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Systems and Control Theory as Fundamental Technologies

of the loT Era

nternet of Things (10T} is a concept which means that

anything can be connected via the Tntemnet. Tn an ToT
society, a large amount of information is collected from
physical space into cvberspace. The collected information is
then analyzed (o create added value, Finally, these results are
utilized in physical space 1o provide smarter social services,
for example, smart grids, smart cities and intelligent transport
systems.

Systems and control theory can provide us with methods for

collecting, analyzing and utilizing information in an IoT

society. However, there are many technical issves regarding
controlling ToT systems, as follows:

(1) ToT systems are large and complex.

(2) There are many constraints on conumunication nelworks,
for example, communication delays. communication
volume and privacy.

{3) There are many requirements for TIoT systems, for
example, automation. optimization and energy
conservation.

In our work, we aim to create theoretical frameworks that will

solve the above issues for next-generation societies.

Feedback of Added Values to Physical Space

Cyberspace

Physical Space ‘\;% ) @

Measure Information on Physical Space

Measure Information on Physical Space and Creale Added
Value in Cyberspace, then Feed Back to Physical Space
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Research into the Application of Superconductivity to Energy

Technologies

- uperconductivity is a phenomenon in which electrical
resistance is reduced to zero when certain materials are
cooled with very low-temperature liquid helium or liquid nitrogen.
Since its discovery approximately a century ago, superconductivity
has been observed in many metals, alloys, and oxides. Owing to
its advantage of zero electrical resistance, there is the expectation
that superconductivity will be applied in developing electrical
encrgy technologics. Examples of fourth-ycar undergraduate
research and postgraduate research on superconductivity include
the study of superconducting coil designs that take advantage

of the characteristics of superconducting oxide materials;
fabrication of superconducting wires using MgB,: manipulation
of microscopic thin superconducting films; and research into
levitation devices using superconducting bulk magnets. As a
technology of the 21st century, superconductivity is being used in
the research and development ol magnelic levilation trains, power
transmission lines, and superconducting magnetic power storage
systems.

Flux-pinning phenomenan of an oxide superconductor
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Development of a High-Performance Wireless Power Transfer

System

Wireless Power Transfer (WPT) System would be a
promising candidale as a power supplier lor electrically
moving objects without batteries in the near future, such as
electric vehicles and capsule endoscopes for medically inspecting
the human body. Our current rescarch interest is the development
of an casy-handling and high-efticiency WPT system which cun
be vsed where lossy materials exist along a power lransmission
path. Specifically, we are conducting the following research:
13 Development of resonators which forming the electromagnetic
ficld distributions with thc desired shape.
2) Establishment of a method (o easily recover the power
transmission efficiency declimed by & positioning misalignment of
system elements.
3) Investigation ol a suitable power transler setup that can
maintain efficient power transmission even in the presence of
water or dielectric materials with dielectric or conductive losses
in the transmission path, We also aim to develop a method to
avoid the decuy of electromagnetic energy in WPT systems by
water with high ionic contents, such as seawaler.
In addition o the above theme, we have also analyzed the modes
in anisofropic single-negative wavegnide composed of the
mctamaterials.

(k)

{n} Laop Ceil
{b) Spiral Resonators

Wreless Power Transfer System
{a) Loop Coil {1/O Porls}, (h) Resonators, (¢} Syslem Qverviaw
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Characterization of Point Defects in Crystalline Electronic
Materials Using Electron Spin Resonance

ctual crystalline materials contain point defects that trap
. unpaired electrons or holes referred to with such terms as
vacancies, interstitial atoms, and impurities. These defects affect the
electrical, magnetic, photonic, thermal, and other such properties of
materials. Characterization and control of the defects are essential for
the development of new devices. Electron spin resonance (ESR) is
a powertul tool to detect unpuired electrons or holes in materials and
provide detailed structural information about paramagnetic centers.
We have used ESR to conduct research on the tfollowing subjects:
I} Effects of point defects on transparent polyerystalline ceramics:
Transparent ceramics have attracted much attention because of their
advantages over single crystals. Anticipated applications include
optical windows, isolators. and high-power lasers.
2} Growth und ESR analysis of transition metal-doped
semiconductors with room-temperature ferromagnetism. These have
gained interest as potential spintronic materials.
3} Characterization of an AIN precursor with a fullerene-like XRD
pattern: In the formation process of AIN from urea and AICL,-6H.0),
AlN crystallization follows the decomposition of the precursors. This
material may play a role in the formation of theoretically-possible
AIN fullerenes.

