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Preface

On granting the Doctoral Degree to the individualentioned below, abstracts of their
theses and the theses review results are herewithcfy announced, in according to the
provisions provided for in Article 8 of the Rulingf Degrees (Ministry Of Education
Ordinance No.9, enacted on April 1, 1953)

The Chinese characterif”, at the beginning of the diploma number represehat an
individual has been granted the degree in accoedanth the provisions provided for in
Paragraph 4-1 of the Ruling Of Degrees (what inedatKatei Hakase,” or the Doctoral

Degree granted by the University at which the gganwas enrolled.)
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Abstract

This thesis presents a layout-driven behavioraltlsgsis system for asynchronous circuits
with bundled-data implementation. The objectivetibé proposed system is to synthesize
a near-optimal circuit in terms of the latency. Theposed system accepts a behavioral
description written in the C language, a resouibeakry, and a set of design constraints as
inputs. It then applies bit-width analysis, initiallocation, operation scheduling, resource
binding, control synthesis, and floorplanning. Theoposed system iteratively performs
behavioral synthesis and floorplanning to consider the effectvire delays. In addition,
we apply three optimization methods during the hédwal synthesis and floorplanning.
During behavioral synthesis, the insertion of aohal delay elements is prevented by
removing hold constraints in register allocationdasatisfying branch constraints in
operation scheduling. Additionally, in the floorplking stage, the proposed system
optimizes the latency of the synthesized circuitilelminimizing the delay of the control
circuit in consideration of timing constraints.
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Abstract

With progress of ubiquitous technologies, sevemlicks around us (e.g., laptop, mobile phone,
TV, music player) can be interconnected througteless technologies such as WiFi, Bluetooth, and
RFID. This trend is accelerating in recent yeard averything will be connected to the Internet in
the future, so-called Internet of Things (IoT). Wéss sensor networks (WSNs) will also play an
important role in IoT where sensor nodes collequieed data and collaborate to accomplish tasks.
One of the most popular applications in WSNs iseoligg target environments which are too
dangerous or inaccessible to humans or large rolvtisvever, there are many challenges for
deploying and maintaining WSNs in such unfriendtyieonments. A mobile sensor network system
solves this problem from several points of view {d)enhance and complement existing sensor
network applications; (2) to provision more everitren applications; and (3) to provide more
user-centric service in the next-generation network

From the first point of view, sensor network syssemay take longer time to gather data if the
number of sensors is greatly increased. Servigesders should be provided in a timely manner, so
that time-effective data gathering is important.alhdition, data gathering mechanisms for WSNs
should be energy-efficient because a sensor naheggy resource is limited. Most existing WSNs
use a traditional server/client model, which pogérforms data gathering when many sensor nodes
are deployed. One solution for the problem is tooiduce mobile agents (MAs) to WSNSs, which is a
kind of software autonomously migrating from node node over WSNs while it performs
computation independently. Most of a conventiona-bMased model uses a fixed server in the
network, which leads hot spot problems in the nekwaand to shorten the network lifetime. To
solve those problems, we first develop MAs callédyBee which works collaboratively with a
mobile server. TinyBee can collect data from raniyodeployed nodes and autonomously returns to
the mobile server with gathered data. The TinyBestesn can successfully save energy as well as
distribute energy consumption of each node. HoweMéY's itinerary should be determined unlike
the routing in WSNs such as focusing on energ\ciefficy to prolong the lifetime of a WSN and
time efficiency not to take much time to delivertaldrom node to node. These metrics are also
important to decide an MA’ route but are insuffitiesince MA is intended to gather specific
information from many sensor nodes by utilizing afeMA’s features which is capable of local
computation in a network. Research on MAs still aeam unfledged in development of
application-oriented data fusion, which is highlgsded in WSNs deployed in recent days for
environmental and disaster monitoring. We propodgremic itinerary planning for MAs (DIPMA)
to collect data from sensor networks with an aglan-oriented approach. In particular, the
DIPMA algorithm is applied to the data collectioor ffrost prediction which is a real-world
application in agriculture using next-generationss® networks. The performance of the DIPMA is
evaluated by simulations and the experimental tesliow that the total execution time of MA can
be reduced significantly with our approach whilestrprediction accuracy is maintained.

