


he fifth generation mobile communication system uses 
millimeter-wave technology to realize high-speed 

communication, while the line-of-sight path is easily blocked by 
the shadowing objects. In this study, we aim to design the 
reflector to create another propagation path as a shadowing 
reduction technology. Reflectors that are attracting attention in 
recent years include active reflectors, which can reflect radio 
waves in a desired direction according to changes in the 
environment, and passive reflectors, which can reflect radio 
waves in a fixed direction. This research focuses on passive 
reflectors, which have the advantages of low cost and low power 
consumption. Specifically, our goals include “creating an 
electromagnetic simulation method that incorporates passive 
reflectors” and “establishing a design method for low-cost passive 
reflectors.” We expect that the electromagnetic simulation 
method and design method for reflectors proposed in this study 
will contribute to measures to reduce shadowing effect in 
communication systems and realize stable mobile communication 
systems at low cost.

Active and passive reflectors
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lasma is one of the four fundamental states of matter, 
alongside solid, liquid, and gas. It is often referred to as the 

"fourth state of matter." Plasma is composed of charged particles, 
including ions and electrons. In a plasma, some atoms or 
molecules are stripped of their electrons, resulting in a mixture of 
positively charged ions and free electrons. Plasmas are commonly 
found in environments with a large amount of energy, such as 
stars (like our sun), lightning, and certain types of flames. An ion 
is an atom or molecule that has gained or lost electrons, resulting 
in a net electrical charge. When an atom gains one or more 
electrons, it becomes negatively charged and is referred to as a 
negative ion under certain conditions. One common method of 
injecting negative ions into a plasma is through neutral beam 
injection. Negative ions are accelerated to high energies and then 
neutralized before entering a plasma. Negative ions neutralize 
more efficiently than positive ions, making them an appealing 
choice for improving energy supplies in fusion devices. We focus 
on generating negative ions, specifically hydrogen negative ions. 
Understanding their generation process within a hydrogen 
plasma is directly aligned with the goals of advancing plasma 
heating and fusion applications.

Overview of Negative Ion Generation and Its Applications in Fusion 
Reactors
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lectronic and magnetic devices installed in smartphones and 
other devices have been miniaturized to the nanoscales. 

When a material becomes nanosized, its properties can be 
changed dramatically. Therefore, it is important to take advantage 
of these properties. For example, nano-sized magnetic materials 
change their electrical conductivity and response to magnetic 
fields, and can be applied to energy-saving memory devices and 
highly sensitive position and magnetic sensors. In addition, 
nano-sized superconductors can be used as ultra-sensitive 
optical and magnetic sensors and quantum computing devices.
We are exploring new phenomena in magnetic materials and 
superconductors at the nanoscale, such as nano-thin films, 
surfaces, and interfaces, and are conducting research on their 
application to new nanodevices. In particular, we are currently 
aiming for application to thermal sensors, thermoelectric power 
generation, thermoelectric cooling, etc. by investigating the 
electrical response to heat flow. We are also conducting research 
on new nanodevices in which magnetic materials and 
superconductors are combined.

When the thickness of a superconducting film is reduced to a few 
nanometers, its thermoelectric properties change.
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ireless communication services such as smartphones and 
wireless LAN (Wi-Fi) have become indispensable in our 

daily lives. We feel as if we cannot do anything without a 
wireless connection to the Internet. Today's smartphones and 
wireless LANs communicate with base stations and access points 
on a one-to-one basis. This one-to-one communication has been 
taken for granted until now, but in this form, other smartphones in 
the vicinity become competitors, and the transmission speed 
decreases in proportion to the number of competitors. However, a 
relatively recent theory has shown that the transmission speed 
can be increased in proportion to the number of smartphones in 
the vicinity when they cooperate. By taking advantage of this 
feature, it is possible to realize wireless communications that do 
not degrade in transmission speed even if the number of 
smartphone users increases. Our goal is to realize such a wireless 
system that cooperates with other smartphones, which used to 
be competitors, to increase the overall transmission speed.

Mobile terminal collaboration to enhance the transmission 
performance.

http://www.eee.yamaguchi-u.ac.jp/lab/bunya_3/2898/ 

M.E., 1993, Kyoto University

MURATA Hidekazu, Dr. Eng.

W

Mobile Terminal Collaboration for 
Future Wireless Communications





lectrons carry an electric charge and possess the intriguing 
property of spin. The phenomenon of spin flow in 

materials, referred to as a "spin current," provides various 
electronic functionalities and characteristics. The objective of our 
laboratory's research is to explore and elucidate novel 
functionalities by fabricating high-quality multilayer films 
controlled at the atomic scale using epitaxial growth techniques.
This research field is known as spintronics, and its 
energy-efficient feature is expected to contribute significantly to 
addressing global energy challenges. Our research group is 
investigating a novel functional device that ingeniously 
combines a magnetic tunnel junction device-a prospective 
next-generation memory component-with a highly advanced 
magnetic oxide.
In addition, materials with topological electronic states have 
recently garnered considerable attention. To develop the 
topological materials, we are exploring magnetic alloy thin films, 
which have unique physical properties, such as the giant 
anomalous Hall effect and anomalous Nernst effect, arising from 
the presence of topological electronic states.

Cross sectional TEM image of oxide-metal hetero structure and 
schematic image of tunnel junction devices
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Edge Computing and Optimization

Optimization Analysis Based on AI for Edge Computing

t present, IT companies such as GAFA offer 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 5G technology and edge 
computing already being introduced around the world. 
Operational management and reliability assessments are 
extremely important for managing the local infrastructure of 
cloud services and edge computing. While the technologies 
behind 5G, cloud services, and edge computing are useful for 
many people, their failure will lead to various damages occurring 
and private information being leaked. Therefore, the management 
technologies of cloud services based on edge computing and 5G 
are important to maintain our convenient lifestyles. Considering 
optimization based on edge computing, the maintenance 
technologies for edge computing services are important to 
manage the information infrastructure. 
Our research group focuses on the problems relating to 
infrastructure, the environment, lifestyle, and health such as 
SDGs. We propose several optimization methods based on AI in 
terms of maintenance and assessment for edge computing.
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s most of industrial systems become more complex and 
multiple-function oriented, such as aircrafts, submarines, 

military systems, and nuclear systems, it is extremely important 
to prevent accidents and reduce the causes of failure, which can 
be dangerous or disastrous. As a result, monitoring and evaluating 
the performance of the system is essential to ensure the normal 
operation. In reliability engineering, maintenance plays an 
important role during the operation phase. The main objective of 
this process is to determine the optimal maintenance policies that 
aim to provide maximal system reliability or availability and 
safety performance at the lowest possible maintenance cost. 
Consecutive-k systems can be used to model systems with 
complex failure (operating) conditions, such as signal 
transduction systems, nuclear accelerator photography, and 
pixel-based display systems such as liquid crystal displays. In this 
research, we focus on the optimization problems for the 
consecutive-k systems. In addition, the results of the consecutive-k 
systems can be interpreted as the basic system of the network type 
systems, and it is expected to be used for the optimum design and 
maintenance measures of the network type systems.

Reactor sensor system. Three or more consecutive sensors need to 
respond to detect a fault of a certain size.
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