T R e s

residual porosity c

SEM image of the fractured surface of a transparent q -AlLQ,
ceramic {upper left}
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Development of Thermoelectric Materials

. y research interest is in thermoelectric technology. Since this
M technology can make electricity from waste heat, it is useful
for energy-saving. I have been developing thermoelectric materials
with high efticiency in terms of their crystal and band structures,
which govern electron and phonon transports. The following are
my areas of research:

1y Microstructured or nanostructured materials such as sintered
alloys that have a fine grain size and layered compounds. Such
structures are expected to increase thermoelectric properties,

2) Semiconducting inorganic compeunds such as ¢lathrates and
silicides. Unlike conventional materials such as Bi.Te, and PbTe,
type-11 clathrates (K.Ba),,(Ga,Sn),;, do not contain toxic elements
but have just as high efficiency.

3) Thermoelectric conversion modules that use materials being
developed.

Micro- and nano-structurad alloys with fine grain sizes. Grain
boundarias scattsr phonons effectively, leading to an enhancement
of thermoslectric properties
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Thermoelectric Technology Using the Ordinary Seebeck Effect and

New Spin-Related Effects

n our study of thermoelectric (TE) technology. our research
n has ranged from TE materials to the fabrication of TE
modules, which enables the direct conversion of thermal energy

to electrical energy. This technology has been interesting from

the viewpoint of energy recycling and harvesting. Our research
into TE materials has mainly focused on clathrate compounds,
which are formed by the inclusion of ions into cavities in the
crystal lattices. We have developed TE modules by using clathrate
sintered materials to achieve higher energy conversion efficiency.
We are also researching a new TE technologies based on the spin
Seebeck effect and the anomalous Nernst effect. to which much
attention has been recently given as a new field in spin electronics.
These effects are attributed to the nature of conduction electron
spins. We have researched these effects for magnetic insulator
yttrium iron garnet {YIG) films prepared by metal-organic
decomposition {MQOD} and magnetic semiconductor Ge | Mn Te
films prepared by molecular beam epitaxy (MBE). In order to
study these new effects, we developed a new measurement system.

TE moduls and sample holder for new measurement system
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Nanoscopic Spectroscopy of Semiconductor Alloys
for High Efficiency Light Emitters

y research has focused on semiconductor optics, especially
the nanoscopic spatial distribution of luminescence from
semiconducter alloys and its contribution to emission processes.
Semiconductor alloys, which are used for active layers of
optoelectronic devices, are useful due to the controllability of
their material properties by changing the alloy compositions. For
example, in a AlGalnN material system, it 15 possible to control
band gap cnergy from the ultraviolet (o the infrared spectral region.
However, semiconductor alloys have complex characteristics
associated with their inhomogeneity, including defects and
compositional fluctvations. Spectroscopic information from the

nano-sized areas. which is an issue important to understanding
inhomogeneonus semiconductor alloys, can be measured by using Direct observation of nanoscopic emission distribution of InGaN
. . . semiconductor alloy by Cathodoluminescence mapping
fine-focused electron beams or near-field light through a nano-

sized aperture on the tip of an optical fiber used as the excitation About Researcher
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source. The relation between the compositional fluctuation, carrier

diffusion and lecalization, and the defects inhibiting radiative
recombination has been revealed from the map of nanoscopic
spectroscopy, leading to improved quantum efficiency for light
emitters.




Creating an Extremely High Vacuum

A vacuum is formed when the pressure of a chamber becomes
lower than the normal atmospheric pressure and the number

of gas molecules of the chamber decreases. The pressure of

the chamber in vacuum is lower than the normal atmospheric

pressure of 1x10° Pa. The vacuum of the cosmic space is 107" Pa,

Extremely high vacuum here means a vacuum of less than 10" Pa.

