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katsurai and Ono Laboratory
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Physical phenomena in the various merged CTs have been
studied for an approach to a formation of high perfomance CTs
in the up-scaled TS-4 merging device. Concretely, the
examples of those are the relaxation process of the merging
spheromaks into an FRC, dynamo phenomena in compact
RFPs and comfinement properties of a free-boundary ST. Ton
kinetic effect on the relaxation to an FRC was observed by the
counterhelicity merging experiment using various ion species.
The increment of the poloidal flux due to the dynamo
phenomena was first observed in the merging of the compact
RFPs. The comrelation between the decay time of the
configuration and the externa! toroidal field strength in the
free-boundary ST and preliminary result of the formation of a
high beta ST using the RFP-ST merging were obtained.
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Investigation on the Umfnrnm_\' of Electron

Density Profiles in the Rectangular-type Surface

Wave Processing Plasma Device with Multi
Dielectric-Windows
T. TOBA, T. ITAGAKI, and \1 KATSU R\]
KMRT T AT /oA %BELT

The [ll inar-type surface

expected 1o t me one
f New

rectangular-type SWP
windows is proposed. The experimental
carried ow to improve the
temperature profiles, In addition, the simulation mode
been developed with the combination of the FDTD metl
and the clectron fluid model, and used to invesitigate

lischarge characteristics
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Optimum plasma generation for high-quality
diamond film deposition in surface wave plasma
CVD
J.KIM, T. ITAGAKI, M. KATSURAI

In a SWP (surface wave plasma) device using a microwave
power, to obtain optimum characteristics of plasma CVD
(chemical vapor deposition), a thin metal plate was placed
under the quartz window introducing microwaves. The metal
plate was electrically insulated from the discharge chamber, By
the metal plate, surface waves which were excited at the
interface of the plasma and quartz window were propagated
and the region where plasmas were excited were efficiently
spread from the border to the center of the disc harge chamber.
Moreover, by ing the n late with a negative DC
voltage, higher tron densities, lower electron temperatures,

and lower plasma space potentials were obtained. In addition,

high-quality diamond films were deposited at low pressures of

several tens mTorr.
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Experimental in\'esngatmn of ion heating during
magnetic reconnection.
Y. MURATA, T. YAMANOUE, T. IGARASHI, T,
KT’ i"\URA E. KAWAMORI, and Y. ONO
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Magnetic reconnection due to increase of resistivity at
X-point yields ion acceleration accompanying ion heating,
which has been observed in solar flare and laboratory
experiments. Regarding our reconnection facilities TS-3 and 4,
development of direct ion flow measurement system using
faraday cup and spectroscopic measurement system; 2D
optical fiber probe array and an inversion algorithm from line
integrated values to local values, enables us to confirm it. This
experimental result was verified with that of simulation,
resulting in heating ions up to 120eV,
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A ballooning mode analysis of Ultra High Beta
Spherical Tokamak produced by merging method
T. KIMURA, T. OGAWA, K. UMEDA,
S. MIYAZAKI, Y.UEDA and Y. ONO
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A Stability analysis about ballooning mode, which is

considered to be most dangerous in high beta spherical

tokamak(ST), revealed that a high beta ST produced by
merging two STs in our TS-3 experiment locates in the border
of the 1st and the 2nd stable regions. We have proposed a
scenario to transform this ST into ultra high beta 2nd stable ST
through the path which are widen by profile control. It also
turned out that merginally stable beta value is up to a limit

when elongation is about 3 and it is most proper value.
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Two dimensional measurement of ion heating
phenomenon by magnetic reconnection in plasma
merging
T. IGARASHI, T. YAMANOUE, E. KAWAMORI,
Y. MURATA, and Y. ONO
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We developed a new 2-D measurement system for ion
temperature by combining the Doppler broadening
measurement of ion temperature with slice-by-slice
reconstruction method by computer tomography (CT). This
new measurement revealed experimentally anomalous ion
heating of magnetic reconnection in the TS-4 device, We found
that the plasma outflow from the X-point regime is the main
cause for the anomalous ion heating of reconnection. The
angle of reconnecting field lines was varied fram 20 to 180
degree using the counterhelicity merging, the cohelicity
merging and the tokamak merging, Using this 2-D
measurement system, we are now solving the reconnection
angle effect on the anomalous ion heating characteristics of
magnetic reconnection.
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Analysis of instabilities in Ingh-beta spherical
tokamaks with magnetic fluctuation measurement
K. UMEDA, T. KIMURA , E. KAWAMORI
and Y. ONO
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We have measured magnetic fluctuation in high-beta
spherical tokamaks to analyze the ballooning mode. Since the
ballooning mode is a locally growing instability, we have
developed a probe-system with a high spatial resolution in
TS-3. As its result, the amount of magnetic fluctuation
enlarged in proportion to the external toroidal field coil current
while the current is over 40kA, which indicates the occurrence
of the ballooning mode. Analyzing the cross power spectra
between fluctuations at two points, we got that the frequency
of the ballooning mode is 0.4 — 0.8 MHz and that the toroidal
mode number of it is about 10.
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Studies on Superconducting Generator
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Superconducting generators (SCGs) have many good

advantages such as smaller size, lighter weight, high efficiency,

good performances in power systems and so on. For
understanding, characteristics of SCGs in power systems,
experiments on stability by use of power system simulator of
analog type, manufacture of models of SCGs for the simulator
by use of DSP have been studied. Characteristic of SCG with
bulk Superconductor of rotor is being studied.
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Studies on Energy Transfer Circuit between Two
Superconducting Magnets
T. NITTA
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Energy transfer circuit between two superconducting
magnets has good properties for power supply of
superconducting magnets. The circuit consislts of two
superconducting magnets connected to thyristor bridges and
condenser bank. The problems on controls of the circuit have
been defined and solved. Power converter for superconducting
magnetic  energy  storage (SMES) and  for pulse

superconducting magnets by use of the energy transfer circuit
is proposed. The control method of the power converter is
studied.
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Studies on Electrical Insulation Characteristics at
Cryogenic Temperature
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One of the most important subjects for AC applications of

superconductivity is on insulation properties, especially
surface discharge characteristics on insulator and cryogen
(Liq.N2 or Lig.He). Experimental studies have been being
performed for several insulation materials and several kinds of
voltage forms. The characteristics affected by bubble in the
cryogen are studied. Insulation property of decper cooled
Lig,N2 are studied.
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Studies on Diagnosis of Operating Conditions of
Power Systems by use of Superconducting Magnetic
Energy Storage
T. NITTA, Y. MIY AKE and T.YAMASHITA
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Stable operations of power systems, which are becoming
larger and more complicated, are becoming more important.
The off-line calculations, such that eigenvalues analysis,
guarantec the stable operations. However, due to the
inaccuracy of numerical values for the calculations, systems
must be operated with large margin. The purposes of the
studies are on-line measurements of eigen values, eigen
vectors, transfer functions and so on by use of superconducting
magnetic energy storage which has good properties of quick

response, high efficiency, large impedance and so on.
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Studies on Superconducting Fault Current Limiter.
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Superconducting fault current limiters (SCFCLs) which are
low impedance in steady state and high impedance at fault
condition are expected to be used in power systems, Fault
current analyses tell that operating current of SCFCLs must
have some accuracy. Then an SCFCL with adjustable
operating current has been proposed. Experimental results
have showed that the SCFCL has good characteristics such as
not only adjustability but also ability of recover from normal
state to superconducting state. Theoretical studies have been
being carried out in parallel with experimental ones. By use
of an artificial power system, power system characteristics of
SCFClLs are being studied.
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Optical Observation of Molecules and Radicals in
Non-Thermal Plasma by LIF and Other Optical
Spectroscopy
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Two different Laser-induced Fluorescence (LIF) techniques
were developed to analyze chemical reactions in atmospheric
pressure non-thermal plasma. In order to design a practical
non-thermal plasma reactor to remove dilute gascous
contaminants in air or flue gas, understanding of those
chemical reactions is essential but not yet done. KrF
excimer laser (248nm) induced fluorescence (LIF) with
relatively very weak quenching effect was developed to detect
OH radical 2-dimensional distribution with time and NO LIF
by using 2™ harmonics (225am) of Dye Laser was also
developed in two dimension with time.  OH generation and
NO decomposition related with the pulse discharge have been
observed, OH generation is strongly dependent on the
environmental gaseous condition and NO decomposition is
also controlled by some radicals produced by the plasma.
Streamer analysis related with shock wave and ozone
generation were performed with a short-gate II-CCD camera.
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Cleaning of Polluted Gas by Using Non-Thermal

Plasma
T. ODA, S.B.HAN, T. TAKAHASHI and A.SUZUKI

FBEE T A Osmh B hick b RGP mg
(100~1,000ppm)FTET % 7 O > H OIERIEA B (VOCs)
PERBALMNONE D RRETIEROMEET>T
Wa, 0L b7 LFE 99%L EDRT S T &4
ARETH D, TOSBHER EEMIGICE D RiETS T

{@uuL“éeﬁyuyE///HﬂXLwtﬁﬂ
3T, SENIFEND A T MR, Bk
FTUD LR ELOPFRFRITDONT VOC JLE NOx LB
EHITRHTTHS, HEBICL->TERLEA Y >DF
DAOHA B THREL 0 STANERESE, 22
TRACBISZBAITOHMII DLW T HBHEE L TWS,
77 ARDEFTEETIMELIERED S I alb—2 3
BIERTTH S,

Atmospheric pressure non-thermal plasma processing is
studied to decompose dilute VOCs or NOx in air efficiently,
100~1,000ppm CFC ot trichloroethylene (TCE) in air were
decomposed more than 99%. In order to improve both energy
cfficiency and decomposing ratio, plasma process combined
with catalyst is under investigation. Also, DeNOx process by
using 3 way catalyst which removes NOx, COx, and HC
simultaneously, was examined. Zeoreite or TiO,
with/without V,05 were also tested as catalyst with the
non-thermal plasma pressing including absorption effects. The
relation of the ozone generation and VOC decomposition is
also cxperimentally studied. Reaction simulation is newly
developed including non-thermal plasma development and that
chemical reactions.
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Measurements of Space Charge Distribution in
Polymers and Thermally Stimulated Currents
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The space charge distributions in polymers were measured
by using a pressure wave propagation method. Polymers have
been widely used as insulators because of their excellent
insulating characteristics but they also cause wvarious
clectrostatic problems. The normal LIPP method uses a thin
metal film irradiated by the laser but the degradation of the
film was often observed.  To remove that problem, a thick
aluminum plate was fixed on the polymer surface and the
shock wave was generated on the plate surface and transmitted
to the polymer surface. That new method realizes the
measurement of reliable and reproducible space charge
distribution observation. By using that new technology,
space charge behavior with the temperature was analyzed.
That space charge distribution change was compared with
TSDC analysis.
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Manufacturing of Carbonnanotube
and PTFE Thin Films
T. ODA and S.W.LEE
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A chcm:cal]_\' stable thin film of polytetrafluoroethylene
(PTFE) was fabricated by the UV laser ablation method with a
KrF excimer laser. New carbonnanotubes made by a newly
developed CVD method were mixed in that PTFE film and
electron field emission characteristics of those films are
investigated in vacuum or in air, .XPS (ESCA) analysis of
them is also under research.
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Development of an Innovative Global Energy
Network Model using Detailed Geospatial
Information
K. YAMAJL Y. FUJII, T. HAYASHI, R. NIWAYAMA
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The purpose of the study is to develop an innovative global
cnergy model of optimization type. The novelty of the model
developed here is that it can explicitly take account of the
geospatial distributions of major energy producing and/or
consuming sites over the world, dividing the whole world into
about one hundred of geopolitical regions. Using the latest
computational technologies and statistical data as well as
geographical information system data, this model should
cnable us to conduct more detailed assessments of
technological potentials for CO, emissions reduction and those

of policies for the global warming mitigation.
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International Policy Assessment of Climate Change
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A global energy model is applied to the assessment of the

so-called Kyoto Mechanism which comprises ET (Emissions

Trade), JI (Joint Implementation) and CDM (Clean

Development Mechanism), aiming at the more efficient
emissions reduction of greenhouse gases. The global energy
mode] takes account of various technological options to cope
with the global warming, minimizing the total energy system
cost. The options considered in this study include energy
efficiency improvements, nuclear power, renewable energy

resources such as biomass, and CO, sequestration
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Decision Making Analysis of Nuclear Fuel Cycle with

Uncertain Technology Progresses
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After nuclear fuel has been used in a reactor to generate
electricity, it is known as 'spent fuel' and may undergo a fuel
cycle that is a further series of steps including temporary
storage, reprocessing, or may be directly disposed of in stable
rock structures deep underground. The focus of this study is to
make a decision making analysis of nuclear fuel cycle with
uncertainties of future technological progresses. Through
various sensitivity analyses about future cost reduction
scenarios of its component technologies, the optimal strategies
for R&D of the nuclear power generation in Japan is

investigated with a large-scale linear programming model.
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CGS (cogeneration system) is one of typical examples of the
distributed power sources, and has been steadily increasing its
total installed capacity. By connecting several CGSs with heat
distribution grids, as well as utility networks of electricity and
city gas, a novel district energy network can be built, which is
economically more efficient and environmentally more benign.
The purpose of the study is to develop a mathematical
programming model of such district energy networks, and to

evaluate their future feasibility using multi agent models which

simulate the temporal behaviors of energy consumption of

each household.
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Stochastic Optimal Electric Power Procurement
Strategies with Uncertain Market Prices

h \ AMAJI, Y.FUJIIL, THAYASHI and Y. SAISHO
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Distribution companies have to take the risk stemming from
whole sale price fluctuation instead of the customers. This
entails the necessity to develop a certain method to make an
optimal strategy for electricity procurement. This research has
the purpose for proposing the mathematical method based on
dynamic programming with stochastic differential equations,
to evaluate the value of a long-term bilateral contract of
electricity trade, and also the value of a project of combination
of the bilateral contract, power generation with their own

generators and introduction of DSM for their customers.
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Study on Decision Making in Liberalized Electricity
Markets
K.YAMAJI, Y.FUJII, THAYASHI, K.INAGAKI
and T. OKAMURA
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It proceeds with the liberalization of the electric power sector
worldwide to pursue an cconomy. Electric power system
planning in liberalized markets is greatly different from before,
and competition as well as cooperation of multiple decision
makers who pursue their own profit must be taken into account.
In this study, the strategy of the decision maker in the electric
power sector is formulated on the basis of the game theory.
The purpose of the study is to estimate the behavior of the
liberalized market through multi agent based computer
simulation, and is to clarify the institutional problems of the

liberalized electric power market,
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Integrated Cost-benefit Analysis of the CO,
Abatement Technologies for an Urban Area
K.YAMAJI, Y.FUJII, THAYASHI and K.INOUE
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The purpose of the study is to make an integrated analysis of
the effect of various CO, abatement technologies for an urban

area, and is to find the optimal combination of the technologics.




The study deals with the compound effects of various CO,
abatement technologies which have been evaluated so far
separately from each other. The final goal of the study is to
propose a technique of the global standard for the analysis of

CO, emissions in urban arca.
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Evaluation of distributed generation and storage

facility installation using a hierarchical structure

model of power transmission and distribution
equipment

K.YAMAJL, Y.FUJII, THAYASHI and K.OHTA
BELEERICED, BORE, KABARTESITVD
—PxR—a P ATLADOLD A HBRERKO
BARENOEANEALTNS, EHEOBEMNE. 2
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Distributed power generation technologies such as wind
turbine, solar cells and co-generation are gaining the
opportunities of participating in power systems due to rapid
technology improvement. The purpose of this study is to build
a hierarchical structure model and also to analyze potential of
distributed power generation and storage facility installation.
The power system model built here considers explicitly
hierarchical structure of several voltage classes of power
systems, in order to take account of substitution effect of
power transmission and distribution equipment by distributed

generation and storage facility.
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Fundamental Characteristics of Surface Discharge
Y. KAMADA, M. CHIBA , A. KUMADA
and K. HIDAKA
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The surface discharge in air, SF; and other gases has been
systematically measured by using a image converter camera,
potential and current probes, and Lichtenberg figure technique.
New methods are developed for measuring the transient
polential distribution of surface discharge. The measuring
system consists of a BGO Pockels crystal, an Ar ion laser, a
beam expander, a streak camera and a CCD camera. The
potential profile of a surface discharge along a linear path of
50mm in maximum length is measured with high space and
time resolution: 0.05mm and 2ns in minimum resolution.
Positive streamer is measured with this system changing the
experimental condition such as the insulator thickness and
the applied voltage. The intensity of the field component,
which is parallel to the propagating direction, is 10~15
kV/cm.

REFEESBEER T/ Wil -t 8%
DfE
BHBZ - RERE - TEBG - ERAE
Measurement of Voltage-time Characteristics in
Nanosecond Range by Using Steep-front Square
High Voltage
H. TOYOTA, S. MATSUOKA and K. HIDAKA
BEEROAN—ZXAEFEDIHL0, BMizLsE
MO &4 Iz B ORGSR 2 5 o o A TR R R 12 AR
“‘%6::‘ MUEEDHBICRTOREEHIEETSH S,
“EE DB S EATDFEM 13ns, 10us #EBTHE ORI
f 2 Wl-,\l TR B 200kV &5 BEMNLFBES
BEZRETHELEBEEA L, QPO v BEORE

ML 7. P%(H’@FHJ'XE— LTIE<HWSNTWS SF,

A A BRI A 2 & U THAOBIERS ShTn
LSEFEMNG, J_;‘;u;s; TIZ SF H A, SF-N,iIE& /A, CFyl
HAL CRINBEEHA, N, T A &0 RICHEEToTE
2o SE¢N,BEH AL, N,IBAEZ 0% TFiciizs s
& THIBHENRN 1us L EOREBRMESICH VLTI SF,
AZADRELILD 338 EFRT, LML, BigEN
¥ 30ns L4 hu.;;ﬁ,ugﬁ- BV T SFg A AT R THERRMERE
METFT 5,
Steep-front square-pulse voltages with a long duration are
useful for clarifying the mechanism of electrical discharge
propagation. It has so far been hard to generate such a voltage,
when its peak value is required to be several hundred kilovolts.
Our laboratory introduced a new high voltage generator
making a square-pulse voltage with a rise time of 13 ns, a
dumping factor less than 2.5% after 10 us duration and a peak
value of 200 'kV, and started measuring voltage-time
characteristics of various gases. SFy gas, which is a major
electrical insulating medium in high voltage equipments, has
been designated as a greenhouse effect gas, and the amount
used may be reduced. Voltage-time characteristics are
measured in gases which can become alternative insulating
mediums such as SF; gas, CFil gas, N, gas and their mixtures.
SFs-N; pas mixtures containing N; less than 40% are
almost compatible to pure SFg gas in dielectric strength in
longer duration time range over 1 us. In shorter duration time
range less than 30 ns, SF4-N, gas mixtures are inferior in
dielectric strength to pure SF; gas.
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Electric Field Measurement in Gas Using Kerr
Effect
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The sensing technique based on the Kerr electro-optic
effect of gas is applied to the electric field distribution
measurement under such a condition that a corona discharge
occurs. As the Kerr constant in atmospheric air is
1.3x10"%[m/V?], which is less than 1/10000 of those in
liquids, the phase retardation caused by the Kerr effect of gas

is measured by the high sensilive system based on the optical




phase modulation technique. When an ac high voltage of 24
kV is applied to a wire electrode stretched 7cm above a
grounded electrode, a corona discharge occurs from the wire
electrode and the field intensity near the wire electrode is
saturated less than 15kV/cm.
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Composite insulation systems consisting of different

diclectric materials have been widely used in almost all
clectrical apparatuses and electronic devices. In general, such
composite systems are much more complex in their insulation
characteristics than one component system because they have
interfaces between different materials. It is important to derive
an empirical criteria of electrical breakdown strength at
material interfaces for various parameters of electrical
insulation. The inception voltage in a narrow air gap of micro
meter order is studied by using a charge simulation method.
The experimental results agree with calculated values for
discharge inception voltage between metal electrodes around
the Pasthen’s minimum but those between insulating materials
deviates from calculated ones.
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The accurate measurement of high voltage is required to
develop, test and monitor electric power systems. Voltage
transformers and various voltage dividers are usually used to
measure high voltage, but with increasing measured voltage,
they become bigger and more expensive. In this study, an
optical sensor based on Pockels effect is developed and a new
measuring system of 500 kV high-voltage is realized. The
new system has advantages of widely measuring such voltages
as dc, ac and impulse, and being free from electromagnetic
disturbance. Two light sources of 1300 and 1550 nm in
wavelength are introduced to effectively expand measured
voltages from 200 to 500 kV.
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Advanced Motion Control of Electric Vehicle
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By utilizing the most distinct advantage of electric
vehicle (EV), i.e., the electric motor's quick and precise
torque generation, we aim to realize novel control
techniques, which will be firstly possible by EV.

If we succeed in slip prevention and effective adhesion
control at tires, by using specially designed low drag
tires with smaller energy loss, the range of one battery
charge will be drastically expanded. In a 4-wheel-driven
car, the yaw moment force can be the direct control
input, which realizes higher performance vehicle
dynamics control. As the motor torque is easily known,
we can estimate road surface condition without any
special effort,

Using a convert car "UOT Electric March-1", we have
already succeeded in MFC and the optimal slip ratio
control as the minor feedback control loop.
Recently-completed second  high-performance  test
vehicle "UOT Electric March-11" with independently
controlled 4 in-wheel motors is now used for various

experiments. Moreover a new vehicle is planned.

We have started estimation of the body slip angle f3,
decoupling control of DYC and AFS, hybrid ABS,
smooth braking control based on the optimal speed
pattern generation, dynamic force distribution. We
include researches on efficiency optimization/
sensorless drive of induction machine and BLDC motor
control.
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Serve System Design and Motion Control
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We named novel control techniques of mechatronic systems
"motion control”, which deal with the boundary area between
electrical and mechanical systems. In particular, vibration
suppression, disturbance rejection, and robustification to
parameter variation in industrial drive system are important
issues in the future motion control technology.

Qur present actual research themes are as follows. (1) novel
robust servo system design based on disturbance structure, (2)
multi-sampling rate control and inter-sample point prediction
based visual servo system, (3) novel disturbance rejection
control using acceleration sensors, (4) trajectory generation
considering derivative of jerk for high-speed high-precision
positioning system, and (5) fractional order control system and
CAD system development based on CDM (Coefficient
Diagram Method).

These will be applied to industrial drive systems, for example,

two-link robot manipulator, torsional vibration experimental
system with gear backlash and in particular hard disk drive
system,
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Hori laboratory's research subjects are divided into three
groups. In the last group, following themes are included. (1)
Abnormality detection based on camera image information, (2)
power assist technology for human-care robot, (3) artificial leg
based on a novel control principle, and (4) assist for wheely
function and overtrun control of wheel chair. (1) is used in
various places where people gather and can be applied also to
industrial robots. We are developing the novel control logic
based on variable impedance control for (2), and information
utilization from the healthy leg for (3).

Through these developments, we are aiming to establish a
new field of "Welfare Control Engineering".

Also, we are proposing (5) magic carpet, which is the new
concept of cooperative motion control of many
macro-machined actuators. A novel autonomous decentralized
control is proposed based on the theory of “field” and
distributed manipulation.
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Power System Planning, Operation and Control in
Deregulated Environment
A.YOKOYAMA, K.AUDOMVONGSEREE,
T.SUGIHARA and HEKITAMURA
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Since power systems all over the world have been forced to
change their structure, from vertically integration to open
market systems, power system engineers have to face many
new planning operation and control problems. In generation
system, new market models were proposed, pool and bilateral
based models. With these two models, dispatching method has
to be changed. In transmission system, all participants can use
this facility without discrimiration. Many transactions can
freely be proposed. This will bring many surprising congestion
problems. Therefore, the reliability and security of the
transmission system become very important than it has ever
been. Thus, the satisfaction of customers relating to reliability,
security and quality is a vital issue to be concerned. The
rescarches conducted in this laboratory include these following
topics; Probabilistic TTC and Probabilistic TRM evaluation
methods, Power System Reliability Assessment and Reliability
Worth, Work Flow Analysis.
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An Innovative Power Supply Network with Massive
Distributed Generation

A.YOKOYAMA, TKONDO and AMURAKAMI
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A lot of planning studies on interconnection of a large
amount of distributed generations into distribution network
have so far been done from a viewpoint of environmental
problem, energy saving, cost reduction and enhancement of
power reliability. However, a lot of problems such as voltage
profile, short circuit capacity, islanding operation detection and
system stability have to be solved for promotion of
interconnection of massive distributed generation. In this
research, we are going to investigate an innovative power
supply network interconnecting massive distributed generation
with integration of information technology.
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Stability Control and Optimal Operation of Power
System by Power Electronics Applied Apparatus
A.YOKOYAMA, HMOTOKI and S.TEERATHANA
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With recent development of power electronics technology,

power system stability enhancement and optimal power flow




control using FACTS(Flexible AC Transmission Systems)
devices such as Unified Power Flow Controller (UPFC) and
STATCOM, or self-commutated BTB (Back-to-Back), HVDC
and adjustable-speed generator (ASG) are proposed. Moreover,
new FACTS devices have been developed. Among them are
multi-line series compensator dubbed Interline Power Flow
Controller(IPFC) and Generalized UPFC (GUPFC) with
energy storage system (ESS). In our laboratory, studies of:
transient stability enhancement by nonlinear-controlled
STATCOM, application of UPFC from a view point of
effective use of grid, power system control with IPFC or
GUPFC, and rotary type frequency converter using ASGM

with nonlinear or robust controller are in progress.
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Development of superconducting generator (SCG) with
superconducting field winding has been carried out as a
national project. SCG has several advantages such as high
capacity, small size, light weight and high generation
efficiency. It also has a very small synchronous reactance Xd
because the field winding does not have iron core, which leads
to contribution to improvement of power system stability. In
this study, it is now in progress to develop methods for
determining properly optimal locations and parameters of
SCGs such as Xd and control system parameters in a real
power system and for  wutilizing SMES effect of
superconducting field winding for power system stabilizing

control,
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Intelligent Control and Analysis of Large-Scale
Power Systems
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Recent years, power system has become large-scale and
complicated, and may be operated under severe conditions.
Our study aims at improving reliability of power supply b
research and development of intelligent control. Since, for
example, analog type real-time power system simulator is used
to analyze power system phenomena, detailed models of
power devices and a new method for making reduction model
of transmission network are proposed in
MATLAB/SIMULINK environment for low-cost and easy-use
full digital type real-time power system simulator. A research
work on power system control based on information
technology such as time-stamped measurement of system

states by PMU (Phase Measurement Unit) has been done.
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Electric Motors and Generators using Bulk
Superconductors
Y. TSUBOI and H. OHSAKI

RE (150 /07 BBEKEEGEFIERLET
=S BLURUBOMAEZED TS, EXAFYLZE
=%, BEE—¥Y, ANE—F0ERGEE— RTOER
BLTEIRESEO LR MITEITY, 2 5ic2hs
RETWT, VLY BEREOTH-ATOBRERIC
DWTEHET- . RERIL T, ERTEELEH
BL-E&ETi DIV 2ARE, BLURTEREE
ROEMEFEIIOWTENEF>TWS,

Electric motors and generators usin g (RE)BCO bulk
superconductors in the rotor have been studied. Their
steady-state and transient-state characteristics in the operation
modes such as a hysteresis motor, an induction motor and a
synchronous motor were investigated both in experiments and
numerical analysis. The electromagnetic phenomena in the
superconductors in an alternating field were also analyzed. For
the synchronous mode operation, the pulse field magnetization
of a rotor using stator coils and operational characteristics have
been studied.
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Numerical Analysis of YBCO Superconducting Wires
and Fault Current Limiters
Y. ICHIKI and H. OHSAKI
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YBCO superconducting film has good superconducting
Properties and its application to wires and fault current limiters
(FCL) has been investigated with emphasis on a study of its
electromagnetic characteristics. In particular, 2D and 3D
numerical analysis models and tools based on the current
vector potential method with thin-plate approximation have
been developed to study AC losses characteristics and current

limiting performance of FCL devices.
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Pulse Field Magnetization of Bulk Superconductors
Y. ICHIKI, K. FUJIYAMA and H. OHSAKI
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Pulse field magnetization is an effective method for
magnetization of (RE)BCO bulk superconductors to be used as
a quasi-permanent magnet. However, improvement of
magnetization performance, investigation of electromagnetic
phenomena during the magnetization process and integration
into an application apparatus are still required. Therefore, a
FEM analysis tool for coupled problems of electromagnetic
and thermal fields has been developed to study them. For
example, studies on influence of resin impregnation on
temperature rise in the superconductor and a better condition
for pulse field magnetization have been performed.
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Superconducting Magnetic Levitation and Bearings
H. OHSAKI
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Superconducting magnetic gradient levitation systems use
the field shaping function of (RE)BCO bulk superconductors
with strong flux pinning force and can levitate a steel
component without active controls. Stable levitation has been
experimentally verified, and magnetic flux density distribution
and electromagnetic force characteristics were measured.
Numerical analysis of electromagnetic phenomena in the
superconductor and a study of potential applications have been
also carried out. Then feasibility of magnetic levitation and
bearing systems based on the magnetic gradient levitation
concept has been studied.
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Numerical Analysis of Vehicle Dynamics and
Electromagnetic Characteristics of Maglev systems
J. DU and H. OHSAKI
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Vehicle dynamics and electromagnetic phenomena of

11 H. Ohsaki, T. Shimosaki and N. Nozawa: Pulse field
magnetization of a ring-shaped bulk superconductor,
Superconductor Science and Technology, Vol.15, No.5,
pp.754-758 (2002).

S. Sugita and H. Ohsaki: FEM analysis of resistive
superconducting fault current limiter using
superconducting thin films by current vector potential
method, Physica C: Superconductivity, Vol.378-381, Part
2, pp.1196-1201 (2002).

FHEE—, KEEZ: MR/ L BESEEEERT
ICAWEERAT) P AE—F OBERERRE, E8

maglev systems have been studied. For numerical analysis of a T4, Vol.37, No.11, pp.704-T11 (2002).

superconducting maglev vehicle, the modeling of complicated

electromagnetic system and mechanical components including E=&i#ca

an elastic car body have been carried out, and then dynamics [4] R. Early, Y. Abe and H. Ohsaki: Numerical Analysis of

of a longer train under various running conditions have been

analyzed. On the other hand, urban transportation systems
using the EMS maglev technology have been also studied by

the Vehicle Dynamics of the Superconducting Maglev
System at the Yamanashi Test Line, The 17th
International Conference on Magnetically Levitated
Systems and Linear Drives (Maglev 2002), Lausanne,
PP05301 (2002).
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electromagnetic field analysis for running characteristics and
eddy current induced in the steel rail to optimize the total
system with emphasis on the levitation system.
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Electric Actuators and Surface Motors using
Halbach Permanent Magnets
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A Halbach permanent magnet array has significant features
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self-shielding function. For higher-performance or lower-cost
of motors and actuators the feasibility of the Halbach array has
been studied both in experiments and numerical analysis. In
particular the application of the Halbach array to a surface
motor that enables two-dimensional direct drive has been
considered.
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Train Operator Assisting System by Proposing and
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In the last year’s research, I have implemented the
sequence of automatic train rescheduling and evaluating it
from the viewpoint of passengers. But in this system, due to
limitation of processing speed, it searches only few part of vast
solution space. And it cannot reflect various limitation
conditions which exist in real railways.

This year, to improve these points, we have developed the
system including train operation simulation and passenger
behavior simulation based on graph theory, and we have
achieved great advance in processing speed. Moreover, we are
considering to include limitation conditions easily which make
the simulation get closer to real railway operation by
describing the limitations with graph.
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Contactless Transportation System and Vibration
Isolation System with Magnetic Levitation
T. KOSEKI, J. LIU, E. KADIR,
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Magnetic levitation technology can suspend body without
contact by magnetic force. It is expected to construct more
flexible conveyance system and vibration isolation system
which cannot be realized by usual mechanical suspension
system. Now, we are considering the coordination control of
four poles electromagnets which can control three degrees of
freedom and liner motor, two dimensional transportation
system which has several linear motors and electromagnets to
control six degrees of freedom, and vertical transportation
system which can also move horizontally as flexible
conveyance system. And also we are considering vibration
isolation system, which uses negative stiffness of zero-power
control and mechanical spring.
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Utilizing Electric Brake to Electric Railed
Vehicle
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Compared with usual mechanical brake, more comfortable
ride quality, maintenance reduction and energy saving can be
expected by using pure electric brake, Now, we are studying
optimal control of scale of assessments between electric and
mechanical brake considering distribution of trains on the line
to increase regenerative electric power, and adaptation of
multirate sampling observer to compensate the degradation of
velocity sensor at low speed and improve the controllability of
electric brake.
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A Study on Radio Signal Transmission for
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We aim to build a system to collect detailed information on
spatial distribution and time dependency of electric power
consumption by unifying many simple power- measuring
devices with radio communications technology. Simple
protocol classes and data transmission algorithm are studied in
order to build a cheap and fast small-scale of radio data
transmission system. And, under wrong electromagnetic
environment conditions, the characteristics of electromagnetic
noise are analyzed based on its measurement. That information
will be used in simulation system to find out a method for
reducing the influence of electromagnetic noise and

interference among subsystems.
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Flux Synthesis of a Linear Induction Motor for
Compensating End-effect
Based on Insight of a Control Engineer
I'. KOSEKI and R. MANO
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Linear induction motors (LIMs) are regarded as the most
reasonable type of all linear drive systems because of their
structural simplicity, and applied to several transportation
Systems, especially to new urban transit. LIMs, however, have
peculiar phenomenon, which is called the end effect, that
causes the deterioration of the thrust especially in high speed
region.
We propose a method to prevent thrust moderately from
deteriorating by giving proper d-axis current distribution
according to the velocity, and verified the effect quantitatively

witha LIM on computer modeled on one for linear metro.
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Our society, which is essentially driven by information
technology, is based on the improvement of MICTOProcessor
technologies. However, in the conventional microprocessor
System, performance is limited by poor exploitation of
parallelism and physical properties of semiconductor
technology. We must overcomes this limit in new generation
microprocessor design; researchers have intensively been
working for it in recent years. We have been researching new
Beneration microprocessor architectures, and obtained the
following results from the research in the latest few years. 1)
Quantitative evaluations on theoretical limit of instruction
level parallelism  2) Proposal of the feasible architecture with
fairly high execution throughput. Based on these results, we
are intensively studying data communication in high
performance microprocessor, especially optimization of data
transfer. Close examination including compiler support is now
being carried out on the system of an ALU network which can
substantially reduce the transmission latency. The architecture
which we propose is called "Very Large Data Path (VLDP)

architecture. Unlike the existing system, the VLDP enlarges
the set of execution activities and accelerates control by static
instruction clustering. So as to achieve them, the architecture
with a huge size ALU network dynamically extracts instruction
level parallelism and performs fairly parallel execution. This
system aims at some dozen times as much improvement in
performance as the current microprocessors.
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Power consumption is becoming a major constraint in
processor design. Recent processors used in our desktop PCs,
for example, consume more than 100 Watt in power. In
desktop computing, where the market is mainly driven by price
and performance, the packaging and cooling cost for such a
high-power chip occupy large portion of the total cost. Thus,
effective power reduction techniques are needed to tackle this
problem. Many power reduction techniques have already been
proposed at device and circuit level. However, it is predicted
that they are not sufficient to keep the current scaling rate of
processor performance. Currently, the trend is toward
reduction techniques at higher level abstraction levels, Le.
architectural, compiler, algorithm, operating system, and




programming language levels. Our research investigates power
reduction techniques at architectural and compiler levels which
can be effectively incorporated into a speculative
multithreading chip multiprocessor. Here, we consider
speculative multithreading chip multiprocessor as our base
architecture in order to combine the advantage of less design
complexity of chip multiprocessor and performance advantage
of speculative multithreading, with the reduction in power
consumption. The research includes the following topics: A.
Design and implementation of power modeling framework B.
Speculation management and control C.  Global
communication optimization D. Power-aware compiler
optimization
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Recently, many computers in mainstream have a static

structure. Existing computers however, have a critical limit of

its ability, since the static structure affects the adaptability for
various applications. One important method to solve this
problem is to change structures of hardware while computing.
It is called "Reconfigurable Computing". We aim at realization
of "Reconfigurable Computing". Especially, we are examining
the attachment of flexible hardware to embedded CPUs in
mobile systems, typically used in the PDA’s. We aim to
construct a system that works with changing the specific
gravity of power consumption, performance, and reliability, by
embedding the structure which can be reconfigured in short
time and in small units.
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Research on Integrative Media Processing Methods
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QOur aim is to realize integrative media processing, which
processes multimedia: text, image and audio integratively.
Concretely, we are aiming to index automatically to news
programs and cultural programs, taking advantage of the
effectiveness of integrated media processing. Such a
technology is essential to handle the increasing amount of
multimedia resource effectively, avoiding laborious manual
work. On the other hand, we are dealing with natural
language processing and video analysis necessary to enable
such mechanisms. We propose an automatic abstraction
method and an integration method of cooking video and
textbook, that performs integrative analysis of image, audio
and text and discuss future image and audio analysis of the
proposed system.
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Research on Auditory Scene Analysis for Acoustic
Music Signals
H. TANAKA, S. SAKAIL I. HANDA
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ARREREHEICL/R, TCICSEN585F0oRS
PRBESEMERIT LT ENTES, ;t"ffﬁﬁt"r.kf
BETEHT S LR, FlEREZETEZT ) r—
ar @%ﬁ@% F— & R =7 OVERR I mmfﬁ“ C
5D. FMRETHE, TOLSIEEHISHEBETMET
HREZFREMAST LIS, ToEFCHITRNZ
EHTWD, BE. BBICHE->T, ABMEHERBOT
nEThA BTl 1@§§T;LE%EL-N ICEm L & o Tl
ERTT OV IRV VAT ARREL, HEMNLEEZE
BLTWS, £XJO7TO0—-F LT, SREMOE
ZEEALZEBER Y A7 AOEBOFRETFoTH
B

Human can extract pitch, name of instruments and so
on from music. Realizing this function on computers

enables recognition of environment or construction of

database of musical scores. In our laboratory, we call
this function as 'music scene analysis', and proceed
researches on it. To realize transcription of excellent

quality, we propose a man-machine system which
compensates the weakness of each in transcription.
Furthermore, we have been interested in taking
advantage of timbre space for automatic music
transcription.
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Ubiquitous Network
T. AOYAMA, H. MORIKAWA, Y. KAWAHARA,
P. PAVEL, N. KAWANISHI,
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A seamless fusion of the real-world information and virtual
network services along with the coordination of computer
equipments and network service in the real world will bring us
a ubiquitous networking environment. Toward this, we are
working on a scalable naming platform that realizes
transparent service synthesis and coordination. On the top of
the naming platform, we are developing context aware
applications that utilize user’s location and situation. We also
develop application prototypes in the testbed room at Hongo
3-chome in order to collect practical feedbacks.
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Photonic Networks
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Broadband and flat rate connection services are getting
widespread recently. Meanwhile, new applications such as grid
computing, peer-to-peer communication, and wide-area
distributed storage systems also emerged. All these led to
tremendous growth in Internet traffic and generated a great
need for increased transmission capacity and switching-system
throughput in underlying transport networks. Photonic
networks by means of photonic switching and wavelength
routing are considered to be promising solutions for future IP
transport networks. Our goal is to develop a terabit photonic
network by taking advantage of optical burst switching
technologies. The research focuses on the architecture,
functions, and performances of future photonic networks
providing wavelength division multiplexing (WDM), photonic
router architecture, deflection routing, distributed wavelength
assignment, CoS (Class of Service) support, photonic burst
transport protocol and photonic storage.

