
using radio frequency (RF) as the sensor, where the people do not need to carry any sensing device. It can be
applied in various scenarios such as intruder detection in security and elderly monitoring in healthcare.
Recently, many researchers have proposed state-of-the-art device-free sensing methods using received signal
strength (RSS) measurements. These methods show high localization accuracy and provide reliable
performance in real environments. However, RSS-based systems have some limitations, because the RSS
itself contains noise and fluctuates even in a static environment.

In this dissertation, we discuss novel methods for device-free localization and activity recognition using
signal subspace features such as signal eigenvectors and eigenvalues measured by an antenna array on the
receiver, referred to as array sensor. There are significant challenges to use the array sensor for localization
and activity recognition. To achieve accurate localization and activity recognition, we need as many signal
features as possible. However, the conventional array sensor approach provides only a pair of signal
eigenvectors and eigenvalues due to the assumption of a single channel transmitter. Moreover, a binary
classifier used in that approach, cannot classify locations and activities. In particular, for activity recognition,
the temporal changes of a person should also be considered.

In Chapter 1, we provide the motivations and objectives of this dissertation.

In Chapter 2, we describe the related work in device-free sensing technologies including conventional sensor
technologies such as computer vision, passive infrared (PIR), and ultrasound sensors. We then review the
state-of-the-art in RF-based technologies using ultra wideband (UWB), Doppler radar, RSS and signal
subspace. We also briefly describe the array sensor and support vector machines (SVM), which were used
for the proposed methods.
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In Chapter 3, we present a localization method based on multiple channels and multiple subarrays using the
array sensor. The proposed method uses spatial smoothing processing (SSP) to obtain radio wave features
such as the signal eigenvectors and eigenvalues from multiple channels. The localization is based on an
SVM exploiting the signal subspace features. The experimental results show that the localization accuracy is
improved using the proposed method.

In Chapter 4, we propose a multiple SVM-based localization method to enhance localization accuracy.
Unlike the method in Chapter 3 which requires multiple channels, the proposed method can extract more
reliable features from a single channel transmitter, using a probabilistic-based feature selection via multiple
SVMs. Using outlier detection and error mitigation methods based on spatial-temporal averaging, the
localization error can be reduced.

The experimental comparisons with state-of-the-art methods show the efficiency of the proposed method.

In Chapter 5, we introduce a state classification method that can be used to estimate the activities of a
person, such as walking, standing, sitting, and falling. We show feature extraction and selection methods for
several activities, and apply the SVM to classify the target entity's activities. We then demonstrate using
experimental data obtained in a bathroom and laboratory environments.

In Chapter 6, we conclude the dissertation with key findings in this study and future work.
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The last decade has seen an exciting number of new applications for encoded data, driven by an
increasing need to transmit information more efficiently and perform information outsourc- ing. This
dissertation is concerned with providing mechanisms to verify the authenticity, integrity and improve
performance on operations that occur over encoded data. In particular, we will ex- plore and provide
solutions to novel security challenges in several scenarios, namely in a special type of routing algorithm
known as Network Coding (NC), codes with efficient codeword repair known as Regenerating Codes,
and outsourced encrypted databases performing operations over encrypted data. The goal of this work
is to provide humble contributions to enhance the use of new technologies such as cloud computing and

mobile devices that can access multiple networks simultaneously.

Chapter 1 presents an introduction to NC, some of its applications and security threats that affect it.
Unlike traditional routing mechanisms, in NC intermediate nodes are allowed to apply encoding
operations on the data, forming an erasure code. This is a simple yet powerful idea whose applications
include: efficient multicast transmission, tolerance to packet loss and improved data storage. After this,
we introduce the concept of a Proof of Data Possession (PDP) which is a protocol where a verifier can
check whether a server is storing a file on its behalf. Then, we describe existing mechanisms to
guarantee privacy in outsourced databases. The chapter ends with the scope and contributions of this
dissertation.

Chapter 2 studies Pollution Attacks in NC and defense strategies to mitigate it. This is a type of attack
where the goal of the adversary is to introduce invalid packet combinations in the network. The problem
involves creating mechanisms to allow nodes to distinguish between valid and invalid codewords in NC.
We present a system that can be used when the operation applied by the intermediate nodes is the
exclusive or (XOR) operation. Unlike traditional schemes that work by verifying what properties of the
code are preserved during the lifetime of a codeword, we work directly over a explicit representation of
the packets. This allows us to have lower verification times compared to traditional schemes. In addition,
we propose a decentralized system to revoke nodes introducing pollution in the network that requires

