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International Research and
Education Center for Element Science

This newly founded center investigates advanced 
carbon mater ia l s  and h igh-qual i ty  s i l i con  
compounds.

Gunma University Medical Innovation

"Gunma Univers i ty  Medica l  Innovat ion  Pro ject"  i s  a  
research  pro ject  that  s tar ted  in  2014  wi th  financ ia l  
support from the Ministry of Education, Culture, Sports, 
Science and Technology of Japan. The main goals of the 
project are to develop new medical instruments, health 
monitoring devices, and diagnostic and cure medicines. 
Young students are educated to become a new type of 
global engineer with professional engineering skills as 
w e l l  a s  t h e  a b i l i t y  t o  c r e a t e  n e w  p r o s p e c t s  
comprehensively.

Gunma University has adopted the Program to Support 
the Activities of Female Researchers (known as the 
“Mayudama Plan”). Under the plan, activities to promote 
joint participation in research by men and women are 
moving forward, led by the Gender Equality Office.
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Gunma University Medical Innovation Project

“Gunma Universi ty Medical Innovat ion Project” is a 
multi-disciplinary five-year research project started in 2014 
with financial support from the Ministry of Education, Culture, 
Sports, Science and Technology of Japan.
A number of researchers belonging to different organizations 
in Gunma University, such as the Graduate School of Science 
and Technology, the Graduate School of Medicine, and the 
University Hospital, are participating in the project. The main 
goals of the project are to develop new medical instruments, 
health monitoring devices, diagnostic and cure medicines, and 
so on, through tight collaboration among professionals from a 
variety of fields. Another important mission of the project is to 
educate young students to be a new type of global engineer 
who has professional engineering skills as well as an ability to 
create new prospects comprehensively in the field of medical 
engineering from a wide variety of knowledge.

A portable sensor with high sensitivity is needed for the detection of chemical or biological 
molecules in the fields of biotechnology and medical science. A silicon nanowire (SiNW)-based 
field effect transistor device has the potential to detect small quantities of biomolecules.
To realize high sensitivity for negatively charged biomolecules such as antigens, antibodies, 
and DNA, it is effective to use an n-type SiNW and to reduce the wire width. In this project, we 
fabricated an n-type SiNW using electron beam lithography, and evaluated its sensitivity for 
biomolecule detection. Currently, we have succeeded in fabricating an n-type SiNW with 100 
nm width and detecting IgG antibodies with the extremely low concentration of fM(10-15 mol/L). 

Silicon nanowire based high-sensitivity biosensor

Facial orientation is one form of body language that can be used to ask someone to move 
something. It is enough to indicate the intention by upward, downward, right, and left facing 
actions. Here, we applied these intuitive actions for auto-wheelchair operations. We focused 
on the change nostril shape to recognize the facial orientation on the grounds that it can be 
regarded as a more stable shape than any other facial feature points. In addition, the gazing 
action was also inputted to a computer to operate a communication-aid for input characters. 
The eyelid shape was approximated by the Bezier curve and its curvature was reflected on 
input operation.

Intuitive hands free interface

Accurate dose distribution monitoring is a critical issue for the quality control of radiation cancer 
treatment. Therefore, there is a need to develop dosimetry at the micrometer scale (micro-dosimetry) 
with high special resolution and radiation sensitivity.
In this study we have successfully controlled the shape of a radio-photoluminescence (RPL) glass 
dosimeter with different types of activators for ionized particle detection. An RPL response around 500 
- 600 nm was obtained under different radiation exposures. Moreover, dose distribution imaging was 
successfully visualized with a fabricated RPL glass dosimeter irradiated with a focused proton 
�������	�
���������	����	��	�����������������������	����������	�������2.
We were also the first to succeed in fabricating glass elements with micrometer-size. These R&D 
achievements will enable us to obtain three dimensional dose distribution with quite a convenient 
procedure.

Micro-dosimeter for heavy ion dose monitoring Check it !

Radiat on Effect

Bulk RPL dosimeter Visualization of radiation
spot in micrometer scale

The oxygen level of the interior of living cells and tissues is one of the central parameters in many 
physiological, pathological, and therapeutic processes. Oxygen deprivation (hypoxia) is connected with 
various diseases such as cerebral infarction and ischemic heart disease, and is known to occur in tumor 
microenvironments. We are developing optical probes to visualize the oxygen level of biological cells and 
tissues on the basis of photochemistry and chemical biology.