Xy bI7—La5KL— 3>
Wil 2 - &) #z =8 f1-
&F Bl - g EE - EM E -
NoY Pak - INEF F2

Network Collaboration
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Advances in networking technologies enable the emergence
of new communication tools that will adapt its functions and
interfaces to the demands, profiles, and contexts of its users,
and make our daily tasks more effective. The new

communication tools require a new platform enabling users to




utilize various computing, communication, and content
resources seamlessly, and have to be designed to create greater
functionality, generality, adaptability, and/or robustness. We
are investigating and implementing network technologies
required for providing multi-party data dissemination,
cooperative rate control, mobility support, bootstrap
mechanism, and service/device description and discovery.
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Real World Network
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Capturing the information of physical world into computer
networks is one of the key technologies for the realization of
ubiquitous computing. Toward this, we research and develop
1) A distributed ultrasonic indoor locating system “Dolphin”
that can track the location of people and objects in real-time, 2)
a cube wireless sensor node “U’ that compose a wireless
ad-hoc network to travel sensor information including
temperature and brightness, 3) Service discovery wireless
communication module that enables instant discovery of
services and devices around the users, 4) Smart material that is
used to construct an ad-hoc intelligent environments.
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Mobile Internet
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The advanced technology of computing and networking let
us bring the proliferation of information technology into
myriad devices and applications. Realizing the great promise
of ubiquitous networks presents a new set of challenges such
as the development of a computing infrastructure that
seamlessly and ubiquitously aids users in accomplishing their
tasks according to the users' context. Towards this, we are
developing mechanisms such as session layer mobility support,
secure service handover mechanism, energy efficient resource
discovery, and flexible resource combination considering the
user's context. In addition, we are building a mobile testbed for
developing and evaluating the usability of prototype

application components.
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Network configuration and maintenance become more
complicated as the number of the terminal and contents
connected to the Internet increases and pervades into the
human life. The motivation behind "meta network
architecture” is to increase the ease-of-use for end-users and
simplify the infrastructure necessary to operate protocols.
"Meta network architecture” project explores new possibilities
for users accomplishing these tasks seamlessly and
ubiquitously. We are rescarching and developing 1)
User-customizable network where a user can optimize network
resources at his will, 2) Global storage system that enables
location-independent access to contents, and 3) On-demand
computing which discovers and utilizes networked functional
servers autonomously.
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H.HARASHIMA, TNAEMURA,
T.TANAKA and M.IIDA

ArEa—5 LB - FRERERTHIZTNTF A
FT4TERME<ERL, A2 VPa—5oBREITL
E<EDLDODOHD. AIHIK, Z5ITRARELL
AT 4 TREANAG BN RL BRSO EEI 2> T
Wa. COWATR, TOBHETHR, ZFHRE A7
ATHEUEADHEBOBMERT LI, Bk
DIRNFAT 4 THEWREE) ES5RAMESED

Mba—<%2 33azf—3a> AF4T7] ~E5H
EREMICRML T 3.

The interaction between human and computer has been
drastically changing to a new generation, as the multi-media
technologies in which computers and audio-visual
technologies are systematically integrated come into wide use.
Moreover, many other promising technologies, such as virtual
reality and “KANSEI" information processing, are making
rapid progress. Considering such a situation, we are studying
and investigating the future prospect, technological problems,
and the merits and demerits of human communication media
designed to be very comfortable for the human.
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Structural Representation and
Intelligent Coding of Image Sequences
H.HARASHIMA, T.NAEMURA, M.IIDA
and N.P.CHANDRASIRI
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In order to realize advanced and flexible visual data
Processing, we are investigating methods for structural
analysis, description and synthesis of image sequences. Taking
facial image sequences as special targets, novel techniques for
real-ime analysis and extraction of facial expression
information are investigated. They are combined with real time

facial expression synthesis techniques for implementing

intelligent image coding applications.
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Facial Image Processing and

"KANSEI" Communication

H.HARASHIMA, TNAEMURA, M.IIDA
N.P.CHANDRASIRI, K. TSUCHIDA,
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Since the facial expressions and gestures are the basics of
“KANSEI” communication, the progress in this technical field
will promote the human interface technologies in the future
communication system. We are examining how to analyze and
synthesize images of facial expressions and gestures by
utilizing the techniques of image processing and computer
graphics. The aim of this work is to construct the “KANSEI”
communication model in which the facial expressions and
gestures will play an important role by several kinds of
psychological experiments. We have also opened up the new
academic area of “Facial Studies” in cooperation with
psychologists and so on.
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Auditory sense is one of the most important of the five
senses. We are making researches on acoustic information
from a physical aspect to actualize the advanced spatial
communication and from an emotional aspect that is perceived
and move the human beings. Actually we are working on
following topics:

(1) Theoretical systematization of representing the sound
filed data

(2) The improvement of methods to indicate the sound field
by way of the analysis of individual variations among
head-related transfer functions

(3) Sound filed communication and design of its system with
a microphone array and a loudspeaker array
Sound field compression and transmission based on its
functional analysis
Synthesizing method of real sound fields and virtual
sound images
Study and analysis of (choral) music from various points
of view, and its application for practical use
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Ray-Based Approach to 3-D Space
Coding and Processing
H.HARASHIMA, T.NAEMURA, M.IIDA
K.TAKAHASHI, TYAMAMOTO and M.KOJIMA
B EEE AT ACBY A EEARTEETHS
ML OEELERE 2ERT5-00RKRED—
ELT, 3 RAEMERONRIZIE - HELNDS.
KT, BRI ROEMMLEICEFELRL THE
RRBRAR) ICRDSEMEROME - MEFEIZOWTO
BHEZEDTHD. HIiZ,
(] gfEdicE T <, EMFSoEaniig
(2] 3 RupEEeEsT Nz T<, SOt
WTOHE R
HAAST LA P AT LI &5 MR T ORERMNES
TR DM &L
3 FoTHEEET IV EF A L iR a) e e Me sy
BOE, BIUREEHEOmRE
ERCOES N > 2 5 A O ER A EFIA L g
ESOT4TT TV =3 O
REET->THAS.
Acquiring and coding 3-D spatial data efficiently is
indispensable in giving wusers of 3-D spatial
communication systems a better sense of presence. We

are now studying how to acquire and process 3-D spatial
information using a ray-based description that is
independent of the structure of 3-D space. Our main
research interests are in:
(1) Proposing the concept of space coding using ray-based
description
The study on the redundancy of ray data based on 3-D
structure model
Capturing and processing ray data of the real world in
real-time using a versatile camera array system
Processing ray data of the real world efficiently using
3-D structure model, and merging real world ray data
with virtual space
Developing real-time interactive application systems

using the ray data processing system
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The progress of the information media makes it easy to
process 2-D image data. In the next-generation information
environment, it is very important to capture, handle and
display the 3-D spatial data. There are two kinds of 3-D spatial
data, namely, the physical space, in which we live, and the
virtual space, which exists just in computers. We are

investigating how to combine these different spaces seamlessly.

Mainly, we are examining the following technical interests.

(1) Proposal and systematization of the ray-based
representation of 3-D spatial data
Efficient sampling of spatial data using the multi-view
imaging system with movable camera

Sampling theory of 3-D spatial data

(4) Interactive operation of spatial data in Immersive Virtual

Environments
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Interactive Media and Interface for the Next
Generation
T.NAEMURA, H.HHARASHIMA, M.IIDA,
K.SUGITA, K.USHIDA,
M.KAKIMOTO and T.TSUKAMOTO
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As for the amazing development of interface technology, a
new paradigm for human-computer and human-human
interaction is expected to emerge. We are investigating
interactive media from both hardware and software aspects,
taking technology, interface and contents into consideration.
And based on this investigation, we are attempting to
implement the system for further verification. The main topics
are as follows:
(1) Examination of human interfaces on interactive media
(2) Proposing and developing equipments for interaction
which will be a break through for conventional display
systems (for example, i-ball and i-mirror)
(3) Acquiring technological know-hows on real-time
interaction and system designing based on them
(4) Proposal of new methods for presenting information to
communicate intentions and minds
Thruugh these studies, we aim at making an innovation among
the relationship between human and information (technology)
for the next generation.
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Real-world-oriented Information Environment
Design and Generating Media Space Project
T.NAEMURA, H.HARASHIMA, M.IIDA,
LITO, M.TOBA, Y. KAKEHI, M.MIYATA,
A.OKADA and THASHIDA
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With the development of information technology and
growth of information society, it has become a significant issue
to design and direct space generated by them. We are
investigating to generate informational media space focusing
on the real world where we are living, not only in the
laboratories. The major interests are;

(1) Interaction and human interface with informational
media space

(2) Communication in media space generated in the real
world

(3) Proposal and implementation of media technologies
representing the relationship between environment/place
and information
Feed back of virtual reality technologies into the real
world and application to space design
Transfiguration and lay out of space using motion
pictures

and we are attempling to actualize the design method of space

adjusted to the environment with the know-how of architecture,

art, and so on.
M- EEB-E (2002 FE)
Publications List

X
[1] Takeshi Naemura, Takuya Nitta, Atsushi Mimura,




Hiroshi Harashima: **Virtual Shadows in Mixed Reality
Environment Using Flashlight-like Devices," Trans.
Virtual Reality Society of Japan, 7, 2, pp.227-237
(2002.6).

Chuichi Arakawa, Seiichi Ariga, Makoto Iida: “Proposal
of Vernacular Design for Wind Turbine," Journal of Wind
Engineering and Industrial Aerodynamics, 90,
pp-1731-1741 (2002.4),

B A%, ®A g, S 6, BE W, wE
Fesh: “BBN) SR—0tyvT 4 Y TERRD
S T NITH T RSB B, BAFEEE, S6, 4,
pp-583-591 (2002.4). (Setting Representation of Natural
Panorama Scenes and Virtual View Generation)

‘r‘rw 8O, WH i, FE W 3 KTk oXaie

BODHOT L by o BGFR BifEE, 56,4,

pp.617-627 (2002.4). (Telecentric Capturing System for
Acquiring Light Ray Data of 3-D Object)

He &, 40 X 20 B 85 8 FE
ByH A CEEE SV FILEMOTD D iR
BIZT B AT A iwall', BEE¥EE, 56 9,
pp.1500-1505 (2002.9). (i-wall: a System for Providing
an Information Environment at the Intersection of a Wall
and One's Personal Space)

th# f—R, 2H W=, & &, KE L, BE

W S E AR ZE R RO ct 6 HRTF DY 7 X ¥
U L, Bl ¥E 11, pp.1759-1768
(2002.11). (Proposal and Evdluallon of Clustering
Method for Loci of HRTFs in an Orthogonal Basis
Space)

#5H ", Chandrasii NP, 8 1§ &k & 8
H{SUIZ BT M LEROK ST, BEEES
id, 2, 1, pp.83-95 (2002.9). (Integrated Classification of
Sex and Age Groups Based on Facial Images)

FN B—, fiH B CEEOTIaL—g
BAEBE T KN ¥ 48, Vol10, Nod, pp.293-299
(2002.11). (Numerical simulation for Wind Turbine)

ER&RS

[9] Makoto lida and Chuichi Arakawa: **Three Dimensional
Wind Turbine Simulation of Interference of Blade and
Tower," International Conference on Computational Fluid
Dynamics 2, Sydney, pp.661-666 (2002.7).

[10] Makoto lida, Chuichi Arakawa and Hikaru Matsumiya;
“"Numerical Fluid Analysis of Horizontal Axis Wind
Turbine with Tower,” The Fifth JSME-KSME Fluids
Engineering Conference, Japan, (6 pages) (2002.11).

[11] Makoto lida, Chuihi Arakawa and Hikaru Matsumiya;
“"Computational Simulation of the Horizontal Axis Wind
Turbine with the Tower,” VD1.35, Germany (2002.7).

[12] Makoto Iida, Chuichi Arakawa and Hikaru Matsumiya:
“Effect of the Tower against the Blade,” 2002 Global

Windpower Conference and Exhibition, VC3.17, France
(2002.4).

Naiwala P. Chandrasiri, Istvan Barakonyi, Takeshi
Maemura, Mitsuru Ishizuka and Hiroshi Harashima:
“Communication over the Internet using a 3D Agent
with Real-time Facial Expression Analysis, Synthesis and
Text to Speech Capabilities," IEEE Int'l Conf. on
Communication Systems (ICCS 2002), paper no. 479,
pp.24-29, Singapore (2002.11).

Keita Ushida, Yu Tanaka, Takeshi Naemura and Hiroshi
Harashima: “i-mirror: an  Interaction/information
Environment Based on a Mirror Metaphor Aiming to
Install into Qur Daily Space," 12th International
Conference on Artificial Reality and Telexistance(ICAT
2002), pp.113-118 (2002.12).

Yasuaki Kakehi, Keita Ushida, Takeshi Naemura and
Hiroshi Harashima: “i-trace: an Interactive System
Drawing One's Traces and Illuminating the Area," 12th
International Conference on Artificial Reality and
Telexistance(ICAT 2002), pp.154-161 (2002.12).

Oliver Fleig, Makoto lida and Chuichi Arakawa:
" Aeroacoustics Simulation around a wind turbine blade
using Compressible LES and Lincarized Euler
Equations," DGLR-Report 2002-03, Proceedings LES for
Acoustics, Goettingen, Germany (2002.10).

Tetsuya Kogaki, Hikaru Matsumiya, Makoto lida,
Takashige Inaba  and Naohumi Yoshimizu:
“Development and Experimental Verification of an
Airfoil for Small Wind Turbines,” 2002 Global
Windpower Conference and Exhibition, C2.4, France
(2002.4).

Istvan Barakonyi, Naiwala P. Chandrasiri, Sylvain
Descamps, Mitsuru  Ishizuka: " Communicating
Multimodal Information on the WWW using a Lifelike,
Animated 3D Agent, Workshop Notes," Int'l Workshop
on Lifelike Animated Agents -Tools, Affective Functions,
and Applications (in conjunction with PRICAI-02,
Tokyo), pp.16-21 (2002.8).

Istvan Barakonyi, Naiwala P. Chandrasiri, Sylvain
Descamps, and Mitsuru Ishizuka: “Communicating
Multimodal Information on the WWW Using a Lifelike,
Animated 3D Agent," Proc. 1st Hungarian Conf. on
Computer Graphics and Geomtery, Budapest, Hungary
(2002.5).

A - mtaex

[20] A& MW VREEMERHOAF + 7O HAVRY
2Xi&, Vol.7, No.3, pp.32-33 (2002.9).

[21] &H WEZ, FE 4 HEe s I.ﬁH-r it
0 R EERAMEEERS

KO ITU FEBHOIE (£ D 1) 1TU 4+ —F ), ol.
32, No. 8, pp. 38-44 (2002.8).

(22] B 1.5 - g CFRHEORA" ANDO Hi,
Vol.72, pp.4-8 (2002.10),

[23] BH #, IJM‘ 8, L BEE B0 M=, am %

=3 RE S T ﬁ\ﬁx&e-ak‘{;)?fo)m@.,

AL

IS F 4336, Vol.122, No.11, pp 770-774 (2002.11).

[24] RE ff&l CHEOBEAOBETHT S [kl
#2056, Vol.105, No.1009, pp.12-13 (2002.12).

[25] ®iFF B2 “BF9E=RIT Stanford University Computer
Science Dcp;lrtmem Computer Graphics Laboratory”, H
& VR F20K, 7, 3, pp.219-222 (2002.9).

[26] B4 ft: 3 RTEMATF 4 TDER" FT
InterCommunication, No.44, pp.82-84 (2003.2).

[27] BRE Bk ~ERHEEAMEEERY 2 BEOHEE
e, B& ”“f:;—ié‘., Vol.106, No.1011, pp.123
(2003.2).

[28] i IERE: “#ME BEIFRAT7EXZSHE
Befi GRAEED 0 > E o — 5 205, BN 4EEE, 56, 12,
pp.1918-1923 (2002.12).

%%
Ao AR bhbhid&

. '; 7 .J: txcu»;ﬁ@ybv', BOTKF
HRE ( 002. 11)
Henrik Wann Jensen 3%, ®# # .7+ bhoww
EXY « EEIGEAAVEa—FF5T 09wl A0
A —A#(2002.7). [ ISBN4-274-07950-3 ]
Takeshi Naemura and Hiroshi Harashima: ““The
Ray-Based Approach to Integrated 3D Visual
Communication,” Three-Dimensional Television, Video,
and Display Technology (BJavidi and F.Okano, eds.),
Springer-Verlag (New York), Chapter 8, pp.183-212
(2002.8). [ ISBN3-540-43549-2

[32] Tadashi Ichikawa, Shoichiro Iwasawa, Kunio Yamada,
Toshifumi Kanamaru, Takeshi Naemura, Kiyoharu
Aizawa,  Shigeo  Mcrishima, Takahiro  Saito:
“Three-Dimensional Image Capturing and
Representation for Multimedia Ambience
Communication,” Three-Dimensional Television, Video,
and Display Technology (B.Javidi and F.Okano, eds.),
Springer-Verlag (New York), Chapter 10, pp.227-240
(2002.8). [ ISBN3-540-43549-2 ]
Takeshi Naemura and Hiroshi Harashima: “"Ray-Based
Approach to Integrated 3D Visual Communication,”
Telecommunication, Teleimmersion and Telexistance
(S.Tachi, eds.), Ohmsha (Tokyo) and 108 Press, pp.73-97
(20033). [ ISBN4-274-90586-1 C3055 (Ohmsha),
ISBN1-58603-338-7 (IOS Press) ]

PURIYL - RE - REERE

[34] B& W ~HOWHEIE : 54 FuThsEFHT
v 7", NICOGRAPH2002 HFEAL (2002.5.29)

B5] ® & 6#: “Virtual Shadows in Mixed Reality
Environment Using Flashlight-like Devices[) 5 2 B34
GHREEE I F— (2002.10).

[36] Takeshi Naemura, Hiroshi Harashima: “"Ray-Based
Approach to Integrated 3D Visual Communication,"
Pre-ICAT CREST Symposium on Telecommunication,
Teleimmersion and Telexistence, Invited Talk (2002.12).

[37] 8H #: 3 AT AT VL1 EHM S HELE
CG * ZEMIAH T - TR~ 55 28 ENA /15—
ATFLTYRIYL EVaTFh-ARY—3 >
(2003.2)

SH W B R ICB A RNRE, B
2EBATFNF—FIRAREEI F— (2002.6).

Naiwala P. Chandrasiri, Istvan Barakonyi, Takeshi
Naemura, Mitsuru Ishizuka and Hiroshi Harashima:
“Communication over the Intermnet using a 3D Agent
with Real-time Facial Expression Analysis and
Synthesis," The Society for Instrument and Control
Engineers System Integration Division Annual
Conference (SICE SI2002), 1, pp.239-240 (2002.12).

[40] £H R, W 8 FE W /57492270
tvﬂ%ﬁhﬁﬁﬂ@&i@75;b7#—b®&
", {E%HH 1E2002-230 (2003.2). (Real-time Tmage
Processing Platform Using Graphics Processors)

[41] £H B, §H & s W /57492270
Ty B ERMWCEMATLAT v F 7 (828
K, D11-121 (2003.3). (Real-time Stereo Matching Using
a Graphics Processor)

] 4FH B, Wik @—e, Wi R FE i 2K
JT DCT K LB EF v 3 EBEREFRicmT
Te—HRi", B FEROK, 12-6 (2002.8).

Hm BA HP & BN R FE W iR
FE B WWHELORE SR A —imimor &
i-wall—", §¥2LEFH, HI-100-2, pp.9-15 (2002.9).

HH BX, B & @ 8 FEE 1§ Bm %5k
“EHANSRBREICMTES 2 T - AFHA —
HHERLLTO iwall ZHIT—, VR B, 7, 4,
CSVC 2002-27, pp.51-58 (2002.12).

4 HA, BH R R W ) R 2 ANE
BRAERA I T0T4 TERRT A AT LA
i-ball 2 DHRE", FFHEBHMBEEEATLAT T
Y b— 3 CEM#iES (SICE SI12002), 11, pp.9-10
(2002.12). (i-ball 2: an Interactive Crystal-ball-like
Display for Multiple Users)

FH OANET, 4H B AR B B R 58
IZHB 5/ Y ET5— MBHEOZHRE & FEY, R




S 7 # — 5 L\ (F1T2002) 1T, pp.235-236 (2002.9) CEBRMETFATNYERVILIIa—Y 3 'T_"?;ﬂ' [THRYIRIT L, MO pp1stie) g3 HE K G R s
M W, M, M Bk, WA R FS W P YXBLRTL, Ea— > Q002.11). XHTML i€ 5)) & BH", Linux Magazine 2002
;'E;@;&fg Ju_]_/f' ,(;43_;.7’7—.,( —,f;,;épggl&,l}.’ A 2H T x—A 2RI A 2002, 3144, pp.589-592 [68] #AT HEH, UrH ;" =, I}--’ HII Mz, hF & e ‘£ 9 A%, pp.133-138, 7 AF—, (2002.8).
HZA VR & K2, pp.105-108 (2002.9). (An Interactive (2002.9). (A Communication and Presentation Suppor ;‘g',, h:,:” = e “‘?X‘:f“}an*ﬁg{‘@ﬁﬂﬁm (84) 4H BEK: “XHTML IZXBXXHMER : % 4 |
Augmented Reality Space Using Shadows) System Using See-Through Video Avatars) [“F 4 st R, )n ‘I 6 Bl f\jl HhEL Ry, D28-4, XHTML QEF (£ 2) *, Linux Magazine 2002 4
B W, 4 A, MW W, SH B B W H] Pp-165-172 (2002.12). 10 B%. pp147-152, 72%—, (20029).
INFTIOTxH 3 s a2 Ve RBREZERMIC S 57) LH ke, £ B AW Bk, WA R FE W [85] 4FH K : “XHIML Tk BETEBER 5 5 @
DI T o a " BGEAT 4 TIEL CEBRMETA TN EZRAWERAMOI 2 o — TOM (—RERITHES) TS L RBOSME) EAY AN — R, Linux
2D L (IMPS2002), 1-5.02, pp.123-124 (2002.11). ¥ 3 YX@, BF VR #FHAE, pp.495-498 (2002.9). [69) B 1§ “EFHLB, FoENIYATYEYE, Noa | Magazine 2002 % 11 A%, pp139-144, 7 2%,
(Interaction  with  Augmented  Shadow Using (A Mutual Communication-Support Using See-through pp.162-167 (2003.1). (2002.10).
Multi-projection) Video Avatars) [70] BE , Fx 2RI “BlRithok2a0 FH OEK: CXHIML KX 2EBER : BE
MG K, BH R, WM R B M CmRoE 58] ME B W BB §&F 2 FE M. - Lumisight B 3 o 4 5, pp.74-77 (2002.4). XHTML 7*5 XML ", Linux Magazine 2002 4£ 12
BT (% F1 L 7= ISR IBMR 32 7 A SIS 7 2008 Lumisty 7 4 W AR OIS IFURTFRBT 4 2T L (71] B “BEBITES R EBOE" 3 FOLT, R BRZRIL TAFS, (00zil)
Brid", BE VR #2K2, pp.d77-480 (2002.9). (A AN 425573 > 2003, pp. 53-54 (2003.2). 5 B, pp.66-67(2002.5).
Basic Study on Real-Time IBMR System Using Multiple tl-unllﬁfgh}l: View-Dependent Transparent Display Using [72] BB 4 “GHFEINLL95sas wps O (—RATERS)
Depth Maps) Lumisity Film) TALK SESSION", il ¥l 7 Z % — . vol395. (87) & & “BER¥T 5, WHE)IEEHERRS,
MR RK, WAL B M SBEGRAIS  [59) L B 0 e PP.72-73(2002.6). (2002.5.30),
”ammwm&mmm%iuﬂﬁﬁ FARREICY *Xfff?mf' B e (73] BE W: "SBHFRINAZE502a> HPs  [88] G W ¥4 CFREOFHR—O S Pa—s
SEBIZR, E@RIFR{L >R Y A@CSI002) SRR ATemgareny RetioR’ Velng Linlsigh TALK SESSION', #F|7 A% —, vol.396, pp.68-69 THEOEOWE", PRRLAMBE  (20026.5).
P-5.01, pp.69-70 (2002.11). (A Theoretical Study on lepia)')“__ N - (2002.6). 9] B W RLEIcAS S, MESBRRARARSE
Plenoptic Sampling and Equivalent Depth of Field in Pl 218, Chandrasiri NP, &4} fb B 1 [74] BB 18 I 13 AR THFBES C~A L UP = £, (2002.6.22).
]mdg; Acquisition Using Multiple Cameras) [%£ 4530 s BEER T I T X AEF W K, 8% F30 ai.- 5 x ‘L'_aﬁ Witz % v . BB W AOBRMEEDH— 12 P a— b TE
B RE) A FBRY—K 2K % # , HIP2002-68 (2003.3). (Synthesis of Facial e e 2 SRR, Y, ) - R
e EX, BH & FE W CSBEIAST LA Caricatures Using Interactive Gcn:!in'-_\ig_nrj[hm} '_’ 2002.7). i ’_-5"_- "'?'7."“&" -71—1'~‘.-n (3002-3-—‘}3)- -
12451} % Plenoptic Sampling 5 & ’H‘f, BT R . Ffl{‘ P lJ.i,_ ik M Hk, M B R [75] RE; 1&: ASBEHLUTHREREAD ?", Glaxo .EF.E:} 1 'J' ‘./El"'? LB, BERET AN A
BT BEBALE [ZH8, [£2002-102, Vol102, M. BT e o S LTS Smith Kline New Science, No.46, ]:lp 10-11 (eoun —J L FHEHEE (2002.9.11),
No.469, pp29-34 (2002.11). (Theoretical Study on TAMBOABE . il ., DI1-15 [76] "% 14~ M 13 [3 B 1 “OBICES S -0 Ea -5 THROM
Plenoptic Sampling and Equivalent Depth of Field for (2003.3). (Free-viewpoint Image Synthesis from Integral 74 R —.n,*,—f}['é.{g_; LTEEE ORE—", X5 IANI*, (H02.9.25):
Multiple Camera Arrays) Photography Using Estimated Depth Information) e ? =, Vol.73, \‘I°3' pp-277-278 (2002). [93) FE t§: “fREEMOTYC > HoliEcsE
JEY8 Bl N. P, Chandrasici, &K . & 1. - 2) 8 W, BB M W EE b - [77] £ BA: “CSS "OABE~BEL DT LEDD A" HERFIML 2RI 9 L4, (2002.109).
EL%ﬁ(@W@meﬁﬂ&ﬁm%hﬁﬁi KB ¥~ F LA S IRY > AR R T L, ' ”"3Wllﬁ€%*?f5%1i€% [94] BRE: 1: =2 1 #4205 2 2 BHENORERIFOFT
B ¥ 2 KRS, 016 (20029) {Au!om.llic RT3 E B 6 YAFIA TFH —a q V7", Web Site Design, Vol4, pp.160-169, 7", ANDO TECHNO2002 #:FIE#E, (2002.10.10).
Classification and Exaggeration of Facial Impression E (SICE S12002), 1I, pp.1-2  (2002.12) freFaRtt, (2002.5). [95] RE T’-‘?, F VA, TE L—¥, HE RE. H
Using Objecis Associated with Human Faces) (Telexistance C‘nmmun]c;nisn Systems) Ml BL: 0SS "OHE~HLoTxLkn RIMATWEN, 8 25 BIRELTY 1 223
OB, M W, 4m EK, B R 5e W ; Ty K52, B ; wﬁ'ﬁ SORDII~ 13 2 B 742 hEFTRED", Web %ﬁ-hﬂm (2002.11.3).
N EFIR L2 ZMREA > 5 5774 TR WER: 48T O YR SRR BT R Site Design, Vol5. pp.156-163, BHisF@itt, (20028). (o6 pim 1. “AOBIREEES A, BELHEFY =
T L itrace", HAE VR F2KE, pp.431-434 (2002.9). B E¢Hmp R]\m?(}n'} 210 (2003.2). NOHFE~FIATTEEEDS F1 Az 2 5’—, (2002.11.13).
(i-trace: An Interactive System Illuminating the Area Wl B—, Sl # CHEOELR ” qp ftk BT X B3 ERE-B-EHR (FO 1) [97) & ;21 #idhs 2 1&&_\ Ll — &
Using One's Traces) "B 24 ERHTRINF—FIES LAY L ms ", Web ‘»m Design. Vol.6, pp.146-153, Hiffis¥att, A FREOBKA—", BNl II—K%,
[54] 5 BEOA, fFH BEK, &M 6 BB M. “itrace: A I, pp.47-51 (2002.11). 2002.11). (2002.11.20),
BWFIZ LB AN EANEDDEAD C:Iflh_g-é AT
A" BB BHBER AT A > F T L—va RENTB BEY o\ SR S T 0 — R o TEDDIT~ 58 4 B K- £ HR (£0 2) (2002.11.22).
BB 2 SICE S2002), 1L, pp.tt-12 (2002.12). WA, BEARRERMERTE (1) | 02, “» Web Site D“isﬂ- VL7, pp.ld6-153. BOREEBE. (oo g w, g g, AP R B Kok At
(i-trace: A System Presenting Linkages between People pp.161-162 (2002.9), (2003.3), %Pﬁ;ﬂﬁ\j@‘@?ﬂ“- v, W es EI. 1, TH—T A,
by Leaving Their Traces) ZH OBHL W& Az RS m E i FH BFK: “XHIML It A8 XBEL: $ 1 E (2002.11.27).
Jie  Zhu, Keim_ Takahashi, Keita Ushida, Takeshi B B AR J"aﬁ?!_ SRk 924 XML 745 XHTML ~\", Linux Magazine 2002 [100)EE 1§: AEICE > TEE M-Iz BT 5%,
Naemura, Hi_ff)!shl. H:iru.\.‘hlima: "“Plcnoptic Digital Mirror: AHIRLF—FIES oo A%, pp.157-162, 7 AF—, (2002.6). H,‘ﬂ;ﬁ;g”.{tﬂfﬂing FE, (2003.1.8).
An Electronic Mirror Using Video-Based Modeling and (2002.11). 32] 4/ EEo - “XHTML ok 25 T®ER : 5 [101) 5 & TE"' Ok ‘: STEEREM—BEICETS

Rendering," 3 nage Conf. 2002, pp.149-152 (2 7 = S y . e e = i = q
’i.n( cnui E)rlrmie Lon{ 0c ppuHL 152 ( E_?{‘IE. ). INE T, BE AE FlE B0 B Sk @ HTML 7% XHTML ~\", Linux Magazine 2002 T ”[J{b.[.lﬁ)‘
[5(\] % H )ﬁ]['fl-:. ZiH B, 4| "(#4)‘.\-, A fE B . i} - _*'E " BEHFWS EHE
#, =& 0F HEFWS HE

Fleig Oliver, $0k EC. M #, /Il B— Bk FH HKX “css wc;ar%w;m*“‘d‘i‘ EFDR o BB M ConBEERMN, PRAMK

LUVNERA S —ECMRBMOMSE, 5524 B A%, pp.1dl-146, 7 AF—, (2002.7).




% “BoB. ko, AEHEEEL L BIYAS,
(2003.2.25).

[03)FE : “LWEITRZH OB 1 3 54", 2003
WOREES >R T L BEEREML, (20033.1).

Tt (FRER)

(104005 B0, Wk 6, BB M “HBE 12T A
—ar7—bOBEBNE (BT HLHE)
(2003/3/26-3/30).

[105]minim++/y.kakehi: ““at <case sandbox>", 71 7 x + 1
> - KPR OKFZME)  (2002/8/10-9/23).

[106])minim++/y.kakehi: ““at <case sandbox>", Lovebyles
Festival (Site Gallery) (2003/2/15-3/23).

[107]minim++/y.kakehi: “at <case sandboxs", H-( J{— + 7
IT ~ATAT T b OiikEkE (EBTHEA
EHTRE)  (2003/2/18-4/6).

AR - REHARE (2002 FE)

Ishizuka and Iba Laboratory
(http://www.miv. t.u-tokyo. ac. jp/)

MRIRR

Current Research Projects

INFE-INBMEI~V TV hRFA
A% # - £IE ¥ - H. Prendinger - S. Saeyor
Multimodal Anthropomorphic Agent Systems
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As a promissing new style of human interface beyond
currently dominating GUI (Graphical User Interface), we have
carried out a research & development of a multimodal
anthropomorphic interface agent called VSA (Visual Software
Agent), which has a realistic moving face, a vision function,
and speech communication capability. The VSA has connected
to a WWW browser, and allows us to access vast WWW
information sources through speech dialogues with our VSA as
well as mouse operations. As a new form of multimodal
information contents, we are also working on a mutlimodal
presentation system with animating characters. A markup
language MPML (Multimodal Presentation Markup Language)
has been designed and implemented for this purpose; it is
provided as a free software and enables many users to write
altractive multimodal contents easily. We are now developing
new functions for handling flexible multimodal interactions
and emotional expressions, together with its extension to 3D
VRML space and mobile phones .
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Internet/ WWW Intelligence
M.ISHIZUKA, M.MATSUMURA,
K.K.BUN and N.OKAZAKI
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The WWW is now an important infrastructure for
information/knowledge distribution and sharing. In order to
make the WWW more valuable and more friendly to us, we
are developing the following intelligent functions and systems.
1) AreaView system which extracts core Web pages and
weakly organizes their associated WWW subspace for
visualizing its structure, 2) ETTS system which finds new
information appeared in the WWW with respect to a defined
topic and presents its summaries, 3) Text processing necessary
for making the Web intelligent, 4) Chance discovery methods
from the WWW, etc.
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Artificial Intelligence Mechanisms CKnowledge
Representation and Fast Inference
M.ISHIZUKA, H.PRENDINGER,
and H-TOMOBE
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Toward advanced artificial intelligence functions, we have
worked on hypothetical reasoning or abduction, especially on
its fast inference mechanisms. In particular, we have invented
efficient methods which jointly wuse mathematical
programming methods to find a near-optimal solution in
polynomial time. This approach has been extended to the
predicate-knowledge case. As a new knowledge representation
scheme which fits to natural language expressions and have a
reasoning capability, we are caring out our basic and
application  research on CCR  (Concept Chemical
Representation).
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Evolutionary Computation and Genetic
Programming
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The theoretical and practical aspects of Genetic Programming
(GP) have been studied for the purpose of establishing
genetic-based evolutionary learning. The goal of GP is to
enable the automatic generation of computer programs, It
combines biological metaphors of evolution with computer
science approaches, such as machine learning or artificial
intelligence. Our experiments show the promising results for
various applications, such as multi-agent learning, system
identification tasks, financial data prediction, robot
programming, and paralle] processing.
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Evolvable Hardware (EHW) is a hardware, which modifies
its own hardware structure according to the environmental
changes. EHW is implemented on a programmable logic
device (PLD), whose architecture can be altered by
downloading a binary bit string, i.c., architecture bits. These
bits are adaptively acquired by genetic algorithms (GAs). We
study the fundamental principle of the gate-level. The
effectiveness of our approach is shown by comparative
experiments and successful applications.
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Genome-informatics and Bio-informatics
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The 21st century is said to be that of Genome and Biology.
Human Genome Project has been finished successfully, ie.,
most of the DNA arrangements have been analyzed and
identified. However, many problems remain to be solved.
Among them is the understanding and control of the dynamical
behavior of gene regulatory networks, We are currently
working on the simulation and inference of these dynamics by
means of several methods. More precisely, our target tasks
include inferring of gene networks by using DNA microarray
data, simulating inter- and intra-cellular signaling loops of the

mRNA products, and analyzing the metabolic pathways.
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High-Quality Speech Synthesis
K. HIROSE, N. MINEMATSU, W. GU, K. SATO, and
Y. FURUYAMA
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Researches are being conducted to realize high-quality
synthetic speech from both aspects of speech features:
segmental and prosodic. As for the segmental features,
methods of waveform concatenation, terminal analogue
synthesis, HMM synthesis, have been investigated. As for
the prosodic features, developments are going on for the
corpus-based generation of prosodic features based on the
functional model. Recently, one of our major focuses is
placed on the synthesis of emotional speech from the read
speech corpus. Word accent sandhi rules of Japanese,
necessary for the speech synthesis are also constructed,
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High-Performance Speech Recognition
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E$§§%ﬁ"&i¢&tttﬁﬂ]?‘;‘é‘#:&%’u‘/9’3’-{1.
HEBET)N - BRET I ODRNLES, RUOHREOS
PRFAOENED, SHEEZEDTNS, E®ETY >
ﬁ*‘#ﬁbl'tﬂﬁiiﬁﬂﬁﬁ’&}m"d"c‘:e:lé&‘]éb E=1: 1]
BTV EERET U NRBEE I RIIT YRS
REWICHR U, THBRMELZSLIE2BH0—
ELUT, #ERBMEFMERMOI AT v F B2, &
BET)N, EHEETNOEEHLTIOIRAT v Fiz
MATDFEEERL =, iz, BREFACEBEED
Bl E, %@EJ}?&U\'%bi%ﬁl:i#ﬂ'%ﬁ]%ﬂjf;%‘-iz‘;
ERELTWS. @IBOFHIDWLTI, ARSI
&> TRIBREG T M BMOERE BN a2
T, HBEEANHEZALTHEDS T BETNEYDE
ABHFE, HEERoNEERLT, SHRETIEYD
BASFHERELE, BE, HIZbPyrORRS

aﬁ7—5memtm&wwmﬁf»&%m:ﬁm@a
i— if }‘Cﬁ‘ajﬁgfﬁ' ﬁl& J;-J af £ J" Az ;’f! ~';?*‘§.j_" ] '1;—" f'i: 22k
THIRZEDTNS

In order to realize high-performance in speech recognition,
research works have been conducted from several aspects. We
experimentally compared the phoneme-based modeling and
the syllable-based modeling in terms of speech recognition
performance. One of the major problems in speech recognition
is mismatches between training and testing environments. We
proposed adaptation techniques to solve the mismatch problem
in acoustic modeling and linguistic modeling. Especially to
handle emotional speech and non-native speech well, which
have larger variances and distortions, novel techniques for the
adaptation are proposed. As for the use of prosodic features in
continuous speech recognition, we have developed several
methods, where prosodic boundary information was utilized to
realize dynamic control of beam width and dynamic switching
of acoustic models and language models according to whether
a prosodic boundary is found in a speech segment which is
processed and recognized. Currently, our major focus are
placed on the language modeling; to dynamically control the
use of language models, trained for each database with
different topic, and to incorporate “bunsetsu” boundary
information into language model.
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Analysis of Prosodic Features of Speech
K. HIROSE, N. MINEMATSU, S. NARUSAWA, and Y.
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Acoustic features of speech are often divided into two kinds.
One of which is called prosodic features, which are related to
height, length, and strength of speech. In this study, a modeling

technique of a continuous pattern of height of speech (FO
pattern) is investigated and automatic estimation of the

parameters of the model is examined. A proposed technique is
composed of three sleps; approximation of an observed FO

contour by a curve that is continuous and differentiable

everywhere, extraction of initial values for the parameters
from the curve, and optimization of the parameters by
successive approximation. This technique gives us quite high
accuracy of the parameter estimation. Furthermore, a method
was developed to improve the parameter estimation using the
linguistic information.
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Development of User-friendly Spoken Dialogue
Systems
K. HIROSE, N. MINEMATSU, Y. YAGI, and
K. HAMANO
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By applying speech synthesis techniques and speech
recognition ones, development of spoken dialogue systems are
being conducted, where the generation of appropriate speech
response with high quality, efficient database search by using
focus of the dialogue were realized. Using these modules,
several spoken dialogue systems were built, among which an
agent dialogue system was recently constructed where output
speech was directly generated from the output concepts. Also
we are discussing two new functions; dynamic control of
system atiributes according to uses’ characteristics and
dialogue strategy for handling temporal and spatial
information., For the former, an automatic estimation method
of users’ age was developed based upon speaker recognition
techniques,  Using this method, a dynamic control of
dialogue strategy of the system will be realized, which can be
often seen in human-to-human speech communication. As
for the latter, to treat both of temporal and spatial information
well, adequate dialogue sirategy and prosodic control of the
Tesponse generation are investigated.
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An advanced computer aided language learning system has
been developed, in which accented pronunciation in foreign
language leamners is automatically detected with instructions
for its correction using speech analysis, recognition and
synthesis techniques. Several sub-systems were already
developed, including:(1) An English learning system, where
learner's utterance is lime-aligned to teacher's utterance, and,
then, accented pronunciation on pitch, phoneme duration and
others is pointed out with guides to correction. Corrected
speech is also generated in his own voice using PSOLA-based
speech synthesis. (2) A Japanese word accent type training
system, where accent type errors in learner's pronunciation are
automatically detected by measuring average mora FO values.
(3) A stressed syllable detector, where a stressed syllable is
located using four acoustic factors of power, pitch, duration
and vowel quality. (4) A pronunciation habit estimator, where
habits peculiar to Japanese leamning English are detected and
the strength of the habits is also estimated automatically. To
build the systems, a large speech database of mon-native
speech is required. In our study, a project of collecting
non-native speech is also carried out. Using this database, not
only system development but also error analysis of non-native
speakers’ pronunciation is also conducted.
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MUSIC AND SPEECH INFORMATION PROCESSING
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Acoustic modeling of instrumental sounds were investigated.
Conventional and widely-used methods for the modeling were
often based upon the harmonic structure of the sounds.
However, we have various instruments which produce sounds
with no harmonic structure. In this study, sounds of drums
were focused upon. A model of the drum sounds were
proposed and using the model, morphing between two
different types of drums was realized. As for analysis of
singing speech, a prosodic analysis is being done with speech
samples of singing. Currently, special focus is put on the
singing with as high tone or low tone as the singer can produce.
This is because the singing in these conditions shows
interesting patterns of FO perturbation and we consider that a
modeling technique of these perturbation is required to realize
a synthesizer of natural singing voices.
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Analysis of Processes of Speech Perception
and its Application to Speech Processing
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ORI EHORBEENAS—HT

EANEIDNR T 4+ —< A L DMOAE) -
HEEIZ/E > T &R, £, (tk0S Ullﬁi{xﬂ\rij.tﬁﬁaaj
MUEBRPHRMIZIE T HONE LN, Thid, HEH
RICBIDHIBHAN, HFlialfizakalittss
LEEKT S, :n%%?ﬁii, EWFE T, AMIz

HEHFANOKRTEERNITHFL, TOMBEHEA
u}**f?&h?it-f, Eﬂéﬁ%:&’&ﬁ%ﬁ’-}&.‘é'éq fEsk &
n, 1)[7wiﬂ;Z-%—‘I\fl-:.i;f‘é"éfiﬁé-f. RWEFOHOETE
HY/SEERIRIE LS ERBLAE EOMIER, 3)SE1>FF
A MR EFFHRBIUE - OBIE, GHET 71> bk
S, BB EFHRRBIE 0BG, SERFkENRS
—CIXAHFEIN—ETHE, Hizon k-’-,lz,'?xizru'r:
A L TE/z. BIYE, non-native ICEARTOEDLI R
BDA native BIRFOMHEHT 200, Ln5pHniz
HLTTF—F FU T bRz RAVWERAZRAZTY
5.