From the second point of view, although MA-based N¥Scan significant improve the
performance of gathering data from environmentsval as providing context-aware services to
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users in more flexible ways, MA cannot perform aes according to situations directly since MA is
program code/software. A mobile actor is a prongdimol for wireless sensor and actor networks
(WSANS) provisioning energy and time efficient datlection. In WSANSs, sensors are low-cost
and low-power and deployed throughout a field tnsseenvironments, while actors are powerful
and resourceful and are deployed much less thanuhwber of the sensors. The actors collect and
process data reported by the sensors and perfaiona@ccording to situations when the sensors
detect events in the monitored field. We study @tanobility control in WSANSs for efficient
events detecting in terms of time and energy copsiom. We introduce an innovative approach,
ORACLE, to make actors predict events before sandetection and migrate to the areas where the
event may occur. In specific, we propose an eveatliption scheme to predict an event from
collected sensory data by utilizing the maximurrelikkood estimation. Based on the perception,
we design a control policy of actor's mobility patt with Markov decision process. ORACLE not
only enables minimal motion of actors which congsertime and energy to reach the event areas but
also is energy-efficiency for sensors to reducefohearding range for event detection message. We
evaluate the effectiveness of our proposed schermedh extensive experimental analysis.

From the third point of view, with recent advandéedow-power wireless communications and
micro-electronics, the next-generation networks rgmeon several kinds of fields such as a
health-care system and a transportation systenin#&tligent Transportation System (ITS) requires
the context information to provide various serviteslrivers/passengers such as cooperative traffic
information management and parking guidance syst&fehicular Ad hoc Networks (VANETS)
are one of the next generation networks where ngpovehicles as nodes construct networks and
have been envisioned to use in road safety andaroifidr passengers by collaborating with ITSs.
Recently, the ShanghaiGrid (SG) project presentmmaovative cost-efficient way to collect traffic
conditions using VANETSs where traffic sensors aeeldyed on several thousands of mobile taxies.
Traffic condition information perception from thesensory data is very challenging because
individual taxi reports are error-prone and spanséerms of temporal and spatial distribution. In
this thesis, we use a data aggregation approaohei@ome the "error-prone” problem and "sparse”
problem. We first extensively study the charactessof the measurement data from over 3000
operational taxies in Shanghai City. Utilizing tgatial correlation of traffic conditions, we pr&go
a correlation based traffic estimation algorithnstmcessfully expand the coverage of taxi sensors.
Our experimental result demonstrates the signifieaof the proposed algorithm by providing the
traffic information at any time and any locationShanghai City.

Moreover, we design an application model using toaffic estimation method, which supports a
vision of VANETs. The traffic estimation method che applied not only to traffic congestion
control and driving path planning, but also to avnparadigm of information sharing among
vehicles and road-side stores. To provide drivasgpngers of vehicles real-time local information
(e.g., slot occupancy at parking area and dailgrflyof supermarket), we propose information
provisioning policy using real-time traffic conditis of each road segments and selectively provide
local information as much as possible to match esehn’'s range of interest
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Abstract

A significant number of elders live with memory iaipment issues, as a result of the normal aging
process. Therefore various kinds of supportingesysthave been developed to help the elders, who
have mild memory problems. But most of those systame not designed to provide reminders for
crucial complex human activities in daily life. Treéore,in our doctoral dissertation research we
have proposed a Smart Reminder System for remintbngptten complex activities, in home
environment. Subjected complex activities are tlo#ivdies, which should be completed as
originally intended, after they are initiated. Soommmon examples for those activities are closing
hot water flask after filling the water, buttoning a suit after wearing, closing a medicine comain
after taking medicine, etc. Two clear phases chealddentified in those kinds of activities, such as
initiation phase and conclusion phase. For exampleen a bottle is used, initiation phase is
opening the bottle and conclusion phase is clodiag bottle. A significant feature of subjected
processes is the-strong dependency of conclusion phase to the iiwtigphase?. Therefore those
kinds of activities are called Coupling Activiti@s this research. Concentrated Coupling Activities
(CAs) in this work are, the activities which arendoby using particular object and involving the
both hands of the user. While performing thosevaas, both hands are paired simultaneously to
perform the activity in each initiation and condbrs phase. As both hands are pairing
simultaneously while performing particular phadsyt are called Paired Activities (PAs) in this
research. When always the conclusion PA is deperatedhe initiation PA, they are called
Coupling-Paired Activities (CPASs) in this disservat Some common CPAs in daily life are:
opening and closing a bottle, opening and closirnmag, opening and closing a door, etc. Due to
busy life style or memory issues, those kinds oA€Ban be forgotten to be completed easily after
they were initiated. Therefore many issues candmeirmed with those kinds of CPAs in daily life.
For example, forgetting to close a hot water flatler filling hot water may cause changes in water
temperature, forgetting to close a hand bag aftenimg may cause loss of valuables. Therefore it is
important to keep attention on those kinds of CRAd remind them when they are likely to be
forgotten. But research is yet to addresses abometioned issues in any great detail. Currently
available activity reminder systems are not muatu$ed on identifying Paired Activities (PAs) and
limited to identify the abstract nature of simpkdiaties like eating, sleeping, walking, toiletiray
other past experience that happen with regulaugaqy. Therefore in this work an attempt is taken
to provide reminders for the Coupling-Paired Adias (CPAs), which are easy to forget. In order to
provide reminders for the CPAs, which are likelylte forgotten, the initiation and conclusion
phases of those activities should be recognizedekample, to detect whether the opened bottle has
been closed within the intended time period, ihegessary to recognize, bottle opening and closing
phases separately. Paying attention to that fagjomeontribution is done to recognize initiatiamda
conclusion phases of those kinds of Coupling-Pa#ketivities. When we consider the behavior of
those phases independently, each phase can balemtsias a Paired Activity. Subjected PAs in
this work take very short time period to be perfedncomparing to other daily activities. The
objective of our study is to recognize CPAs reaugria short period of time for processing and
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provide reminders for them, when they are goingadorgotten. The specific case study of opening
and closing various types of bottles in a home remvhent is addressed to represent short time
consuming CPAs. This type of activities have narbaddressed in past human activity recognition
research studies.