Luminescent probes for in vivo oxygen imaging

Hypoxic
tumor imaging

Screening and design of novel drugs is one of our most exciting efforts to support drug development.
We have established in vivo, in vitro, and in silico drug characterization systems and successfully 
identified new drug candidates, such as analgesics and antidiabetic drugs. We are also trying to express 
cancer vaccines using transgenic silkworms. The purified vaccines were shown to activate human T-cells 
and hold potential for cancer immunotherapy.

Identification and production of biologically active compounds

Fluorescence proteins 
were expressed in a 
transgenic silk worm 
embryo.

Gunma University 
Medical Innovation



About the Center

The International Research and Education Center for Element Science 
was founded in April 2015, based on the Element Innovation Project 
team. The faculty of Science and Technology at Gunma University has a 
long history of materials innovation based on carbon and silicon. The 
newly founded center mainly investigates advanced carbon materials 
and high-quality silicon compounds for use in dye-sensitized solar cells, 
non-precious catalysts for use in fuel cells, electrochemical double layer 
capacitors, and new active materials for lithium ion batteries and other 
applications. It also covers the areas of graphene physics and chemistry, 
as well as plasma chemistry to produce novel functional materials. The 
center has three faculty members and other members from other 
departments of the faculty. The laboratories of the center are well 
equipped with the latest instruments for nano-material science. 

Our research is focused on understanding the fundamentals of molecule-surface interaction and properties of 
the resulting interfaces, leading to the development of an entirely new class of materials and sub-nanometer 
structures on surfaces. While silicon is the cornerstone of modern semiconductor technology, carbon 
materials such as graphene have emerged as the most promising materials for next-generation technology. 
We are investigating two technologically important materials: (1) graphene and (2) silicon surfaces. Our 
fundamental study will develop basic principles that will guide us in exploiting the findings in numerous 
socially pervasive applications, such as information technology, biotechnology, and renewable energy. 

Associate Professor 
Zakir Md. Hossain

Nanoscale exploration of graphene and silicon surfaces

Have you ever heard of “carbon materials”? You can find the materials around you in your everyday life: 
pencil lead, bikes, rackets, refrigerator deodorizers, and so forth. I have been fascinated by this material for 
over thirty years because of its versatile properties, which can be tuned easily by preparation. Can you 
imagine ten-orders of magnitude changes? You can see such a big change when you carbonize organic 
molecules and measure their electrical conductivity. I was so excited by this fact when I was a masters 
student. Now my colleagues and I are interested in carbon catalysts that will replace precious metal catalysts, 
for example in fuel cells and chemical syntheses. 

Professor
Jun-ichi Ozaki

Fascinating carbon materials

Nano carbons, such as carbon nanotubes, fullerenes, and graphenes, are expected as 
high-performance electrode materials used in sensors and batteries due to their high surface areas, 
chemical stability, and electric conductivity. It is well known that the surface state of nano carbons 
strongly affects their performance as does the structural morphology at the nano scale. Thus 
analyzing and designing the surface and morphology are important issues for enhancing 
performance. My research subject is to develop useful techniques for preparing nano carbon 
materials 

Assistant Professor 
Takafumi Ishii

Surface chemistry of nano carbonsurface

Although platinum is the most common and active catalyst for proton exchange membrane fuel cells (PEMFC) to produce 
electricity, it is an extremely rare and expensive metal that is usually found only in parts of South Africa and Russia. This 
has hindered the spread of fuel cells, mainly because of unstable prices due to limited reserves and lack of political 
stability in the regions it is found.

That is why we are now focusing our research on technology using the element carbon. Carbon enables a significant cost 
reduction without any concern for resource depletion or unstable prices. Carbon atoms are almost limitless in nature and 
are found in abundance all over the planet. 

Gunma University has been researching carbon materials for 60 years. Carbon Alloy Catalysts are carbon based 
materials that have been developed at Gunma University after many years of research. 

Carbon Al loy Cata lysts  can be 
prepared by carbonizing mixtures of 
metal compounds and polymers. 
They also display high activity for 
oxygen reduction reaction, which is 
the cathode reaction of a PEMFC. 
Therefore the Carbon Alloy Catalysts 
a r e  n o w  e x p e c t e d  t o  r e p l a c e  
platinum as catalysts. Joint research 
with a chemical company is already 
under way to make this technology 
practical. 