While speech recognition techniques are getting widely used
in real world, qualitative and quantitative differences between
the performance of a recognizer and that of a human is also
getting clarified. Lots of the current speech technologics are
derived from findings of speech perception experiments. This
means that new findings of the experiments should generate
new speech techniques. In this study, we are aiming at
analyzing the human processes of perceiving spoken words

and sentences and creating new techniques based upon the

findings. From this point of view, we have been conducting a
series of experiments in the following issues; 1) the length of
unit of speech perception, 2) the relations between lexical
access and acoustic/linguistic attributes of speech stimuli, 3)
the relations between lexical access and linguistic context, 4)
the acceleration of lexical access by accent nucleus perception
and by word familiarity, 5) the function of grouping words in a
prosodic phrase, which is caused by pitch contour.

Currently, research focus is put on misperception of non-native
speech and we're trying to clarify what kind of combination of
pronunciation errors is more fatal to the smooth

communication
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Despite spreading of parallel computer systems,
difficulties in writing complicated software are limiting
their application. Our research aims at design and
implementation of programming languages and software
library for parallel processing. Research topics include
improvements on the KLIC implementation of a
concurrent logic programming language KL1 and a
parallel combinatorial optimizer library POPKern.
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Extracting Meaning Information from Massive Data
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For intelligent information processing, describing rules for
processing often costs quite high. Costs of describing
grammars and dictionaries in natural language processing are a
typical example. Our research is on automatically extracting
such information from massive data.
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Conventional computer systems demand users for accurate
system-dependent operation. Our research aims at automatic
construction of operations from high level description of the
purpose of operations.
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(,umpuk.r players for games such as chess played an
important role in artificial intelligence studies. We are
conducting research on efficient search algorithms for
games with much wider search spaces, such as shogi.
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Securities of Network Systems
S. YAMABUCHI and T. CHII-{AYAMA
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With expansion of information network systems,
maintaining its security is an urgent issue. Our research aims at
maintaining security on ever-changing networks and for
mobile agents that rove around.
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Substrate for Parallel Programming in Widely
Distributed Environment
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Parallel programming in widely distributed programming
has several issues that do not exist in programming within a
single SMP or MPP. The issues include a very large number of
nodes, nodes that join and leave on the fly, and relatively poor
communication performance. We conducted several researches
to tackle these problems with substrate software (programming
languages and runtime systems). They include design and
implementation of a programming model (Phoenix) that
coordinates a large number of distributed computing resources
that join/leave dynamically, distributed shared object space
based on the same concept (ClusterVM), task mapping
algorithm taking both load balancing and communication into
account, and a command-shell for parallel and distributed
computing (Virtual Private Grid). In addition, we studied a
parallel and distributed web crawling as an application of such
environments.
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High Performance Parallel Memory Management
T. ENDO, Y. KOBAYASHI, K. TAURA, A.
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Dynamic memory allocation has a large impact on
application performance. In particular, serial (or nearly so)
memory allocators easily reveal as a bottleneck of parallel
applications. We studied parallel memory management and
garbage  collection on  large-scale shared-memory
multiprocessors with several dozens to a hundred processors.
We parallelized memory allocation and garbage collection and
achieved 30 times speedup on 64 processors Ultra Enterprise
10000. We also developed a performance prediction model and
verified it. In addition, we designed memory allocator that is
scalable, space-efficient, and has a good locality on cce-NUMA
machines.
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We conducted a research on  semi-automatic’
parallelization, which help parallelization of sequential
programs by executing the program and reporting safe
parallelizations for the given run. This approach, unlike static
analysis, does not miss parallelism by conservative
approximation, thus is effective for programs for which
traditional automatic parallelization has not been effective. On
the other hand, this method does not guarantee the safety of
reported parallelism for all possible inputs to the program,
therefore the programmer needs to be involved in the
parallelization. We believe this is useful as an interactive tool
for parallelization and plan to improve its coverage, efficiency,
and ease of use.
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Information Search Systems
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We conducted a research on fast |'|:1raE]c] crawling of the wh,
a new page ranking scheme that mixes regular link-based page
ranking and feedback from users, incremental computation of
the PageRank, and indcxing scheme for finding a connected
set of pages rather than individual pages.
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We aim at establishing a new informatics called interactive
informatics. The goal is to understand the knowledge
creation process and develop a theory of computational
assistance that allows people to collect, understand, organize,
share, and create knowledge in the real and virtual world.

We focus on 'social intelligence design' that may bring about
mutual understanding and knowledge evolution in a
community. From scientific viewpoints, we investigate how
people create new knowledge through interaction. From
engineering viewpoints, we design narrative intelligence that
facilitates community communication and knowledge sharing.
Altogether, we explore an interdisciplinary domain about
understanding and designing novel interaction among people
and artificial agents.
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Conversational Agents and its Application to
Agent-mediated Knowledge Management
T. NISHIDA, H. KUBOTA and Q. LI
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We develop a conversational agent that possesses ils own
emotional structure and personality and that can communicate
with people using verbal and non-verbal communication
means. We aim at implementing a control structure that
allows a conversational agent to take into accounts the
embodiment and situations underlying conversation. We
investigate  agent-mediated communication in  which
conversational agents mediate communication among people.
We develop a talking-virtualized-ego that accumulates an
externalized memory of the user and communicate with others
on behalf of the user, in order to allow a community to build
and maintain the shared background through chitchats with
talking virtualized-egos.
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We study a method of intelligent generation of information
stream from heterogeneous sources. A public opinion channel
is a social information processing system that collects
messages from people and broadcasts their survey. The
messages communicated through public opinion channels are
not limited to pure opinions, but may well be questions people
ask, stories people talk, findings people make, jokes people
like, wits people have fostered, opinions people raise, and
proposals people want to make. Technical challenges
include: impartial summarization of a large set of
heterogeneous information, generation of an engaging stream

of stories, artificial caster, incorporation of social functions,

and establishment of a methodology of design and assessment
of public opinion channels.
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Studies on the Interactive Informatics
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We aim at the design and implementation of a class of
artifacts that have their own personality based on an emotion
model and communicate with humans with verbal and
nonverbal communication means, We are developing
human-compulter interaction techniques that may bring about
situation-aware, embodiment communication using a number
of robots and sensory devices such as motion capture.
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An agent can be characterized as a computer software
that can act on behalf of the user. Technically, an agent
is a computer software system situated in the
environment that has autonomy, adaptivity, and
sociability. 'We envisage that allied agent platforms
will serve as a basis of the knowledgeable community
inhabited by natural beings and artifacts. We study a
framework of cooperation and negotiation for a
collection of agents with potentially conflicting purposes
to emerge a reasonable collective behavior through
interaction.
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We regard the understanding of text as clarifying relations
between words/phrases in the text, We have been
implementing such a process by utilizing ordinal dictionaries
and text corpora. Based on such a representation of text
understanding, we proposed a method of text paraphrasing,
which can translate "coach of rugby" into "a person who
teaches rugby". We furthermore studied a flexible text
generation which select appropriate words and sentential styles

depending on the situation and the reader/hearer.
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Studies on Communication Modeling and Dialogue
System
S. KUROHASHI, Y. KIYOTA, A.HORI and
T.SHIBATA
EANRID I a2z —2 3 2 DETFIHEIIDN
LT L OWEE - BELETWRNSERNL
"TIZ. X470V 7 hOHERBICEET 5N
—mﬂ’)/\‘l«' ./':-'7‘-.{\ Y14 7Od+E] Z#EL. ZR
D -r—t LEfToTWa, ZOMEATLEEAL.
AN LS RBOEBROMFERSEBEL LN SHRLHE
05,

We studied a modeling of human-human and
human-machine communication. A dialogue-based helpsystem
has been developed which advises users in using Microsoft
products. The system has been working in practice with real
users via Microsoft WWW site since April 2002. By running
the system, the real dialogue database can be accumulated.
Based on this database, we study the phenomena of
human-machine conversation and to extend our work to user
modeling, user intention estimation, and other interesting
dialogue research areas.
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Though tens of commercial machine translation (MT)
systems are available these days, their quality is not
satisfactory yet. In order to develop next generation MT
systems, we studied a method of automatic acquisition of
translation patterns from parallel/comparable corpora. We
are also investigating a novel MT approach based on text
understanding and paraphrasing. We aim at constructing a
practical and robust MT system which can provide a real
service though the Internet.
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High Quality Transport Layer Protocol M/TCP
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A network protocol called Multi-path Transmission Control
Protocol (M/TCP) is being developed to achieve higher
reliability and throughput than the current TCP. M/TCP
allows a sender to transmit data via multiple controlled paths
to the same destination. One possible way to establish
multiple paths is for two endpoints communicating through
M/TCP subscribe to multiple ISPs without any modification in
IP layer. This year, congestion control and error recovery
mechanisms in M/TCP, including One-Way-Trip Time
(OWTT) estimation, retransmission mechanisms and
acknowledgement (ACK) reply policy, are developed.
Performance studies of M/TCP were conducted by using ns2
simulator.  Simulation results showed that M/TCP achieved
significantly higher throughput than TCP Reno.
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We are developing a system called the Background Task
Space System (BGTS) which provides a platform to use idle
computational resources distributed in the network. Since
this system relies on the good will of users to provide their idle
resources, it is important to make resource owners be
convinced that they are able to account for the relative costs
and benefits of providing idle computational resources. To
address this issue, we proposed a market-based system to
allocate idle computational resources (in particularly, CPU
time). Resource allocation is modeled in a simple economy,
in which resource consumption is required to charge for its
usage. We have designed agents with different purchase and
selling strategies. The experiments results show that based on
the market mechanism, various entities acting in their own
interests, demand and supply can reach market equilibrium

under which idle CPU resources are efficiently used.
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Next generation distributed processing architecture
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As human organization such as companies becomes
complex, groupware that supports cooperative work among
multiple people has become more and more important. In
consensus-building, it is known as the social dilemma problem
that if each member acts to increase local utility, the sum of the
utility among overall group might decrease. In this study, we
proposed to use mobile agents based on social psychology,
which take not only personal preferences into account but also
group preferences, to overcome this problem. It is shown that
the group can move to better state by coordination by the

agents.
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Cache Data Access System in Ad-hoc Netwoks
H.AIDA and TMORIYA
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Since nodes in mobile wireless ad hoc networks may not
always be able to access original data that they want, methods
for distributing caches of data have been developed. In this
work, not only a cache allocation method but also a
comprehensive system for accessing cached data, which
includes distributing caches beforehand, discovering the
caches, and accessing the discovered cache is discussed. We
considered the stability of multihop routes by means of
probability of their exisience, which can be calculated under
two different assumptions: neighbor-independent link model or
neighbor-dependent link model. Evaluations of this
discovery method are carried out by computer simulation.
Experimental results show that query range limitation with the
route stability models can reduce the number of query packets
and discover more cache-keeping nodes, compared with query
range limitation by hop count.
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Wearable and Ubiquitous Media
K.AIZAWA, NAGUL, M.OGAWA, Y.SAWAHATA,
T.HORI, S.KAWASAKI, K.NAKAHIRA
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1)Wearable Media: PCs and medias being improved in their
size and capacity, in future the entire life of a person will be
recorded by wearable video. Structuring and summarization
of huge video data of the person's experience is investigated.
Synchronously recorded biomedical information is also used
for the summarization. An imaging system that captures
various sensor data including video, audio has been
developed. Applications for automobile scenario is also
being investigated.
2)Ubiquitous Display: : Small cellular phone will possibly
become a human network interface in the coming age of
Ubiquitous network. Ubiquitous display that can be
controlled by the cellular phone is proposed and prototyped.
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Very High Resolution Image Sensing and Processing
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Very high resolution image sensing techniques are studied,

which are required for uses for electronic virtual enviroments.
To provide high quality images, all focus image reconstruction,
arbitralily focused image g'cneratinn and high resolution image
reconstruction are investigated. Image processing based on
multiple differently focused images, which we developed, is
being applied to image contents manipulation, light field
rendering etc.
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Acquistion of high precision range data and
3D modeling
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Hybrid modeling of the real world is investigated by using
highly accurate 3D long range laser sensors. The geometry and
the texture are acquired and modeled. Multiple views are
integrated to cover a wide area of the real world. Geometric
and photographic data are integrated to provide photo-realistic
model. A Walkthrough of the 3D model made for
KAITAKUMURA in Hokkaido was created by our developed
technique. Airbone range sensor is also made use of to create
3D models for wider areas such as OTEMACHI and HONGO.
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Computational Image Sensors
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Novel processing paradigms in frontiers fused of image
sensors and image processings are investigated. Advanced
image sensors integrated with focal plane signal processing are
studied. So far, image compression sensors, spatially variant
sampling sensor have been proposed, designed and prototyped
for evaluations.  Motion adaptive image sensor and
instanteneous motion vector detection sensor have also been
prototyped. Applications such as networked sensing for wide
area monitoring, real time 3D image acquisition, real time
object detection and tracking are being investigated.

a3 - FE—R (2002 F)

Publications List

R

(1] @, 2A. @H, 8%, FE BR/N/ FT—
DLy T 4 A TRBAOMEETNICET BB
B, BT A T « 728, Vol.56 No.d pp.583-591
Apr.2002 (K.Yamada, K.Mochizuki, T.Naemura,
K.Aizawa, T.Saito, Setting Representation of Natural
Panorama Scenes and Virtual View Generation, Journal
of ITE, Vol.56 No.4 pp.583-591 Apr.2002)
WE. /. 8%, i ERReRcLosEE
NIZEGOT 7 AF + OFERIZE T A5 )N—
a >, BREBWE AT 4 TE2E, VolS6 Nos
pp.863-866 No.5 2002 (K.Yamada, K.Mochizuki,
K.Aizawa, T.Saito, Disocclusion Based on the Texture
Statistics of the Image Segmented by the Region
Competition Algorithm, Journal of ITE, Vol.56 No.5
pp.863-866 No.5 2002)
H, HE BOBEREHVWEETENLOHERE
DEEENLADOER, BTIWHEESSR Y E
D-II, VolJ85-D-1, Nos8, pp.1300-1309, Aug.2002
(Y.Choi, K.Aizawa, Watermark Detection Based on Error
Probability and Its Applications to Video Watermaking,
Trans. IEICE VolJ85-D-II, No.8, pp.1300-1309,
Aug.2002)
C-K Cheong, K.Aizawa: Variable rate error correcting
code with interleaved puncturing serially concatenated
convolutional code, IEICE Trans. Communication,
IEICE Trans. Communication, Vol. E85-B, No. 10, PP.
1987-1995, October, 2002

K.Aizawa, K.Kakami: Ubiquitous Display Controlled by
Mobile Terminals, IEICE Trans. Communication,

Vol.EB5-B, No.10, pp.2214-2217, October, 2002

[6] Supatana, K.Aizawa: A Two-stage segmentation
algorithm using a robust anisotoropic region growing, Bt
R AT « TH¥2EE, Vol57, Nol, pp.117-125,
Jan.2003

(7] FiE B, 8% 21 EMEF I 22— 3
7oy b, @ EHE, Vol 41, No. 9,
pp.653-658, Sep. 2002

[8] Yoonki Choi, Kiyoharu Aizawa: Digital Watermarking
Techinique Using Block Correlation of DCT Coefficients,
Electronics and Communication in Japan, Part2, Vol.85,
No.9, pp.22-31, 2002

[9] T.Yasuda, THamamoto, K.Aizawa: Adaplive-integration
-time image sensor with real time reconstruction function,
IEEE Trans. on Electron Devices, Vol.50, No.1, pp
111-120, Jan. 2003

[10] #&. AfRH. % EREEGOSEILERTE
HHROME FEBOERIEMBEEGE,S>OSES
Bife & 3RITEGDER, FEffT 8, Vol13, No.l0,
pp.19-21, Oct.2002

B SR

[11] S.Yoshida, K..Yamada, K.Mochizuki, K.Aizawa, K_Saito:
A scope-based interaction - A technique for interaction in
image-based  virtual  environment,  Eurographics
Workshop on Virtual Environments, pp.139-148, May
2002

[12] R.0i, T.Hamamoto, K.Aizawa: Pixel based random
access image sensor array for real-time IBR, IEEE
Sensors, P1-2, June11-14, 2002 Orland, FL

[13] R.Oi, T.Hamamoto, K.Aizawa: Real-time image-based
rendering system with random access cmos imagers,
World Automation Congress, Int. Forum on Multimedia
and Image Processing (IFMIP2002), IFMIP034, June
9-13, 2002, Orland, FL

[14] M.S.Oh, K.Aizawa: Networked large-scale image
sensing system using spatially-variant sampling image
sensors, IEEE Int. Symp. Circuits and Systems
(ISCAS2002), pp. I I-281 - 284, May 26-29, 2002,
Phenix Arizona

[15] T.Yasuda, T.Hamamoto, K.Aizawa: Adaptive integration
time image sensor with real time reconstruction circuit
(paper award), World Multiconference on Systemics,
Cybernetics and Informatics(SCI'02), vol. XIV, pp.28--33
(2002-7-15) Orland, FL

[16] M.S.0h, K..Aizawa: A study on the implementation of

networked image-sensing by using smart image sensors,
World Multiconference on Systemics, Cybermetics and
Informatics(SCI'02), vol.XIV, (2002-7-15)  Orland,
FL

[17] A.Kubola, K.Aizawa: Virtual View Generation by Linear
Processing of Two Differently Focused Images, ACM
SIGGRAPH2002, Sketches and Applications, p.279, July
21-26, San Antonio, Texus
AKubota, K. Aizawa: Virtual view generation by linear
processing of two differently focused images, Int. Conf.

Pattern Recognition (ICPR2002), session 111.2 Aug.11-15,

2002, QC, Canada

A.Kubota, K.Aizawa: Arbitrary view and focus image
generation : Rendering object-based shifting and focssing
effect by linear filtering, IEEE Int. Conf. Image
Processing (ICIP2002), Vol. I, pp. 489- 492, MA-P.7.11,
Sep.23-25, Rochester, NY

H.Shimizu, C.R.Gunadi, K.Kodama, K Aizawa: Three
dimensional modeling of large-scale real environment by
fusing range data, texture images, and airborne altimetry
data, TEEE Int. Conf. Image Processing (ICIP2002), Vol.
11, pp. 537- 540, TP-L.2.6, Sep.23-25, Rochester, NY
T.Hamamoto, S.Nagao, K. Aizawa: Real-time objects
tracking by using smart image sensor and FPGA, IEEE
Int. Conf. Image Processing (ICIP2002), Vol. III, PP-
537- 540, WA-P.6.9, Sep.23-25, Rochester, NY

Huang Wei Ng, Y. Sawahata, K. Aizawa; Summarizing
wearable videos using support vector machine, IEEE Int,
Conf. on Multmedia, TueAmOr4, Aug.26-29, 2002,
Lausanne, Switzerland

K.Aizawa, K.Kakami, K.Nakahira: Ubiquitous displays
for cellular phone based personal information
environment (invited), IEEE Pacific Rim Conference on
Multimedia (PCM2002), Dec.16-18, 2002, Hsinchu,
Taiwan, Advances in Multimedia Information Processing
-PCM2002, Y-C Chen, L-W Chang, C-T, Hsu (eds.),
LNCS 2532,pp.25-32, Springer, 2002

BE

[24] TKomatsu, T.Saito, K.Aizawa: Super-resolution from
multiple aperture (Chap.9), Super-Resolution Imaging, S.
Chaudhuri Editor, Kluwer Academic
TIchikawa, S.Iwasawa, K.Yamada, T.Kanamaru,
T.Naemura, K..Aizawa, S.Morishima, T.Saito:
Three-Dimensional Image Capturing and Representation
for Multimedia Ambiance Communications (Chap.10),
Three-Dimensional Television, Video, and Display
Technologies, Edtors :B.Javidi and F.Okano Spinger,
2002

[26] D.Zhao, M.R. Luo, K.Aizawa (Chairs/Editors): Color
Science and Imaging Technologies, SPIE Vol.4922, 2002

[27] #8718 ENA LB S E, Mar. 2002

[28] HE: ENAIEREIIRS, £t RiFmofsai
i: TR by THholEN, BRRWERAT 4 724,
Vol.56, No.5, pp.770-776, May 2002

PRV UL -TRRE - ASERE
[29] # ¥ : Wearable Media (invited), Nokia & Tekes
seminar, 7 4 >3 > FRERE, Apri82002
[30] ®ifE, B MEAEIZE TSI RYLFI v
Lo P A= YO, REBIFERAT+ 7%
= WHES WAL, vol26, nodl, pp9-12
(2002-6)
HH, Bk, i EY1FIvr L R0k
O OBISEHE A A— 2 9Bet - Bk, s
WHAT  TH2 WL HRE, vol 26,
no4l, pp.5-8 (2002-6)
AR, 51, WA, HIE EROPMELEEREVE A
/D BRBREET TS A—Tt Y, B A
T4 THE RS IWESR, voll6, nod2,
pp.59-62 (2002-6)
HfE: SHOAT— b A—TE S ORERES
Bt 27 (AEmR), el AT 7%
= Wt UPIES, 1PU2002-51, p9, July
2002
&, 18%: System Implementation for Networked Image
Sensing by Using Smart Image Sensors, EifftD38 &
B 2R P A (MIRU), A6-3 pp.11-289-294, July
30-Aug.1, 2002
AGRH, HIE: BRELEEAWEEHEIESTTO
L) DT EBEBAASEROER, EEO
REE AR 2R P L (MIRU), P3-6, pp.11-31-36,
July 30-Aug.1, 2002
iR, VZ=4FF4., ik, B2 @i Lo
T ERMERRT— 4 2FA L ESESMOT
FIE, EROBBREERS ORI I L (MIRU),
P1-4, pp. 1-177-182, July 30-Aug.1, 2002, Nagoya
Haung Wei Ng, Yasuhito Sawahata, Kiyoharu Aizawa:
Summarizing Wearable Videos Using Support Vector
Machine, BEifOEREEM S 2RI T L (MIRU),
P1-7, pp.I-195-200, July 30-Aug.1, 2002, Nagoya
KEF. ARE. M SHOFTEELAV-24E
AERE, SEORBEIER VRTTA
(MIRU), P1-6, pp. 1-189-194, July 30-Aug.1, 2002,
Nagoya
WS UITITNWAFLT AFATE1 T
UPx 2 ADiEAK (invited), NTTR&D T4+ —F
Iy, Nov.1,2002
W&, HiE o OENS M X MRIHEITI Y
LT3 TINA A= A5 A, BFWREIESE
2 TNFAF4T - REARBABHES,
MVE2002-81, pp.81-86, Nov.2002




[41]

AGRH, i 2EAAT L AEGORBAEICL
SRR/ EHEAONE, BERIFSL - BEAT 1 T4
B R0 L(PCST - IMPS2002), 1-4.03 pp.85-86,
Nov.11-13, 2002

F 7). HE: A novel approach to home video
summarization using a set of important shots, E{&{F5
fb-BREEAT ¢+ 7H0E 2R A @pCsT -
IMPS2002), 1-2.15  pp.61-62, Nov.11-13, 2002

N, MR F—LETAOA T DD
DFICLDA X2 MR, EEFSE - AT
T R 20 L (PCSI - IMPS2002), 1-4.14
pp.107-108, Nov.11-13, 2002

KH. i 1 A—=JE o H B3 0EEEES
HU EEmEOBRN, EEFsSt A7 70

B 220 L(PCSI*IMPS2002), 1-4.17  pp.113-114,

Nov.11-13, 2002

[45) KHk. 4878: TIEEEE CMOS EIEMEORY, B

[46)

BFEL - BREAT 4 FOES >R T L (PCST -
IMPS2002), 1-2.19 pp.69-70, Nov.11- 13, 2002

BB, H8: VITSTINAA—V T AFAD
)DL RN S DA X Mﬁ\m, E
ft - BRIGAT 7 ME > >R T A (PCST -
IMPS2002), 1-3.02  pp.77-78, Nov.11-13, 2002

WK, HEB: fZEEET— Y 2RWEERD 3 KT
EF AL & DOFE, BE{ERFEL - B AT 1+ T
B 2T L(PCST - IMPS2002), 1-4.05  pp.89-90,
Nov.11-13, 2002

EiE. R S MERMABIC LKy
TP A—DE Y, ERIFSL B AT ¢
TWE R T A (PCST - IMPS2002), 1-4.18
pp-115-116, Nov.11-13, 2002

RE. B L HERICETISYTIT S TIA A
=PI VATADIDOA R MM, ba—<
AUETI— AR a— A I T — AW
FL%, vold no.S, pp.7-12, Nov.28, 2002

HE, % BERBROEDOYLITITINATF 4
7, BFHHEEYE NI BBEATATH
FREITFE4:, PRMU2002-171 pp.13-18 Jan.16, 2003
AGRH, Hi§: SRE - EAELOBK T LYY >
TILBERRAEAE GO ER, BFHEES

R HERT¥HES, 1E2002-189 pp.35-40, Feb2-3,

2003
N TR R—A EFF40noFEHREHWE
BRA>FHe 20, BFWEAGYE BT
B5Es, 1E2002-203 pp.115-120, Feb.2-3, 2003

I N—F V7 FOBEIC L BRI RS,
HRK¥2 1 S COE  RskitazE>TL 7 k
OZ72Z0RE) B—EXMI R L,
2003/2/10

[54] KM, 5% 8RN T —Cop Bl 2EERS L7

[66] B, ¥4, 4HE: A/D BHaA A— T+ >

DBITIZ DT OB, BREINEAT « TES
]S, Mar2003

g EMAEY T A A—DEHDV A
TLEEEY A2y oL -'/‘-f A—TY 0 B
TEEEMR TARRMHLER AL A7 4] &
I L, pp.23-45, Mar.12-14, 2003

W, KEF, WK, g LTV EFIAF
L a —?C’J?\rﬂfé&. LAHBEENLBEOETIOWHK
£, ETWHREREES. SWVF AT« 7 EERE
LR 822, MVE2002-134, pp.57-60, Mar.19 2002
WK, KEF. N A8 MEBET—F T 5K

Js;zz—i-‘JL L VT—HILEAEBERET I ORS,

BTHHEREFS. YNTF AT« 7 S(RAERE R
*iﬂr-“:. MVE2002-135, pp.61-64, Mar.19 2002
BE. 8 V7 I INBRERB AT AES S
FTHFR2T, REWE AT 4 7H#2, 194,
Aug.28-30,2002
HHE, A MERNMLEE RO A—Tt
DIMFI v s L2k, BEHBAT 4
15-2, Aug.28-30,2002
KH, 8% BRIREET O OER?
BEREoRd, BEWE AT« 724
Aug.28-30,2002
AR A BRERES A—TE Sk
X4 BREFR IBR > AT A, BEHHAT « TH#L,
7-2, Aug.28-30,2002
ARE. i AELESFTOL VY XL
BB - ESE SO, I%{&*rm AF 4 T2
£, 18-3, Aug.28-30,2002
5, H1%: Implementation of Networked Image-Sensing
System for Event Detection by Smart Image Sensors, B
B AT 4 T ¥4, 13-9, Aug.28-30,2002
ANFLL AT HENRE R DR TES, S A
T4 T2, 11-3, Aug.28-30,2002
KEF. ARH, HIE: HEOFJEGEERALE2E
RERER, REWERXA T+ 7%2, 1856,
Aug.28-30,2002

& it
BHEE, REEE AT }' r‘”v’=
Aug.28-30,2002

15-2

[67) KH. WA, 078 64X48 BEBESEHIEM 1 A —

CECYORM, BMEWHAT 4 THEE, 156,
Aug.28-30,2002

R, HE 97574 A----‘/‘f‘//;“/7? N
LBURBRBBOEY, N—F v LTV F 4 %2
PP.527-528, Sep.18-20, 2002

WK, MR Lo i - iR — v S S
LIt RABEBMO D o — & Z)b—, )X—F + LU T Y
T A 2, pp.485-488, Sep.18-20, 2002

RS EHRE Wit IBR 12k {748

BOER, N—=F+LUF54
“F=, pp.383-386, Sep.18-20, 2002
HH. A, i =5 Transcope: /A K7n R A8Z= R
BT Mk OMBEREFHORELER N—
Fw WU T U T 1 %2 pp.337-340, Sep.18-20, 2002

2] B W D27 ST NA AT TV RF AR

fM&‘*iﬂ‘& BH), MERRFER T+ — 5 4,
FIT2002, K-35, Sep.25-28,2002
WL, 8 BERBER VALY MElIcE
BASERY, WRBEEN T +— 5 A FIT2002, 169,
Sep.25-28,2002
KHE, % 1 A—TEHIcBAEGEBAEL
DENF L1 17137 ‘/‘T)ﬁilﬁ RPN F—T A,
FIT2002, J-55, Sep.25-28,2002
2, f81%: A study on simple event detection by
nctworked image-sensing system using smart image
sensors, THHAFEN 7 +—F A, FIT2002, 154,
Sep.25-28,2002
G, 1% Pl Dz TFIINAAS L EkiyE
ERVICBHBREMBRS A7 4, WEB SR T+
—Z L. FIT2002,1-93, Sep.25-28,2002
Wi, AR, R 9A: FMfEII -y
sa>7avz b, HEAEEH I —F A,
FIT2002, TAO-5, Sep.25-28,2002
& HS: Ox7 3TN A= H L AF A
L HYERFH N MEE, WWRAEES EAS,
2T4B3 Mar.25-27 2003
&, W, B 97 SINA AP LTI RF
LDTHDA X PREHFHE, BTHREELS
# K%, D-12-162 Mar. 19-22 2003
K, 0% ERAERTERES A-TVE2H0
Axat LAfE, ETIWHEEYS Bek2 , D-11-68
Mar. 19-22 2003
KH, i 1 A—+F BT 5ERER/NS
— BT ORERN, ﬂs?‘f!fﬂlﬁ!??ﬁg *é-crj\:r:,
A-11-70 Mar. 19-22 2003
AGREL B ERIFUNWERZRIE L F IBR
HEO—BR, ETHEEEYS BAX2, D12-127
Mar. 19-22 2003
ML R FEREAOEAA AR MRBIZETL
F—AETADEDORRT >Fo > F, BTFH
BiEEF2 BEKL2, D-12-70 Mar. 19-22 2003
NE . KEF, WK, HIE ffGJE'*FJHI:ﬂttOCOD
¥ UTF— 5 ORMEN, RFHBEEYL BE
£, D-12-131 Mar. 19-22 2003
A, KE., hB, 818 fiTHRICEoBELE
ESETII EEHlEY TSN 0HKS, BT HEEE

= A K2, D-12-122 Mar. 19-22 2003

(86) Wi, HE7B: WEBSRILEE MY 1 FI v oL

(87]

88

[89) F 4

[90]

3 /lb.:f'vf A=Y ORE, BTN ENESS
HA KL, D-11-69 Mar. 19-22 2003

B, M AEFIRT 4 AT LA VAT LOH
BELI DL TORN, BFWHEEYS B4
£, A-16-3 Mar. 19-22 2003

Gl il HE ﬁtﬂiﬁfﬁiemm%—m{iﬁﬂﬁm
AT LDMERES Y, STWREESS 2o
K22, A-16-34 Mar. 19-22 2003

7 )l-. #81%: Shot importance based summarization for
home video, ETHHMBEEF S BEKL, D127
Mar, 19-22 2003

HE: ENMVEEORRERZ 86 , B8
HWEFS BAKE NFIIVEHE, KB2 Mar. 19-22

2003




LEHRE (2002 &)
Esaki Laboratory

(http://www. hongo.wide. ad. jp)
MRIER

Current Research Projects

FRIAA v FHiif
JLIG
Label Switch Technology
Hiroshi ESAKI

BN DB ORI > ¥ — S bR A
RETBDOHEREL T, SRS v FRTOFE
MREELCEMEE LI SN TVE, SRNAS Y
FREAVWEESRTI >y —Fv kb A7 AFx ¥ PX;
Internet eXchange) 7T —F 77 F + ZifL L. 2EE#HOE

AEBRZEZRVT, TOMENEEREBML -,

Label switch technology, that has been standardized at the
IETF (Internet Engineering Task Force), promises to provide
high speed, large capacity and wide variety of service
functions for the next generation Internet. We has proposed
the next generation internet exchange (IX) architecture using
the label switching technology. The practical nation-wide
testbed has been established and operated with many industrial
partners.

KMIEZOZx o b: IPV6 A—3IL
i ¥
KAME Project ; IPv6 Protocol Stack for BSD
Hiroshi ESAKI

KMEA o —Fw MzBHaE8E ool s

[P !\““/3 Y6 DREY TR T T—FF 7 F+ITH

ToEEdbic, BRY 7 bz 70EEENMER
‘DCU/ EFBRICLMERE Oy FTHD,
BEET<TO BSD(FreeBSD. NetBSD. OpenBSD. BSD/0S)
KEWT, EXRozEY 7 b '3’1 TELTOMES:
BESL L7z, IPv6 M 7O )L E LT, BEW A
A >F—%y MBIY 2 BED REER&D F v k7~
IPMATN—T% 1pv6 O BAKBICHNT, &
<BEAMHXhTHLES,

IP version 6 is a core protocol stack for the next generation
Internet. The research on software architecture and the
development for it’s referenced implementation has been
performed. This is joint effort among industries and academia,
to be adopted by almost all BSD official software releases. i.c..
FreeBSD, Open BSD, NetBSD, BSD/OS. The implementation
has been widely and globally adopted by various research
groups and R&D/R&E networks, as well as in the commercial
products,

TAHI 70222 b ; 1Pv6 SHEREES 27 A
L s

TAHI Project ; IPv6 Test and Evaluation Suite
Hiroshi ES

?L"E‘?:Ei!vé'g % ) b T AT
Wa, UFJ\EH{ !tL?: AT L,
= . EPERIIZIL <

We have researched on the evaluation and validation
methodology for IP version 6 node, and have implemented the
referenced software for this purpose. We have implemented
on the FreeBSD platform, and it is widely re iced and used

by many organizations in the world.
USAGI O x4 b

USAGI Project ; IPv6 for Linux
Hiroshi ES: ‘\hl ]hdt, il-d Y (JHHII U II
Linux 2 A7 AL, >

TE<FHZhTWVZ
N—=2a eRtisy
BRYT Iz T70REL %
KESWMEMRETo = LT
bO T OMEMREE "‘f'”*”]‘

R, ERIT Linjux YV —2 3
NBITWzoTWa,

Linux system is widely used operating system for various
purposes and systems. This research studies and implements
the software architecture of Linux system in order to work
with IP version 6, that is promising network protocol stack for
the next generation Internet. This research is joint work among
multiple companies and universities, so as to carry on the
continuous software releasing of IPv6 protocol stack for Linux
community. The output of research activity, i.c, source code

has been adopted as an original Linux source code tree.

5. Ry b7—SEBRFIOET
L, WA, &, Wi
Measurement, management and Control of Internet
H.ESAKI, S.YAMAMOTO, K.YOSHIDA,
Y.MATSUI
129 —Fv MzBFB R34 9 2Bt ORIE.
TIREDFHH & CELRIASOFHEED
KL b 740 v oml@izmms Urf[“‘? 2fro7e,
BB, AN —ART7 T r—2 5 BT HiHE
BREDERFHREMEHEL, BRI EEL -
?J{/}mHHm/ATﬁx.EW%I WIDE 7O
FxI b F =2y b ERLT LRI RAE L 7=,
Traffic measurement, management and control of internet
system is important and urgent issue. We have researched and
developed the prototype systems, ie, traffic measurement
matrics and methodology for stream application and traffic

management and control system collaborating with the routing

protocols.

RWNFR—AT—FTF+
{LI} ¥%, Radinal Rachmat
Multi-Home Architecture in IPv6 Networks
Hiroshi ESAKI, Radinal RACHMAT
oy MEEOEE MR LS murmﬁ

Mobile IP % H L
ne=if \’_f.' 'H v '-/.,'_\j;|_ @
Whad,

Multi-Home technology does provide not only robust
and load balanced internet communication service, but
also provides the functions for new generation internel
application. 'We have researched via two approaches:
(1) Using the mobile IP technology, (2) Using the
multi-home server in the ISP.

E7YV—E7ABEICEIT3EFaUF 1 —
iLk5, Bk, &T
Security Architecture for Peer-to-Peer Systems
H.ESAKI, Y.YUUKI, K.KANEKO
IBSHLWEEEETE

L DOWFFERE 58

The p:;cr—[n—pce: communication is emerging communication
paradigm in Internet system. We have researched on the
security architecture for the peer-to-peer system and developed
the actual software platform.

8. FISAT ARy bT—4 f:E!T%i&%
)‘1 m {[_1, !’.ﬁ[ ] {i'j_
Security Key Management in Appliance Network
Hiroshi ESAKI, Ken-ichi KAMADA
FUNDT 754 T A%y b — 72N
FO— BB BITS AT A T—FTFIF+O
R ZED TS, ZOPTH, SEER. 775
T/7m¥'j”étTIUTf_%mﬂhﬁﬁﬁ?ﬂ
T—F%FI0F v ORAMRET o /2. HERREIZ. IETF
TEUTEHBMES(CEF ST o hmEEBIEL TW5,
We have researched on the architecture of appliance
cquipment network environment based on the IPv6 technology.
A practical key management architecture has proposed. The
research output will be proposed to the IETF (Intemet
Engineering Task Force) aiming to the global internet standard
technology.
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AR, MET. WNEE
Innovative Human Interfaces by Integrating Physical

and Virtual Worlds

M. SUGIMOTO, F. KUSUNOK]I, H. HASHIZUME
HEARMED EBRRZ, ZEATOERHCAIHO
KEFTDHOITLBHBZRTTHD, BERETOBE
L, BRI VIZMRNTBREZEL TREMTS
NTW1S, EWSFERMBEINTVS, —F, K0 HA
MRTHI Ea—4EEZNLEAM-OEa—%

BOA T30 a »ORFICEIVEIM TS0,

EHAL BT 24 OHHOBAEHLILTL K
Ligly, EZTRA TR, KAV FEOHEERR
AMEEEHBEER L, O Ea—FMED T (RAEHS
LEEBETELIEESH LWEaA—T A 5T
A ARDWTHRZED TS,

In design of computational tools and their human interfaces,
we have lo examine how recognize objects in real worlds,
because functions of tools should easily guessed through their
design (e.g. its appearances). Conventional interface designs
for human-computer interaction are based on the interaction
using a mouse, a keyboard, and computer display. We think it
is not natural and intuitive for our cognition derived from the
affordance theory. In this research, therefore, we pursue
intuitive and natural human interfaces that enable users to use
computers by manipulating physical artifacts. We have so far
developed a novel sensing board used by a group of users in a

face-to-face setting.