The progress of modern science and technelogy has brought
with it progress in vacuum science and technology. Advanced
electronic devices are used to form high quality ultrathin films,
and extremely high vacuums are critical in this endeavor.
Extremely high vacuums will also play an impertant role in future
accelerators.

In order to realize an extremely high vacuum, it is necessary to
reduce outgassing from vacuum materials. With an attention to
titanium materials, 1 research methods to reduce the outgassing
of titanium materials and develop extremely high vacuum
apparatuses made of titanium materials.

Vacuum chambers and compaonents made of tilanium materials
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Joining Electronic Materials and Activation of Water Purification
Flocculants Using Electrolysis

y research interest extends to two different fields that are
M leading areas of study concerning “electrolysis of water
(electrolysis)’. Both have been patentad.
(1) The figure shows an SEM (Scanning Electron Microscope)
image depicting the joint interface of ceramics with high thermal
conductivity and metal with high electrical conductivity. Using
electrolysis on the metal changes the joint interface morphology

from platelet to interlocking projections, strengthening the joint by

several magnitudes. FRGLARROY - hydrogen charged Al
(i1) To purify dammed lake or river water for use as drinking

water, the Al-based metal salt flocculent PAC (Poly-Aluminum

Chloride) or Fe-based P8I (Poly Silicato Iron) is used by strictly

adjusting the mix concentration to that of everyday water sources.  Electron microscope image of a ceramic-metal joint interface
The electrolytic pretreatment of the flocculent broadens the

adequate mix concentration, cxpanding the range of application About Researcher
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Intelligent Sensing System

lderly people sometimes fall down in restrooms or bath areas
. and can—in the worst-case scenario—die. Using cameras for
observation can be effective in avoiding such tragedies. However,
privacy concerns prohibit cameras from being used in such places.
To address the situation, we propose a sensor that can convert
two-dimensional images into a one-dimensional brightness
distribution.
Our proposed technology is a sensor system for detecting a
person’s condition without violating his or her privacy. Such
an achievement is possible because the sensor obtains only a
one-dimensional brightness distribution from natural light.
Such sensors can therefore be installed and operated in restrooms
or bath areas without violating privacy. Given the simple, low
cost of such devices, we also hope to see these sensors installed in
nursing homes with private rooms as well as the homes of elderly
people living alone.

CMOS image sensor

Care system using obrid-sensor without invading privacy
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Eye-Gaze-Independent Brain Machine Interface

m ur research interests include biological signal processing
and its application to the biomedical engineering and life
support technology fields, particularly to the development of
brain machine/computer interfaces without control of eye-
movement in¢cluding eve-gaze and eye-opening/closing for people
with eye impairments, as well as research into the response of
electroencephalograms to various stressors and acute light aerobic
exercises for the development of a stress measurement modality.
Our research is focused on the following four projects:

1) Brain machine interface using event-related modulation of
steady-state visually evoked potential in electroencephalograms
during the performance of mental tasks ; 2) Auditory brain
machine interface in terms of stochastic resonance in auditory
steady-state responses in electroencephalograms; 3) Brain machine
interface using event-related desynchronization of alpha wave
refreshed with aromatic odors; and 4) Effect of acule light aerobic
exercise and rest on electroencephalograms after mental tasks.
The range of application of the brain machine interface has been
extended to hands-free and voice-free games and control of home
clectronics such as (elevision channel changing,

Measurement by electroencephalogram for muscle-free
communication
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Fabrication of High-Quality GaN and Its Application to Light-

Emitting Diodes and Power Devices

aN and related materials (III-nitride semiconductors)
are attracting greater attention us a means to save energy
after the Nobel Prize was given for the development of blue light-
emitting diodes (I.LEDs) on a sapphire substrate. In the ITl-nitride
semiconductor field. high-guality GaN substrates are currently
in great demand due to a need for high-performance LEDs and
power devices. Hydride vapor phase epitaxy (HVPE) i1s one of
the most promising candidates for obtaining high-quality GaN
substrates, and the fabrication of the GaN substrate is the major
target of our research in terms of original techniques being
developed. Our research group employs cutting-edge techniques
to fabricate patterned sapphire substrates (PSSs). These are vsed
to develop high performance LEDs and were demonstrated for
the first time in the world by fellow lab member Prof. Tadatomo.
In addition, this technique, PSS, makes it possible to fabricate
various plane directions of GalN substrates with the potential to
realize novel functions, Based on these techniques, we focus on
the fabrication of high-quality GuaN substrates by HPVE and their
application to high-performance LEDs and power devices.