In order to provide user adaptable smart remindess,utilize user’'s current behavior, current
location as well as past activity patterns in tlysteam development. Unlike previous reminder
systems, this system employs better simulation hsotie recognize complex

human behavior. In order to define subjected PA®wa model called Paired Activity Model (PAM)
is introduced. That model simulates the paired biehaf both hands. To recognize paired activities
using PAM, Paired Activity Recognition Algorithm AIRA) is implemented. In order to express the
CPAs clearly, a new model called Coupling Pairetivity Model (CPAM) is proposed. That model
also simulates the probable human behavior whikfopaing CPAs, in a real world scenario. A
Smart Reminder System (SRS) is developed, basettheoCPAM. It provides reminders for the
CPAs. SRS consists of PA Recognition Layer (PARL9cation Recognition Layer (LRL) and
Reminder Prediction Layer (RPL). To provide mostuaate reminders, PARA is used in PARL, to
recognize performed PAs. User's paired motion pasteare collected by wrist worn three axis
accelerometers. Frame base activity modeling methodsed to model the activities using raw
accelerometer data. Then time domain and frequalmyain features are extracted from the
segmented frames. Features, which represent tivddodl and correlative behaviors of both hands
are extracted under those time domain and frequdamain features. A new threshold value called
Sub Frame Confusion value of a Sub Frame is praptsaeduce the confusions which can be
occurred in frame base activity modeling. An Adiél Neural Network (ANN) algorithm is used
for data categorization in Paired Activity RecogmtAlgorithm. In the LRL, user’'s current location
is captured by a body worn web camera. RGB (RedefrBlue) values of each pixel are extracted
from the captured images for image categorizatibhe ANN algorithm is used for image
recognition as well. Fuzzy logic is used in RemmdRrediction Layer (RPL) for predicting
reminders. User’s past activity patterns are w@diin the decision making process in RPL, in order
to provide user adaptable smart reminders. Pairetvify recognition performance of ANN is
compared with a Support Vector Machine (SVM) altjori also. Proposed Smart Reminder System
and the aforementioned approaches were evaluated) ukfferent test scenarios. Those test
scenarios were designed according to the typialwerld scenarios. In addition to bottle opening
and closing experiment, performance of PARA watetesiith some other general Paired Activities
in home environment also. Ten subjects who wereal dgggween 20-60 were participated to the
experiments. The results of the experiments wer@uated using standard statistical methods.
Performance of PARA was depended on the perfornaivittes and the nature of working
environment. According to the received results weald analyze that, the performance of PARA
was depended on the simultaneous behavior of baiddhwhile performing the activity. It could
achieve better recognition rate for fully Pairedtiities rather than less Paired Activities. Actyvi
recognition performance was reduced when the UtalActivities were performed with Target
Activities. However it could achieve 93% averageognition rate for performed activities.

.9.



Comparatively high false positive rate could bentifeed among similar type of activities. ANN
significantly outperformed the SVM algorithm in feéme evaluations. Average recognition
accuracy of Location Recognition Algorithm was iigher level (90%). But always recognition
performance was depended on the quality of capturedjes. Image quality was changed with
external environmental factores such as backgrdigiting, moving objects, etc. Proposed Smart
Reminder System performed well in the experiments @ould achieve 80% average accuracy rate
in reminder prediction for Coupling-Paired Acti@$. It reacted accurately with minimum
supervision by the user and could predict remin@eliapting to the user’s dynamic behaviour. But
always reminder prediction performance was depemahethe performances of activity recognition
and location recognition. The dissertation consiét87 pages (with publications of 100 pages). It
includes 6 chapters and conclusion. A list of refees consists of 102 items.
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Abstract