2. Fyb7—sENALEBEPERIEICETS
51k
KAKA, METF, RERE. SIE BRAHE
Collaborative Learning Systems in Face-to-face and
Networked Environments
M. SUGIMOTO, F. KUSUNOKI, S. INAGAKI,
A. YOSHIKAWA, K. TAKATOKI
B MR TO face-to-face TOWMFEFICIMA, 2K
a—#Fy bI—EHLTHEOWEMSZEKSE
DD, X I—TARERRICBWTHEFRYT 28T
EENMIIEBETICATFAEMELTHS, FAITR
grETHhiL, Eros I — MBSO OREEE
# face-to-face THE R 5 LFAFIC, ETHHITORAL
W EICX-> TSRS EHRBMEOREIZIDONT

HEALMEND D, FNETE, WE#R TOEBMN
IR R — R —ABIA 2 —T xR, B
PaArEa—FZTal— 3200, faceto-face IZ
BUsiELOBRHE. BLURy FT—2 2L TOM
IN—TEDRWPAIa_sr—a%BLT. B8
BEEMAHRINI DV TOEREXB IS LEHLE
LTwa,

By using the sensing board, we have been developing
systems for supporting collaborative learning in face-to-face
and network environments. This system is used for learning
about urban planning and environment problems. A group of
users construct a town by collaboratively placing physical
pieces on the board. A computer simulation then evaluates the
arrangement of pieces and visualizes the results. Multiple
boards are connected through computer network and a town on
each board receives financial and environmental influences
from each other. The goals of the system are to allow users
(school kids) to test their knowledge (learned through
textbook) in a physical world, and to learn how to construct
towns by considering their sustainability. The system is used in

several elementary schools as a teaching material.

3. BAZRBEEFRHMEiEHS LABEARER
REEVATLICET MR
fiFH—3A, AR
Integration of Personal and Shared Spaces for
Supporting Collaborative Problem Solving
K. HOSOI, M. SUGIMOTO
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WT, BEOHEZETS & KHEANBMTNS,
Ll h#fERIR, fx AOEEM SR ENS 2D,
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HEEERICE > THEASNSHAEMEEL— ALV A
KRG AR BEMEMEL. TOFEEED
T,

A system that integrates personal and shared spaces to
support face-to-face collaboration has been developed. We use
PDAs and a multiple-input sensing board for personal and
shared spaces, respectively. Users of the system can discuss
and negotiate with each other in the shared space by
manipulating physical objects, while they individually
examine their ideas in their own personal spaces. The system
allows users to participate in group activities interchangeably
and seamlessly using both these spaces, and supports users in
urban planning tasks. Preliminary user studies to evaluate the
system are described.

4. MHESEAZAVEHBAFEXEATAICH
L




RErEhal, AR
A System for Supporting Collaborative Learning
with Mobile Devices
K. YATANI, M. SUGIMOTO

T, N BEAJ BFENA AT iaEnEE|
BEiEflzR-d o EliffehTtns, 2
STLENTNAEDBE VTN AZFALT
MIZEKET S5MIE, CSCL
Collaborative Learning) 3 '-, LT — ._fo\ n>o
DHB. TIT, EWARATH &L | @B|ELTHE
HEhTLHaEmEIZBWT ?Eq{u) PDA (Personal
DigitalAssistant) 11}"‘;5*:, BB LU
TR 5T va EBLTTFHED
YATLEMELE, EROMMEICE
DD, EOHREREL TS,

In this research, we use handheld devices for children’s
collaborative learning. The system constructed is used in a
museum, which provides children with valuable learning
opportunities other than schools. A pair of children, i.e.
visitors of a museum is supported in their navigation in a
museum, through interactions with each other and exhibits,
The system has been evaluated in several Japanese sciences
Mmuseums.

RBARLC R TACHT SRR
SFRIMEH. 4R
Information Visualization Systems
Y. NOMATA, M. SUGIMOTO, A. [A(:l C HI
i\iﬁﬁ‘f)‘??&“& LB E R OWH a7
IEDLS IKThiE iz onTk
\@ﬁ}bm"&}@u DOEMRELTEL WE 5.
FPATIE, Web 2@ LlBRS) > 7 O
BIZBWT, FIREOBMERET DAY 77 —A >
FIoTA THIZDWTEEL, PAFLEFTo>TWS,
There have been many researches on information visualization.
However, it is still a difficult problem to visualize massive and
complicated information in an appropriate and understandable
manner. In this research, we have been developing a system for
visualizing query results on World Wide Web, or page link
structures, by considering metaphors and interactivity that
promote users' understanding.
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BAE—ER, BB, AEERGH. RRHEA
Processor Applying Quantum Computing
K. HOH, M. FUJISHIMA, K. SAITO
and K. INAI
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Ho,

Quantum computing is extensively effective in finding a
solution among the huge number of candidates, such as
database search and factorization of a large number, compared
with conventional computers. It is because the quantum
computing verifies all possible solutions at once and solves a
problem at high speed. We are studying a new processor
utilizing the procedure of quantum computing by a rewritable
integrated circuit called FPGA. Improvement in the speed of a
processor is realized by not only emulating the quantum
computing but also employing the technique of the current
computer. The architecture which flexibly copes with various
problems besides quantum algorithm will be adopted.

2. BFRIHIS—0DIzav—2a>
BRE—ER. BB, NFNRE, JCHER
Emulation of the quantum computing errors
K. HOH, M. FUJISHIMA, M. ONOUCHI
And T. KITASHO
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The simulation of quantum-computing errors is the
technology required for eliminating the fatal influence by the
errors and in the quantum computing with quantum-
mechanical systems. Large-scale operation of physical

quantum computers can only be realized when the knowledge
acquired by the simulation is applied efficiently. From such a
viewpoint, the hardware and software estimation of the
influence of the errors of the quantum computing are being
made with sufficient accuracy and at high speed.

3. #H#E 3y bF—-MOSFETHZ7OEX
Bsh—ER, . EiAR. LEET
Process for a complementary Schottky MOSFET
K. HOH, M. FUJISIMA, K. SUGIURA,
and S. KITAZAWA
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A silicide source/drain MOSFET is a new transistor which
uses metal silicide for source and drain regions to reduce
resistance. The silicide source/drain MOSFET is suitable for
miniaturization since steep Shottky junction is used instead of
pn junction which causes junction ambiguity in ordinary
MOSFETs due to dopant diffusion in miniaturized scale. The
characteristic of the Schottky junction is considerably
influenced by the state of the interface between metal and
silicon, and by the conditions of the annealing for the
formation of the silicide. Therefore, the optimum formation
process of different types of silicides on the same substrate for
the complementary operation is studied utilizing a
micromachining technology.

PUYA R70EA0BE (L
BL—BR, BRE. NEHE. LEET
Optimization of the silicide process
K. HOH, M, FUJISHIMA, H. KODAMA,
and S. KITAZAWA
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The performance of a Schottky source/drain MOSFET is
maintainable even in the feature size of 10 nm or less since
dopants are not required for Schottky junctions. The barrier of
a Schottky junction and the sheet resistance of silicide need to
be reduced to improve the current driving capability of the
Schottky source/drain  MOSFET. Moreover, the silicide
surface of PtSi being used for a p-type MOSFET is coarsened
and raised when annealing at high temperature, which causes
gate and source/drain short. Thus, annealing temperature and
time of P1Si and ErSi are optimized. At first, the barrier height
of silicide of source and drain which influences the current
driving capability and the fluctuation of MOSFETs are
mitigated by optimizing the rising time of the annealing of PtSi
and ErSi, Additionally, we are studying the process conditions
where not only the surface of PtSi becomes flat but also its
sheet resistance becomes low,
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Gigabit wireless is a technology which enables quality
comparable to wire communication and convenience
comparable to wireless communication. Gigabit wireless is
expected to become the backbone of various technologies in
the future. The electromagnetic wave near light called a
millimeter wave is required in free space to transmit and
receive the information freely, more than 1 gigabit per second
(1Gbps). We are studying a millimeter-wave front-end circuit
using CMOS technology to realize universal wireless

communication of gigabit information at a low price.
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CMOS RF circuits with thick oxide layers
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In a RF circuit, the resonance circuit composed of an inductor
and a capacitor is used to raise the operating frequency of the
amplifier. However, the loss at high frequency in a CMOS
circuit is large since the conductance of a silicon substrate is
larger than that of a semi-insulating substrate for a compound
semiconductor. A thick insulated layer in the substrate surface
is effective for reducing the loss in CMOS circuits. We are
studying the fabrication of a high-performance RF circuit at a
low price using a substrate with the thick oxide film applying
micromachine technology with the cooperation of DENSO
Corp. As a result, a voltage-controlled oscillator and a
frequency divider operating at a frequency of 2GHz and a
supply voltage of 1V have been realized using 0.5 zm
CMOS technology. These building blocks are combined and
the frequency synthesizer operating at ultralow power and the
RF front-end circuit for low-cost transceivers will be
fabricated.
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Differential injection locking frequency dividers
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Injection-locking frequency dividers modulating the output
frequency of an oscillator using a frequency mixer were
proposcd. We have proposed a new frequency divider with
differential-injection locking which adjusts the zero-crossing
points in the output of the oscillator using a MOS switch. The

new frequency divider using a CMOS ring oscillator has been




realized, operating at a frequency of 10GHz and a supply
voltage of 1V.
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Radio communications will shift to the millimeter wave
band in the quest for prospective richer frequency resources
even though current communications use the GHz microwave
band. On the other hand, it is difficult to realize
high-performance radio communications without the exact
estimation of an on-chip inductor since the inductor is an
important element which determines the performance of radio
communications. Particularly, it is necessary to precisely
estimale the substrate loss and the complicated current within
wirings. Currently, the modeling of on-chip inductors in the
microwave band is being studied for preparation of the
analysis of on-chip inductors in the millimeter wave band. The
precise modeling of the parasitic elements under the influence
of a substrate is studied for use in the estimation of the
influence of the substrate in a millimeter wave band.
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Crosstalk of local wirings
M. FUJISHIMA, K. HOH, K. YAMAMOTO,
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Crosstalk has become a significant issue since wiring density
is increasing with the miniaturization of devices in integrated

circuits. In a digital circuit, the crosstalk of global wirings has

been studied. In an analog circuit, spaces and widths even in
local wirings have to be taken into consideration since the
analog circuil is more susceplible to noise than the digital
circuit. It is necessary to examine the effect of shield structures
in order to suppress the influence of the crosstalk and to keep
the occupancy arca small. Thus, we are studying the optimal
shield structure for different wiring widths and different wiring

lengths.
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On-chip large-scale parallel operation circuit
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Calculation steps increase linearly when an exponential
number of processors are used for the increase in a variable,
although they increase exponentially with the increase in the
variable when a conventional CPU is used. Practically, it is
necessary to combine parallel and serial processing in order to
find the answer in a large solution space since the number of
processors being implemented in an integrated circuit is
limited. Currently, we are studying an algorithm which
scarches the answer efficiently using a parallel processor
fabricated for high-speed processing of quantum algorithms.
The parallel processor using a controller with special
techniques such as the branch limiting method for a
combination optimization problem is also currently under
development, and its processing speed will be compared with
that of a conventional processor.
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We have developed Boolean Single-Flux-Quantum (BSFQ)
circuits recently, which do not require any clock eclement for
local cells. Thereupon, we have proposed a novel global
self-timing methodology, dual encoding hierarchical pipelining
(DEHP), for the BSFQ circuits. In implementation, a
non-volatile memory element ND-DFF, a volatile memory
element D-DFF, a complementary switch, a 4-bit shift register, a
2x2-bit non-volatile cache, have been constructed, designed, and
tested. Besides, we have proposed a novel current recycling
technique with bias fluctuation protection, for reducing global
bias current from several amperes to hundreds of milliamps. In
future, we will use the DEHP methodology and the current
recycling technique for designing superconductor LSI system.
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As a important point in neural research, there is a question
what carries information in the brain. The traditional view is
that the mean firing rales, spike firing rales measured in a
psychological time scale, carry information. But recently, the
high variability of inter-spike intervals of cortical neurons was
revealed, and many experimental and theoretical researches on
the temporal neuronal dynamics have been worked. In this
point of view, we study an improved Hebbian learning rule
using temporal activity.
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Moderatism based neural networks
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We propose a new icarnmg rule called "Moderatism" which
is based on the hypothesis that neurons have a tendency to
sustain a moderate level of both  input and output signals.
As all the neurons moderate  only their own input and output
signals, learning by auto-association of the neurons can be
realized. Also, it is possible that the neural network might
try to influence the outside environment to be provided with
some input signals when there is none available. Future
expectations are that by using feedback-looped neural nets
based on Moderatism, it will be possible to attain a more
realistic, flexible and biological model of the learning
characteristics of living beings that include signal processing
and pattern recognition.
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The purpose of this research is to make a robot acquiring

motions by learning, like animals. We made several robots with
hopping motion by one-leg, two-foot walking motion, and
serpentine motion with four joints, In the research of four-joint
robot, we succeeded to let the robot acquire the efficient

serpentine motion by learning, using neural networks.
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This is a basic research on algorithms for reinforcement
learning. 'We define decision processes based on context free
grammars (CFG-DPs) including the class of finite-states
Markov decision processes, and propose an algorithm for
optimal problems in CFG-DPs. Especially, for decision
processes based on simple grammars (SG-DPs), which is a
subclass of the class of CFG-DPs, it is easy to extend Q-learning
(QL) due to their determinacy. We propose a extended
Q-learning algorithm for SG-DPs and show its convergence
and its advantage than the original in SG-DPs

6. Za—JI)Lxy bT—SERNEKRIIBHT
HEE— - BT T

Time Sequences Analysis using Neural Networks
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We research on non-linear learning and implementation of
artificial neural pmetworks in prediction of economical time
sequences, In this kind of prediction tasks, networks with high
generalization power are necessary. We also attempt to search
for the optimum number of hidden neurons for a given task
and to develop effective training algorithms for those optimum

networks.
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Right-Brain-Computing Integrated Circuits:
Associative Processing Systems
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Digital computers are dedicated machines for vary fast
execution of numerical calculations. However, their
performance is extremely poor in such tasks like seeing,
recognizing, and taking immediate actions, which are effortless
tasks in our daily life. This research aims at building intelligent
VLSI systems based on the psychological model of a brain. In
our system past experience is stored as template vectors in
non-volatile vast memories and the maximum- likelihood
event lo the current event is recalled in real time by a fully
parallel processing. The key ingredient of the system is a new
functional device called “Neuron MOS Transistor” (neuMOS

or vMOS) which mimics the action of a nerve cell neuron at a
single transistor level. Based on such architecture that
"association" is the very computing primitive, we are pursuing
human-like intelligence system implementation directly in
silicon integrated circuits. Currently research is in progress for
image recognition and voice recognition processing. The
sate-of the-art silicon technology has been utilized to
implement such associative processors in both analog and
digital CMOS VLSI chips. As practical applications of the
circuit technology developed for the associalive processor
chips, CDMA matched filter chips and intelligent Internet

search engines have been also developed.
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Since image data are massive in quantity, an effective
dimensionality reduction technique is quite essential in
recognition problems. The maximum-likelihood search VLSI




chips we are developing accept image data in the form of a
vector. Therefore we need to generate a one-dimensional array
of numeric values, well representing the characteristic features
of the original image. In the representation, human perception
of similarity among images must be preserved in the vector
space. A robust image representation technique for recognition
has been developed based on a hardware intensive algorithm.
An input image either in a binary or grayscale format is
subjected to adaptive spatial filtering to generate feature maps,
which are reduced to a 64-dimension vector by “Projected
Principal-Edge Distribution (PPED)"” method. The re-
presentation has been applied to handwriting pattern
recognition and the cephalometric landmark identification (the
clinical practice in orthodontics in dentistry), to investigate the
performance. Interestingly, in hand written pattern recognition,
it is shown the separation of handwritten overlapping patterns
has been successfully carried out based on the representation,
although it is a difficult problem in artificial intelligence.
Using a simple template matching technique, identification of
Sella (pituritary grand), Nasion, and Orbitale has been
successfully carried out. Since the vector formation processing
is computationally very expensive, dedicated VLSI chips have
been developed both in digital CMOS technology and analog
CMOS technology.
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Real-Time Moving Image Processing VLSI Systems
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Aiming at real time processing of moving images, a saliency
catcher chip that detects objects in motion in non-stationary
complicated background sceneries has been developed. Due to
the new quasi-two dimensional processing algorithm we have
developed, the chip contains the processing circuit only at the

peripheries of the photo sensor array. As a result, a very large

fill factor has been obtained in each pixel processor.
Furthermore, a VLSI system that extracts three-dimensional
information from the object of interest has been also developed.
Since charge redistribution among multiple capacitors is
utilized for computation, it enables us to build very low-power
systems. In these two VLSI systems, neuron MOS technology

has been utilized in realizing flexible hardware processing.
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Associative Processor utilizing Ferroelectric Thin

Films in a Hetero-Gate Floating-Gate MOS Structure
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A considerable interest has been drawn to the ferroclectric
memory as an allernative to the floating-gate flash technology,
due to its superior endurance characteristics as well as
low-voltage writing capability. However, the low-voltage
writing capability, on the other hand, implies unexpected data
change upon the electric field application to the ferroelectric
thin film. In this regards, digital storage of 0 and 1 has been
mostly implemented employing destructive read operation. We
firstly developed a technology for analog data storage in the
ferroelectric thin film and then developed a new type of
transistor capable of performing associative processing at the
very device level. The transistor was named Hetero-Gate
Floating-Gate MOS. Test chips were fabricated and evaluated.
As a result, we have demonstrated the basic association
operation as well as non-destructive nature of analog data
storage in the Hetero-Gate Floating-Gate MOS structure. The
chip is being developed as an associative processor to be used
in mobile terminals,
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Study on the Associative Processor Architecture for
Intelligent Database Search
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A general-purpose mlclllgcnt search agent on the Internet has
been developed using VLSI Associative Processor (AP) chips

as the hardware accelerator. The agent performs

Associative Processor Z

similarity-based search in a large volume of database.
Although the similarity-based search processing s
computationally very expensive, latency free search has
become  possible due to the  highly parallel
maximum-likelihood search architecture of the AP chip. In this
study, two search schemes are proposed for intelligent Internet
search agents: the server-based solution and the client-based
solution. The architecture of the AP chip has been optimized
for each of the solutions and their performances are compared.
In the server-based solution in which multiple AP chips are
mounted on a printed board in the server, 10,000 simultancous
accesses to the intelligent search agent are allowed with a
response time of less than 1 sec for all visitors. This is by no
means possible in software solutions. As an example of
similarity-based intelligent search, an E-commerce real-estate
agent system has been developed using the AP chip
implemented in field-programmable gate arrays (FPGA) and
the effectiveness of such agent systems has been demonstrated.
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Nano-probe fabrication by Micromachining and its
application on a new SPM
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We are investigating a new type of Scanning Probe
Microscope (SPM) based on a new principle. A micro spired
structure having 150,000nm height and 50nm of curvature
radius at the summit is batch fabricated by bulk
micromachining for the SPM. A robust and stable batch
fabrication technology of the spires is developed at first. The
tip showed better stableness in STM measurement than
commercially available STM tips. The fabrication employs a
generally applicable principle (Convex-comers preservation
principle), that enables a stable fabrication up to 3600 probe at
the same time. A new STM that can measure atomic-scale
magnetic domain and topographic images simultancously is
under investigation as an application.

ERHEREEREOMEZBIE LK NENS T
1 20XFE AT A
=HEHH - SEHE
MEMS Optical Systems for Integration with Feature
Extraction VLSI Sensors
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As a subproject of "Functionalities-Integrated system
devices", we are investigating an integrated system with VLSIs
and MF,MS components.  One of the limitations of
photodetector-integrated feature extraction VLSI is the wiring
bottleneck problem: the amount of wires explodes with the
increase of searching area. We are claiming that taking the




advantage of integration with micro optical components, the
pixel image data can be optically forwarded to their adjacent
cells with no electrical wirings, thus solving the wiring
bottleneck problem. From a standard 200um-thick Si wafer,
25um-width parallel mirrors array chips and rhombus-shape
mirrors array chips are fabricated. Image-pixel forwarding was

successful as it is designed.
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Nanophotonic devices, i.c., sub-wavelength sized (beyond
diffraction limit) photonic devices with novel functions, were
studied in order to support future ultrahigh speed and
ultralarge capacity optical communication systems. Optical
near field energy transfer between nanometric particles are
utilized for their operations, We have proposed a novel
nanophotonic switch using three quantum dots. Switching
operation and their dynamic properties were experimentally
and theoretically evaluated using three CuCl quantum dots. A
nanophotonic light emitter was also developed by using a ZnO
quantum dot. Further, nanometric plasmon waveguide was
developed in order to connect these nanophotonic devices with
external macroscopic photonic devices.
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Nanophotonic fabrication, i.e., fabrication for realizing
nanometer-sized materials, is studied in order to realize
nanophotonic  devices and their integration. Local
photochemical reactions between optical near fields and
molecules are utilized for ultrahigh accuracies in sizes and
positions of fabricated materials. Photochemical vapor
deposition, photolithography, and etching are being developed.
A nonadiabatic photodissociation process was found in
photochemical vapor deposition, which was attributed to the
localized nature of optical near fields. Based on this process,
ultraviolet light sources, indispensable to the conventional
photochemical vapor deposition, was replaced by a visible
light sources. Further, this process was applied to
photolithography. Fabrications of Zn, Al, ZnO, Si, GaN
nanodots were demonstrated with ultrahigh accuracies in their
sizes and positions.
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Fiber Optic Distributed and Dynamic Strain Sensing
with High Spatial Resolution by Fiber Brillouin
Optical Correlation Domain Analysis
K. HOTATE, S. S. L.ONG, T. YAMAUCHI
and K. ABE
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A scheme for fiber-optic strain-distribution sensing is
proposed based on Brillouin scattering in the fiber. Correlation
between pump and prove lightwave, which propagate in a fiber
in opposite directions, are controlled. It realizes localized
excitation of the stimulated Brillouin scattering, Spatial
resolution of 1.0cm and sampling rate of 57Hz has been
realized. The resolution is 100 times and the sampling rate is
10,000 times higher, respectively, than conventional ways.
Concrete clack detection and dynamic strain monitoring of a
building model has been demonstrated for the first time.
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Multi-Functional Fiber Optic Distributed Force
Sensing and Distributed Vibration Sensing
K. HOTATE, K. MAKINO and D. NAKAHARA
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By applying, “synthesis of optical coherence function,”

fiber optic distributed force sensing technique has been studied.

Introducing a SSG-DBR laser diode as a light source, having a

wide tunability, the spatial resolution has been improved to be
20 cm. Optical tomography with reduced moving parts and
no data calculations have also been studied using the same
light source. A tomogram image with 32um resolution has
been realized. A system to measure vibration distribution
along an optical fiber has also been proposed and
experimented.
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High Spatial Resolution Reflectometry for Diagnosis
of Optical Fiber Subscriber Networks
K. HOTATE and K. KASHIWAGI
BEDHTNA AERAMETRHTEBUILY b
U AT hOEEEREZT o k. CThETRHMEEEN
REIEY TR EICE - THBMITHE T 5 T &tk
Mmofe. SENL, BERIATLINGA—FE2RDBZ
ET em F—FOBMAMELERFLELMSEEA—F
O ZERNIC KNS AMERTAS LS Ik,
o, AAXx I VBIONESVRHOBRTESY 1T
Tl rUREBE.

Techniques for diagnosing fiber optic subscriber networks
have been studied. ~We must measure the reflectivity
distribution around the optical elements, which locate at the
end of the network beyond several km length of fiber, with cm
order spatial resolution. We have already developed a system
with 6cm resolution for this purpose, but its measurement
range was too short. This time, we have proposed a new
system to overcome the problem, and demonstrated
successfully a measurement with the range more than 500m
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Multiplexed FBG Sensor and Variable EDF Dynamic
Grating by Synthesis of
Optical Coherence Function
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Traditional multiplexed Fiber Bragg Grating (FBG) strain
sensor is required to use FBGs with different reflection
frequencies, which restricts the number of multiplexed sensors.




We have developed a system with FBGs having the same
reflection frequency, in which one FBG can be selected using
the synthesis of optical coherence function technique (SOCF).
Dynamic strain measurement has also been demonstrated. A
scheme to control characteristics and the location of dynamic
grating in an Er-doped fiber due to its gain saturation has also
been developed.
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Funciional Photonic Sensing by
Low Coherent Interferometry
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To improve sensing speed of optical coherence
tomography: OCT, we have proposed a system with a detector
linear array. By introducing a high-power SLD, a high speed
AD converter, and newly developed software, the system
performance has been improved. Formulas describing noise
performance induced by birefringence of fiber in optical
current sensors has been derived and evaluated,
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Resonator Fiber Optic Gyros with Digital Serrodyne
Modulation
K. HOTATE and M. INAI
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In I-FOG, a long length fiber coil and a special low
coherent light-source are required to increase the sensitivity,
We have been studying Resonator FOG as a next generation
gyro, which may solve these difficulties. We have been
developing a system with digital serrodyne modulation onto
the phase of lightwave incident to the fiber resonator, which
provide us of a simple system configuration including noise
reduction schemes.

7. ARG FIVBEBYDBWENEXT 7 A IR
RIEHES
IWFHEE - 4 B
Highly Efficient Fiber Wavelength Converter without
Spectrum-Spreading

S. Y-‘\I\-‘IASII['!'A and M. TANI
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Conversion cfficiency in wavelength converters utilizi g
four-wave mixing (FWM) in optical fibers can be enhanced by
the spread spectrum (SS) scheme, but the spectrum of the
converted light is also spread. We proposed and demonstrated
a novel highly-efficient wavelength conversion technique
based on synchronous phase or frequency modulations of both
pump and signal lights. We could achieve the very wide
(60nm) conversion bandwidth and wvery high efficiency
(-0.3dB). We demonstrated its h rformance in a 10Gb/s
transmission experiment. We
10Gbil/s, 200km-long standard single-mode fiber transmission
using this wavelength converter for compensation of fiber

chromatic dispersion,
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Multiwavelength Fiber Laser
\&‘\‘l‘\%lll T'A, R. HAYASHI and M. INOUE

Multiwavelength lasers are useful as light sources in

wavelength division multiplexing (WDM) systems. We
propose and demonstrate a multiwavelength actively
mode-locked fiber laser at 10GHz. The fiber laser can oscillate
at multiwavelength by cooling the erbium-doped fiber in liquid

nitrogen  or using an intracavity AOM. We use a

HR-AWG(Arrayed Waveguide Grating) as one of the cavity
mirrors. Generation of simultaneous multiwavelength (~16)
short pulses was demonstrated. We also study on a multi-

wavelength fiber laser using fiber Raman amplification.
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All-Optical Semiconductor-Based Regenerators
S. YAMASHITA and J. SUZUKI
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We proposed and demonstrated a novel waveform
regencrator based on injection locking of a distributed-
feedback semiconductor laser. Distorted intensity-modulated
signal is converted to reshaped frequency-modulated one by
the injection locking, and is converted to intensity-modulated
one by optical filtering. Although the speed is limited by the
relaxation oscillation in the semiconductor laser. we found that
the side-mode injection locking can suppress the relaxation
oscillation, and makes the optical filtering easier. We
successfuly demonstrate the error-free regeneration of 10Gby/s

signal.
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Novel Multi-Functuional Fiber Bragg Grating (FBG)
S. YAMASHITA, D. C. KIEN, K. KASHIWAGI,
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The fiber Bragg grating (FBG) has sharp band-reflection
characteristics, therefore essential for WDM systems. We are
investigating novel structured FBG's, and novel fabrication
techniques by using an KrF Excimer laser as a UV source, We

proposed a novel and useful technique to realize dense
superstructured-FBG (SSFBG) for DWDM systems, multiple
phase shift (MPS) technique. We also started a study on
fabrication of planar waveguides by using the photo-
sensitivity,
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All-Fiber Reconfigurable Lightwave Functional
Circuits
S. YAMASHITA and J. NISHLJIMA
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Polarization mode coupling is induced by applying a
pressure onto a polarization maintaining fiber (PMF). We
utilize this phenomenon to realize reconfigurable lightwave
transversal filters. As an example, we realized an adjustable
interleave filter having flat passbands by applying stress onto
three points.
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We propose and demonstrate a novel fiber Bragg grating
(FBG) laser sensor system using the mode-locking technique
which we proposed recently. A highly dispersive fiber is
inserted in the laser cavity, and the change of FBG wavelength
is monitored by the change of mode-locking frequency.
Comparing with conventional passive systems, optical spectral
analysis is not needed, and optical SN ratio is higher. We
demonstrated the system with 2 FBGs in an experiment.
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FBG Z{ERRT 2 EBORELODETITST

Fiber Bragg Grating (FBG) has various significant
applications in WDM optical networks. As an optical filter, we
have shown a widely tunable FBG filter, which covers an over
100 nm spectral range. We have also demonstrated the use of
FBG as 2nd-order and 3rd-order tunable dispersion
compensators by applying a strain and/or temperature gradient
on a uniform FBG thereby introducing either a linear or a
non-linear chirp. Towards the realization of reconfigurable
network nodes, we have developed tunable fiber DFB lasers
capable of producing single-frequency light over 27-nm
wavelength range. In addition, an inverse scattering algorithm
has also been developed which allows us to design specific
fiber gratings. We are currently in progress to upgrade the
FBG fabrication system to allow us to make longer (~ 1 m)
grating with arbitrary amplitude and phase profile.
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Ultra-fast four-wave mixing switch using cascaded

second-order nonlinearity in quasi-phase matched

devices
K. KIKUCHI and Y FL'hUCHI
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We have studied ultra-fast four-wave mixing switches using
a quasi-phase matched cascaded second-order nonlinear device.
Our numerical analysis showed that the switching speed was
much higher than that determined from the quasi-phase
matching bandwidth, and the swilching performance could be
improved by compensating for the group-velocity mismatching
between the fundamental and the second harmonic lights. We
also experimentally demonstrated the ultra-fast operation of
four-wave mixing switch with high efficient using a

periodically poled lithium niobate waveguide.
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All-optical signal processing technologies using

optical fibers
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A nonlinear optical loop mirror (NOLM) is an important
device for all-optical gate switching. In a conventionall NOLM
switch, however, the signal light counter-propagating with the
control pulses suffers from XPM induced by the time-average
power of the control pulses. Due to such a constant phase
shift appearing on the signal counter-propagating with the
control pulses, the NOLM switch is not completely switched
off in the space state, which critically limits the extinction ratio
of the switch. In order to cope with this difficulty, we develop
a novel optical bias controller for a NOLM. Implementing
such optical bias controller in a conventional NOLM
composed of a polarization-maintaining (PM) fiber, we
demonstrate, for the first time, wavelength conversion of a
NRZ signal under the full-swing condition. We can obtain a
high parametric amplifier gain if we employ the modulation
instability (MI) effect. We elucidated the physical mechanism

of two-pump MI, and achieved polarization-independent




wavelength conversion over a wide bandwidth. In addition,
we proposed and demonstrated an optical limiting amplifier
using MI, which could realize the optical 3R circuit.
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Characterization of ultra-short optical pulses
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Aiming at applications to OTDM systems, we develop an
electroabsorption-modulator (EAM)-based picosecond pulse
generator. Although the pulse generator employing an EAM
features repetition-rate tunability, high stability, and small

timing jitter, the pulse width is typically about 20 ps at 10 GHz.

In order to obtain picosccond pulses, we need a pulse
compressor, but the conventional pulse compressor usually
generates large pedestal, which deteriorates the OTDM system
performance. In our scheme, we first generate a
supercontinuum  (SC) spectrum from the EAM output, and
slice the SC spectrum by a bandpass filter (BPF). The
spectral slicing process can not only give us wavelength
tunability but also eliminatc the pedestal of picosecond pulses.
Using the tunable BPF with a passband of 1 nm, pedestal-free
3.5-ps pulses with the timing jitter of 150 fs are obtained at the
repetition rate of 10 GHz.
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Oxide-based glass fibers
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We study a Bismuth Oxide-based glass fiber (Bi-fiber)
aiming at applications to all-optical signal processing.
Bi-fibers have large optical nonlinearity in the optical
communication band around 1550 nm. In addition, the Bi-fiber
can be highly doped with Erbium ions and its emission band is
much broader than conventional Er-doped silica fibers. These
characteristics are very attractive for their applications to
compact and functional all-optical devices.

So far, we have found that the nonlinear coefficient of
Bi-fibers is 24 times larger than that of conventional dispersion
shifted fibers. It has also been shown that the dispersion of
Bi-EDFA changes drastically depending on the gain. We are
now designing a new fiber structure that can enhance the

nonlinearity.
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Highly-efficient spectral utilization of optical
communication band using novel
modulation/demodulation schemes
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The efficient use of the optical spectrum is one of the most
important issues in the next-generation broadband optical
network. In order to improve the efficiency of spectral
utilization, we are studying novel modulation/demodulation
schemes. We demonstrate differential detection of the single
modulation sideband of the binary phase-shifi-keying (BPSK)
signal. Using single-sideband differential detection at the
intermediate frequency stage, we can demodulate 2.5-Gbit/s
BPSK-modulated optical channels with spacing as narrow as
2.5 GHz. Even though spectra of the two channels are
overlapped, error-free operation is maintained in each channel.
SSB, DPSK, Duo-birnary, and CS-RZ schemes and their
combinations are also investigated.

T. XAREBEREEZRVCHEESSHE

NG H— - HR EE N B2 - HH f

Measurement of fiber dispersion by using a novel
optical frequency modulation method
Y. TAKUSHIMA, H. YOSHIMI, Y.OZEKI,
and K. KIKUCHI
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We investigate a method for the measurement of optical fiber
dispersion, which we call optical frequency modulation
method. In the proposed method, we modulate the optical
carrier frequency of the probe light, and derive the dispersion
value directly from the phase deviation induced by the
frequency modulation through the dispersion. This method is
insensitive to the drift of the group delay, and the dispersion
can be obtained only from the output light. In addition, this
method can be modified so that the signal light modulated with
a binary data can be used as the probe light. These features
enable the in-service monitor using the transmission signal
light itself. We experimentally confirmed the principle of
operation of the proposed method, and successfully
demonstrated the in-service dispersion monitor in a 6000-km,
32ch x 10 Gbit/s WDM transmission system.
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Highly flat super-continuum generation using

km-long optical fiber amplifier
Y. TAKUSHIMA, Y. OZEKI, K. YASUNAKA,
and K. KIKUCHI
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We develop a novel method for highly flat super-continuum
(SC) generation using Kerr effect in an optical fiber amplifier.
The main features of the proposed method are twofold: (a) the
output spectrum is extremely flat, and this allows us to
simplify the optical power equalization of spectrum-sliced
channels, and (b) the configuration is simple because the
optical amplifier and the SC fiber are integrated. We
numerically showed that the use of a km-order long fiber
amplifier is effective in the SC generation from pico-second
pulses which are commonly used in optical communication
systems. In the preliminary experiment, we successfully
demonstrated the flat SC generation over 34-nm in the
wavelength region of 1.55-um using a newly developed 1-km
long Erbium-doped fiber amplifier. We also study the
intra-cavity SC gencration method where the SC fiber is
placed inside a mode-locked fiber laser. In addition, aiming at
clarification of SC generation process, we develop a method
for measurement of SC pulses. This method utilizes no optical
nonlinear effect, leading to a high dynamic range measurement.
We successfully measured waveform and phase of SC pulses
and observed substructures which originates from the optical
wave breaking effect.
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Impact of GTBT on Lower and Higher Voltage Use

K. ASADA, Y. MURAKAMI
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ORBELEUDHANUREE THET S &, BRENT
2 GTBT ORBEHAKE L 5505 — FEHES R
HEOFRTFHEMOMEIZANTIZ FHRATER[IM

2T BB, WHE 700V LLET GTBT I IGBT £ b 2 811/
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FlIZ72D, W 130V O TI 23 b2 < e
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FE 70V £TI GTBT ABALAER, WHE 150130V O#i
C GTBT HlOEFID B LT 2 OB MHEE DT &
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Comparison of the maximum current densities of GTBT,
IGBT and vertical power MOSFET chips of the same
breakdown voltages, which make a predetermined amount of
heat dissipation in PWM inverter circuit, are demonstrated by
calculation. On over 700V-chip structure, GTBT can drive
more than 20% higher current densities compared with the
latest style IGBT, even when the area of final-phase power
chip of the GTBT's gate-drive circuit was taken into account
the total power chip area, for leveling the total system cost. For
lower breakdown voltages, GTBT is to drive 2.3 times higher
current density than IGBT on 130V-structure. For still lower
voltages, power MOSFET becomes the rival, and GTBT still
wins in over 70V-structure. After all, GTBT chip of between
120V and 180V has more than twice superior to IGBT or
MOSFET in drive-current capacity.
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Low noise non-pipeline microprocessor design using
DCVSL Cell Library
K.ASADA, M.IKEDA, R.ZHENG, HIKEHATA,
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EWETH, gty FLXIT z80 EtEEFDOE
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We studied a low noise Z80-compatible 8-bit non-pipeline
microprocessor. It employs the non-pipeline architecture,
which reduces power consumption at pipeline registers, noise
induced by clocks and register switching and clock-skew
problems. Also DCVSL (Differential Cascoded Voltage Switch
Logic) circuit has noise tolerance because of the dual-rail
nature. Also we control the microprocessor to activate only the
necessary portion to eliminate unnecessary signal transition.
We also employed completion detection of instruction
execution for the next instruction dispatch, which enables the
enhancement of the average performance. The microprocessor
is described in Verilog-HDL and synthesized using the
Synopsys design tool. The synthesized netlist is converted
from single-rail to dual-rail, and verified the proper operation.
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Studies on Smart Image Sensors
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We have developed some smart sensors for real-time and
high-resolution 3-D imaging using a light-section method. A
640x480 real-time 3-D image sensor has been realized by our
proposed high-speed readout scheme using adaptive
thresholding and time-domain ADCs. A realtime and
high-resolution 3-D measurement system has been developed
using the smart sensor and our designed system controller with
Fast SCSI interface. We have also developed a high-sensitivity




and wide-dynamic-range position sensor using modulated
lighting. The sensor achieves the availability in various
ambient lights and the safe light projection for human eyes. It
realizes a robust 3-D imaging system in non-ideal
measurement environment, We have proposed a new 3-D
imaging method using two frames of spatial patterned light
projection, which has coded address patterns on the scene. Qur
method enables to decode the pattemed light on a
complex-shaped object due to the address code and its
boundary assigned to RGB colors.
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A Study on High-Speed, Low-Power, and
Area-Efficient Array Logic Circuits
K. ASADA, H. YAMAOKA, U. EKINCIEL
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We proposed a high-speed, low-power, and area-efficient
dual-rail PLA with 2-inpul logic cells. The structural regularity
of the PLA offers the design simplicity, and 2-input logic cells,
which realize any 2-input Boolean function, efficiently realize
complex logic functions so that a high-speed and low-power
operation is achieved. We employed dual-rail structure to
improve the common-mode noise immunity. We developed a
module generator for the proposed PLA structure.
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Power Supply Noise Analysis and Reduction Method

K. ASADA, M. IKEDA, T. NAKURA, §.
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As higher-frequency and lower-voliag tion of LSIs, the
power supply noise is becoming a critical issuc. We have
developed a high-speed estimation method of the power supply
noise from the chip layout and the transistor level simulation
results, by simplifying the transistor switching as the
triangle-shape current source, and d : e-structured
power network into multi-terminal F-matrix blocks. We have
also proposed to use a stub for power supply noise reduction. A
theoretical study shows that the stub can suj the noise
more efficiently compared with a san e parallel

capacitor.
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Optimal Code Generation for DSPs and
Minimum-Width Cell Synthesis via Boolean
Satisfiability
K.ASADA, S.SUZUKI, K.SETO, H.YOSHIDA,
T.IZU h\
DSP DLy M

We propose a code generation technig

architectures such as DSPs.  First, code generat

formulated by using a finite state machine (FSM). Then the
transition function of the FSM is unrolled into a combinational
circuit. By analyzing thw circuit using Boolean satisfiability
(SAT) solver, phase-coupled code generation problem is
solved. We propose a minimum-width cell synthesis method
via Boolean Satisfiability. Our method considers the
complementary MOSFETs individually and can generate
smaller  width layout compared with pairing the
complementary MOSFETs case. We applied our method to 32
CMOS logic circuits and showed that it reduce 46% run time
with only 3% area increase compared with commercial cell
generation tool,
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High-Speed Interconnect and Analysis nl‘Inductancu on
Chip
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We studied a delay insensitive data communication
architecture using 3-wire data encoding, which is applicable to

the on-chip long and hi-speed communication lines. This

architecture consists of 3-wires for 1-bit data and timing signal.