Research in cur laboratary
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Efficient Production of Negative Hydrogen lons on Metal Surfaces

and the Application of lonic Plasma

on implantation is 4 materials engineering process by
which ions of a certain material are accelerated in an
electrical field and impacted into a solid. len implantation is used
in various applications in matcrials scicnee rescarch. Negative
ion sources for ion implantation play an important and unique
role in the ion source universe. The kinds of applications for
which the sources are used are all signiticantly ditferent from all
the positive ion sourees because the negative ion beam carrics
an energy, a material, and a negative charge. The charging by
secondary electron emission can be suppressed even if negative
ions arc implantied on non-metallic maicrials. We are trying 10
efficiently produce negative hydrogen ions on metal surfaces
without cesium adsorption. Furthermore, we are also researching
the collective properties in ionic plasmas consisting of only
positive and negative ions. In particular, we are very interested in
a hydrogen pair-ion plasma.
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Charging of non-metallic surfaces owing to the implantation of
negative and positive ions
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Optimization Analysis Based on Al for Edge Computing

. t present, I'T companics such as GAFA otter a broad range
of cloud services. Several areas in the environment for
internet networking will dramatically change in the future, with
various internet services based on 3G technology and edge
computing already being introduced around the world.
Operational management and reliability assessments dre
extremely important for managing the local infrastructure of
cloud scrvices and cdge computing. While the technologics
behind 5G. cloud services, und edge computing are useful for
many people, their lailure will lead (o various damages occuming
and private information being leaked. Therefore. the management
technologies of cloud services based on edge computing and 5G
arc important to maintain our convenicnt lifestyles. Considering
optimization based on edge computing. the maintenance
technologies for edge computing services are important o
manage the information infrastructure.

Our research group locuses on the problems reluting o
infrastructure, the environment, lifestyle. and health such as
SDGs. We propose several optimization methods based on AT in
terms of maintenance and asscssment for cdge computing.

Edge Computing )

! Delay Control + Perfarmance |
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The Relationship between Edge Computing and Optimizalion
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Smart Charger for Electric Vehicles in Single-Phase Three-Wire
Low-Voltage Feeders with Power Quality Compensator

. mart meters can report the power-consumption conditions of
each domestic consumer Lo the power companies. The ligure
shows a power circuit diagram of o domestic consumer in
single-phase three-wire low-voliage feeders (SPTWLVFs). which are
gencrally vsed for domestic consumers in Japan. Loadl and Load2
correspond to home appliances used in o domestic consumer. The
load currents fi1 and fi 3 are always unbalanced and distorted with a
lower power factor. These unbalanced and distorted source-current
conditions ingrease losses in pole-mounted distribution wransformers
{PMDTs). Each domestic consumer should be responsible for
impraving power consumption conditions on their own. We have thus
proposed smart charger (SC) for electric vehicles (EVs) with active
power quality compensator (APQC). In that figure, the colored arca
shows the proposed SC with an APQC. The proposed SC can obtain
the balanced and sinusoidal source currents with a unity power fuctor
in the SPTWLVF on the secondary side of the PMDT during both the
battery charging and discharging operations in EVs. Improving power
quality with the proposed SC reduces losses in the PMDT. Therz are o
large number of (he PMDTSs in Japan. The proposed SC helps the
achievement of a significant reduction in power losses. Thus, it 1s
conchuded that the proposed SC achieves a more
environment-friendly society rcducing CO: emissions in the World,
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Power circuit diagram of praposed S5C
with APQC far EVs in SPTWLVFs
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Control of the Dynamical Behavior of Devices and Phenomena

eleciromagretc

maior

n order to efficiently operate dynamical systems such as encoder
automobiles and rebots, we need to properly control their

individual elements. including engines and motors. In most

cases, these clements are controlled electrically. My laboratory
constructed an experimental system for metor contrel as shown in
the figure and researched control technology to control the motor

in an optimal and efficient manner. My research interests include ciidst
; ; VA
not only actual devices but also dynamical phenomena such M e \,/J
5 1
as shape memory alloy actuators which are known as artificial Re -
. Din pawer
muscle. The shape memory alloy actuators present contraction converter [ | amplifier ‘ l :
. ) . —— /| spnng
phenomena and function by electrifying them. However, they are o
- shape memory alioy [
difficult to control precisely due to their complicated behavior, ctigror
We have developed a simple and effective control method using Experimental control systems for motors and shape memary alloy