less message exchanges than traditional systems involving a central authority.
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Chapter 3 deals with performing proofs of data possession on files that have been encoded using
regenerating codes. Regenerating codes are erasure codes used for storage, their main ad- vantage is
that they have efficient routines for the reconstruction of missing or polluted codewords. The additional
challenge compared to the previous chapter, is that in this one, nodes do not have access to the
codewords they are trying to verify. The motivation for this problem arises from the pay-as-you-use
model currently in practice along cloud storage services. Owing to the bandwidth costs, verifying
outsourced storage by downloading the outsourced codewords is slower and more expensive than
performing the test remotely. We present efficient schemes to verify files are avail- able by checking the
codewords used to encode them. This is a novel scenario for this kind of primitive that usually works
over a static file. The solution uses very low bandwidth compared to the length of the file, and it works in
the presence of dishonest servers that might refuse to report data loss. Our proposal also works in
scenarios where the number of servers is not fixed and new servers are created without contacting the
file owner. We achieve this by extending the concept of traditional proofs of data possession by creating
a fingerprint of the file that can be verified even after linear transformations of its parts have taken place.
This allows to overcome the limitations of existing schemes using traditional fingerprinting methods. In
addition to this protocol, a generic algorithm to find what exact blocks are missing is presented. The
protocol outperforms existing approaches to find defective codewords in files. Advantages of our
protocol come from the ad- ditional information we obtain from the linearity of the fingerprint. Traditional

methods to find defective codewords cannot assume this to improve detection performance.

Chapter 4 focuses on a relatively new security threat to NC called a Diversity Attack. This attack occurs
when attacker nodes do not perform network coding over all the information they receive to decrease
throughput. We present solutions to detect this problem with the property that the length of the
transmission information does not depend on the length of the packets, but rather on the parameters of
network coding for that particular network. Traditional methods to prevent this attack perform the
verification at the receivers of the information; for this reason, they must transmit a larger amount of
information to provide evidence of all the nodes participating in the construction of a particular packet.
Our proposal shifts this responsibility to the nodes contributing to the packet, allowing us to reduce the
transmission and computational overhead in the protocol. This chapter also proposes a solution to a
new problem in NC called a Decodability Attack which occurs in networks where nodes do not buffer
packets that have not been decoded. Our solution to this problem applies concepts from the field of
verifiable computing. The goal is to prove that the selection of messages by a sender was appropriate

given the information that was available to it.

Chapter 5 deals with performance issues when operations need to be performed on encoded data. The
application scenario is an outsourced expense tracking application where aggregation of encrypted data

is performed at a server on behalf of the user. We propose several scenarios to achieve this involving
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polynomial interpolation and Homomorphic Encryption in the symmetric and asymmetric setting.
Homomorphic Encryption is an interesting cryptographic primitive that allows to perform operations on
the data without having to decrypt it first. For the symmetric scenario, we adapt ideas from information
aggregation techniques developed for sensor networks to the database scenario. For the asymmetric
scenario, we propose an alternative to a technique of fast retrieval known as buckets. This technique
involves computing a predetermined query as part of the answer arrives. In contrast, our solution answer
a larger number of possible queries with the same amount of work. The motivation for this problem
arises from the fact that arithmetic operations over encrypted data are considerably slower than those

performed over plain texts. Therefore this topic is related to the scalability of this kind of applications.

Finally, Chapter 6 summarizes the conclusions and possible venues for future research of this work.
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This dissertation presents new damage indices for damage detection (DD) methods of structures using
the changes in the first several natural frequencies. For that method, only two accelerometers are

needed, or even one acceleration sensor is enough to obtain the natural frequencies.

First, a method of detecting the location of damage in shear structures by using only the changes in the
first two natural frequencies is proposed. This DD method can determine the damage location in a shear
building by using a Damage Location Index (DLI) based on two natural frequencies for undamaged and
damaged states. The uncertainty associated with system identification methods for obtaining natural
frequencies is also carefully considered. Some simulations and experiments on shear structures were
conducted to verify the performance of the proposed method.

Second, a method for detecting damage to shear structures by using Support Vector Machines (SVMs)
and only the first three natural frequencies is proposed. During training, they require data from the
undamaged and damaged structure. Based on the shifts in the first three natural frequencies, damage
location indicators (DLIs) are proposed, and used as new feature vectors for SVMs. Simulations of
five-story, nine-story and twenty-one-story shear structures and experiments on a five-story steel model
were used to test the performance of the proposed method.

Third, a DD algorithm is proposed for multi-story shear structures that only need the first two or three
natural frequencies. The method is able to determine the location and severity of damage on the basis of
damage location indices (DLI) and damage quantification indices (DQI) consisting of the changes in the
first several squared natural frequencies of the undamaged and damaged states. The uncertainty
associated with system identification methods for obtaining natural frequencies is also carefully
considered. The method is accurate and cost-effective means only requiring the changes in the natural
frequencies.

Finally, the conclusion is given. The main scope of this dissertation is to establish the general DD
procedure for multi-story shear structures by using the changes in the first several natural frequencies
only. The DD methods with the new definitions of damage indices based on the changes in the first
several natural frequencies were proposed. They can detect, localize and quantify the damage in
multi-story shear structures accurately with a limited number of sensors. The contributions of this thesis
were summarized and the possible direction of the future research was also pointed out.
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