We estimated the capacitive coupling noise and the return
current are reduced to 1/3 and 1/5, respectively, by simulation.

We studied smart models for self- and mutual- inductance
using th trical mean distance(GMD). We demonstrated
that it is possible to calculate the mutual inductance accurately
for any cross sections with this model. We also demonstrated
the accuracy of the models are less than 15% using PCB board

measurement.
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We proposed an energy reduction technique and a variable
voltage scheduling model for fault-tolerant real-time systems.
Our model has three attributes : (i) timeliness, (ii)
fault-tolerance, and (iii) low-encrgy consumption. Our
technique schedules tasks so as to ensure that timing
constraints are not violated even in the presence of faults of its
processors., The objective of our approach is to minimize
cnergy consumption by scaling down the supply wvoltage
dynamically under real-time constraints. Algorithm to
minimize energy consumption for this model is proposed as
well. Experimental results demonstrated that our approach can
reduce energy consumption by 60% and 25% compared with
the results of “"naive approach” and ““conventional approach”,
respectively.
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Researches on embedded systems onto LCD panels have
been progressing, according to the progress of TFT fabrication
technologies on glass panels. We studied realization of systems
on LCD panels, from a view point of stand-alone display
devices like electrical papers. We studied image compression
techniques for contact-less communication systems between
terminals and LCD panels and frame buffers on LCD panels to
store several pages of images. We estimated hardware costs
against the image compression ratio, which will be required to
design systems.
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M. FUJITA, T. SAKUNKONCHAK and
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As digital systems become larger and more complex, design
process of digital systems is said to be devoted mainly to
design verification. Therefore, efficient verification of digital
systems, especially in their early development stage of
behavior-level, is major subject in design scene. We focus on
two issues, equivalence checking of behavior-level C-base
language designs and synchronization of SpecC language. In
addition, the method of program slicing of SpecC which
necessary to these verification issues in SpecC is developed.
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As VLSI design becomes larger and takes up much longer
time, verification and debug of logic design become the
dominating part of the total design period. Since arithmetic
circuits are considered as time-consuming parts in typical LSI
design, designers spend much time in optimizing in logic
design and layout. To complete debug, we identify erroneous

parts by mapping, forwardly and backwardly, erroneou
circuits with correct reference circuits g i from
architecture library, and revise them. We performec
experiments for identifications of erroneous parts to

our proposed methodology.
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Design methodologies and correspondine C/

for software/hardware combined digital systems are studied. In

this study, we replace the conventional controller circuit of the
specialized hardware with compact micro-controller and
memory in order to increase the debuggability and the
flexibility of design even after chip fabrications. Specialized
hardware can be modeled as the processor with the specialized
instruction-set for the target application. The optimal
specialized instruction-set is automatically generated from the
given application, and the optimal code using the generated
instruction-set is also automatically generated.

5. BN AT AREHICHETIHE
BEE B - L B

Low power system design method

‘\HG AHIRO FUJITA, SATOSHI KOMATSU

' .--ma..f;._ +0, BEPFy 14 71x—2
;i ADHBREAICHL THEMICAE<
WAIZEBAICT - 2EET I
WHREHCKEREBE2EATWS, o
DEEHT— 5’1'}=;1’LTr1‘fJ RE
ANART—FNAEHEL
s, TR I//&T—ﬁ"-“'
-:-F CHENICESESHEEEZNET
o f/f:*lhi“{i kﬁﬂf‘r_a] BL, #
< L)Lﬁrc?Tn{bfrr"%””

pation of data transmission on interconnects / chip
interface compared to overall chip power dissipation. In this
study, we propose an irredundant low power address bus
encoding method by considering JUMP / BRANCH history.
Generally the instruction address bus increases by same step
without JUMP / BRANCH operation. It indicates that the
switching activity is decreased effectively by mapping low
switching code word to the address which appears frequently.
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Co-design methodology on electric and mechanical
mixed systems and its verification techniques
M. FUJITA, S. KOMATSU, Y. KOJIMA
and T. MATSUMOTO
¢_ch;';. , MRS TOHEREE - > A7
TN r—=2a B0 T3, figED
'l ~) ’J’Uf"”‘fﬁ SMEWICESET, —HBLUEME
V- REHFREHN AN RTH D, FHRATR, &
AR - BRAROV S &E5
kT OWRZET > TV,

In the :ipp]tcatmn whcre the on-site debugging cannot
be carried out such as space satellite, the consistent
techniques related to specification description and
design verification are indispensable. In this study, we
are studying the design methodology and verification

method of actual satellites considering both electric parts
and mechanical parts of satellite.

i c FHE U (2002 4EE)
Publications List

I
1] #F iz, mEE BE HREERR (FsM) &3
>:r‘ Vw ZIREFEREZFIR L0 — RERFE
RILE 2, B43%, 555, pp. 1235-1251,

2002

BT -

(2] F. Fallah, I. Ghosh, and M. Fujita, "Coverage Metric for
Observability-Based Validation of C Programs," Proc. of
Microprocessor Test and Verification (MTV'02), Jun.
2002.

3] Y. Kojima, H. Saito, K. Seto, S. Komatsu, and M. Fujita,
“Field Modifiable Architecture and Its Design
Methodology -- System Design Without Logic Synthesis
-," IEEE/ACM 11th International Workshop on Logic &
Synthesis, pp. 103-108, New Orleans, Jun. 2002,

[4] H. Saito, H. Nakamura, M. Fujita, and T. Nanya, "Logic

Optimization of Asynchronous Speed Independent
Controllers by Using Transduction Method," Proc.
International Workshop on Logic and Synthesis, pp.
245-250, Jun. 2002.
T. Sakunkonchak and M. Fujita, "Verification of
Synchronization in SpecC Description with the Use of
Difference Decision Diagrams,” Forum on specification
& Design Languages (FDL'02), Marseille France, Sep.
2002.

[6] K. Seto, Y. Kojima, H. Saito, S. Komatsu, and M. Fujita,
"Field Modifiable Architecture and its Design Method,"
Student Research Forum (Poster Session), ACM
SIGPLAN 2002 Conference on Programming Language
Design and Implementation (PLDI), Berlin, Germany,
2002.

H. Saito, T. Ogawa, S. Thanyapat, and M. Fujita, "An
Equivalence Checking Methodology for Hardware
Oriented C-based Specifications,” Proc. International
High Level Design Validation and Test Workshop, pp.
139-144, Oct. 2002.

T. Sakunkonchak and M. Fujita, "Verification of
Event-Based Synchronization of SpecC Description
Using Difference Decision Diagrams,” Formal
Techniques for Networked and Distributed Systems
(FORTE2002), Houston USA, November 2002.

Masao Kubo, Masahiro Fujita "Debug Methodology for
Arithmetic Circuits on FPGAs" In Proc. of IEEE
International  Conference on  Field-Programmable




Technology(FPT-02), pp. 236-242, Dec. 2002.

S. Komatsu, Y. Koijima, H. Saito, K. Seto, and M. Fujita,
"Field Modifiable Architecture with FPGAs and its
Design  Methodology,” 2002 IEEE International
Conference on Field-Programmable Technology, pp.
382-385, Dec. 2002.

M. Fujita, S. Komatsu, H. Saito, K. Seto, T
Sakunkonchak, and Y. Kojima, "Field Modifiable
Architecture with FPGAs and its Design / Verification /
Debugging Methodologies,” Proc. of the 36th Annual
Hawaii International Conference on System Sciences
2003, pp. 279, Jan. 2003.

S. Komatsu, M. Fujita, "Irredundant Address Bus
Encoding Techniques based on Adaptive Codebooks for
Low Power," Proc. Asia South Pacific Design
Automation Conference, pp.9-14, Jan. 2003.

F. Fallah, I. Ghosh, and M. Fujita, "Event-Driven
Observability Enhanced Coverage Analysis of C
Programs for Functional Validation." Proc. Asia South
Pacific Design Automation Conference, pp.123-128, Jan.
2003.

H. Saito, H. Nakamura, M. Fujita, and T. Nanya, "Logic
Optimization of Asynchronous Speed Independent
Controllers by Using Transduction Method", Proc. Asia
South  Pacific Design Automation Conference,
pp.197-202, Jan. 2003.

PRIV - BRE - AEFRK

(15] /N Hth, AR 3’& BH BE, "cBillCLBN—
RO 7o 4 5 SMERIEEE " DA ¥ oK
20 L 2002, WEKEF T IV LA 7 (AL ), pp.
131-136, 2002 £ 7 H.
Thanyapat Sakunkonchak, # M B%, "Verification of
Synchronization in SpecC Descriptions Using Difference
Decision Diagram," DA 3 >R ¥ 4 2002, BékhT
I T 278 7 (IRHRTIT), pp. 137-142, 2002 5 7 H.
MR, BEH BE, "EENEHOEDOELET
RUZANAFEEFEORE « B, DA 328
VL 2002, MEKKTIVI 2 ISA T (M), pp.
167-172,2002 ¢ 7 B.
8 7, & R, ML B, #E BE, "Integration
of logic optimization and layout processes by using
rewriting method," DA > 2277 A 2002, B&FT
VIR A T (BRHATT, pp. 217-222, 2002 4F 7 H.
MHEA, BT BREE, WA YO0y Y Ak
Y FOBBERFEREORE L S " TS
MR FBRFIFRE[VLSI BEHERT], Vol. 102, No.
73, pp. 7-12, 2002,
At BE, BH BE "BHREEROT /Ny ¥E
ey, WTWREE WSS, Voli02
No.478, pp. 79-84 2002 £ 11 A.

PE - EIUIRE (2002 )

Nakano and Sugiyama Laboratory

(http://www. ee. t. u-tokyo. ac. jp/ nakano/lab/we
|come=j.html)

HRBR

Current Research Projects

. REREHEEE/ SRELEERL -V - BREeETF
PEFEM - RILIERD - WACKHE: - MhfRE - s -
RER - 1T - KBHX FC Tk
|
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Emitting Devices with Ultra-high Performances and
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For the purpose of developing compact and high-performance
light sources for next generation optical communication and
optical information processing applications, we are pursuing
the following research subjects. Concerning the gain-coupled
(GC) distributed feedback (DFB) semiconductor laser that we
have been pioneering, we are recently trying to apply
compressively-strained InAsP quantum wires formed by mass
transport on V-grooved InP substrates to the active region as
well as to the gain grating. We are also studying wavelength
trimming technique for multiple wavelength laser arrays in
WDM  (wavelength  division  multiplexed)  optical
communications, and have conducted fabrication of a
five-wavelength GC DFB laser array with a super-lattice
trimming layer and gratings delineated by electron-beam
lithography, thereby showing the -effectiveness of the
wavelength trimming. Concurrently, we are investigating

all-optical devices based on optical nonlinearity in active
semiconductor medium, and have demonstrated a compact
all-optical flip-flop and an all-optical wavelength converter in
directionally-coupled bistable laser diodes (or optical
amplifiers). Besides these, we are researching on
low-threshold cooler-less semiconductor lasers for access
applications, and high-power visible-wavelength edge
emission devices with nitride semiconductors.
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Optical Modulators/Switches and Light-Controlling

Devices Based on Advanced Quantum
Microstructures
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By artificial manipulation of potential profiles in
semiconductor quantum well and super lattice structures with
accuracy of atomic order, one may significantly alter inherent
optical properties of semiconductors. The purpose of this
research is to bring about innovation in semiconductor optical
modulators/switches and light-controlling devices by making
use of such artificial optical properties. More specifically, a
special triple coupled quantum well structure is investigated
for large clectro-refraction in transparent wavelength range
apart from the absorption edge. We have also proposed new
all-optical wavelength  conversion/all-optical ~ switching
concept using electro-absorption (EA) modulators as optical
nonlinear media, and are developing Mach-Zehnder
interferometer (MZI) type devices. Besides these activities, we




are conducting research on sub-band transition in nitride
heterostructures for future ultrafast all-optical switches, and
succeeded in realizing 1.55um absorption in AIN/GaN
multiple quantum well structures by metal-organic vapor phase
epitaxy (MOCVD) for the first time in the world. Furthermore,
research is performed towards realization of non-reciprocal
photonic  devices through fusion of magnetic and
semiconductor materials.
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Monolithically-integrated semiconductor optical devices
and circuits are the key to advanced optical communication

2

optical information processing, and optical measurement
applications since they could provide more complex functions
and higher performances over discrete devices. In this work,
we are investigating area-selective MOCVD as an important
technology for active/passive integration in  monolithic
photonic integrated circuits. Over the past years, we tackled

design and fabrication of an MZI all-optical switch circuit
integrating multi-mode interference (MMI) couplers and
semiconductor optical amplifiers (SOAs), and successfully
realized the circuit by the selective-area MOCVD for the first
time. The research is deployed toward integration of
arrayed-waveguide gratings (AWGs) and active devices by the
selective arca growth (SAG), and loward integration of
spot-size converters by the SAG In conjunction with these
activities, study on metal optical wiring has been started
recently. At the same time, semiconductor processing
technologies necessary for fabricating photonic integrated
circuits are studied, by placing emphasis on clarification of
mechanisms and innovation in processing method. In
particular, we are developing gas-switching methods that
secure interface abruptness of mono-atomic level at
InGaP/GaAs interfaces formed in MOCVD by utilizing in-situ
ellipsometry, where indium segregation phenomenon is also
investigated. Research is conducted as well on reactive ion
etching of GaN and InAlAs/InGaAsP/InP related materials
with short-period alternating injection of
methane/hydrogen/argon gas mixture and oxygen, to result in
systematization of the technology. In the meantime, design and
demonstration of optical switching node subsystem is studied
for photonic networking, which is one important application
area of the photonic integrated circuits,
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Simulation of InGaAsP Metalorganic Chemical
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For theoretical optimization of InGaAsP MOCVD processes,
it is indispensable to predict the profile of growth rate and
composition by simulations. In this work we attempt to
predict such reactor-scale profiles based on the experimental

data: gas phase reaction rate constants measured with tubular
cracking reactor, and surface reaction rate constants measured
by in situ cllipsometry and by analyzing the growth-rate
profile in selective-area growth.

Recently, it was proved that the temperature profile on the
counter wall of the substrate has significant effect on the
distribution of growth rate and composition. Therefore, we
altempl to estimate exact temperature profile of the reactor
wall by detailed numerical simulation taking account of
radiation heat transfer.
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Since most MOCVD condition is in mass-transfer-limited
regime, it is impossible to measure surface reaction rates by
observing the growth-rate profile in a reactor. Conversely,
surface reaction rates affect the distribution of neither growth
rate nor composition in typical MOCVD conditions.
However, when we take account of the deposition on the

counter wall of the substrate, which cannot be ignored for

accurate growth simulations, and low temperature growth
conditions which tend to be in surface-reaction-limited regime,
measuring the surface reaction rates in MOCVD processes is
of great importance. Even under mass-transfer-limited
kinetics, growth-rate profiles in selectively grown films using
dielectric masks on the substrate are sensitive to surface
reaction rates. ‘Therefore, we can extract surface reaction rate
constants by analyzing the profile of selectively grown films.
We measure the surface reaction rate constants of the
precursors of InP and GaAs epitaxial growth under various
growth conditions, in order to obtain experimental formula for
surface reaction rates. It proved that surface sticking
probability of precursors are smaller than unity, which is often
assumed in conventional simulations, and they depend on
growth temperature and the partial pressure of group V
pIecursors.

The information obtained in this study is essential for
improving reactor-scale growth simulations. It is also useful
for simulating the distribution of film thickness and
composition in the mask patterns for monolithic integration of
opt0-electronic devices. It will lead to computer assisted
mask design of OEICs.
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Broadband fiber-optical parametric nsullatnr
S. SAITO, M. KISHI and M. TSUCHIYA
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We have tried to implement a fiber-optical parametric
oscillator, in which a spectrally broadband optical parametric
gain is utilized. The gain spectrum broadening is achieved by
the fourth-order dispersion effect in a dispersion-flattened
optical fiber. Indeed, we confirmed a broadband operation of
picosecond pulse generation, which exhibited a 1400 to 1700
p#m bandwidth. The result implies the validity of our
proposal through the demonstrated bandwidth improvement
from the conventional by a factor of one magnitude.
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Ultimate short fiber-optical soliton
M. TSUCHIYA, H. KAWAMURA, S. SAITO and
M. KISHI
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It has been clarified that the pulse width of fiber-optical
soliton is ultimately limited by the fourth-order dispersion
(FOD) characteristics of optical fiber. We performed
experimental and theoretical investigations on the ultimate
performance of fiber-optic soliton compression method, and
found out that the available minimum pulse width is
determined by the bandwidth of anomalous dispersion range,
the result of fiber-optic FOD nature in other words. In
addition, a concept called effective dispersion value is newly
defined, with which the fiber-optic  pulse bth;ivio-r

accompanying ultra broadband spectrum is fairly well
modeled.
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Novel optical modulator driving technique with
frequency doubling and single sideband properties
S. NAKADAI M. KISHI and M. TSUC Ill‘(’\
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A driving method has been newly proposed for optical
millimeter-wave generation via an integrated LiNbOs
modulator, with which the frequency doubling functionality
and optical single sideband nature are brought about
simultaneously. Note that such a dual-featured driving
method has never been provided so far.  Experimental
demonstration was also carried out with a preliminary setup
though, and a 60 GHz optical single sideband QPSK signal
was successfully generated by a usage of 30 GHz electrical LO
signal injection.
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Sensitivity enhancement of magneto-optic probe
M. TSUCHIYA, S. MITANI and M. ]\LI‘*HI
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We have tried to improve the sensitivity of magneto-optical
spectrum-analyzing  system by a usage of optical
preamplification. The resultant signal-to-noise ratio obtained
experimentally is more than 60 dB, which has proved the
effectiveness of optical preamplifier. Furthermore, a
numerical model has been implemented on the basis of
experimentally  characterized  saturation property of a
fiber-optical preamplifier, which we found out works well for
description of the cXxperiment, Investigated have been
methods for further sensitivity enhancement and the possible
effectiveness was pointed out for suppression of amplified
sponianeous emission
amplifier,

generated in  the booster optical

GHz H RO TR HHEE
Study on current distribution profiler for GHz
miniature planar circuit patterns
M. TSUCHIYA, T. SATO and M. KISHI
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A novel method has been proposed for profiling one
dimensional distribution of GHz current in a wm-scale planer
circuil pattern and its effectiveness has been demonstrated
experimentally, The key issue is the application of GHz
fiber-cdge magneto-optical probe, which possesses a um-class
spatial resolution and DUT-accessibility for magnetic field
measurement, to the inversion method of Biot-Savant’s low.
Indeed, a 25 um spatial resolution was demonstrated while
further improvement is expected through modification of the

numerical processing and probe height controller.
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Unique f -FeSi, structure furm:itmn by PI D
M. I\ISHI "I IGARASHI and M. TSUCHIYA
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We found out that novel structures of [ -FeSi, can be
formed through thin film deposition via pulsed laser method
(PLD). First, low temperature formation of S -FeSi, droplets
was confirmed even with below-550TC annealing for room
temperature PLD. Second, inter-layer structure of [3-FeSi;
was also discovered between Si-substrate and PLD-Fe thin
film. Those serendipitical findings have been performed with

the microscopic Raman spectroscopy.
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It is expected that the feasibility of growing monocrystalline
high-quality ferromagnetic thin films on semiconductors leads
to a new class of materials which combines the properties both
of semiconductors and of ferromagnets, giving rise to new
applications. We have successfully grown ferromagnetic
MnAs films with hexagonal NiAs-type crystal structure on Si
and GaAs substrates by MBE. Furthermore, we have
successfully grown MnAs/I11-V(GaAs,AlAs)/MnAs trilayer
structures having good crystalline quality on Si(111) and GaAs
(111) substrates, and have observed the spin-valve effect and
tunneling magnetoresistance (TMR), which can lead to the
application to magnetic-field sensors and magnetic random
access memory (MRAM).  Furthermore, we proposed and

analyzed a new class of spin transistors and their application to
reconfigurable logic devices.
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We have successfully grown a new EII ! based magnetic
semiconductor (GaMn)As by low-temperature molecular beam
cpitaxy (LT-MBE), in which strong non-equilibrium growth
conditions allow a large amount of Mn atoms to be
incorporated into the host lattice of GaAs. Ternary alloys of
(Ga; ;Mn,)As were obtained when the Mn content x was less
than 0.08, and all of them showed p-type conduction. By
magnetization and magneto-transport studies on the GaMnAs,
ferromagnetic order was found at low temperature and the
Curie temperature T was 10 - 100 K. This is a new class of
materials having properties both of 111-V semiconductors and
of ferromagnetic materials, providing new opportunities to
study the interaction between carriers and local spins.
Furthermore, we have grown magnetic(GaMnAs) /
nonmagnetic(AlAs) semiconductor superlattices (SLs), and the
SLs are shown to have quantum well states. More recently,
we have successfully grown a new quaternary alloy magnetic
semiconductor (InGaMn)As, and have found that it is
ferromagnetic with Te ~ BOK. In (InGaMn)As, the lattice
constant and the bandgap can be changed, and it can be grown
on lattice-matched InP substrates, thus having good
compatibility with optical communication devices. More
recently, we have realized high T of 172 K in Mn-delta-doped
GaAs / p-AlGaAs hucro-ﬂruuum which is the highest value
ever reported in I1I-V based materials. Such new magnetic
quantum heterostructures are very attractive in view of
fundamental research as well as potential applications to
"spintronics”,
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We have ui*xer\cd very large tunneling magnetoresistance
(TMR) in epitaxially grown GaMnAs/AlAs/GaMnAs
ferromagnetic semiconductor tunnel junctions. Large TMR
ratios more than 70% were obtained in junctions with a very
thin (<1.6 nm) AlAs tunnel barrier when the magnetic field
was applied along the [100] axis in the film plane. The TMR
was found to rapidly decrease with increasing the barrier
thickness, which is explained by calculations assuming that the
parallel wave vector kj of carriers is conserved in tunneling.
Realization of such large TMR in  semiconductor
heterostructures, that is spin injection from one semiconductor
layer to another semiconductor layer via tunneling, is an very
significant step towards future spintronics, in which one tries
to use the spin degree of freedom in semiconductor devices.
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e have fabricated ferromagnet(MnAs)/II1-V
semiconductor(GaAs)  granular  structures,  hereafter
GaAs:MnAs, by annealing (GaMn)As at 500 - 800°C.
During the annealing process, MnAs ferromagnetic clusters
with diameters of a few nm were formed in a matrix of GaAs
(or GaMnAs), exhibiting a superparamagnetic behavior, We
have established the fabrication process and have measured

magneto-optic properties. Furthermore, we have fabricated
GaAs:MnAs sandwiched by GaAs/AlAs distributed Bragg
Reflectors (DBRs), and have showed significant enhancement
of magneto-optical effect by using multiple interference and
localization of light in the GaAs:MnAs magnetic layer. This
structure offers new opportunity for the application to
spin-controlled photonic devices based on II-V compound
semiconductors.
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the Physics and Application of Spin-related Phenomena
in Semiconductors (PASPS-8), paper H-4, pp.267-270,
Sendai, December 19-20, 2002. (HfFE « 55 8 B¢
WA Y TR S IERE :(PASPS-8), il
SEBEEY & —, 20024 12 A 1920 B)
T. Ogawa, Y. Shuto, K. Ueda, H. Shimizu, and M.
Tanaka, "Light-Induced Change in the Magnetic Circular
Dichroism of GaAs:MnAs Granular Films", 8th
Symposium on the Physics and Application of
Spin-related Phenomena in Semiconductors (PASPS-8),
paper F10, pp.234-237, Sendai, December 19-20, 2002,
(% 8 BI¥VHEAL THOLB LSRR
(PASPS-8), iR EPEt >4 —, 2002 4 12 A 1920
B.)
§. Ohya, H. Kobayashi, and M. Tanaka, "Magnetic
Properties of Heavily Mn-doped Quaternary Alloy
Ferromagnetic Semiconductor (InGaMn)As Grown on
InP*, 8th Symposium on the Physics and Application of
Spin-related Phenomena in Semiconductors (PASPS-8),
paper DS, pp.138-141, Sendai, December 19-20, 2002,

(B 8 BI¥SHhAV T20ORB LGRS
(PASPS-8), G @R 4 —. 2002 % 12 A 1920
H.)

K. Ueda, H. Shimizu, and M. Tanaka, "Design,
Fabrication, and Large Magneto-optical Effect of
Multilayer Structures Containing GaAs/AlAs DBR and
MnAs Nanoclusters”, 8th Symposium on the Physics and
Application of  Spin-related Phenomena in
Semiconductors (PASPS-8), paper F9, pp.230-233,
Sendai, December 19-20, 2002. (58 E¥#H &AL
L5 DM & 1 TS 2 (PASPS-8), i &EEE >
—. 20024 12 A 19-20 B.)

e, HPREH, "TES oy JLMET_&J\TI%

; ) 3HWF TN «r ANOIRA", [EH#E - BIE
wi WHATUOME 7oTxy |~4’r‘u 14 SEEES
3 IR RS &, BAL RSB EZAT. 2003
1A 10AH.

BRI, KO, ANFRR, BIBIER. HKKH.
HPHY, "MnAs 7/ 7 5 A —ONBREMN—&
tEr, 2003 FHEKFESR. 200341 A9 B-11 B,

#% (J. Okabayashi, M. Mizuguchi, K. Ono, M. Oshima, H.

Shimizu, and M. Tanaka, "X-ray absorption spectroscopy
and X-ray magnetic circular dichroism of MnAs
nanoclusters")

MIEZ. BPHER, "GaAs:MnAs 7/ 5 = 15—
D[ FR "}]L"“IHU“'"?? BEAaFeY T x
T4 w2 AMRs, HLKFEESAEBWER. 2003
t£1 A 15 B-16 B.

Ho e, HRB, 7—9>FXL0. KEA, &
HWTE. ROk, " FE8E2E PO X - AF
OMEETTNA AOHE", XRHZES TR
BroE ¥k 28 0= A ¥k 14 SEEERR
REE S, KKR BT )VHE 200341 A 27 B~28
H. (M. Tanaka, S. Sugahara, A.M. Nazmul, S. Ohya, R.

Nakane, and T. Matsuno, "Semiconductor Spintronics -

Transport Devices using Ferromagnetic Heterostructures”,

Symp. on the Special Project Research on the Priority
Areas 'Semiconductor Nano-Spintronics', Tokyo, January
27-28, 2003.)
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WEoE DeEmE) &3 REESE. M. 2003 42
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A 1H.
BHRE. HPHR, "TESF v LR T O
BEEOTNA ISR, T - BENREH A
TUOMRE 702z s bR 14 EEHIR RS
£, FLRFELBISPIAR. 200343 A 12 B.
H R, MRt AT OME, EREEF/
2 ‘r—)b&fiﬁﬁ!ﬁﬁéﬁﬁ@l‘“}ﬁﬁﬁ R bho=
7 ADRK)
HpHE, 7—4> - fx.q}lz, "Mn FIVF l~-—7'
GaAs L EDAT OHGEICEV 2HEBEE", 2003 £
FH 50 EISAYEEMELESHEES VRS Y L
(ZEHEOREIE ZE TR T=M? )
28p-ZH-6, #ZEJIIARS, 200343 A 27 H-30 H. (M.
Tanaka and A.M. Nazmul, "Ferromagnetic order in
Mn-delta-doped GaAs and its heterostructures”, 50th
Spring Meeting of the Japan Society of Applied Physics,
‘ap ZH-6, Kanagawa University, March 27-30, 2003.)
REE. FENR, HPHE. "MnAs/AlAs/MnAs TE
2y VREEE b RV EROREME R
UEHTZIR", 2003 SEFEFI S0 Bt A7 4
SIS, 27pW-8, FZR)IIKEE, 2003 £ 3 A 27
H-30 H. (S. Sugahara , KL. Lee, and M. Tanaka,
"Crystallinity and tunneling magnetoresistance of
MnAs/AlAs/MnAs  epitaxial ferromagnetic tunnel
junctions”, 50th Spring Meeting of the Japan Society of
Applied Physics, 27p-W-8, Kanagawa University, March
27-30, 2003.)
FHRTE, BEE, BT, "MoAsNiAs/MnAs =
Hh‘ﬁm@ TESF v )Lk ERSIEHER", 2003
FEHFFE S0 EIGAMREENEESHES, 27pW-9,
fHZ)IIR#, 2003 % 3 A 27 B-30 H. (R. Nakane, S.
Sugahara, and M. Tanaka, "Epitaxial growth and
magnetoresistive effect of MnAs/NiAs/MnAs trilayers”,
S0th Spring Meeting of the Japan Society of Applied
Physics, 27p-W-9, Kanagawa University, March 27-30,
2003.)
MNEZ, AEES. LRE, HRHEHA,
"GaAs:MnAs 7 7 = 7—#IC B A XBERTO
BESRAFIEY, 2003 SFEFE 50 EISAHEENELS
M2, 29p-ZH-4, FHE)IKFE, 20034 3 A 27 H-30
H. (T. Ogawa, Y. Shuto, K. Ueda, and M. Tanaka,
"Magnetic properties of GaAs:MnAs granular films
under light irradiation", 50th Spring Meeting of the Japan




Society of Applied Physics, 29p-ZH-4, Kanagawa
University, March 27-30, 2003.)

FHME, HIEZ, WAKHE. BPHHA,
"GaAs:MnAs ¥ 7 a2 7 —lREH T 5 FHEEAN—
AZ RSB DA EA R, 2003 FHF
5 50 [ES Y M E A IS, 29p-ZH-5, IR
JIK2E, 2003 45 3 A 27 B-30 B. (K. Ueda, T. Ogawa,
H. Shimizu, and M. Tanaka, "Magneto-optical Kerr
cffect of semiconductor-based multilayer structures
containing a GaAs:MnAs granular thin film", 50th Spring
Meeting of the Japan Society of Applied Physics,
29p-ZH-5, Kanagawa University, March 27-30, 2003.)

T =Y A LIV, AbRise EIRES. H P RS, "Mn
FINEG B—7 GaAs B#R—RA E LI EBEAT O
EIZBY MM I K58, 2003 FHFH 50 E
ISR EE SRS, fR)IKSE, 29p-ZH-6,
2003 4 3 A 27 H-30 H. (Ahsan M. Nazmul, S.
Kobayashi, S. Sugahara, and M. Tanaka, "The effect of
light irradiation on Mn @ -doped GaAs-based
heterostructures”, 50th Spring Meeting of the Japan
Society of Applied Physics, 29p-ZH-6, Kanagawa
University, March 27-30, 2003.)

KRR, AHFHR, HPHS, "SBEIC Mo % R—
7 U7z InP 4R LTRSS R ¥ B R (InGaMn)As
OBESFFE", 2003 FHFFE 50 BGH HE R0 i
Biie, fENKE. 29p-ZH-7,2003 43 A 27 B
30 H. (S. Ohya, H. Kobayashi, and M., Tanaka,
"Magnetic Properties of Heavily Mn-doped Quaternary
Alloy Ferromagnetic Semiconductor (InGaMn)As grown
on InP", 50th Spring Meeting of the Japan Society of
Applied Physics, 29p-ZH-7, Kanagawa University,
March 27-30, 2003.)

P, KO, BISIER. BFIER, CT. Chen.
TACKHE. BPHE. "MoAs 7/ 7 5 A5 — 0O
B M = attr, 2003 £HEFE 50 EiS AL
HEMEES. 29p-ZH-10, FZER)IKE, 2003 4£ 3 H
27 H-30 H. (). Okabayashi, M. Mizuguchi, M. Oshima,
M. Yuri, C.T. Chen, H. Shimizu, and M. Tanaka, "X-ray
magnetic circular dichroism of MnAs nanoclusters”, 50th
Spring Meeting of the Japan Society of Applied Physics,
29p-ZH-10, Kanagawa University, March 27-30, 2003.)
WHEE, B, "AE T4y - bSTAS
DRE LT OIEA", 2003 £HFE 50 BISpESE
BIGE SRS, 30a-ZH-1, MK, 2003 4F 3
H 27 H-30 B.(S. Sugahara and M. Tanaka, "Proposal of
a Spin-Filter Transistor and Its Applications”, 50th
Spring Meeting of the Japan Society of Applied Physics,
30a-ZH-1, Kanagawa University, March 27-30, 2003.)
MPFAEL. ERE. MR, A>Ty -k
FYPAFERMOBIE) AT 4% 57 ) REEE
", 2003 FAFFR 50 BUS YR LR HES M,

30a-ZH-2, IR, 2003 43 A 27 H-30 B, (T.
Matsuno, S. Sugahara and M. Tanaka, "Reconfigurable
Logic Devices based on the Spin-Filter Transistor", 50th
Spring Meeting of the Japan Socicty of Applied Physics,
30a-ZH-2, Kanagawa University, March 27-30, 2003.)
M2, B/, CHNE, HPRHRA, B
B D GaAs:MnAs ¥ 7 =2 7 —#lBORSHHE", B
EYEESE 58 BFERAS, FILRFE, 2003 F 3
H 28 H-31 H. (T. Ogawa, Y. Shuto, K. Ueda, and M.
Tanaka, "Magnetic properties of GaAs:MnAs granular
films under light irradiation”, 58th Annual Meeting of the
Physical Society of Japan, Tohoku University, March
28-31, 2003.)

Ot
(80] EFHEEH] TAESTL Y hO=/ R itk Rt

Ho—ELich BFL-oboT< D THE
%] , Science and Technology Joumal, 2002 4E 5 A 5§,
pp.22-23. (M. Tanaka, "Ferromagnet/Semiconductor
Hybrid Materials and Spin-Electronics", Science and
Technology Journal, May 2002, pp 3(2002).)
EHEE APHE AV T4 ISR ERWE
GV AYBIUTNERAWEREREATY TN
4 A", %5 2002-217336 5 (A 20024 7 A 25
B .

ERE, OPHER, "ACRT  UAY B
ERWREREE AT Y, $5E 2003-086145 7 (i
BH20034%3A26H) .

HRE, HhHE A GFREHEEEA TS
YRR T VAT BEUENER W FRTEEA
TYUr, %5 2003-095600 5 (HHEE 2003 4 3 A 31
B) .

TEE, HRRS AV KFEGREREEET5E
RUMRET DA BIUFhERWEFMREA
E U, $582003-062453 5 (HiBEH 2003 453 A 7 H).
REFARE, HRE, HPHE, A ki EESE
ERTSbIUAS MV -ERRAI R RER
", %¥EH 2003-086499 & (HIEH 2003 4E 3 A 26 A).
"BITMN S T E EAUTPISE 21T ICEI< %
B RS E L ERASTYREVEH @
PREFBHEISR, (LETHEH 20000 BREHES
2002 4 11 A 18 BBk,

HRAHEESMIEEME. 2003438, Fii¥
SRRICHMLT:7—H2 -+ A0, ERHEH, "Mn
TIE B—7 GaAs 2AR—2 & Li-AT OMEICDS
IS8 WRRHE RS RE(~172K)", 2002 FEKFE 63
EVSRYEER, 26pZA-14, HIBAE. 2002 49 A
24 H-27 H. (A. M. Nazmul and M. Tanaka, "High
Ferromagnetic Transition Temperature (~ 172K) in
Mn-delta-doped GaAs-based I-Iclcrtmruclurc;", 63rd Fall

Meeting of the Japan Society of Applied Physics,
26pZA-14, Niigata University, September 24-27, 2002.)
"Getting Warmer, MAGNETIC SEMICONDUCTORS
REACH HIGHER TEMPERATURES", Scientific
American, pp.30-31, March 2003, “In late 2002 Masaaki
Tanaka and his co-workers at the University of Tokyo
reported that applying a relatively simple annealing
process 1o manganese-doped gallium arsenide boosted its
maximum working temperature (known as the Curie
temperature) as high as 172 Kelvins. That is still far
below room temperature, but the result constitutes "a

genuine milestone,” according to spintronics expert

David D. Awschalom of the University of California at
Santa Barbara.”
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Brain-type information processing
A.HIROSE and THAMANO

FER, BRICESN2FBOMBICERIEHTTE

O OBHEAREICDOWTRMLE, ChETic, O

E—b M a—=F)hiky P72 R&o T, IR

FHEOTECA M L—2a VERHIEZ Z LITRDL

TWa, MEE—FOF—THoF+ U T7THEEE. &

RRECTRESE~NLACHRMICNHS TS L2

TTIRLTWS, ThERBIEEH T, £HOMHE

BHORAZED.

We have investigated the learning acceleration mechanism by
focusing on the context-dependent network behavior of
coherent neural networks. The neural behavior mode of the
coherent neural network is controlled by the carrier frequency
whose values self-organize adaptively. The system is expected
to be applied to the future brain-type systems having the
learning acceleration behavior.

N RPNVETL
HEHERA - Wi
Vector Field Machine
A.HIROSE and K.YANAI

Sa—F N Fy N7 —5 2 BRI EG TR T B

Z<HLLHRLE S AT ATH S, X7 MBI
DIEBREZRELZ, TLTHHHOBE QRERITHIH
TEHILEmLl. EHizlsFhi- b Roo—0HE
Bt EHRIEL .

We have proposed the Vector Field Machine: a spatially
continuous extension of neural networks. We found the system
is capable of classify a class of images. We have demonstrated
the importance of the topology which can be built in the
system in advance.

fIHICHB LEEEESORIT S
B - ek~

Speech analysis and synthesis focusing on phase signals
A HIROSE and K. TSUDA

HHERSOMAHERICEAL, thERuigsEe
B LN TR EEESEREEDE, 21T
HLEENLHENENDADELO0, PyFRiEiasire
SO LSURNBEESRETAL LpRE -,
CHRT— U IEREEOME= 21— Gy hU—

OB THAS.

We concentrate upon phase information to analyze and
synthesize speech signals adaptively. This year, we
demonstrated that, though it takes a certain processing time,
the proposed complex-valued neural system can synthesize
voice independent of the pitchmark. The method is outstanding
because it deals with the consonants as well as vowels within a

single framework.

Je—-brbhRE=a2—-ZNay bT7—2
HE#EH - NI HZAKER - AL h
Coherent lightwave neural networks
A HIROSE, S. KAWATA and T. \1()1()\ \l\lr‘\

FER, AIEF U T BRI '

HETT R FREMEL .
EEMEREIET DT LTI L A
OFWHEEER L. TOREIR. @06k
R EEDIT, ABEMSES

HHIBEU DS HDOTH 5B,

We have constructed a coherent lightwave associative
memory syslem and demonstrated a
carrier-frequency-dependent learning and recalling behavior
successfully. The result, as well as a hologram experiment,
have shown the controllable learning ability as well as a
possibility of optical frequency domain parallel processing in
neural networks.