. actuators
an experimental system of shape memory alloy actuators. I am

also interested in the efficient control of inverters, tratfic signal About Researcher
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Power Electronics for Renewable Energy and Energy Saving

v research interest is power electronics for renewable
energy and energy saving, My main research topics are as

tollows:

1) Multi-Level Cascade Converter Based Wind Power Generation

System with Tip Speed Ratio Control

We have constructed a modular multi-level cascade converter

based wind power generation system with tup speed rauo

control. We are currently working on simplifying the control

method,

2) High-Power LED Drivers tor Industrial Ficlds

We are working on expanding the current control range of

high-power LED drivers for many intended applications in

fields such as fishery and agriculture.

3 Maximum Power Point Tracking Method for Vibration and

Thermoelectric Power Generation

We are currently working on simplilying the control method for

energy harvesting.
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{e) A piczocleciriz
eloment for vibrulion
poweEr pimeralion.

1b) An LED driver for highspeed tumeofl,

CQur prapased power supplies and one of the energy harvesting
devices,
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Laser Spectroscopy of Wide Bandgap Semiconductors

m ur research interest is to understand the optical properucs of
wide bandgap semiconductors for applications to solid-state
light sources such as light-emitting diodes and laser diodes. We
maintain a particular focus on excitonics {exciton engineering)

in researching the dense excitonic properties of semiconductor
low-dimensional quantum structures by means of time- and space-
resolved laser spectrescopy. Our main research subjects are as
follows:

1) The many-body eftects of excitons. including the formation

of biexcitons (excitonic molecules). the inelastic scattering of
excitons, and the optical functionality of dense excitonic systems
in highly-excited AlGaN ternary alloys and AlGaN-based
guantum well structures by means of photoluminescence (PL)

and PL excitation spectroscopy: 2) Radiative and nonradiative
recombination dynamics of excitons in InGaN-based light-emitling
devices by means of time-resolved PL spectroscopy with a
tcmporal resolution as fast as 2 ps; 3) Optical inhomogeneity and
the mechanism of high quantum efficiency in InGaN ternary alloys
and InGaN-based quantum well structures by means of scanning
near-field optical microscopy with a spatial resolution as high as
30 nm.

o g ; o8

Our laser system for time-resolved PL measurements
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Magnetic Materials and Magnetic Devices for High Frequency
Communication, Data Storage, and Energy Harvesting

ur main research interest covers magnetic materials, a -.\\
|

magnetic thin-film sputter deposition apparatus, and

Mi-Zn ferrite
magnetic devices for high frequency communication, data storage, bar antenna
and energy harvesting.

1}y ECR sputtering apparatus: we have successtully developed a
sputtering apparatus using electron-cyclotron-resonance (ECR) SMLA connector
microwave plasma for high-rate and low-temperature ferrite
thin-film deposition.

2) Miniaturized isolator: using the gyromagnetic effect of ferrite, Thielectric

we have designed small isolators with a height of less than a

half millimeter that have non-reciprocal electromagnetic wave

SUbStr ate Miniaturized wideband
ferrite terrestrial digital
G broadcasting reception
antenna for mobile
phone application.

transmission characteristics.

3) Wideband terrestrial digital broadcasting antenna for
mobile phones: utilizing wavelength shortening effect of ferite,
we have developed a miniaturized wideband ferrite terrestrial About Researcher
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digital broadcasting antenna for mobile phone application.
4) High density magnetic recording; post-perpendicular magnetic

recording for extremely high areal density data storage.

5) Energy harvesting using ferrite: thermoelectric conversion
devices using the spin Seebeck ellect and anomalous Nernst ‘
effect.