International Research and
Education Center for Element Science



　

The Mayudama Plan

In Gunma University, the Mayudama Plan, which has a 
project period of three years, was adopted in FY2013 as 
a Program to Support the Activities of Female Research-
ers (General) under the authority of the Ministry of Edu-
cation, Culture, Sports, Science and Technology. The aim 
of the program is to realize a gender-equal society and 
support the major life events of female researchers, such 
as giving birth, raising children, and caring for family. 
Since then, various activities to promote the project have 
been vigorously carried out in each campus by the 
Gender Equality Office. The Gender Equality Office was 
established under the University President and plays a 
crucial role in the support of female researchers experi-
encing major life events by providing research support 

personnel, lifestyle support counseling, and various 
seminars that foster the advancement of research. These 
efforts have led to an increase in the ratio of female 
researchers, from 14.7% in FY2012 to 16.8% in FY2015. 
　Especially, in the School of Science and Technology, 
under the leadership of Dean Shinozuka, of the four new 
female researchers, one was also employed as a profes-
sor were employed in FY2014, doubling the ratio, which 
is regarded as a notable result. Also, activities in the 
School of Science and Technology, have included some 
unique events such as lunch meetings on special topics, 
a seminar to encourage female students to go to gradu-
ate school, and a special program for female high school 
students in the Open Campus event. 
As a part of the Mayudama plan, Mayudama spaces 
have been opened in each campus in response to requests to provide a central location with easy access to 
a variety of information not only for female researchers but also all members of the university. Consulting 
services provided by senior researchers (mentors), a professional coordinator, and a work-life balance 
advisor are available there. The space also offers related books and data for public viewing. There is a crib 

too. Furthermore, Mayudama lunch meetings and 
Mayudama café events have been held regularly for 
faculty members and students. Kiryu Mayudama place is 
a relaxation room on the 5th floor of the Sougo-kenkyu 
building open from 1:00 p.m. to 4:00 p.m. Monday to 
Friday. Work-life balance advisor Harumi Nakamura is 
available for consultation from 10:00 a.m. to 4:00 p.m. on 
the 1st, 3rd and 5th Thursday of every month, and on one 
of these days, the Mayudama café is held from 11:30 
a.m. to 1:00 p.m. 

The Gender Equality 
Promotion Activities



In 2013, the faculty instituted major reforms to meet the ever-changing demands of a modern technological society, and its seven 

existing departments were reorganized into four interdisciplinary departments. These departments offer students balanced 

educational programs of both basic science and advanced technology in interdisciplinary fields. Through this new system, we 

nurture engineers with a solid grounding in the natural sciences as well as a broad knowledge of modern technology.

Integrated Science and Technology



Toward understanding the biological function of 
carbohydrate through chemical synthesis

Professor  Ichiro Matsuo

The main research focus in Professor Matsuo s laboratory is carbohydrate 
chemistry. Carbohydrates play various biological roles such as cell-cell 
recognition, differentiation, malignant transformation, bacterial infection, 
and glycoprotein quality control. Our research group is 
working on synthesis of glycoconjugates (e.g. N-linked 
and O-linked glycoprotein glycans, glycolipids, and 
glycosylated natural products) and chemically modified 
glycans, with the aim of clarifying the biological roles of 
carbohydrates, developing diagnosis systems for 
carbohydrate-related disorders, performing functional 
analysis of glycosyltransferases  glycosidases, 
and developing glycosylated new materials. 

New functional bio-based plastics and clarifying the
biodegradation mechanism of plastics

Professor  Ken-ichi Kasuya

en-ichi asuya leads the Green Polymer research group 

at Gunma University. Research in his group focuses on the 

development of new functional bio-based plastics and 

clarifying the biodegradation mechanism of plastics. 

Recently his group has succeeded in synthesizing a 

fully bio-based plastic from a plant. In addition, 

he has been addressing the development of novel 

biodegradable plastics in order to solve 

profound problems caused by 

microplastics in the ocean.