HEREBGVEL -4 - S RFT A
BB « AB AV AE )/ « BiAk - R -
Ra%
Complex-amplitude processing radar systems
A HIROSE, A.B.SUKSMONO, M.MINAMI,
T.HARA and T.QISHI
FHE InSAR BHEOB/EH T 4 ILT ) 27 DF
RETo>TVD, FER, HEESESTOERBLY
TAZU LT FETHDEER SN % a4 Ok
AL, BORBEBE, $rBEMATT 55
IMEEEE L TTFSEREMELTS HiEERELE,
We  have investigated adaptive filtering method for
interferometric synthetic aperture radar (InSAR) images. This
year we have proposed the complex-valued SOM
(Self-organizing map), a new nonlinear and adaptive clustering
method. We have demonstrated effective clustering
performance by applying it to detection of plastic underground
material. The fractal nature has also been applied to
reconstruction of the singular points.

b. ABMOERBEORITLE
A

Foveation based on fractal dimension and gradient of
spatial frequency spectrum

A.HIROSE and Y.BABA
A rtl,'r4§$ﬂlﬂ[” WFDHDEI FRAEMTS
NFENONATH DB EETETHo 7

Ui\5.‘%FMML§¢,;wﬁméWﬁE¢?T
MEATHLEbIT, AROBREETS -‘/x;—ri-.@ff-i-&?&
ZHigL ;{'i,-'h.:’&"i-?-\’ﬁ?:o EHBEEOEMELE 7
D5 IAEEFIMT S T &k > T2 OWIEAER TS 5
EEX, EBEEDHTNS,

Man is capable of foveate on characters very quickly
independent of shape modification and color. We investigate
the mechanism by self-examination to construct a system that
has such an adaptive function. We are now constructing a
software system by focusing on the fractal dimension and the

gradient of spatial frequency spectrum.

1. AYZAEy O BEERERREHERYT
BEWEA - EEW— - EEE—
Mesoscopic analysis of neural cell dynamics
A .HIROSE, S.SAKATANI and THAMANO
FAEFED. MRERAESABIZSZ 2HEIIDOWLT,
FrithBNEZoREERIT L. SREHXEETL
AT ETL, MR OSRENS X D ElEE
EHOHRIIDNT, Mt E28 < Z ikl
fze TNETERREINTWS %{nﬁwmm::; <=
LT -T-: 0. EHEREOHLETOEL
We have cvaluated numerically the influence of the changes
of the neuron shape on the firing characteristics based on our
recent two proposals: the micro-compartmental model and the
two-dimensional membrane potential equations. Besides, we
have successfully obtained an analytical cxpression of the
influence of sharpness of soma shape on the pulse propagation
velocity by assuming an electric charging model. The result is
in good agreement with previously presented numerical
dynamics, and will be compared with results of physiological

experiment.
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1. A7 74/ ED 21— VORI *
] #H
Troubleshooting Techniques for Optical Fiber Assembly
Modules
Zuyuan HE

HT7ANCAFLOBETET, BERET AN
HMAEETa—VOBEIZIE. ELLWHAERENRERS N
B, RERLMEETHS, BRLF, XV TLZ A
FUEREZHEL. COBKICEATIFELLTES
L. BYa—-IHORKRIZBWT, RESHELOF
MPNEL D, ZhSORMNPEEIZDVWTERMICH
AL, XOe—b > FEEEERY 7L b A MY ICHE
BB HgREMAERICILD, E2a—LoBEM
FIRETH DT LRIz, EMERTET T/,

In optical fiber system manufacturing, troubleshooting for
fiber optic assembly modules is a long time consuming task
due to the critical requirements in measurement. We proposed
that improved optical reflectometric techniques can be applied
to the purpose. Fault points in an optical fiber assembly
module introduce reflections and discontinuities in
backscattering. We studied the reflections and backscattering
quantitatively, and pointed out that, by applying wavelength
moving average method, the coherent optical frequency
domain reflectometry can be used for the troubleshooting.
Preliminary demonstrations have been made.

2. FBTBLLIET 7 N BERUE L FHBON
—Fx )b RN

far P

Virtual Span for Test and Evaluation of Gain

Flattened Erbium Doped Fiber Amplifier "
Zuyuan HE

FISEEE T 7 1 /IR (EDFA)DUTE - L
flizid, X7 74 NANRCOHE - T HEFEEE
BiIZANdhiEaskzn, RROMETETR, &7

ARAF—2a DT A NAN S THENERSED,

RIS DENEL D, BIIANENERETRVA
FONEEMIOBEICIE, BAREZOT A NERH
BT50ERSS, X7 7ANOHREEITHEDOA
A7 PNVEEBICMELRELET, N—FyI)b- AN E
LRFTZETNEREL. RUBSEI L ANNBETD
KIZ7ANANOHEEESTABEADARS ML EHE
MIEBZ &ML, COETNERVWEY 7 HEMN
RL., WENETPANANORDDELT, FIETE
1H{t EDFA OFE - FMIZICA L.

The test and adjustment of gain flattened Erbium doped
fiber amplifiers (EDFA) have to be done at the presence of
correspondent fiber span to take the spectral profile of loss and
Raman effect of the span into account. In manufacturing, the

fiber span variation from station to station introduces
variations in the test results. Especially, testing amplifiers used
in metro products, where the span length is variable, requires
multiple spans of different lengths equipped in each test station.
Based on precise measurement of attenuation and Raman
scattering, a virtual span is developed to simulate the spectral
profile of fiber spans with different fiber lengths and under
different power levels. Running a software tool based on this
model instead of using a physical fiber span in test station
ensures the test consistency.

3. DWDM YRFTAILEFSHSI/ARZ bLT0O
T4 —IDAEREETFY S
far  HEE
Measurement and Modeling of Raman Spectral Profile in
DWDM Systems "
Zuyuan HE

mHEE RS SIZHOWDMET 71 /NE{E S AT A
IKBWLTH, FYHELICE > TEEEMNOF v R IAE,
HEEMF v+ 2N OO 2K L THES O, 2640
YATLERART FADNEATLES. BR4IE. %7
FANDBEIANY PV &SI HEAART BV ZE5EE
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Tolk. B277ANEENBETO I HENT
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LD AT ANDRFIT 4 OFE, FIGEFAEk
EDFA O#%it - fiE LFMICAL STV S,

In dense wavelength-division-multiplexed (DWDM) optical
communication systems, due to the stimulated Raman
scattering (SRS), longer-wavelength channels are amplified at
the expense of shorter-wavelength channels, and the spectral
transmission profile is tilted. We measured SRS profiles of
various single-mode fiber spans by using a technique to
separate the SRS profile from the total loss profile, and
developed a model to predict the SRS profile at any fiber
lengths under various optical power levels. The model can be
used in evaluation of SRS-induced system penalties, and in
design, test, and evaluation of gain-flattened EDFA.

4, 77ANGHEHICBITEMEBELE kA 5—
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Scratches on fiber endface are major sources of interface
performance degradation. In the industry, criteria of fiber
endface inspection are not yet agreed upon. By introducing a
parameter named relative reflectivity, we developed a novel
model for analyzing the performance degradation due to
scratches on the endface. Based on the new model, the effects
on interface performance were analyzed for scratches of
different sizes, with different relative reflectivities, and at
different locations. This quantified analysis provides a solid
base to establish the specifications of inspection criteria. The
analyses were in good agreement with measurement results.
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In fiber optic components, rubber strain relief boots of
various designs are employed to provide somewhat protection
to the fiber pigtail roots. Even though, high fall out of fiber
breaks at the fiber roots has been reported during application.
Based on reliability analysis on optical fiber, we proposed and
demonstrated a novel method to evaluate the fiber boot. This
method examines the minimum bend radius of the fiber under
side pull test, and requires that the minimum bend radius is
greater than 4 mm when 500-g side pull is applied. This
requirement ensures the probability of fiber failure less than 1
ppm. The procedure and algorithm are developed to measure
the fiber bend radius in side pull test. Several samples are
evaluated with the new method.
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Comprehensive Evaluation of On-Site Power
Generator under the Deregulation of Energy Market
By Ryoichi Komiyama

This paper reports the comprehensive feasibility study of an
on-site power generator under the deregulated energy market.
On-site power generator, such as micro gas turbine distributed
generator or fuel cell distributed generator, offers a valuable
alternative to traditional electric power supply for residential,
commercial and industrial applications, which generator
frequently constitutes an on-site cogeneration system and this
system might achieve primary energy conservation, CO2
emission mitigation and energy supply cost curtailment.
Considering its future end-use installation, it is particularly
significant to identify the method by which we exploit its
salient economic and environmental characteristics of an
on-site energy system on the energy market undergoing the
deregulation increasingly for the future. Against these
backgrounds, we implement the feasibility investigation of
on-site power generator on district energy system, future
long-term power generation mix and deregulated electricity
market respectively.

Concerning district energy system, we proposes new
alternative operation of on-site CGS, the middle and small
class scale of which are expected to have a large share in
commercial and residential sectors for the future. On-site CGS
is allegedly considered to be an effective end-use energy
system in order to accomplish primary energy conservation,
CO2 emission mitigation and system cost reduction, which
characteristics eventually improve the whole performance of
an existing energy system. Considering the drawback of
installing an end-use CGS into the customer with small or
middle scale floor space, however, it is difficult to achieve
those distinctive features because the thermal-electricity ratio
of CGS does not always be in agreement with that of customer

energy demand. In order to overcome that matching deficiency,
it is hence better to organize an on-site generator network
based on mutual electricity and heating transmission. But
focusing on some cogenerators underlying their behaviors on
maximizing their own profits, this on-site network, which
situation corresponds to a grand coalition, is not necessarily
established because of each cogenerator's motivation to form a
partial coalition and acquire its own profit as much as possible.
In this paper, we attempt to analyze the optimal operation of an
on-site generator network and identify by applying the
nucleolus of the cooperative game theory the optimal benefit
allocation strategy in order for the cogenerators to construct
the network. Regarding the installation site of this network, the
center of Tokyo area is assumed, which locational information
incorporates floor space and so forth through a GIS
(geographic information system) database. Results from the
nucleolus suggest that all districts should impartially obtain the
benefit from organizing network for the purpose of jointly
attaining the system total cost reduction.

With a view to investigating the future CO2 emission
reduction and primary energy conservation through the
installation of on-site CGS in commercial and residential
sectors of Japan, we attempt to develop a comprehensive
energy model consisting of long-term power generation mix
model and end-use CGS model. With the development of CGS
model and long-term generation mix model on cost
minimizing basis, Japan’s prospective power generation
structure is figured out and the potential of CO2 emission
reduction and primary energy conservation by CGS is
evaluated under three fuel price scenario. This scenario studies
just allow the integration of various societal, technological and
economic determinants in a consistent way and scenario can be
defined as alternative images of how future fuel price might
unfold. With considerable uncertainty remaining concerning
various assumptions made for the model analysis, following
results are identified. (1) In all fuel price scenarios in power
plants, the installation of on-site CGS in commercial and
residential sectors accomplishes the reduction of primary
energy consumption. (2) In standard fuel price scenario, the
installation of CGS in commercial and residential sectors
achieves the reduction of CO2 emission. In low fuel price
scenario which is the case current fuel price continues for the




future, however, CO2 reduction effect becomes decreasing
compared to the standard fuel price scenario because of the
dominant generation share of LNG fired plant and LNG
combined cycle in future generation mix and these less carbon
intensive power plants replaced by CGS. In the case where
nuclear power plant becomes competitive and increases its
share in future generation mix, CO2 emission from energy
system conversely increases by installing CGS in comparison
with before installing, because electric power generation of
CGS gradually replaces nuclear power plant. These results
suggest that the effect of CO2 reduction potential by the
introduction of CGS is cautiously evaluated taking into
consideration a future power plant construction program in
Japan.

Considering future liberalized electricity market, an on-site
generator is expected to perform its ability compared to an
existing large-scale power plant. In order to examine the
participation of power producer with on-site electricity
generators into deregulated electricity market, we develop an
agent-based computational simulation scheme by applying
classifier system in order to study the electricity transaction in
liberalized electric power market. This electricity market is
dynamical interaction between generator companies and
distribution companies whose bidding strategies are penerated
according to classifier system which is an architecture with a
self learning if-then rule based system with reward-punishment
principle. Assuming power market contains both a day-ahead
spot market and a bilateral trading market, which are recent
distinct structures in power sector deregulation. For the
purpose of analyzing electricity price volatility and bidding
strategies developing by individual agent, this deregulated
framework is implemented in a part of electric power sector of
Japan where the utility has been currently operated in
conventional vertically integrated environment. As a result, the
participation of on-site generators with high generation
efficiency and resultant low marginal price tends to restrict
price volatility and contributes to relieve transmission
congestion, which situation eventually provides efficient
energy trading without supply-demand adjustment by I1SO,

The above results reveal that on-site power generator has a
large potential to attain energy cost reduction, CO2 emission
abatement and primary energy conservation on a certain
condition, and eventually promise the economic and
environmental improvement of energy system.
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Study on Numerical Analysis of Resistive-type
Current Limiting Devices
using Superconducting Thin Film
By Shinya Sugita

This dissertation focuses on numerical analysis of current
limiting and AC losses characteristics of resistive-type current
limiting devices using high temperature superconducting
(HTS) thin film. A numerical analysis method proposed in

this study makes it possible not only to grasp electromagnetic
and thermal phenomena in the device but also to estimate AC
losses of the device and Y-Ba-Cu-O (YBCO) coated conductor.

A superconducting fault current limiter (SFCL) is a new
power equipment that will be able to not only restrain fault
currents instantaneously but also offer greater interconnection
of the power network. The resistive-type SFCL using HTS
thin film is considered as a promising method due to the rapid
response, the compactness, and so on YBCO coated
conductor is expected as a next-generation high-performance
superconducting wire due to high critical current density and
excellent magnetic characteristics. Research  and
development of SFCL and YBCO coated conductor are in
progress through the world.

Now power capacity of the HTS thin film current limiting
device is not large enough to make the SFCL of single device.
So series and parallel connections of the devices are necessary
for fabrication of large current and high voltage application.
One of important technical issues is protection from local
super-normal (SN) transition that causes the burnout. The
phenomenon is caused by inhomogeneous superconducting
characteristics that are difficult to remove completely at the
manufacturing stage. In order to design and optimize the
SFCL, information such as the acceptable inhomogeneity level
of superconducting characteristics and thickness of metal
protection layer and substrate should be known. Several
conditions should be taken into account, such as the desired
current limiting rate, trigger current level, the electric circuit,
the properties of substrate, recovery time, etc. An analysis
method that makes it possible to analyze complicated
electromagnetic and thermal phenomena, however, has not
been established so far. Another technical issue on both the
HTS thin film current limiting device and YBCO coated
conductor is current imbalance phenomenon that causes large
AC losses. Reduction and estimation of AC losses are one of
important research topics in superconducting engineering.

In this dissertation a numerical analysis method was
proposed that makes it possible to grasp complicated
electromagnetic and thermal phenomena in the device and to
estimate AC losses of the device and YBCO coated conductor.
At first the background of this study was mentioned.
Electromagnetic ~ phenomenon in  superconductor was
explained. Trend of research and development on SFCL and
YBCO coated conductor were reported. The purpose of this
study was clarified. The proposed method has been
developed for numerical analysis of coupled problems
consisting of electromagnetic field, thermal field and electric
circuit. The electromagnetic analysis is based on the current
vector potential method using the thin plate approximation.
The electromagnetic phenomenon in 3D can be analyzed by
2D potentials, which reduces computation complexity. The
boundary condition of analysis domain, the modeling of
electromagnetic property of the superconductor, the thermal
analysis method and the cooling condition of liquid nitrogen
are described in detail.

The validity of the analysis method was showed by Current

imbalance characteristics analysis. The analysis results and the
experimental results were compared. It was shown that the
current densities at the edges of the device increase over the
critical current density defined by the nonlinear E-J (E: electric
field, J: current density) relation when the transport current
was under the critical current. The proposed method gives
more precise description of the phenomena, and the results
were different from the results that were derived from the
critical state model, Bean model.

Current limiting characteristics of the HTS thin film current
limiting device were shown., The dependence of current
limiting characteristics on the thickness of metal layer and
mhomogeneity of superconducting properties and the
dependence of the substrate temperature on the thickness of
metal layer were shown. The spread rate of SN transition
was discussed. Recovery characteristics of the HTS thin film
current limiting device were shown. The dependence of
recovery time on thickness of the substrate, initial temperature
and cooling conditions of liquid nitrogen were investigated.
AC loss characteristics of the HTS thin film were shown.
From the comparison with the theoretical values given by
Norris it was verified that the proposed analysis method could
calculate AC losses for any part of the HTS thin film and any
given time. It was shown that the characteristic curve of AC
losses was between the curves obtained by the Norris’s
formula for ellipse and formula for a strip. Finally future issues
were also described.

The numerical analysis method proposed in this dissertation
is expected to use in order to design and optimize the
resistive-type current limiting devices using superconducting
thin film and YBCO coated conductor.
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Research on Measurement and Control System
Aiming at Support for Elderly People —Towards
Establishment of Welfare Control Engineering —
By Hirokazu Seki

This paper aims at establishment of Welfare Control
Engineering. Japan is now a serious aging society and this
problem will be more serious in the near future. In this
situation, engineering support for elderly people and disabled
people is required. Welfare Control Engineering explores the
possibility of such support based on measurement and control
technology. This paper consists of three topics, cooperation
control of human and power assist robot aiming at support for
elderly people, multifunction control system of power-assisted
wheelchair with high future potential, and monitoring system
for elderly people using a simple camera and its application to
industrial robots. All systems discussed in this research are
intended for human or include human, therefore, they are
examined through the practical experiments including
performance evaluations using the experimental subjects.

First, how to design power assist robot assisting elderly

people’s work and caregiver's motion is presented. Power assist
forms and required conditions considering the practical use are
made clear for design of power assist control system.
Especially, in an essential problem whether we should assist
through position or force, two power assist methods, position
control based and force control based, are defined and
respective advantages are clarified. As one of position control
based methods, Dual Impedance Control making good use of
impedance control is proposed. In force control based method,
environmental observer is introduced to make robust against
environmental parameter change. Both can realize stable
power assist motion even if environmental characteristic is
unknown. It is also discussed how to improve the operability
and stability using impedance parameters. In addition, these
power assist control methods are realized without force sensor
by using disturbance observer. Effectiveness of these control
methods has been verified through performance evaluations
using some experimental subjects.

Next, as one of the mobility support technology for elderly
people and disabled people, multifunction control system for
power-assisted wheelchair is developed. At the beginning,
basic structure of power-assisted wheelchair is explained and
mathematical analysis is conducted. At the same time, some
problems are cleared up through the interview with its user and
the traveling examination using an actual device available
commercially. Power assist control method of wheelchair can
make use of the same ideas of power assist robot mentioned
above such as through position and force, and they are
examined from various angles. Multifunction control methods
to respond to various practical situations are also examined
such as drive on sloping road and safe wheelie motion to
prevent from falling backward. We have manufactured the
power-assisted wheelchair to perform some practical
experiments and examined such control methods through
performance evaluations using the experimental subjects.

As one of the measurement system for elderly people, a new
monitoring system for elderly people is proposed because a lot
of elderly people die in unexpected accidents in their own
home such as falling down the stairs and drowning in the bath.
The proposed system is significant in the network connecting
with families and medical institutions. This system
automatically learns elderly people's usual actions and detects
their non-daily actions and behaviors by observing the room
with a simple camera such as a CCD camera. In the learning
stage, Self-Organizing Map extracts their typical actions such
as eating and sleeping without knowledge about the room and
their behavioral model. Then, their actions are analyzed using
Eigenspace Method and Parametric Eigenspace Method which
are excellent in compression of image data and calculation of
the correlation among images, and four types of non-daily
actions and behaviors are detected. Monitoring experiments
using some concrete non-daily actions have confirmed the
effectiveness of the proposed methods.

This idea can be applied to monitoring system for industrial
robots working in the factories. This monitoring system is
significant as an independent system of the robot system, and




has the potential to enhance the reliability of the robot system.
It also has a lot of advantages, for example, there is no need to
receive any signal from the robot controller because it only
observes with a camera. Eigenspace Method and Parametric
Eigenspace Method are used to detect abnormalities such as
the speed of movement. In addition, Golden Section Method
introduced in the calculation process realizes quicker detection.
Some experiments using 2-axis robot have shown the
effectiveness of the proposed method. Through the
development of these two monitoring system, one potential
form of monitoring system widely used has been established.
This paper has shown engineering support for elderly people
and disabled people based on measurement and control
technology. Especially, three topics discussed in this paper
have brought some development on coexistence of the human
and measurement and control systems. These are, as it were,
support for "eye”, "arm" and "leg". This paper is the first step
towards establishment of Welfare Control Engineering and the
possibility leading to the future establishment has been shown.
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Studies on Merging Assisted Productions of Various
Toroidal Plasma Configurations in Spherical Torus
Experimental Device TS-4
By Mayuko Tsuruda

The thesis contains the results of experiments that have been
performed in the TS-4 merging research project. The project
has explored several new types of spherical torus experiments,
namely, the merging formation of FRCs, poloidal current drive
by plasma merging, the magnetic reconnection experiment,
and the ultra-high beta ST formation. The successful results of
the previous TS-3 experiments have enabled us to construct an
up-scaled merging device TS-4. The major electric part of the
device consists of three coil assemblies, namely, two flux cores
for inductive plasma formation, a center current conductor for
the generation of the extemal toroidal field to control the q
value, and DC external equilibrium field coils. The magnetic
measurement system consists of a two-dimensional magnetic
probe array on a poloidal plane with two field components, Bz
and Bt.

The Bz field data are used to reconstruct the poloidal
magnetic  surfaces on the assumption that plasma
configurations have axisymmetry. The deformation of the
reconstructed flux contours has been studied particularly when
the plasma configurations are subjected to a macroscopic
instability, specifically, the n=1 toroidal mode instability. The
influence of this mode on the reconstructed contours was
numerically surveyed and the results were qualitatively
compared with the contours experimentally observed. It was
found that n=1 modes with an amplitude more than about 15%
of the n=0 fundamental field strength bring about very
erroncously deformed flux contours.

The plasma merging experiments have been performed both

with and without the application of the external toroidal field.
For the operations without the external toroidal field, the TS-4
operation has permitted both of the co-helicity merging and the
counter-helicity merging of two spheromaks. The
counter-helicity spheromak merging revealed the annihilation
of the toroidal magnetic field after the significant overshoot
motion of reconnected field lines. The toroidal field
annihilation permits the transformation from spheromaks to a
high-beta FRC, however, the produced FRC sometimes retains
deformed toroidal fields, suggesting the generation of toroidal
plasma flow that retards the relaxation to the equilibrium FRC
configuration. The co-helicity merging of identical spheromaks
initially doubled the toroidal fluxes in the merged spheromak,
resulting in the flux conversion from toroidal to poloidal. The
merged spheromak relaxes to single spheromak with a very
small beta value, suggesting the occurrence of a large thermal
energy loss due to dynamo activities.

For the co-helicity merging operations with the external
toroidal field, varied kinds of CT/ST merging were performed.
In both compact RFP merging together with spheromak
merging, the flux conversion from toroidal to poloidal was
clearly observed. The poloidal flux increases during and after
the merging process with the increase in the n=2 toroidal mode

that reaches a peak shortly after the end of the merging process.

These results indicate that the flux conversion of compact
RFPs is mainly caused by the n=2 toroidal mode as has been
pointed out by the computer simulations conducted in the past.
The F-theta diagrams of compact RFPs and spheromaks show
relaxation to the theoretical curve of the Taylor type force free
state after the merging. However, those of the STs show
different relaxation process from those of the compact RFP
and the spheromak. Increases in both of the poloidal flux and
the n=2 toroidal mode amplitude are not clearly observed in
the ST merging process. The measured eigen values show that
STs, especially high-q STs, approach a unmique intrinsic
equilibrium state that is different from the Taylor state. An
interesting phenomenon was found in the ST formation in
T34 device; the sudden drastic decrease in the plasma lifetime
when the external toroidal field current is set in a certain range
betweea low q operations and high q operations. This
phenomenon is characterized by the very week poloidal flux
generation during the initial plasma production phase and the
plasma separation phase when the plasma starts detaching
from the flux-core. The detailed mechanism of this decrease in
the plasma lifetime is a further subject to be investigated.

Preliminary investigations were carried out for the high-beta
ST formations by the counter-helicity merging in the external
toroidal field, namely, the merging of the compact RFP and ST.
It was found that very week external toroidal fields permitted
this kind of merging.

AS. MR BB LR BB B OBE
RIECEORAAMBEICETIHE
AKX BT
Studies on Characteristics of Superconducting Fault
Current Limiter with Adjustable Trigger Current

Level and the Power System Characteristics
By Hiroyuki Hatta

Superconducting Fault Current Limiters (SCFCLs) are power
apparatus which can reduce fault current to an acceptable
value, and they are expected to introduced in power systems.
Then the reliability and stability of power systems may be
improved. To introduce SCFCLs in power systems, the
SCFCLs should be satisfied with some specifications such that
the trigger current level, the impedance and the recovery time.
In various kinds of SCFCLs, most of the developed SCFCLs
use the super-normal transition of superconductor. Therefore,
the trigger current level of the S/N transition type SCFCLs are
determined by the super-normal transition current which
depends on the manufacturing process, and it is difficult to
satisfy the accuracy of the trigger current level which is
requested by power systems.

Therefore, a transformer type SCFCL with adjustable trigger
current level was proposed.

The SCFCL with adjustable trigger current level consists of
two aircore superconducting coils coupled coaxially. The
primary coil is connected to a power system and the secondary
one is short-circuited. The trigger current level of the SCFCL
is determined by the super-normal transition current of the
secondary coil and the mutual inductance of the coils. The
secondary coil of the SCFCL can be moved axially, therefore
the mutual inductance of the coils can be changed. Then, the
trigger current level can be adjusted.

The characteristics of the SCFCL were studied by use of test
SCFCLs of this type. Trigger current level of the SCFCLs in
both quasi steady state and transient state were measured
experimentally. It was pointed out that the trigger current level
of the SCFCL of this type is adjustable. Then, the
instantaneous trigger current level was measured and it was
shown that the instantaneous trigger current level depends on
the fault phase. The impedance, the normal resistance in the
secondary winding and the current of the secondary winding in
the limiting mode were obtained experimentally. It was
pointed out that the current of the secondary winding was
almost equal to the minimum propagating current. The
recovery characteristics were also discussed. The recovery
time depends on the fault time and it is shorter than the
operation time of the circuit breaker of power systems.

The power system characteristics of the SCFCL are studied.
Limiting tests of the SCFCLs are carried out on a one machine
- infinite bus model system, that was constructed with a 20kVA
synchronous generator and an infinite bus to simulate a double
circuit transmission line. The current limiting operation of the
SCFCLs at fault on the model system are considered
experimentally. It is confirmed that the adjustability of the
trigger current level is useful to introduce SCFCLs on the
double circuit transmission line. The availability of the
SCFCLs are studied by the model system, also. It is shown that
there are some problems of the SCFCLs and some methods to
solve them are proposed. One problem is high voltage at the
beginning of current limiting operation. It was pointed out that

Zn0 devices are useful to suppress the high voltage. Another
problem is the impedance of the SCFCL in the waiting mode.
Series Condensor is useful to cancel the impedance. Then, the
series connection of the SCFCLs were discussed. The limiting
operation of series connected SCFCLs is depend on the fault
phase and the trigger current level of the SCFCLs.
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Associating Video with Related Textbook for Video
Indexing
By Reiko Hamada

Reflecting the increasing importance of handling multimedia
data, many studies are made on indexing to TV broadcast
video. Multimedia data consist of image, audio, and text, and
various research on analysis of each individual medium has
been made. Especially, image analysis has been the main
theme for handling multimedia. But recently, it has started to
be considered that image analysis alone is insufficient for
semantic analysis of multimedia data. In the 1990s,
integrated analysis that supplements the incompleteness of
information from each medium has become a trend.
Following this trend, we are trying to integrate cooking
programs with related documents, taking advantage of domain
specific knowledge. When integration is finished, high-level
indexes can be easily attached to the video, and using these
indexes, many applications such as multimedia education tools
or cooking assistance tools can be made.

Though many attempts have been made to index video by
means of multimedia integration, sufficient accuracy for
practical use has not necessarily been achieved; their
application domains were too general to achieve accuracy from
elemental technologies by making use of domain specific
characteristics, or the integration methods were too simple.
There are few studies on video indexing which make use of
advantage of textbook. For example, in drama, the order of
scenes in the video is same as that in the scenario, but in
educational programs such as cooking programs, the order of
events are different in the video and in the document. So, in
our task, we must gather hints from each medium and integrate
them effectively. In addition to that, we take advantage of
domain specific constraints and knowledge.

In our system, first we create the domain specific
dictionaries from many documents. By using the dictionaries,
the structure of a document is analyzed. On the video side,
cut detection and word spotting are done to detect semantic
scene boundaries. Keywords (ingredients, seasonings or
verbs) in a document are specific to each video, so they can be
used for limited vocabulary word spotting. Finally,
considering the structure of the document and the video, we
associate them.

Structure of the video is needed to be analyzed to be
associated with the document. The finest segment in a video
sequence is a shot, but they are too short to be semantic scenes.




In a cooking video, generally a semantic scene corresponds to
a step or a cooking action in the supplementary cookbook. In
most cases, boundary of such semantic scene is one of the shot
boundaries. So, we will detect such important boundary among
many cuts and reconstruct semantic scenes by making use of
image and audio analysis.

First, cut detection will be performed to a video sequence.
After cut detection, we classify the shots into (1)Hand shot and
(2)Face shot. These two shots can be categorized automatically
by face and hand detection. In Face shots a scene of a kitchen
and the upper half of the body of a chef (and an assistant) is on
the screen. Hand shots are close-ups of tools and hands
cooking something and give plenty of infomation about foods
and motions.

After cut dection, background analysis is applied to hand
shots. Backgrounds in the cooking videos can be classified into
(1) cutting board, (2) burners, (3) table, and (4) others. And
they can be categorized automatically by clustring using color
information, and labeled through integration with text
information.

The contents of speech is an important hint for association.
In our method, closed captions (CC) are used to get speech
information. (Closed captions are translations of the spoken
word to the written, which permit deaf and hard-of-hearing
people to see what they cannot hear,)

Finally, the order restriction of recipe is solved using
backgrounds and speech (CC) information in the video. At the
same time, the video and document are associated.

We show a practical system avoiding complex and difficult
elemental technology can be constructed by reflecting result of
document analysis and using domain specific constraints and
knowledge. In future, we are considering various application,
such as interactive database that can retrieve menu or specific
action or material, automatic video editing from a document,
or applications linked with electric appliances for kitchen
automation.
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Application of Method of Moments to Lightning
Surge Analysis on Power Lines
By Ramesh Kumar Pokharel

Electric power supply is indispensable for advanced society,
and a failure even for a second cre-ates chaos not only in
hospitals and defense systems but also in the
information-oriented society. Lightning is one of the key
elements for unscheduled interruptions, which injects lightning
surges into power systems and causes serious damages, often
leading to outages. Therefore, characterization of lightning
surge phenomena on transmission lines as well as on
distribution lines is necessary for economical but improved
protection system against lightning. Various studies including
theoretical and observational ones have been carried out to
investigate lightning surge characteristics on power lines;
however, characteristics of induced surges over ground of

finite conductivity, influenced by a lightning channel or a tall
structure struck by lightning, have not been fully understood
yet.

Electromagnetic Transients Program (EMTP) has been used
extensively to predict lighting surge characteristics of
transmission lines. Such a circuit-model approach, however, is
not appropriate to analyze the physical behavior of induced
surges when the transmission line is struck by lightning,
because the associated electromagnetic field initially is not in
the. TEM mode. So, three-dimensional numerical
electromagnetic analysis is a useful tool in analyzing such
problems.

In this thesis, numerical electromagnetic analysis based on
the method of moments is applied to analyze lightning surge
characteristics when a power line is subject to lightning strikes
(direct or indirect hits). Accuracy of numerical analysis to
study lightning-induced surges on overhead lines over lossy
ground is verified first by comparison with a model
experiment. Then it is applied to study lightning-induced
voltages on a distribution line under various conditions.

A method to calculate lightning-induced voltage on an
overhead wire connected to a surge arrester over perfectly
conducting ground is proposed with the time-domain
numerical analysis, and its accuracy was verified by

comparison with previously calculated results by other method.

It has been shown that operation of an arrester is influenced by
the rise time and the amplitude of lightning current and
distance between the line and lightning-striking point.

In evaluation of lightning-induced voltages, horizontal
electric field needs to be calculated to solve the electric field
integral equation around a horizontal conductor. Different
methods have been available to calculate horizontal field over
ground of finite conductivity. Among the representative
methods, numerical calculation of Sommerfeld integrals,
Norton’s approximation and Cooray-Rubinstein’s formula are
widely used.

The range of their validity, however, is not known, so their
accuracy and applicable ranges are discussed. At a distance of
100m from the model lightning channel, difference between
results computed by numerical Sommerfeld integral and
Norton’s approximation results is about 12% in peaks of the
lightning-induced voltage at ends of a 600m-long overhead
line at a height of 10m. It is thus concluded that Norton’s
approximation is accurate enough for a lightning impulse
except in the close range within about 100m from the source
over soil of low conductivity.

Lightning often strikes tall structures such as chimneys,
telecommunication towers at substations or those close to
distribution lines. An accurate model of tall structure is
necessary to evaluate electromagnetic fields around them.
Therefore, lightning-induced voltages on a test distribution line
associated with lightning attached to a tall structure are also
analyzed by comparison with experimental results, which were
observed on the coast of the Sea of Japan. It is shown that the
propagation  velocity of returnstroke current, finite
conductivity of ground, and inclination of a lightning channel

attached to a tall stack pgreatly influence the observed
lightning-induced voltage waveforms,

A model of nonlinear element is incorporated in numerical
analysis in the time domain, and insulator voltage waveforms
in the presence of a surge arester on a transmission line are
analyzed. A new tower model of a transmission line for EMTP
analysis is proposed based on the analysis of arrester currents.
This tower model can reproduce not only insulator voltage
waveforms, but also peak amplitudes of arrester current
installed on a transmission tower.

Characteristics of shield wire current and phase conductor
voltage of a model of a double-circuit transmission line struck
by lightning are aiso analyzed, and the influence of a lightning
channel and a transmission tower on the induced voltage of a
phase conductor is investigated by comparing the results
computed by NEC-2 or EMTP. Analysis shows that the initial
non-TEM field results in initial low coupling coefficient
between the shield wire and phase conductors. Vertical tower
current reverses the initial polarity of induced voltage
waveforms on phase conductors in the presence of a shield
wire. This phenomenon cannot be reproduced by EMTP
analysis and is important in understanding the incoming
lightning surges observed at the entrance of substations when
lightning strikes the transmission line within 1 or 2 km from
the substation.

The clarified propagation characteristics of lightning surges,
whether direct or induced, investigated in this thesis will help
to design more effective, economical and improved
lightning-protection system for power lines to enhance their
lightning performance.
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Fabrication and Optical Properties of
Self-Assembled InAs Quantum Dots for Application
to Long-Wavelength Laser Diodes
By Jun Tatebayashi

The author describes self-assembled InAs quantum dots (QDs)
from the viewpoints of both the fabrication process and optical
properties, and application to long-wavelength laser diodes in
this thesis.

First, the fabrication and optical properties of self-assembled
InAs QDs grown by low-pressure metalorganic chemical vapor
deposition (MOCVD) system are closely investigated. The
significant growth conditions for forming self-assembled InAs
QDs are the growth temperature, V/III ratio, growth rate of
QDs, and growth time (amount of material deposited). The
author reveals that it is necessary to grow InAs QDs at higher
temperature, lower V/III ratio and low growth rate in order to
enhance the migration of indium adatom and obtain
self-assembled InAs QDs with high uniformity. The author
achieves the strong emission at over 1.3 mu m from
self-assembled InAs QDs with a narrow linewidth. Moreover,
the amount of material deposited also largely affect the optical

properties of InAs QDs. It is necessary to control precisely
the amount of material deposited in order to obtain the light
emission with a narrow linewidth.

Next, the optical characteristics of self-assembled InAs QDs
embedded in InGaAs strain-reducing layer (SRL) are studied.
By using InGaAs SRL instead of GaAs as the capping layer,
bandgap energy of InAs QDs is shrunken due to the relaxation
of compressive strain in InAs QDs and the suppression of
quantum confinement effect.  As a result, the PL peak of InAs
QDs shifts towards a longer wavelength. In this thesis,
luminescence at the wavelength of 1.52 mu m from
self-assembled InAs QDs embedded in In0.45Ga0.55As SRL
can be achieved. The wavelength of 1.52 mu m is the longest
wavelength so far achieved in self-assembled InAs QDs based
on GaAs substrate, which would be promising to QD lasers for
application to light sources in long-wavelength optical
communication systems. Moreover, the author demonstrates
that the PL peak of InAs QDs can be controlled by changing
the indium composition of the InGaAs SRL. Then, the
fabrication and optical characteristics of stacked InAs QDs
were closely investipated. It is necessary to obtain stacked
InAs QDs with high uniformity for application to laser diodes
containing self-assembled InAs QDs.

Then, the author proposes and demonstrates a novel scheme
(Area-Controlled  Growth) for  controlling  where
self-assembled InAs QDs form, using selective area MOCVD
growth. Using this technique, QDs can be formed in only
selected areas of a growth plane. However, in the regions
where QDs are formed there is variation of dot density and
size along the mask stripe direction because of the diffusion of
species in the vapor phase. The author achieves more
uniform distributions of dot density and size by changing the
mask pattern. Using this growth technique, it is possible to
fabricate integrated optical devices containing passive devices
such as an external reflector or modulator and so on together
with QDs serving as the active layer of a semiconductor laser.

Finally, as one of the application to long-wavelength optical
devices, QD lasers are fabricated with self-assembled InAs
QDs emitting at over 1.3 mu m in the active layer. The lasing
action at room-temperature with current injection is
demonstrated. Moreover, the device characteristics of QD
lasers, such as the temperature dependence and the threshold
current density and so on, are also closely investigated. In
this thesis, as another application to novel optical devices, the
author fabricates two-dimensional (2D) photonic crystal slab
nanocavities with a single defect containing self-assembled
InAs QDs and measures their optical properties by optical
pumping. The enhanced luminescence and three sharp peaks
from a single defect of 2D photonic crystal slab nanocavities
are observed simultaneously at one measurement by using
self-assembled InAs QDs as the active materials.
Comparison of the experimental results with the calculation
shows that three sharp peaks originate from the defect modes
with  different symmetries of a single defect in
two-dimensional photonic crystal slab.
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Development of Novel Control Logic for Distributed
Manipulation by Linear Actuator Array
By Hichirousai Oyobe

In this thesis, novel control logic for distributed manipulation
by linear actuator array is developed. Distributed manipulation
realized by many actuators manipulates an object through
many contact points. It is easy to manufacture many actuators
as low cost by using micromachining technology. Thus, this
novel and interesting manipulation is focused. This
manipulation has the following advantages:

(1) meticulous manipulation

(2) fault tolerance manipulation

(3) powerful manipulation

Almost researches about this distributed manipulation focus
on how to manufacture macromachine devices which realize
this manipulation since this manipulation is considered as one
of micromachine technologies up to now. Concept of
distributed manipulation is also novel itself. Therefore there is
little systematic research about this.

Against this, in this thesis, fundamental action of distributed
manipulation is defined as GRASP, MEASUREMENT and
CONVEYANCE. From the new view point not how to
manufacture but rather how to use, realization of such action is
aimed with control engineering knowledge.

First of all, basic requirements of distributed manipulation
are considered. There are five requirements at least in this
distributed manipulation as follow.

(1) limitation of space frequency

How much distance between actuators need under limitation
of space frequency? It depends on maximum space frequency
of an object and this distance is regulated by 2-dimensional
sampling theory.

(2) limitation of force density

Force density is determined by maximum force of each
actuator and actuator spacing. Force density is limited by
object mass density.

(3) fundamental structure of each actuator

There are linear drive actuator and rotation drive actuator,
Force generation direction of each actuator differs.

(4) limitation of dead time

There is dead time in this distributed manipulation system for
spreading information and collection of information and
calculation of command to acutoators.

(5) algorithm type

Top-down algorithm is that each actuator is controlled
Central control system. Bottom-up algorithm is that each
actuator itself thinks how to behave.

Disturbance observer array is proposed to realize
fundamental  action MEASUREMENT. Required
information like mass, position of gravity point and inertia
moment of an object can be measure by this fundamental
action. Disturbance observer is well known technique in field

of control engineering. This disturbance observer can estimate
object weight imposed to actuator. Each actuator which
composes distributed manipulator installs this disturbance
observer. By these disturbance observers. mass, position of
gravity point and inertia moment of an object that weight
distributes can estimate.

Surface impedance control is proposed to realize fundamental
action GRASP. Surface impedance has following two piece of
design parameter.