Different clinics and hospitals have their own imf@tion systems to maintain patient data. This
hinders the exchange of data among systems (arghiaedions). There is a need to provide
standards for data exchange. In digitized formitigividual patient’s medical record can be stored,
retrieved and shared over a network through entmect in information technology. Thus,
Electronic Health Records (EHRs) should be standedd incorporating semantic interoperability.
A subsequent step requires that healthcare profesisiand patients get involved in using the EHRS,
with the help of technological developments. Thisdg aims to provide different approaches in
understanding some current and challenging conéegigalth informatics. Successful handling of
these challenges will lead to improved quality erlthcare by reducing medical errors, decreasing
costs, and enhancing patient care. The study igsémt on the goals of understanding the role of
EHRs, understanding the need for Standardizatiampyove quality, establishing Interoperability
in maintaining EHRs, examining a framework for Stardization and Interoperability - The
openEHR Architecture, identifying the role of Artjges for Knowledge Based Systems, and
understanding the difficulties in querying EHR Data

Information sharing across medical institutionsréstricted to sharing patient records between
restricted groups of specific partners due to laicktandards. Medical practice also requires sharin
of data by many agencies over long periods of tinfus, the structure and content of the life-long
electronic health records requires standardizagfforts. The existing standards aim to achieve data
independence along with semantic interoperabilRgcent studies explore existing standards in
healthcare from various perspectives. These inchadi®us efforts to study relationships and reduce
mismatch and overlapping. Most studies focus thagtiention on the main standards HL7 CDA,
openEHR and CEN TC251 EN 13606. At present, thera llack of a common standard. It poses
problems in exchange of information. This study sitbm evaluate the existing standards. A frame of
reference for analysis of EHR standards is aimedeoevolved. The study explores the gaps
between the international standards and addrelBsgzoblem of information storage and exchange
using archival storages.

Standardized EHRs make use of archetypes for reptason of data. In combination with
terminologies, the archetypes enable powerful piggs for semantic querying of repository data.
Such querying enables longitudinal processing @flithedata, regardless of the originating system.
Further, the research presents a comparison oéxisting information and querying methods and
studies their applicability to the archetype-badgdRs systems. It further discusses the best
approach to build a user-friendly querying inteefdor these systems. It has identified the need of
high-level query language interface for improvimjormation quality gains in EHR domain. It is
possible to find query languages that are simdadatabase query language. The archetypes can
Xiv

transform to XML form. An experiment for use of X@uw-by-Example (XQBE) (graphical user
interface) has been performed for a sample setuefrigs for various database operations. A
comparative analysis of the existing and the predaguery languages has been obtained. However,
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it requires schema knowledge. The semantics ofiddiatter understood by viewing the data in the
context of the user interface (Ul). For enhancimg tjuery capability of EHR workers, a prototype
query interface AQBE (QBE style queries for arcipety data) has been implemented at the service
layer for the EHRs that follow the openEHR standdtdntroduces a general purpose database
transformation channel. It will shorten the appiica development process and increase the quality
of the software by automatically generating sofevartifacts that are often made manually (and are
prone to errors). It is possible to know the lowasi of each leaf datum within information
conforming to an archetype. The tool helps in tiepection of an archetype in advance, which can
yield a set of path fragments. It can be used #&ryginstances which conform to an archetype for
intelligent querying.

Further, the thesis focuses on usability, whicldeéined as the measure of the ease with which a
system can be learned and used, including itsysadffectiveness, and efficiency. In order to reali
usability improvements on continuous basis, ther wemtric design (UCD) approach has been
selected. UCD is used for developing applicatiohst tincorporate user-centered activities
throughout the development process. The Total Qatality Management (TDQM) framework can
be adopted for improving quality of user interanioThe TDQM framework has been evolved for
development processes, for data and informatiofitgueeeds. The UCD approach allows end-users
to influence the design to increase ultimate ugghbif the EHR system. It involves assessing the
intended users, analyzing tasks and requiremesgng) prototypes, evaluating design alternatives,
resolving usability problems, and testing intera@éth users (in an iterative manner). In order to
automate the monitoring of human-computer inteom&iin the health care domain, a methodology
to interpret and discover unknown patterns andioeiahips between the end-users and functional
requirements has been analysed to improve thelilgalfiEHR systems. It requires various steps to
implement recommendations of a TDQM framework.iti&to capture the health worker’'s needs in
a scientific way, on continuous basis.

The security requirements of health data are atitiand more difficult to satisfy than for any athe
kind of data. This is partly because of conflictingeds of the two categories of health data
stakeholders: clinicians (who need easy acceskettrenic health records) and patients (who prefer
secure closed electronic health records with st access). A brief light is thrown on various
security issues and techniques. It presents a stasly for openEHR, with the existing security
features in a hospital.

Keywords: Electronic Health Records, Data Quality Healthcare, Archetype-based EHR,
Quality-based EHR, Semantic Interoperability, Stadization in EHR, openEHR, Querying,
High-level Query Interfaces, Database Query Langasag
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