(1) home position which determines position without external
force

(2) impedance parameter

First design parameter introduces variable home position
structure, This variable home position realizes grasp to fit
object form. Another way of saying, grasp to distribute load of
an object is realizes.

Time variable impedance parameter introduces suppression
of jerk of an object. Therefore, impact absorb grasp is
produced.

Distributed manipulator driven by autonomous decentralized
control type algorithm which approaches from bilateral
directions, bottom-up and top-down, is proposed to realize last
fundamental action CONVEYANCE. There is dead time
problem under system construction of this conveyance. This
dead time problem is solved by Smith predictor with
disturbance compensator.

At last, fundamental distributed manipulation’s actions
GRASP, MEASUREMENT and CONVEYANCE are
organically bonded together and combination actions GRASP
with MEASUREMENT, CONVEYNANCE with GRASP and
CONVEYANCE with GRASP with MEASUREMENT are
realized. Distributed manipulation is achieved through these.

Al0. ERLBRESATLDO OO EO/ 87 —5
SRLL=—TFE—LLOBARE
8| ITHr

Semi-Zero-Power Maglev Control and its
Coordination with Linear Motor for Flexible
Conveyance System
By Liu Jiangheng

Electromagnetic suspension (EMS) technology, in which
attractive forces between electromagnets and ferromagnetic
materials are utilized as suspension forces, is commonly used
in the field of passenger transport vehicles, tool machines,
frictionless bearings and conveyor systems, because of the
various advantages, such as, no friction, no abrasion, low noise
and low vibration etc. U-shaped magnets are usually used in
the EMS system. These conventional electroma gnets, however,
can only control one degree-of-freedom. It cannot construct a
levitation system solely by itself.

A 4-pole type yoke hybrid electromagnet, which can
construct a compact levitation system for flexible conveyance
system, has been proposed instead of the usual | J-type magnet.
The suspension control method and the coordination with
linear motor have been investigated in this research.

The basic structure and the characteristics of the 4-pole type
electromagnet are described at first. The proposed 4-pole type
electromagnet has the following three characteristics:

a).it can construct a levitation system solely,

b).it can realize zero power control, and

c).it can generate unbalanced attractive forces by tilting
itself.

The 3 degrees-of-freedom control method and the
combination with a linear motor have been studied in detail. To
realize the flexible conveyance network, two-dimensional
linear motor is useful as a turnout device while the
one-dimensional linear motor is used to generate thrust. The
principle of two-dimensional drive is described qualitatively.
The proposed 4-pole type electromagnet has been optimally
designed by considering the levitation characteristics and the
linear drive characteristics, especially from the points of view
of easy control and manufacturing.

The plant models of the levitation force and the thrust have
been analyzed for controllers design. From the analysis of a
strict model of the electromagnet, the mutual interference
among 3 degrees-of-freedom is negligible in practice. Hence,
the controllers for each degree-of-freedom have been designed,
independently. An approximated linear model has been
introduced instead of strict model. Parameters of the levitation
and the thrust control system have been identified by
experiments.

Next, the suspension controllers have been designed and
verified by experiments. Firstly, the classical control theory
has been applied to design a simple controller: PID controller
for the 3 degrees-of-freedom, based on the approximated linear
model. To improve the performance of maglev control, a state
feedback controller for each degree-of-freedom has been
designed and verified by experiments. In this design, only gap
sensors were used to measure the gap length, and the observer
estimated other state variables. This system is strong against
the sensor noise because the observer has the characteristic of
a low pass filter. Furthermore, a disturbance observer has been
designed by adding the term of zero-order disturbance force to
the state equation. The disturbance observer can estimate all
state variables correctly, even the disturbance force influences
the system. In addition, the stability and robustness of
suspended system are significantly improved when the
estimated disturbance force is fed forward, since the estimated
disturbance force collects the modeling error.

One of the advantages of maglev technology is that the
levitated body is supported without any mechanical contacts.
Its power supply becomes a problem. The zero-power control
method has, therefore, been introduced to solve the problem.
In the zero-power control, only permanent magnets’ attractive
forces suspend the levitated body and the steady currents of the
electromagnets converge to zero by adjusting the levitation gap
length corresponding to its loaded mass. However, the
suspended body will adjust the gap length actively, when the
disturbance forces are applied to the magnet, ie., the gap
length will be oscillated, when the disturbance force is a
periodic signal. The control current does not converge (o zero

in this case.

In fact, when the maglev system is combined to a linear
motor, and if it moves along the track, the periodic disturbance
force always influences the suspended body. It is necessary to
suppress the vibration of the levitated body, caused by the
periodic force. Semi-zero-power control method has been
proposed and designed for the purpose.

The semi-zero-power control has the gap-length type
controller as a basis, in which the disturbance observer
estimates the disturbance force, and a low pass filter is added
to the disturbance feed-forward path for eliminating high
frequency oscillating component in the disturbance force
compensation. The estimated low-pass-filtered disturbance
force is fed forward to let the current converge to zero. The
semi-zero-power controller gives an intermediate frequency
response between (he gap-length and the zero-power
controllers. The performance can be adjusted by the cut-off
frequency of the LPE. It can reduce the vibration of magnet as
well as the energy consumption. In addition, the three parts of
the semi-zero-power can be designed independently and
adjusted to an actual environment without influencing the
performance and stability of the fundamental gap controller.

Thrust controllers have been designed and verified by
experiments in the next part. It was better that the levitation
controller was as fast as possible, because the attractive force
of the electromagnet was substantially unstable, and we had a
good gap sensor sufficiently fast. On the contrary, a fast
controller for the propulsion cannot be regarded as surely good,
since the high speed and the sufficient accurate position
sensing is not easy. An approximated linear model has been
analyzed in order to find an appropriate controller design.

Moreover, the combination with the 2-dimensional linear
motor is discussed. It has been focused on sensing technology
of the position and the speed. The visual servo technology that
is usually used in robotics has been introduced. Two
surveillance cameras are set to detect the position of moving
suspension body. The instantaneous speed observer should
be combined to the visual sensing to insure the accuracy of
detection even if the sample rate of the visual sensor is low.

Finally, the proposed 4-pole electromagnet suspension
system and the coordination with linear motor have been
summarized in the chapter of conclusions, which would
contribute to the further development of magnetic levitation
and linear drive technologies.
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An Adaptive Networking Architecture for Service
Emergence
By Tomoko Itao

We propose and describe a new networking architecture called




the Jack-in-the-Net Architecture (Ja-Net). Ja-Net is inspired by
the observation that the biological world has already developed
mechanisms that are necessary for future network
requirements such as self-organization, scalability, adaptation
and evolution, security, and survivability. In the biological
world, each individual entity (e.g., a bee in a bee colony)
follows a simple set of behavior rules (e.g., migration,
replication, reproduction, death, energy exchange, relationship
establishment with other entities), yet a group of entities (e.g.,
a bee colony) exhibits complex, emergent behavior and
characteristics (e.g., self-organization, scalability, adaptation
and evolution, security and survivability). We believe if a
network is modeled after biological concepts and mechanisms,
it may be able to achieve the desirable properties of
self-organization, scalability, adaptation and evolution, security,
and survivability.

The proposed Ja-Net provides a unique and promising
approach to design distributed applications that can scale,
self-organize, and adapt to short- and long-term changes in
network conditions and user preferences. In Ja-Net, network
applications are implemented by a group of distributed,
autonomous entities called the cyber-entities (analogous to a
bee colony consisting of multiple bees). Each cyber-entity
implements one or more functional components (individual
services) and also follows simple behavior rules similar to
biological entities (such as migration, replication, reproduction,
death, energy exchange, and relationship establishment with
other cyber-entities). In Ja-Net, useful functions (higher-level
services) and characteristics emerge in network applications
through autonomous and self-organizing interactions among
individual cyber-entities (service emergence).

The research presented here finalizes the model for service
emergence in Ja-Net and provides a framework to implement
applications from multiple, self-organized cyber-entities
through a built-in relationship mechanism. The relationship
mechanism enables cyber-entities to form organizations or
communities by autonomously establishing and learning useful
relationships ~ with other cyber-entities that provide
complementary or similar services. Desirable functions and
characteristics emerge in a network application based on the
situation where the cyber-entities select interaction partners
among those that they have useful relationships and as a result,
the application can adapt to network conditions and user
preferences. The AP of the framework and the accompanying
sample code of cyber-entities show how the framework is used
to build applications. The reference implementations of
cyber-entities show examples of emergent services and how
applications adapt to network conditions and user preferences
in Ja-Net.

The innovative features of this research include:

(1) The proposed Ja-Net is the first attempt to apply key
biological concepts and mechanisms (such as emergent
behavior, adaptation, evolution, diversity, social networking,
and energy) to the design of a broad and general class of
network applications.

(2) The proposed Ja-Net enables the construction of

complex network applications with the inherent properties of
self-organization, scalability, adaptation, evolution, security,

and survivability.

(3) Because the proposed Ja-Net adapts and evolves to
accommodate short- and long-term changes in network
conditions, system designers, administrators, and users are free
from managing and tuning network applications.

Al2. ERILT HEEREICEII2ELEE/ATL
H—ERICETIHE
SH M

Adaptive Mobile Services in Heterogeneous Network
Resources Environment
By Naoki Imai

With rapid development of networking/computing
technologies, all objects around us will be tied to the digital
network, resulting in emergence of 3CE (computing,
connectivity, content everywhere) environment. In 3CE
environment, as various properties of network resources are
diversified (e.g. hardware ability of devices, type of software
and application, wired/wireless links, mobility model, and
power supply), how to deal with “heterogeneity” becomes a
challenging issue.

This paper provides several mechanisms to establish flexible
mobile services in 3CE environment. Firstly, a service oriented
mobility support mechanism is shown that enables users to
switch various network resources adaptively while retaining
service sessions. Next, as an infrastructure-less routing
mechanism for connecting plenty of nodes in 3CE
environment, stability adaptive routing is given. Finally, a
mobile service system is provided that adaptively utilizes
different wireless links. In the system, service oriented
mobility support is applied to switch spool servers.

(1) Session layer mobility support and personal mesh

In order to achieve flexible mobile applications that make
use of heterogeneous network resources in 3CE environment, a
service/personal oriented mobility support mechanism that is
different from device oriented one such as Mobile 1P is
required. From this point of view, this paper shows session
layer mobility support that achieves service mobility as well as
terminal mobility in the same way. In addition to session layer
mobility support, a flexible link switching mechanism is
required for personal oriented mobile services. Personal mesh
connects nodes around a user and manages link information.
Gateway nodes to the global network exchange connection
information and execute link switching according to the user’s
context. Session layer mobility support and personal mesh are
implemented, and experimental results show hand-off delay is
tolerable even for real-time applications.

(2) Stability adaptive routing for ad-hoc networks with
unidirectional links (SARAH)

When the number of network devices will continue to
increase, plenty of small and cheap nodes appear such as
sensors and tags. They are connected and communicate with
each other autonomously rather than through an infrastructure

network that requires complex configuration. When designing
a routing protocol, stability is required due to unidirectional
links often caused by wireless links. SARAH can construct
robust multi-hop route by the control packets flowed through
the network. As link stability measurement in SARAH does
not use special control packet like “hello packet”, extra traffic
is not necessary. Simulation results show that routes
constructed by SARAH live longer than current ad-hoc routing
protocols even when there are mobile nodes and unidirectional
links.

(3) On-demand data prefetching system for hot-spot
network

In order to provide mobile applications in 3CE environment,
an individual system support for handling resource
heterogeneity is often required. On-demand data prefetching
system is shown as that kind of mobile service system.

Mobile users have just started to deal with bulky files, such
as movie or music files through high-speed wireless links.
However, the high-speed wireless access area is usually
composed of very small, discontinuous cells. Therefore,
mobile users in a vehicle must perform repetitive short-time
communications as they pass discontinuous cells in a short
period of time, resulting in significant throughput degradation.
In order to solve this problem, an on-demand data prefetch
system 1s shown where cellular networks are used as a
complement to small high-speed wireless networks. By the
prefetch system, a mobile user sends a request to a content
server through the cellular network. The requested data are
prefetched at the spool server, which is selected according to
the user location. As a result, the user can start downloading as
soon as she comes into the area. Experimental results show the
system can alleviate the degradation caused by the problems
listed above. Session oriented switching between spool servers
is also discussed for prefetching data in the nearest server.

Al3. £FMEREAVERERZMOETILY
g ¥
Modeling of a Large Scale Environment using an
Omni-Directional Camera
By Hiroshi Kawasaki

Omni-directional cameras can acquire images that are 360
degrees in shape and have unique characteristics. In this paper,
I will first explain the unique characteristics of
omni-directional cameras and then propose several methods to
capture a large scale real-world environment efficiently by
using these unique characteristics of omni-directional cameras.
Then, T will describe a system that I constructed for the
purpose of regenerating the appearance of a virtual city; this
system is based on the image-based rendering technique,
Image-based rendering, which is considered to be a promising
technique for photo-realistic image synthesis, however, has
some inevitable distortions, and does not accurately portray
users' interactions with the system. For a solution, 1 add
geometric rendering information to the image-based system;
this information is based on the analysis of an omni image

sequence. In order to demonstrate the strength of my proposed
method, I describe several experiments performed by using the
system and successfully recreate a large-scale environment.
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Geometric and Photometric Merging for Large-Scale
Objects
By Ryusuke Sagawa

In this thesis, we consider geometric and photometric
modeling of large-scale and intricately shaped objects, such as
cultural heritage objects. If we model such such objects, new
issues occur during modeling steps, which are not considered
in the previous researches which studied modeling of small,
indoor objects. Since the whole data those objects cannot be
obtained by a single observation, The main theme of this thesis
becomes ““merging” of multiple observations.

First issue is creating a detailed model from a huge amount
of data. If we model a large-scale and intricately shaped object,
a huge amount of data is necessary for modeling. we propose
three approaches for this issue: parallel processing of merging
range images, effective nearest neighbor search and adaptive
algorithm of merging range images. We developed a parallel
computation algorithm using a PC cluster, which consists of
two components: distributed allocation of range images to
multiple PCs, and parallel traversal of subtrees of octree. We
also propose a novel method to search the nearest neighbor by
extending the searching algorithm using a k-d tree. We
construct a merged model in  adaptive resolution according to
the geometric and photometric attributes of range images for
efficient use of computational resources.

Second issue is merging of photometric attributes. We
reconstruct the 3D model with an appearance which
successfully discards outliers due to noise by taking a
consensus of appearance changes of the target object from
multiple range images. The photometric attribute of the model
can be used for aligning with 2D color images.

Third 1ssue is constructing a precise model using noisy data.
We propose an efficient method to refine range images using
multiple observation from various viewpoints. The method
refines range images during iterative computation by assuming
the distribution of their error is anisotropic according to the
viewing direction.

Forth issue is a new range sensor to cover unobservable
surfaces from the ground. We develop a new range scanning
system, which obtains a dense range image by stereo
matching. It is loaded on a balloon and scans a large-scale
object from the air. the system consists of 9 digital steel
cameras to construct a model of high resolution.

Fifth issue is complementing unobservable surfaces of an
object. We propose a novel method to complement such holes
of surfaces, which are not observed by any scans after
scanning the surface of a object using various kinds of sensors.

We efficiently complement them by taking consensus of the




signed distances of neighbor voxels.
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Content Discovery and Distribution for Internet
Distributed Applications
By Kiyohide Nakauchi

Content discovery and distribution schemes play important
roles in sharing digital contents over the global-scale Internet,
which is growing at a remarkable rate towards 3CE
environments; connections, computation, and contents
everywhere. The key technologies required for 3CE includes
1) discovering requested contents in an efficient and scalable
manner and 2) simultaneously distributing requested contents
to a large number of hosts. In this thesis, we firstly discuss
contents distribution from the viewpoint of multicast
communication, and then discuss decentralized content search
and location systems for the purpose of developing a
global-scale storage infrastructure. These technologies would
enhance contents sharing and increase the possibility of new
classes of applications such as electronic commerce, video on
demand, networked collaboration, and distributed storage.

In the first half of this thesis, we tackle on fundamental
issues of multi-point communication. The basic mechanism of
simultaneous content distribution to a lot of hosts is IP
multicast. IP multicast has been developed and improved
continuously since its birth in 1980's and is widely
implemented in the routers over the Internet. IP multicast can
achieve bandwidth-efficient content distribution. However, IP
multicast has several difficult problems inherent in its original
architecture. The problems include the difficulties of
inter-domain routing, group management, multicast address
allocation, reliability, congestion control, flow control,
adaptation to heterogeneity, etc. In this thesis, we firstly
address the issue of heterogeneity, and then propose an
alternative multicast architecture based on only unicast
communication.

The most attractive solution to cope with heterogeneous
receivers is layered multicast. Layered multicasting with
layered source coding scheme enables efficient distribution of
real-time streaming media over heterogeneous networks such
as the Internet. In layered multicast, rate control is required to
cope with congestion quickly because packet losses in a layer
with higher priority lead greater degradation of received
quality. In addition, rate control for layered multicast is
required to assure fair bandwidth allocation among
competitive layered multicast sessions at a congested link
independent of their start time.

The first proposed layered multicast architecture to address
these issues is Network-supported Layered Multicast (NLM ).
NLM avoids packet losses on a layer with high priority and
achieves fair bandwidth allocation by filtering and signaling
among routers distributed within the network. A router filters a
layer with low priority when it detects congestion, or when it is

informed that the layer is needless by signaling.

The other proposed layered multicast architecture is
Rendezevous Point Based Layered Multicast (RPLM). RPLM
addresses the issue of slow reaction to congestions in the
sparse-mode routing domain. RPLM uses per-RP packet loss
rate instead of the overall one to detect congestion on each
route, and can react to congestions quickly by dropping the
highest layer on the congested route. In addition, RPLM
simultaneously drops all the layers those are useless in
quality's improvement to prevent bandwidth waste

In spite of many efforts to address the issues of IP multicast
including our studies described above, IP multicast, which
requires network support, is deployed slowly in the Internet
today. Application-level multicast (ALM) is attracting a great
deal of attention as an alternative solution to support
multi-point applications without the need for a network layer
multicast protocol. Though several ALM systems have been
proposed, all the multicast functions are independently
developed and integrated into individual applications.
However, we can find out the common functions of ALM
among the existing systems. Our goal is to abstract the
common functions and incorporate them in the middleware
called RelayCast. RelayCast meets the fundamental
requirements of various applications by combining several
components of ALM functions. In this thesis, we present the
architecture and implementation of RelayCast

In the latter half, we work on decentralized Peer-to-Peer
(P2P) content search and location respectively, which are
essentially required to achieve Internet-scale content sharing
infrastructure scaling to tens of thousands of nodes and
contents. Here, we design P2P distributed systems, which have
neither any centralized directory server for indexing shared
resources, any centralized server for managing individual
behavior of nodes, nor centralized server through which any
two nodes communicate with each other (e.g. queries
forwarding or contents transfer). This is because P2P systems
have desirable properties such as scalability, fault-tolerance,
and self-organizing nature.

Decentralized and unstructured P2P networks such as
Gnutella are attractive for Internet-scale keyword search
systems. However, due to this decentralized architecture,
current P2P keyword search systems lack useful global
knowledge such as popularity of data items and relationships
between keywords and data items. As a result, current P2P
keyword search systems supports only naive text-match search
and can find only data items with a keyword (or meta-data)
exactly indicated in a query. In this thesis, we show an efficient
P2P search system that increases possibility of discovering
desired data items. The key mechanism is query expansion,
where a received query is expanded based on keyword
relationships managed in a distributed fashion by participating
nodes. Keyword relationships are improved through both
evaluation feedback and synchronization among nodes. Each
relationship is shared among nodes holding similar data iters.

Decentralized and structured P2P networks, commonly
called Distributed Hash Tables (DHTs), are scalable content

location mechanisms for uniquely identified data items in
large-scale distributed storage systems, which achieve
persistent data storage and transparent content access.
However, traditional DHTs do not efficiently fit services such
that a set of contents are relative and frequently accessed or
retrieved at the same time, because each content is
independently managed and located by DHT, Consequently the
increase of relative contents leads to query explosion and
overload on networks accordingly. In this thesis, we describe
Cluster-based DHTs (CDHTs) suitable for locating a set of
relative contents on the distributed storage. CDHTs retain the
desirable properties of DHTs, while can suppress query
explosion and transient overload. CDHTs are especially
effective for services such that, for example, users place their
whole contents with their directory structures (hierarchical tree
structures), or whole blocks composing one content on the
distributed storage.
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High Quality and Flexible Speech Synthesis based on
High Accuracy Formant Estimation
By Nobuyuki Nishizawa

In this paper, to generate high quality sound by the formant
synthesis system, using waveform concatenative synthesis for
consonant segments in a formant synthesis system and a
precious vowel analysis method based on AR-HMM modeling
are introduced.

Nowadays, most current text-to-speech conversion systems
are based on waveform concatenative synthesis. However,
formant synthesis (terminal analogue synthesis) still has a
major merit on that a flexible control of acoustic (segmental
and prosodic) features of speech is possible; necessary to
realize various speaking styles and emotions in synthetic
speech. The flexibility mainly comes from the fact that
formants are a good description of acoustic features in
frequency domain and, therefore, a wider range of
manipulation of acoustic features is possible without serious
speech quality degradation.

A formant synthesizer can be built based on ARX
(Auto-Regressive and eXogenous input) vocal tract model,
which is connected with glottal waveform model. Therefore, it
is possible to realize high quality, especially for vowel sounds,
using parameter values estimated with the model-based
analysis of natural utterances. However, several problems
remain to be solved in the formant synthesis. One of the major
problems is that in several consonants, generation of
high-quality sound based on results of speech analyses is very
difficult. Another problem is that the parameter control to
realize high quality in even vowels is not clearly understood.

To cope with the problem of generating consonants, a hybrid

system with formant-based synthesis for vowel segments and
waveform-based synthesis for consonant ones is introduced.

This structure of the system is expected to generate relatively

high quality of speech with flexible control. However, the
concatenation of two sounds generated with different synthesis
methods might degrade the quality at the concatenation points.
In this paper, firstly, it was experimentally examined in an
intelligibility test whether the concatenation brought about
additional quality degradation or not. Secondly, another
perceptual experiment was run to show that parameter values
could be changed rather freely for vowel parts without speech
quality degradation. This result implies that synthetic
flexibility of formant synthesizer is still preserved when
waveform-based synthesis is used for consonant segments.
Therefore, in the following of this paper, improving speech
sound quality of vowels is mainly addressed.

To improve quality of vowel sounds, more accurate control
of synthesizer is important. However, the way of controlling
even vowels' formants is not clear. One of solution on this
problem is adoption of stochastic modeling. Nowadays, in not
only speech recognition but also speech synthesis, stochastic
modeling is seen as important techniques. Especially, using
HMMs for controlling acoustic parameters in speech synthesis
is noticed. Although in the major speech synthesis system
using HMMs, parameters of the model are mel-frequency
coefficients, using resonance features (i.e. formant features) as
model's parameter is also possible. But learning the models
requires many samples that are results of formant estimation in
this case. Therefore, using stochastic model was not easy
because ARX-model-based estimation is difficult by its
nonlinearity.

To solve this problem, in this paper, a new method is
introduced for separating source and articulation filter
characteristics of speech sounds. The method is based on
representing source waveform by an HMM, and vocal tract
articulation by an AR filter, which is called AR-HMM model.
As compared to the methods based on ARX model, where a
paramelric representation is assumed for source waveform, a
better separation is possible. By introducing a process of
recursively deleting real poles from AR filters, and including
them into HMM source waveform, the resulting AR filters
come to correctly represent transfer function features.

To evaluation the proposed method, two experiments were
conducted. Firstly, the estimation was done for Japanese vowel
sounds in continuous speech, and the results were compared
with those by conventional LP analysis and AR-HMM model
analysis without recursive process. After representing obtained
source and transfer function features respectively as DFT
cepstrum and LPC cepstrum, variations of cepstrum
parameters for each vowel sound were compared for the three
analysis methods. The smallest variations were obtained by the
proposed method, indicating that the proposed method can
separate source and transfer function features well. Secondly,
the estimation was done for Japanese vowel sounds generated
by the formant synthesizer. The results indicated a better
separation ability of the proposed method than conventional
LP analysis. These show method's potential ability of
generating good quality of speech when applied to flexible
speech synthesis.




Moreover, listening tests were conducted for
analysis-re-synthesis speech sound by the proposed method
and a formant synthesizer excited by inversed waveform. The
results indicated the method's potential ability of penerating
good quality of speech when applied to flexible speech
synthesis.

In conclusion, high-quality and flexible speech synthesis is
realized by techniques in this paper.
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Shadow Elimination and Interpolation for Computer
Vision and Graphics
By Yasuyuki Matsushita

Shadowing and other illumination effects give human beings
rich clues to understand visual scenery. However, for many
computer vision algorithms that rely on visual appearance,
such illumination effects become more harmful than effective.
Especially, proper handling of shadowing effect has been a
hard problem which always has been hanging around when
computer vision algorithms are taken to outdoor scenes.
Though an extensive amount of work has been done for the
case of parameterized light sources to solve the problem,
practically we cannot expect such preassumptions to hold in
outdoor scenes. We are motivated by this background, and our
focus is proper handling of scene illumination in a set of
images captured using a fixed camera but under several
different illumination conditions without knowing the scene
geometry nor lighting conditions. This work has two important
parts.

The first part is estimation of scene illumination from a set
of images captured under various illumination conditions, and
interpolation of captured illumination conditions. In this part,
we first introduce an existing method to derive scene
illumination image, and propose our approach to enhance the
estimates. In addition, to deal with the non-linearity in
variation of scene illumination along the time axis, we propose
two different approaches for non-linear interpolation of scene
illumination which is wused to estimate intermediate
illumination conditions.

The second part is manipulation of scene illumination using
obtained scene illumination images to enhance the
performance of computer vision algorithms such as object
tracking in outdoor scene. This part can lead to some
application areas such as shadow removal from the scene for
robust visual surveillance, image-based scene texture editing
for computer graphics and enhancement of image
segmentation. In this thesis, we investigate on those
applications and confirm the effectiveness of scene
illumination handling. We also integrated our shadow
elimination technique to an existing road traffic monitoring
system and confirmed that it enhanced the accuracy of object
detection and tracking.
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Routing and Wavelength Assignment for
Burst-switched Photonic Networks
By Xi Wang

The sensational growth of Internet traffic has led to a dramatic
increase in demand for data transmission capacity, and data
network capacities are now exceeding voice network
capacities for the first time. As a consequence, networks are
shifting from mainly voice-based services to data. The
architecture of today’s long distance transmission networks has
evolved around the gradual technology evolution of the TDM
hierarchy over the last 15 years, however, unfortunately, since
much of today’s infrastructure was developed for supporting
voice traffic, it is not ideally suited for meeting the demands of
Internet data traffic. The Erlang’s formula — based on the
assumption that there is an average length for phone calls and
a mean traffic rate — isn’t going to work for anything but voice
communications. Measurements have shown that traffic on the
Internet comes in bursts, rather than in steady flows, and the
same patterns of bursts are repeated regardless of whether the
time interval studied is a few seconds long or a million
seconds. Such “bursty” pattern is one of the chief reasons
networks experience those irritating delays familiar to all
Internet (especially the web) users. The conventional way of
simply increasing network bandwidth on existing
telecommunication systems can never solve such a problem
essentially. If the dominant protocol is IP, the network should
be optimized for it. To support bursty traffic on the Internet
efficiently, building a network designed first and foremost for
data traffic from the ground up, specifically Internet traffic
could be the most efficient and fundamental solution.
Meanwhile, there have been tremendous improvements in
network bandwidth thanks to the fruition of works on fiber
optics. For example, with Wave Division Multiplexing (WDM)
technology, systems with transmission capacity exceeding I
Tbps have been demonstrated; and systems supporting
hundreds of Gigabit per second are becoming commercially
available. How to exploit this huge bandwidth for Internet data
becomes a compelling issue. Today’s WDM is only used to
provide point-to-point multi-channel connections and the
switching is still performed in the electronic domain, While the
emergence of Terabit switches/routers with line speed of
OC-48 (2.5Gbps) and OC-192 (10Gpbs) in the future make it
possible to switch data using the individual channels within a
WDM link, this approach means that tens or hundreds of
switch/router interfaces must be used to terminate a single link.
Moreover, there can be a significant loss of statistical
multiplexing efficiency when WDM channels are used simply
as a collection of independent links, rather than as a shared
resource. Given the significant progress made and the
continuing advances expected in the DWDM networking
technology, which provides new and strong incentives to
building a flexible, efficient and bandwidth-abundant fiber

optic network infrastructure capable of providing ubiquitous
services, it is not only desirable to build an Optical Internet
with an optical-switching layer directly beneath IP but also
feasible in the near future. To support bursty traffic of the
Internet (and especially WWW) efficiently for such a network,
An innovative WDM burst network architecture and a novel
switching paradigm -- optical burst switching (OBS) has been
proposed.

In such networks, for the purpose of effectively utilizing
WDM multi-wavelengths and eliminating the bottleneck of
electronic processing, instead of today’s electronic switching
and routing technologies, optical switching function is applied
between IP layer and optical transport layer. For optically
switching burst data, a control packet is sent on an out-of-band
channel to announce an upcoming burst. The control packet is
then followed, after a short delay for processing the control
message at every node, by a burst of data without waiting for
connection establishment. Since a connection is not set up
before the burst is transmitted, the burst could be blocked in an
intermediate node due to resource contention, in which case,
the burst has to be dropped. In order to reduce dropping
probability, contention resolution functionality is required.

The purpose of this research is therefore the appropriate
contention resolution algorithm for burst optical networks. In
this thesis, after investigating the state of the art of recent
optical devices, we present three contention resolution
algorithms. The first one is a deflection routing protocol
designed for optical burst transfer. The key point of this
approach is using idle optical links as fiber delay lines for
contention resolution. The second one is Priority-based
Wavelength Assignment (PWA), a distributed wavelength
assignment algorithm. In this approach, each node selectively
assigns wavelengths based on the wavelength priority
information “learned” from its wavelength utilization history
in a distributed manner. As the learning process progresses,
nodes in the same part of the network tend to assign different
wavelengths to avoid contentions. The third approach is a
routing & wavelength assignment hybrid, namely deflection
routing-compatible PWA. As deflection routing and PWA can
reduce burst-dropping probability in different ways
individually, the hybrid approach combines these two methods
together to make further performance improvement.
Simulation results show that the three contention resolution
algorithms can effectively reduce the blocking probability and
increase the performance of burst optical networks.

Al9. BEENERCEBL-EERBO-HOEE

ETILOEEG
F ER
Adaptation of Acoustic Models for Speech
Recognition with A Focus on Intra-speaker Variation
By Li Bac-Jie

1, Background of My Research
Speaker adaptation aims to alleviate the effect of

inter-speaker acoustic variations. Since inter-speaker variation

is the main factor that degrades the recognition performance,
many effective speaker adaptation techniques, such as MAP
and MLLR are broadly used in speech recognition systems.
When the intra-speaker variation comes large as in the case of
conversational speech or emotional speech, speech recognition
systems cannot achieve a satisfactory performance only by a
conventional speaker adaptation process. Fixing such problems
is the purpose of my methods. I firstly proposed a phone-pair
model for it. Then a new adaptation strategy called two-level
adaptation was developed and performed effectively in dealing
with intra-speaker variation.

2, Phone-pair Model

Information of phone relationships is regarded as acting an
important role in speech recognition. It has been successfully
exploited in many speaker adaptation approaches. I propose a
new approach, named Phone Pair Model (PPM) re-scoring, to
utilize phone relationships for speaker-adaptive speech
recognition. PPM re-scoring approach does not really adapt
model parameters to a new speaker. It just uses some phones'
samples from the new speaker’s adaptation data, to re-calculate
the likelihood of phones that has been calculated on
conventional phone HMMSs, to result in a more comect
recognition result.

In a conventional HMM-based recognizer, each phone is
modeled as an HMM. The mean vectors of the middle states of
two HMMs are concatenated to constitute a new vector. The
new vector is assumed to be a normally distributed random
vector, which is trained before to the recognition, to generate a
phone-pair model. In adaptation stage, each adaptation phones
is regarded as one side of a phone pair. The other side will be
the phone to be recognized in recognition stage. During the
recognition process, when a token reaches a word-end node,
boundaries of the phones that constitute the current
hypothesized word are known. For each phone of the word, we
can make up a phone-pair vector by concatenate it with an
adaptation phone. Its probability density can be calculated on
phone-pair models. The calculated result is added to the score
of the corresponding word, leading to a more accuracy
recognition result.

The effectiveness attributes to

(1) PPM models phone-pair rather than a single phone. It is
more robust against acoustic variations than a single phone. Its
robustness was evaluated by experiments.

(2) Based on the fact that the two sides of a phone-pair come
from the same utterance, it is capable of catching intra-speaker
variation across utterances. If these variations exist in training
data utterances, PPM is expected to perform much well. And it
needs no pre<clustering as the two-level method does.
Although it posses such an ability, currently I have only
confirmed its robustness in speech recognition for lack of a
proper database which the intra-speaker variation training
needs.

3, Two-level Adaptation
In order to be able to cope with large intra-speaker variation
even in the case of lacking training data to capture it, two-level




MLLR adaptation method was proposed. A speaker
independent model (for read speech) is first adapted to a
specific speaker to generate a speaker-dependent (SD) model.
Then, after classifying the training data into several categories
according to their acoustic characteristics, the speaker
dependent model is further adapted to each category using data
classified to it, to generate a set of category-dependent (CD)
model. Apparently the variation within a category will be
much smaller than that of the whole data set. Therefore the CD
models will perform well than SD model when input data
belong to the same category, but perform worse for data
belonging to other categories. In recognition stage, an
utterance to be recognized is regarded as belonging to one of
these categories. We can get better performance only if we
know which category an input utterance belongs to. But in this
stage, we have no idea about it. So the recognition is done in
parallel using all the category dependent models. The result
with the highest likelihood is selected as the final recognition
result. Recognition experiments conducted on speech with
various emotions showed that the proposed method
outperformed the conventional MLLR-based speaker
adaptation. The reason for selecting emotional data as the
object of the experiments lies in the fact of its tractability and
suitability to our purpose: the emotions can be assumed to be
stable within an utterance but to change across utterances.
Hence we can simply divide the ufterances into different
emotional states subjectively. Besides, larger variations exist
across emotions. It makes the effect of my method easier to
observe.

The proposed method is also capable of recognizing
emotion states. Although usually MFCC parameters are used
in speech recognition and emotion recognition uses prosodic
parameters, a good performance was still obtained when only
MFCCs were used and a little number of adaptation data from
each emotional state was given.
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Multi-Cell Performance of Single-User Detectors and

Multi-User Detectors in CDMA Cellular Systems

By Jonas Karlsson

The multi-cell performance of single-user detectors (SUD)
and multi-user detectors (MUD) in CDMA cellular systems are
considered in this thesis. As the usage of mobile phones
services is increasing and services requiring higher data rates
are introduced, the capacity of cellular systems needs to be
increased.

The 1C receivers can be divided into SUD and MUD
receivers that have different interference cancellation
properties. Typically, SUD can cancel both intra-cell and
inter-cell interference, but MUD can only cancel intra-cell
interference.

This thesis introduces a new SUD receiver, which adopts the

Normalized Griffiths' Algorithm (NGA), and examines its

single-cell and multi-cell performance compared with the
conventional RAKE receiver and the well-known Serial IC
receiver (a MUD receiver). To examine the multi-cell
performance correctly, this thesis performs multi-cell
link-level simulations. Assuming perfect channel estimation,
this thesis shows that the Serial IC has better single-cell
performance than the NGA receiver, while that the NGA
receiver has approximately the same performance as the Serial
IC in a multicell system with three-sector antennas, The
conclusion from this is that even though MUD receivers cancel
intra-cell interference better than SUD receivers, it might still
be interesting to use SUD receivers due to their ability to
cancel inter-cell interference.

Using this knowledge this thesis constructs two new [C
receivers who combine the good intra-cell interference
cancellation of the Serial IC and the inter-cell interference
cancellation ability of the NGA receiver. The first receiver is a
Serial IC receiver followed by a NGA receiver (SING), the
second one is an Integrated Serial IC and NGA receiver
(iSING). It is shown that they clearly outperform both the
Serial IC and the NGA receiver in multi-cell scenarios. By
varying the number of stages of cancellation, it is found that
the convergence of the multi-stage receivers is much faster in a
multi-cell scenario than for the single-cell scenario. The
complexity of the proposed receivers is analyzed and the
confidence of the simulation results is examined. Simulations
show that the performance of the 2-stage iSING receiver and
the 4-stage SING receiver is about 35-40% better than the
3-stage Serial IC receiver. But the complexity of these two
combined receivers is about 50% higher than that of the
3-stage Serial IC receiver.

To perform multi-cell link-level simulations is a very
complex task. By creating models for the interference
cancellation ratios for the IC receivers, this thesis proposes a
three-step method, which makes it is possible to obtain
multi-cell results also by using system-level simulations. By
using the proposed methodology, different system aspects of
cellular systems can easily be examined for IC receivers that
cancel inter-cell interference.

One of the basic requirement of adaptive filter type of SUD
receiver (like the ones studied in this thesis), is that the
interference has to be stationary, which impose the
requirement of short spreading sequences. It is shown that this
will impose requirements on the usage of pilot symbols for
channel estimation. If the length of the spreading sequence
should be the same as the pilot symbols, then the pilot symbols
has to be a pseudo-random sequence. Simulations for the
WCDMA standard show that this potential problem will only
cause a very small degradation, since the pilot symbols used in
WCDMA are partly pseudo-random.
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Unconditionally Secure Electronic Cash Schemes

By Akira Otsuka

Modem cryptography, based on computational intractability
assumption, has brought many beneficial technologies which
are essential to form the coming Network Society. Electronic
cash is onme of the most important results of modern
cryptography, and is expected to be an infrastructure of the
future monetary system. However, with astonishingly rapid
innovation of information technology as well as emergence of
quantum computers, it is becoming a large concern among
cryptographers that computational intractability is no longer an
acceptable assumption especially for applications requiring
long-term security more than 10 years. It is strongly required
to establish a new theoretical framework not relying upon
computational intractability.

The final goal of this thesis is to establish a theoretical
framework of unconditionally secure (or information
theoretically secure) cryptography. As an approach to this huge
problem, we chose a problem of constructing electronic cash
schemes which satisfy unconditional security and
unconditional anonymity simultaneously. Since electronic cash
poses many interesting cryptographic problems, we believe
that investigating those constructions must unveil intrinsic
characteristics of the theoretical framework.

Cryptography is a technology to realize various protocols
utilizing difference in information held by each player. For
example, computational intractability assumption is a
technique to create the difference in information. By
publishing a computationally hard problem such as factoring
of two large primes and discrete logarithm problem, players
are divided into two parties: players with the solution to the
problem and the other players. Our approach is to assume that
each player holds different information (pre-distributed key)
from the beginning, and by utilizing this difference we show
that various information theoretically secure protocols are
achievable including unconditionally secure electronic cash
schemes.

The first result of this thesis is that we proved the existence
of a hybrid construction of unconditionally secure signature
scheme and computationally secure blinding technique. The
scheme is unconditionally unforgeable whereas anonymity is
computationally protected. Formally, it is known that there
exists unconditionally anonymous whereas computationally
unforgeable schemes. Thus, the proposed scheme is “dual” of
the previous scheme. The security of the proposed scheme is
based on an unconditionally secure signature scheme proposed
by Hanaoka, Shikata, Zheng, Imai in 2000. The anonymity of
the scheme is based on a blinding technique assuming widely
known Diffie-Hellman Decision problem is intractable. The
proposed scheme is not efficient and requires huge amount of
computation. This result is stated in Chapter 2 of the thesis.

The second result of this thesis is that we proved the
existence of information theoretically secure non-interactive
V8S (verifiable secret sharing) schemes. Those previously
known schemes were information theoretically secure
interactive VSS’s and computationally secure non-interactive
VSS's. Interactive VSS's are schemes that each player has a
share of a secret and each player checks the consistency of his

share by asking the other players without revealing the share
itself. Interactive VSS’s are proved to be information
theoretically secure if less than half of the players are
dishonest and broadcast channel is available. On the other
hand, non-interactive V88’s are schemes that each player can
check the consistency of his share of a secret by himself
without any communication with the other players. Thus, this
scheme is secure even majority of the players are dishonest.
However, all previously known non-interactive VSS schemes
assume computational intractability assumption. Our result is
the first construction of non-interactive VSS with information
theoretical security based on pre-distributed keys. Our scheme
requires each player to keep giga bytes of pre-distributed key
for applications with 1,000 players share 1,000 secrets. Our
scheme is efficient in computational and communication
complexity. This result is stated in Chapter 3 of the thesis.

The third result of this thesis is that we proved the existence
of information theoretically secure MPC (multi-party
computation) robust against dishonest majority. In multi-party
computation, n players with n private inputs jointly compute a
given function F and output n private results without revealing
any information on their private inputs and outputs to the other
players. Previously known results are, similarly to that of VSS,
information theoretically secure MPC's assuming less than
half dishonest players when broadcast channel is available, and
computationally secure MPC’s robust against dishonest
majority assuming oblivious transfer. Our Result is the first
construction of a information theoretically secure MPC that
works even majority of players are dishonest assuming
pre-distributed key. Our scheme is efficient requiring only
O(n"2) communication whereas the previously known scheme
requires O(n"4) communication. However, each player must
keep tens of gigabytes of pre-distributed key for applications
1,000 players compute 1,000 multiplications. This result is
stated in Chapter 4 and 5.

The last result of this thesis is that we showed constructions
of unconditionally secure electronic cash schemes. Our
electronic cash scheme achieves properties such that (1) even
if there is a malicious organization with infinite computational
power, it is information theoretically impossible to forge even
one coin, and (2) even if there is a malicious organization with
infinite computing power, it is information theoretically
impossible to violate the privacy of consumer’s payment
behavior. These are implied from the results of previous
chapters. These constructions are stated in Chapter 6 of the
thesis.
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Low-Power High-Speed Circuit Design for VLSI
Memory Systems
By Kouichi Kanda




In this thesis, the growth and optical properties of nitride-based
In modern computer systems, there are various memory
components, such as on-chip register files, on-chip/off-chip
SRAM cache memories, and off-<chip DRAM main memories.
High-speed memory system design has been and will have
been one of the most important issues. This is especially true
for microprocessors, where the on-chip cache sizes are
growing with each generation to bridge the increasing
divergence in the speeds of the processor and the main
memory. Simultaneously, power dissipation has become an
important consideration both due to the increased integration

and operating speeds, as well as due to the explosive growth of

battery operated appliances. In the thesis, low-power
high-speed circuits for memories and their interface are
investigated for future high-performance system-in-packages.
First, abnormal leakage suppression (ALS) scheme is proposed
to repair standby current errors in SRAMs. By introducing
leakage sensors, shift registers and fuses the ALS senses 1L A
of abnormal leakage, isolates the memory cell systematically
from VDD lines and thus suppresses abnormal leakage current.
A 64Kbit test SRAM is fabricated in 0.6 £ m CMOS
technology and the effectiveness are demonstrated. The area
overhead decreases with the growth of memory capacity, and
becomes less than 1% for 4Mbit SRAMs, which assures the
practical use of this scheme.

Next, research on active leakage power reduction for
SRAMs are done by using two different approaches, chip level
approach using dual supply and threshold voltage, and circuit
level approach by cell circuit modifications. As for dual VDD
and dual VTH scheme, new pseudo NMOS type level
converter is integrated on 2Kb cache memory and 256bit
register file of the microprocessor chip fabricated in 0.24 £ m
SOI CMOS technology. The SRAM was measured and
400MHz operation at 0.5V/1.0V supply voltage is verified. As
for the cell circuit modification, row-by-row dynamic VDD
(RRDV) control scheme and sense-amplifying cell (SAC)
scheme was proposed. In RRDV scheme, fine grain control
mechanism was introduced and cell VDD of un-accessed rows
are lowered to reduce leakage current through DIBL effects.
SAC scheme was originally proposed for write power
reduction, but the circuit structure in SAC was extended for
cell leakage reduction. While RRDV scheme lowers cell data
swing from VDD side together with negative word line, SAC
scheme lowers the swing from VSS side. Design trade-offs in
these schemes are investigated. Test chip is also fabricated in
0.35 ¢ m standard CMOS technology and measured. By using
SAC scheme, 90% of write power can be saved. By using
RRDV or SAC scheme, 99% of active leakage power can be
saved.

Finally, a low-power yet high-speed chip-to-chip interface
scheme, WSC scheme is proposed with the density of 625
pins'mm2. The interface utilizes capacitively coupled
contact-less mini-pads, return-to-half-VDD signaling and
sense amplifying F/F. The measured test chip in 0354 m
CMOS delivers up to 1.27 Gbps/pin with the power
consumption of 3mW/pin. This high-density pad and low

power feature is achieved mainly because of the elimination of
ESD structure. Advantages over other conventional interfaces
are also discussed in depth.

The schemes proposed in this thesis can help build up a
future low-power and high-speed memory system with
reduced cost and turn-around time.
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Study on All-Optical Flip-Flop using Bistable Laser
Diodes with Nonlinear Couplers
By Mitsuru Takenaka

The purpose of this dissertation is to give the solutions to
realize practical all-optical flip-flop devices, that are useful for
future optical network functions such as packet buffering,
bit-length conversion, and time-division demultiplexing. To
overcome the optical turn-off problem of absorptive bistable
laser diodes (BLDs), we propose novel BLD structures
integrated with nonlinear couplers. By nonlinearities such as
cross-phase modulation (XPM), and cross-gain modulation
(XGM), all-optical flip-flop operations can be achieved in the
BLDs. Three types of waveguide couplers are considered in
this paper, ie., directional couplers (DC), multi-mode
interferometer (MMI) couplers, Mach-Zehnder interferometer
(MZI) couplers.

In Chapter 2, we developed computer simulators to analyze
the bistable characteristics of the proposed BLDs. Two types
of numerical models were adopted, i.¢., transfer matrix method
(TMM) and finite difference beam propagation method
(FD-BPM). The TMM model was mainly developed for the
analyses of the DC-type BLDs, which was extended to treat
the behavior of the directional couplers. The spontaneous
emission effect was also included in the TMM model. The
FD-BPM model was used to analyze the MMI- and MZI-type
BLDs. By incorporating the carrier rate equations, the
FD-BPM model could treat the photon-carrier interactions.
Using this modified FD-BPM, the complex distributions of
photon, carrier, refractive index, and gain inside the cavities
were analyzed. We also applied this model to analyses of the
DC-type BLDs.

In Chapter 3, the basic properties of the conventional
absorptive BLDs were investigated to get the optimum
condition for the saturable absorbers. The optimum ratio of the
saturable absorber length to the device length was obtained
experimentally. The maximum limit of the device length to get
the hysteresis was also obtained. The optical turn-on
characteristics and the effect of the reverse voltage applied to
the saturable absorbers were also studied.

In Chapter 4, we proposed the novel all-optical flip-flop
device using a directionally coupled bistable laser diode
(DC-BLD). From the calculation results by the TMM and
FD-BPM models, we predicted that the DC-BLD could be
used for an all-optical flip-flop device under the condition of
asymmetrical current injection to the directional coupler. We

also fabricated the DC-BLD using the conventional fabrication
procedure of LDs. To separate the electrode of the directional
coupler, we developed an oblique electron-beam evaporation
technique. Using this method, the two adjacent waveguides of
the directional coupler were electrically isolated without any
lithography. By measuring the fabricated DC-BLD, we made
sure that the experimental results and the simulated analyses
went together, and we realized an all-optical flip-flop by
utilizing the nonlinear effect of the directional coupler. The
flip-flop operation was achieved with sufficiently small input
optical power level around 0 dBm.

In Chapter 5, we proposed and investigated a novel BLD
with active MMI coupler cavity designed as input light totally
coupled to a cross port. A bistable switching can be realized
between the two cross-coupled modes associated with gain
saturation, Static characteristics of the MMI-BLD were
analyzed using the FD-BPM. The strong coupling condition
for two-mode bistability, stability of lasing modes and
extinction ratio were investigated. The MMI-BLD with
saturable absorbers shown two-mode bistability and could be
switched by 0 dBm optical injection, which could be used as
all-optical flip-flop or optical memory. We also discussed
about the switching speed of the MMI-BLD. The maximum
switching speed was estimated to be around 40 GHz limited by
the carnier lifetime of the saturable absorber.

In Chapter 6, we proposed a novel BLD with MZI coupler
that had semiconductor optical amplifiers (SOAs) in its anms.
The MZI-BLD has the two orthogonal modes that propagate
between the two diagonal cross ports. A bistable switching can
be realized between two cross-coupled modes associated with
gain saturation. Static characteristics of the MZI-BLD were
analyzed using the FD-BPM model. From the analyses, it was
predicted that the MZI-BLD shown pitchfork bifurcation
bistability since the cross-coupled modes had 100 % overlap in
the SOA regions. The bistable switching between the two
cross-coupled modes by injecting light was predicted. The
switching power was around 0 dBm. We also discussed about
the switching speed of the MZI-BLD. There was no change of
carrier density between the ON and OFF states, so the
switching speed was not limited by the relaxation oscillation
frequency. The switching speed was predicted to be more than
100 GHz.

We believe that the three type of BLDs, DC-BLD,
MMI-BLD, MZI-BLD proposed in this paper give the
solutions to realize an all-optical flip-flop devices and play an
important role in the future optical communications.
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Study on All-Opfical Ultra-Fast Gate Switches using
Cascaded Second-Order Nonlinear Effectin
Quasi-Phase Matched Lithium Niobate Waveguides
By Yutaka Fukuchi

In all-optical gate switches that employ the cascade of the
second harmonic generation and difference frequency mixing
in quasi-phase matched (QPM) Lithium Niobate (LN) devices,
walkoff between the fundamental and second harmonic pulses
is very large. We both experimentally and numerically show
that crosstalk of the switch induced by such walkoff limits the
switching speed. However, we also show that the switching
speed can significantly be enhanced by walkoff compensation
both experimentally and numerically. Considering these
results, we propose a novel method of optimizing the QPM-LN
gate switches. In this optimization, at a given bit rate, the
device length is maximized under the condition that crosstalk
of the switch is maintained below a certain allowable value,
and the switching efficiency is obtained from the maximum
device length. We numerically show an optimization
example, and show that the proposed optimization method is
very effective in enhancing the switching efficiency. For
example, when we switch a 160-Gbps signal, the maximum
device length is about 30 mm. Using a 30-mm-long
QPM-LN waveguide device, we demonstrate demultiplexing
of a 160-Gbps signal into 10-Gbps channels with a power
penalty as small as 2.5 dB. We also confirm that the power
penalty is attributed to crosstalk of the switch induced by the
large walkoff.
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A Study on Community Mining for Chance
Discovery
By Nachiro MATSUMURA

Chance Discovery is the discovery of significant
event/situation for human decision-making. The doctorial
thesis entitled "Community Mining for Chance Discovery"”
describes the methodologies for discovering the chance from
online community on the Internet.
The thesis is composed of three paris:
- Part I: Discussion Analysis
- Part I1: Topic Diffusion in Online Community
- Part I1I: Dynamism of Online Community
The table of contents and the short summaries are as
follows.
Section I: Introduction
Part I. DISCUSSION ANALYSIS
Section II. Extraction of Asserted Keywords from a
Document
This section describes an automatic indexing method named
PAI (Priming Activation Indexing) that extracts keywords
expressing the author's main point from a document based on
the priming effect. The basic idea is that since the author
writes a document emphasizing his/her main point, impressive
terms born in the mind of the reader could represent the
asserted keywords. PAI employs a spreading activation model
without using corpus, thesaurus, syntactic analysis,
dependency relations between terms, or any other knowledge




except for stop-word list. Experimental evaluations are
reported by applying PAI to journal/conference papers.

Section III. Visualization of Discussion Structure for
Discovering and Understanding Discussion Points

Visualization of discussion structure helps us discover and
understand the main points of discussions. This section
describes a new system which visualizes the discussion
structure by linking the topic segments identified from a
minutes of meeting. Based on the structured discussions,
influential topic segments triggering fruitful discussions are
discovered by applying IDM (shown in section V). The results
of questionnaire surveys show that (1) the structured
discussions can support user’s understanding of discussions
instinctively (2) the precision of identified topic segments by
IDM is higher than that by in-degree and out-degree
measurements.

Section IV. Combination Retrieval for Understanding User’s
Interest

With the variety of human life, people are interested in
various matters for each one's unique reason, for which a
machine maybe a better counselor than a human. This
section proposes to help user create novel knowledge by
combining multiple existing documents, even if the document
collection is sparse ie. if a query in the domain has no
corresponding answer in the collection. This novel knowledge
realizes an answer to a user’s unique question, which cannot be
answered by a single recorded document. In the Combination
Retriever implemented here, cost-based abduction is employed
for selecting and combining appropriate documents for making
a readable and context-reflecting answer. Empirically,
Combination Retriever obtained satisfactory answers to user's
unique questions.

Part I1. TOPIC DIFFUSION TN ONLINE COMMUNITY

Section V. Influence Diffusion Model in Text-based
Communication

This section describes a new way of finding valuable
information such as influential comments, opinion leaders, and
interesting terms from threaded online discussions. IDM
(Influence Diffusion Model) proposed here is one method of
formalizing the diffusion process known as the
“word-of-mouth” phenomenon. Experiments showed that
information on online communities” centers of attention was
obtained more accurately by IDM than by other traditional
approaches.

Section VI. Profiling of Participants in Online Community

Text-based communication in an online-community
obscures the characteristics of the participants that aid social
interaction. This section proposes a new method for profiling
participants in an online-community to help the participants

gain a better grasp of their social milieu, i.e., who are the other
participant, what are their characteristics, and what are their
roles. The proposed algorithm is based on Influence Diffusion
Model (IDM), a method for discovering influential comments,
opinion leaders, and interesting terms from threaded online
discussions. The proposed algorithm is applied to eight
electronic message boards, and confirmed higher precision and

coverage values than other traditional keyword-based profiling
methods.

Part I11. DYNAMISM OF ONLINE COMMUNITY

Section VII. Discovering Emerging Topics from WWW

This section describes a2 method that can help understand
significant and novel -- i.e. emerging -- topics. Here, the
algorithm of KeyGraph is extended to be a methed for the
analysis and visualization of co-citations between web pages.
Communities, each having members (web pages, their authors
and readers) with common interests are obtained as
graph-based clusters, and an emerging topic is detected as a
web page relevant to multiple communities, corresponding to
weak ties between strongly tied communities. Experiments, an
example of which is presented in this paper, show that the
aimed effect of our method is realized.

Section VIII. Modeling of Successful Online Community

This section reveals the mechanism of ‘2-channel’, the most
successful online community in Japan. Here 8 indices C
(Contents), A (Activity), 1 (Interaction), S (Speed), V
(Vocabulary), AA (ASCII Art), N (Nameless), ABON (wrong
message) from 5748 message boards in 2-channel are
measured and applied to structural equation models (SEM).
The obtained model clearly shows the dynamism of 2-channel.

Part IV. CONCLUSION

Section IX. Conclusion,
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An Intelligent Image Recognition System Based on
the Associative Processor Architecture
By Masakazu Yagi

There has been a considerable interest in the development of
human-like robust image recognition systems. In spite of the
remarkable progress in the VLSI technology, such a
human-like image recognition system has not been achieved
yet. One of the reasons for this is that the hardware
organization and the software algorithms are being developed
and optimized independently.

In this paper, a robust imadege recognition system based on
the associative processor architecture has been proposed and
optimized from the viewpoint of both software and hardware.
The powerful template-matching engine, the associative
processors have been already developed in another project.
Therefore, the robust image representation algorithm,
Projected Principal Edge Distribution (PPED), has been
developed aiming at direct hardware implementation. Not only
the PPED image recognition algorithm but also the flexible
matching algorithms dealing with the scale and the resolution
of target images have been optimized by taking the expertise
dentists’ job cephalometric landmark identification as an
example. The robust performances of the optimized image
recognition system have been demonstrated in the clinical
environment. A number of various cephalometric landmarks
including the soft tissue as well as the hard tissue were

successfully identified by the same image recognition system
without any specific tuning. The robust nature against noise
has been also verified.

In addition, the same image recognition system has been
applied to other problems, for instance, the “Zoom lens
metaphor” problem. By introducing the multi-scale concept, it
has been successfully recognized while it is said that this
problem is very difficult. These results mentioned above were
obtamned by the intensive software simulation.

In the hardware approach, the PPED vector generation chips
have been developed. The threshold determination function for
edge detection is essential key technique, but it is very
timeconsuming and difficult to realize the synchronous
operation with other circuits. However, by introducing the
binary search algorithm and employing analog computation,
synchronous  operations have been achieved. The
functionalities of the chips have been verified and Sella
recognition has been successfully performed by the analog
associative processor operated even in the sub-threshold
regime. Then the promising improvement of the system
performance has been demonstrated in comparison with the
state-of-the-art general-purpose MPU Pentium 4 (1.5 GHz) in
terms of the power dissipation and computational time.

My  dissertation resecarch has resulted in the
hardware-friendly robust image recognition system based on
the associative processor architecture. The image recognition
system has demonstrated the promising results for several
applications, for instance, cephalometric  landmark
identification. And the performance of the system has been
examined by developing the PPED vector generation chip and
employing the analog associative processor. Then low power
and high computational speed performances have been
demonstrated. In this way, applications of the image
recognition system based on the associative processor
architecture include many kinds of various image recognition
applications, especially in the mobile environment.
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Associative-Processor-Based Intelligent Data
Processing Systems
By Gu QianRong

The principal difference between intelligent life and machine
is that intelligent life has an inborn ability to learn from the
environment around him. In learning process, feature
extraction and feature matching play extremely important roles.
In fact, it is said that all the intelligent activities can be
generalized into two kinds of operations: feature extraction and
feature matching, which also are major research subjects of
Shibata Laboratory. Shibata Lab. has specially developed
several types of associative-processors based on vector
calculation for the purpose of feature matching. The main
work of my PhD research is on: 1. A general methodology to
extract features expressed in vector form from raw data; 2.

Computationally effective modeling methods specific to
associative-processor for recognition purpose.

Compressing voice directly from waveforms by vector
quantization technique was selected as start point of research
because whether the features of voice has been dig out from
waveforms efficiently can be measured by an intuitive value,
SNR. Though, the idea was not original, implementing it by an
analog associative-processor was proved to be a challenge. A
lot of simulations had been done to optimize the feature
vectors. As a result, an average SNR of 18.3dB was reached at
a compression ratio of 4.

During the simulation, professor Shibata noticed that usage
histograms of feature vectors extracted from predictive error
could be used to represent speakers. This immediately induced
an improved general feature extracting methodology, which
uses a filter to remove common properties from raw data, and
then mines features from the remainder. The methodology was
verified in an application of finding typical dental arch forms
from a database. By adjusting parameters carefully, it could
automatically obtain a set of typical dental arch forms similar
to the one classified subjectively by several experienced
orthodontists. After analyzing the parameters, the factor
unconsciously influenced the orthodontists when they made
their classification had been discovered, and the discovery
consists with anatomical explanations. Furthermore, it is
considered by orthodontists that typical crowding patterns of
dental arch forms extracted by the same methodology can be
used as reference models to help inexperienced orthodontists
in treatment practices.

The fact, noticed by professor Shibata, that usage
histograms of feature vectors could be utilized to represent
recognition objects brought out two computationally effective
modeling methods specific to associative-processor. There is
only a little difference between the two methods. The first
method employs feature vectors extracted directly from raw
data. While the second one employs feature vectors extracted
from predictive error of raw data. In order to compare the
performance of two modeling methods, they were tested by
speaker recognition application. The average recognition ratios
were atound 70% and 74%, respectively with a total of 14
speakers. The second one had a little better performance at the
cost of a little more complex in computation. Though these
two modeling methods cannot perform over other speaker
recognition techniques, bearing in mind the simplicity of
implementation, computational efficiency and the boundary
condition of associative-processor their performances were
considerable good. Furthermore, the second modeling method
was tested by another different application, language
identification. The average identification ratio was around 75%
between 2 languages, English and Japanese. This time the
identification performance was as good as mostly other
language identification techniques. The last test shows that the
modeling methods are not specific to any special purpose; they
can be used for general recognition applications.

In conclusion, under the boundary condition of
associative-processor one general methodology to extract




feature vectors and two computationally effective modeling
methods were developed, experimentally evaluated by several
different applications. Their performances are substantial good
considering their simplicity of implementation and
computational efficiency.
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Study on Integration of Optical Active and Passive
Devices with Metalorganic Vapor Phase Selective
Area Epitaxy
By Naoki Futakuchi

It is important to fabricate optical devices with low cost
technology, and it is the same as optical integrated devices.
Metalorganic vapor phase selective area epitaxy method is the
one of the most promising techniques for low-cost integration
of optical devices. 1 have fabricated one kind of optical
integrated devices, "all-optical switches", in which signal light
can be switched with control light power, with selective area
growth (SAG) and have measured its switching characteristics.

First, I have tried to estimate the growth rate and the Ga
mole fraction of selective-grown layer with measuring its
thickness. 1 have found that the growth rate and growth
enhancement can be approximated linear as a function of mask
width, also have found that growth rate enhancement of In is
larger than that of Ga, which indicate that In is more affected
to mask width. Next, I have compared estimated Ga mole
fraction with measured one derived from X-ray diffraction of
muitiple quantum well (MQW) structure with InGaAsP wells.
I have found that our method is also useful for estimation of
Ga mole fraction in selectively-grown layer.

Using these results, I also have tried to estimate the bandgap
energy of MQW structure. In the case of a structure with wells
lattice-matched to InP substrate, estimated value is well fit to
measured one, while in the case of a structure with wells
compressively strained, estimated value is not fit to measured
one. Further study is needed.

For fabrication of integrated devices, it is also important
how large gain (or loss) the selectively grown layer have. It is,
however, difficult to estimate the gain. | have selectively
grown with some growth condition and with some layer
structures, and have tried to find better structure. [ have found
the structure which have 12nm-thick and
+0.4%-compressively-strained InGaAsP  wells and
+0.1%-compressively-strained InGaAsP barriers.

Next, T have fabricated all-optical switches with SAG They
have either ridge-stripe type structure, which was fabricated
with wet chemical etching process, or high-mesa type structure,
which was fabricated with dry etching process. Device size is
5.5mm x 1.0mm in the former type or 3.5mm x 1.0mm in the
latter type.

After checking the basic characteristics of these devices,
such as waveguide loss, MMI coupling and SOA operation,
static and dynamic switching characteristics were measured.

From static characteristics without injection current to one
SOA, which was used only as an absorptive media, output
light power from one output port of the all-optical switch
changed from the highest power to the lowest power with
increasing control light power, which indicates that the phase
shift between both SOA arms changed p with increasing
control light power. From static charactenistics with current
injection to both SOAs, extinction ratio of one output port
have more than 14dB by control light on or off.

In dynamic switching operation, [ have found that the output
light signal was stable with control light modulated by up to
250Mbps signal, while was unstable with control light
modulated by more than 250Mbps signal. One of the reasons
for these results is measurement set-ups is not better.

It is very important that monolithic optical integrated
devices could be fabricated with simpler process like SAG
technique. Some problems still remain but I think that they can
be easily overcome using better SAG condition and better
fabrication processes.
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Study on Multiple Wavelength Gain-Coupled DFB
Laser Array Fabrication
By Asawamethapant Weerachai

Wavelength-division multiplexing (WDM) systems require
their light sources to have an oscillation wavelength that
matches predefined wavelength channels and are stable over a
long period of time. The purpose of this thesis is to fabricate a
multiple-wavelength gain-coupled DFB laser array for WDM
systems light sources. This is because the gain-coupled DFB
(GC-DFB) lasers have very good characteristics as high
side-mode suppression ratio (SMSR), single mode yield
narrow linewidth, and intensitivity to external feedback
compared to other DFB lasers. For fabricating the
multiple-wavelength gain-coupled DFB laser array, the
electron beam delineator (CRESTEC CABL2000) was used to
write gratings with different pitches for varying a bragg
wavelength across the array and we have successfully
demonstrated the gain-coupled DFB laser with the single mode
yield narrow linewidth and the side-mode suppression ratio
was large as 50 dB. However, one remaining issue of the
multiple-wavelength DFB laser array is the poor wavelength
reproducibility of individual lasers. Therefore, the
as-fabricated unequal channel spacing of the GC-DFB laser
array was evitable.

In order to manage this problem, we have proposed the new
wavelength trimming technique by photoabsorption-induced
disordering of a superlattice. The superlattice trimming layer is
grown above the quantum well active layer and, therefore, it
can absorb most of the photon energy for intermixing so as to
keep the active quantum well intact. As a result. the lasing
characteristics (except for oscillation wavelengths) do not
change much after wavelength trimming. In this technique, the

active layer consisted of five compressively- strained (0.9%)
undoped InGaAsP quaternary quantum wells with separate
confinement heterostructure. The wells and barriers were 10
nm thick each. The trimming superlattice consisted of ten sets
of wells and barriers with 3 nm thickness each whose
compositions were the same as those of the active layer.
Therefore, effective band-gap energy difference was only due
to the difference in thickness. The superlattice was doped to
the concentration of 5 x 10" em™ with Zn so as to promote
disordering. Distance between the active region and the
superlattice was sel to 250 nm. A second-harmonic
pulsed-YAG laser with wavelength of 532 nm was used for the
PAID process. The trimming experiment was carmried out with
placing the sample on a heater controlled at 125°C. Single

pulse shot energy of the laser beam was set to 12 Jfem®.

Using this trimming technique, we have demonstrated 0.32
nm wavelength trimming in the 1.55 um ridge waveguide
GC-DFB laser while the threshold current of GC-DFB laser
was kept unchanged. Next, post-fabrication wavelength
trimming has been demonstrated for the first time in a 1.55 pm
three-channel GC-DFB laser array. After the trimming, the
oscillation wavelength of all channel lasers shifted toward the
longer wavelength side and then its unequal channel spacing as
fabricated has successfully been corrected to 100GHz (0.8 nm)
equal spacing. Although the amount of wavelength shift was
controliable by the number of irradiation laser pulses, lasing
characteristics change after large number of irradiation laser
pulses still rernained.

Optimization of the trimming condition to keep the lasing
characteristics of all channels intact was studied with the
effects of the pulsed YAG-Laser disordering of superlattice
trimming layer on the light-current characteristics and lasing
spectra of GC-DFB lasers. We found that the amount of
wavelength trimming range is controliable by the number of
irradiation laser pulses, pulse shot energy, and background
temperature. Then, the post-fabrication wavelength trimming
has been applied again to the fabrication of
multiple-wavelength GC-DFB laser array with the trimming
conditions based on this study. Several trimming conditions
were varied for the oscillation wavelength adjustment of each
channel laser, and then the as-fabricated unequal channel
spacing of the 1.55 pm five-channel GC-DFB laser array has
successfully been corrected to 100 GHz (0.8 nm) equal spacing
while the threshold currents of all laser channels were kept
unchanged.

In this thesis, the theoretical analysis of band structure and
optical properties of the superlattice after the trimming has
been studied. We found that the effective bandgap energy of
superlattice was red-shiff and the oscillation wavelength
shifted toward the longer wavelength side when only group III
atoms were interdiffused, and effective bandgap energy of
superlattice was blue-shift and the oscillation wavelength
shifted toward the shorter wavelength when group V atoms
were interdiffused. Next, Selene software was used for the
optimization of the structure of GC-DFB laser. We found that
the larger wavelength trimming range can be achieved by

decreasing the distance between the active region and
superlattice trimming layer. Moreover, another method is to
change the structure of the superlattice to be InGaAs/InGaAsP
material systems, especially for the superlattice consisted
compressive strained. In the last, we have expected that
optimization of the structure of GC-DFB laser will be useful
for the fabrication of the multiple-wavelength GC-DFB laser
array in the future,
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Development of 2 new Power Transistor GTBT
By Yoshinori Murakami

A new power transistor GTBT (Grounded-Trench MOS
assisted Bipolar-mode field effect Transistor) has been
proposed and demonstrated. This transistor has very low
on-resistance and fast switching speed compared to those of
IGBT. Furthermore, it has high current gains, high thermal
stability and normally-off characteristics.

INTRODUCTION

Power transistor especially utilized as a switching device is
needed to satisfy two main conditions; one is low power
dissipation and the other is a high current capability. The
former can be translated as a low on-resistance and a high
switching speed. And the later contains thermal stability. Today,
the most popular power device of 600V class is IGBT
(Insulated Gate Bipolar Transistor). However, its evolution has
come to the final stage, and the next devices are wanted.

For instance, COOLMOS is a strong candidate. Or the
devices of compound materials, especially of SiC have been
greatly paid attention. But each of these candidates has serious
difficulties, for instance, a high cost.

There is another type of candidates made of Si. Those are
current-driven type transistor like a BSIT (Bipolar-mode Static
Induction Transistor) or a BMFET (Bipolar-Mode Field Effect
Transistor). These devices have a very low on-resistance and
high switching speed compared to IGBT. The I-V
characteristics of IGBT have the voltage shift of at least 1V,
which comes from p-n junction in the main current path. It is
unavoidable for a bipolar-mode voltage-driven device. On the
other hand, there is no voltage shift for the current-driven
devices, that brings a low on-resistance. Furthermore,
switching speeds of these devices also exceed to those of IGBT.
However, this type device has not been paid much attention.
The main reason is its normally-on characteristics that are not
suitable for users. And the current gains of these devices are
not so high enough to drive huge amount of the main current.
GTBT has overcome these problems with special structure.

DEVICE STRUCTURE, MECHANISM AND
CHARACTERISTICS

Same as the other vertical type power devices, the
n-substrate is the drain, and the backside of the chip is the
drain electrode. On the topside, there are n-source and p-gate
regions are formed by diffusion. And many trenches-MOS
structures, each of which cross-section has a **U"-shape are on




the top surface at the same time. The sources and a part of the
p-gates are sandwiched by the trench-MOS structures. And a
part of the substrate sandwiched by the trench-MOS structures
beside the n-source is the channel of this device. Both of the
source and the trench-MOS electrode are connected to the
source metal. And the gate metal is connected to the p-gate.

The MOS electrode in the trench is made of p+-type
polycrystalline silicon, so that the built-in electric field exists
between the p+-type MOS electrode and n-type channel. Using
this field effect of the grounded trench-MOS structure, a
potential barrier for conductive electrons in the n-source can
be formed in the channel by designing the geometry of the
trench-MOS structures optimally. The channel is designed as
that of a “"long channel JFET". The fabricated chip withstands
its off-state up to the avalanche condition of the chip even at
150 degree of Centigrade.

To turn-on this device, a positive potential should be applied
to the gate. When a positive potential below to 0.5V is applied
to the gate, holes in the p-gate move onto the surface of the
insulating films and shield a part of the field. Consequently,
the potential barrier lowers and the electron current path
appears in the center portion of the channel like that of JFET,
When a positive potential over 0.6V is applied to the gate, the
holes are directly injected to the n-region from the p-gate, and
a large amount of hole cancel the field effect. And the main
current can flows with very low on-resistance.

Afier entered on-state perfectly, the gate current should be
used as the index for the main current control. So the current
gain like that of BJT can be defined for GTBT. The device
structure is designed to maximize the current gains. For
600V-class GTBT, the current gain are 100 at Vds=5V and
Jd=100A/cm2, and over 1000 at Vds=5V and 10A/cm2. These
values are ten times higher than those of the same class BITs.
And the gains slightly lower with increasing the temperature.
Therefore, GTBT has strong thermal stability.

The switching speed especially the main current fall time is
so fast like that of JFETs or MOS transistors. Because the
on/off of the channel depends on a very small amount of holes
on the surface of the insulating film, and resistance for holes
between source and gate is very low. The current fall time is
approximately 100ns, that depends on the reverse gate current
and slightly on the temperature.
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Study on All-Optical Wavelength Converter based on
Nonlinear Electro-Absorption Directional Coupler
By SROYMADEE Nutchai

Recently, the demand of the enormous amount of data
transmission is increasing rapidly, the optical fiber
telecommunication is thus very important. Because the fiber
construction of the optical fiber costs very large investment
and, in fact, the utilization of the fiber cable has not reach the
limit of the fiber, many engineers and researchers are trying to

develop the optical fiber systems. The goal of this
development is to complete transmission of the large data with
various formats, source and destinations, within the shortest
time. This leads to the meaning of the term of “speed”. In fact,
there are two meanings of this term; transmission speed and
switching speed. Two meanings are very different. There is no
doubt that the optical transmission is fastest because the
transmission is at the speed of light. However, switching speed
is another issue. The telecommunication system today relies on
the electrical switches, which operate too slowly. The
capability of the electronic switches to process data cannot be
compared with the capability of the optical fiber to transmit the
data. Therefore, the bottleneck of the optical communication
system is the switch.

It is well known that all-optical switch can operate very fast.
It gets rid of the necessity of electron interaction/transmission
and controls light by another light directly. However, light
cannot interact the other light by itself. Thus, the electron is
still crucial. The all-optical switch, therefore, requires the
compromising and optimizing between the sufficient amount
of electron and the operating speed of switches.

Electro-absorption effect is one among many to build up

nonlinearity for materials that require few electrons to operate.
This requirement yields the big chance for engineers to invent
the high-speed switch. However, the drawback of EA is that it
destroys photons, not only the pump light but also the probe
light. Therefore, we have to deal with this problem instead.
This research is proposed with the idea that, by using DC
structure, if we can manage the coupling-uncoupling effect, we
can possibly configure so that the probe lights will travel with
low absorption. To achieve this scheme, the basic structure of
the DC-EA device will compose of two waveguides; passive
(or amplifying) waveguide and EA waveguide. Because DC
will switch by using its refractive index, for the all-optical
function, the pump light has to be able to change the refractive
index of the EA waveguide very much but generate only few
electrons. Therefore, the high nonlinearity material is very
essential for DC-EA devices.

Because this research has just been proposed for the first
time, the purpose of this research is thus to examine the
possibility of the coupling-uncoupling effect in the device. The
research also studies the fabrication feasibility and the basic
characteristics that can predict the performances of the devices
for the further improvement in the future. First, it begins with
the proposal of many DC structures. The primary consideration
is then introduced for the simulations and analysis. The
simplest device structure — ridge structure DC with separated
electrodes - is chosen so that the complexity of the fabrication
process would not obstruct, or make the other effect to the
study. Then, the device is fabricated and measured: mainly to
examine the existence of the coupling-uncoupling effect
induced by EA.

Finally, even we can prove the expected phenomena, but the
device, based on InGaAsP MQW structure and ridge
waveguide, is still not practical. It still needs more
improvement, especially in the optical power requirement. By

the theoretical study, we now know how to improve the device
for the practical high performance all-optical swiches. The
simulations indicate that the higher degree of exciton effect,
the lower the threshold power. Also, the higher the carrier
escape lifetime, the lower the threshold power.
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A Study on Next Generation HDTV and Adaptive
Contents Distribution System
By Kenji Tanaka

In Japan, various broadcast form such as terrestrial
broadcasting, satellite broadcastings and CATV, are now being
converted from anmalog to digital. In fact, all domestic
broadcastings will have become digitized by the summer of
2011, and it is expected that this will promote TV’s
multi-channelization as well as increase the numbers of
interactive programs and High-Definition TV (HDTV)
programs. On the other hand, High-speed network services are
already becoming available to general households, and, when
the “Fiber to the Home (FTTH)" is realized at the end of fiscal
year 2005, over 7.7 million households (1/6 of the entire
national households) are believed to sign up for the service and
enjoy approximately 100Mbps high-speed transmission.
Thus, just as the United States and European countries may do,
we intend to achieve the full-digitization of broadcasting,
which requires the quality of HDTV, while gencralizing
high-speed networks for individual viewers.

Thus, we authors are aware of the further spread of the
high-definition system and have developed the following two
(next generation) formats that can provide even higher visual
precision: one is WHD  format (Wide/Double
HDTV:3840*1028 pixels) that has twice as much pixels as
existing HDTVs in the horizontal direction. The other is QHD
format (the Quadruple HDTV:3840*2048 pixels), which has
twice as much pixels in both vertical and horizontal directions
and accomplishes the precision equivalent to or beyond that of
35mm films.

This paper describes the overview of the concept of
WHD/QHD camera and projector that we have been
researching and developing. We also would like to propose
an image distribution model as one of the applications of
WHD/QHD images for homes. Using the tiling function of
JPEG2000, this model offers the contents which are effective,
high precision and adapted for a viewers’ needs.
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Adaptive Processing of Interferometric Radar
Images

By Andriyan Bayu Suksmono

Radar imaging system is a valuable tool to study the earth in a
global scale, in all weather conditions, day or night. The
aperture synthesis technique in a SAR (Synthetic Aperture
Radar) facilitates the radar system to achieve higher image
resolution by using a moderately small-size antenna. By
applying interferometry principle, the SAR system in the
InSAR (Interferometric SAR) is capable to measure terrain
topography.

An InSAR system obtains two kinds of information, i.e.,
amplitude and phase. The amplitude corresponds to surface
reflectivity, while the phase to height variation. Usually they
are used separately for different purposes. For example, the
amplitude is used for land classification while the phase is for
DEM (Digital Elevation Map) construction. Nevertheless, a
natural representation of the InSAR data is by fusing them as a
single complex-valued image.

In this dissertation, we present research results in
developing adaptive processing methods for InSAR images.
This work concerns with three main topics: adaptive
classification/ segmentation, adaptive residue-noise filtering
and phase unwrapping, which is described in eight chapters as
follows.

In Chapter 1, “Introduction”, we briefly introduce the radar
imaging system. We explain the main components of radar
system, i.e., the radar hardware and the signal processor. We
also introduce the interferometry principle that is used in the
InSAR system, the data processing techniques, phase noise
(that induces phase inconsistencies called residues or singular
points) and also phase unwrapping.

In Chapter II, “The MRF and CMRF Model for Image
Restoration”, we describe the Markov random field (MRF),
which is a stochastic model of images. We also present a
generalization of the conventional real-valued MRF to
complex-valued MRF (CMRF) that is necessary to model
InSAR images.

In Chapter III, “An Adaptive Texture Classifier for INSAR
Images Based on Causal CMRF”, we propose a new adaptive
classification system. The system utilizes causal CMRF
parameters as a feature in the classification of InSAR images
that employs a Kohonen topographic map (SOFM-Self
Organizing Feature Map) neural network, which is capable to
treat complex-valued features. Comparison with a
conventional real-valued feature shows that the CMRF feature
is better to be used in classifying terrain objects.

In Chapter IV, “A CMRF-Based Adaptive Noise Reduction
of InSAR Images Using Steepest Descent Method”, we present
a new residue-noise adaptive filter that uses non-causal CMRF
as a model for the InSAR image. This filter employs
steepest-descent method. Comparison with other methods
shows the advantages of our method in term of its capability to
reduce residue as well as geometric detail preservability of the
phase image. The applicability of the proposed method in
phase unwrapping is demonstrated.

In Chapter V, “A CMRF-Based Adaptive Noise Reduction




of InSAR Images Using Monte-Carlo Metropolis Method”, we
also present a non-causal CMRF-based new residue-noise
adaptive filter that employs stochastic Monte-Carlo algorithm.
This method has more advantages than other conventional
methods. We also demonstrate the applicability of the method
to solve phase unwrapping problem.

In Chapter VI, “Two-dimensional Phase Unwrapping of
InSAR Images by Using Recursive Global Method and Post
Processing Local Method”, we present a new PU method that
employ recursive structure of global PU transform (RGPU)
and post-processing by local PU (LPU) method. The RGPU
improve a one-step PU by reprocessing the residual phase.
After a few step, when most of the phase has been unwrapped,
LPU is used to recover more information in the residual error
image. This method yields a remarkable improvement over the
widely used one-step global-transform PU (GTPU) or LPU
used separately.

In Chapter VII, “Phase-unwrapping-distortion Reduction by
Fractal Dimension Estimation”, we propose a new method to
improve the conventional GTPU, by fractal geometry
adjustment. The conventional GTPU is a method to obtain a
global solution quickly. We realize that the GTPU solution is
too smooth to express the actual terrain topography. By using a
spectral fitting method, the GTPU solution is reformed to a
fractal solution. Experiment by a simulated fractal surface
shows signal-to-noise ratio improvements. We demonstrated
that the method is also applicable to a real InSAR phase image
and shows the significant improvements.

Chapter VIII, “Conclusion”, concludes the dissertation.
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