Professor Shinozuka’s Laboratory, Gunma University Faculty of Engineering
At Professor Shinozuka s aboratory, I was plunged 
straight into advanced research in oligonucleotide 
chemistry. I am thoroughly enjoying my time here at 
the university and have come to love not only the 

university, but also the local people here in Gunma. 
The local  environment here is also extremely 
beautiful.
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Application of Fluid Mechanics, 
Cleaning of Semiconductor Wafers, 
Visualization and Measurement of Flow Behaviors

Professor  Ken i a ai

Fluid mechanics is a fundamental research field in mechanical 
science and technology with a wide range of applications, 
including the aircraft technology, car engineering, cleaning of 
electronics devices, and control of air pollution. 
Our laboratory studies a wide range of problems 
concerned with the cleaning process of 
semiconductor wafers based on experimental 
and modeling methods of fluid mechanics. 
We have also developed quantitative visualization 
and measurement techniques for fluid flows and 
some chemical substances. As application 
themes of fluid mechanics, we also study 
micro-bubble flow and liquid atomization 
phenomena.

Computing systems are playing important roles in our daily 
lives. SI chips implementing controlling and computing 
units are used for real-time processing operations. A cell 

phone, for example, has high performance not only for 
communication, but also for viewing video and photo 

operations. In our laboratory, we are trying to find new 
SI algorithms to implement high-speed computing

 and controlling systems.
Specifically, we present new methods for

 arithmetic operations using efficient number
 systems.

We also aim to develop and design SI 
chips for self-driving vehicles.

New Arithmetic Circuits and 
Signal Processing
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aily life in my laboratory is very busy, because we 
must organize everything from research planning to 
design, construction and operation of experimental 
setups and summarization of experimental results. ut, 
I like my laboratory life. That is because being busy 

also leads to my own growth. Whenever I failed and 
felt down, my supervisor and lab members always 
cheered me up. They also let me know give someone 
a fish and you feed them for a day  teach someone to 
fish and you feed them for a lifetime . 

Education program of environmental engineering science, graduate school of science and technology

Graduate Student  Sun Yan (China)



ssociate Professor  iro asa u ssociate Professor  a ashi Ito

Measurement technologies visualizing 
invisi le information
In medical diagnostics, various measurement technologies have been 
developed to look inside the human body non-invasively. One of the 
typical examples is -ray CT. These technologies commonly utilize 
image reconstruction algorithms, which estimate indirectly the inner 
image of the object under measurement by using the data directly 
observed and enable visualization of internal information that we  
cannot directly observe. Similar measurement technologies are widely 
needed not only in medical diagnostics but also in industry for 
nondestructive inspection. New measurement technologies adapted for 
individual purposes and applications are expected. In our laboratory, 
we are developing measurement technologies of this kind, such as 
electrical impedance CT for healthcare, which visualizes body fat 
distribution in the body 
from impedance data 
observed on the 
body surface. 

Rapid progress of high-speed image processing and image projection 
technologies is increasing demand for, high-speed, adaptive image 

acquisition and projection . Our laboratory proposes a new media 
technology named ynamic Image Control( IC) that refers to a technical 

concept of dynamic and adaptive control of image acquisition and or 
projection depending on the scene. IC requires optimization of all 

components of imaging and projection systems, including imagers, optics, 
and illumination. Thus, both devices and system application are studied in 

this laboratory. Envisaged application fields of IC are image industries 
such as film and advertising, medicine and biology requiring microscopic 

measurement, factory automation, 
and human-machine 

interfaces requiring 
comprehensible images. 

Producing ne t generation
media technolog

My current research is about developing and applying 
machine learning techniques for data analysis. ata 
obtained nowadays are not only big,  but also 
complex and unstructured  thus extracting knowledge 
from such data has become a difficult task. One of 
my interests includes data fusion, in which different 
data types are integrated in an effort to improve the 

accuracy of data analysis. Finding patterns and 
structures from big, complex data is now of particular 
i n t e r e s t  a m o n g  c o m p u t e r  s c i e n t i s t s  a n d  
mathematicians alike, and combining various data 
might lead us to new and exciting insights about data 
analysis. 

Graduate Student  Electronics and Computing  Rivero Rachelle Alvarez

Electronics and Inform
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Apartment 20,000 to
30,000 yen

Six tatami mats

Kitchen

With lavatory, 
shower and bath

Apartment Features Rent per Month

Private Housing
Rental apartment fees in Gunma are as follows:
Private apartments and lodging houses (as of 
April, 2013)

International
House

5,900 yen Single

11,900 yen Couple

14,200 yen Family

Room Fee Number of 
Rooms

Gunma University International House
The Gunma University International House is an 
international student residence facility located in 
Kiryu. Residency is limited to one year.

Keishin Dormitory
The Keishin Dormitory is next to Gunma 
University International House

33

2

1

A Type

B Type

25,000 yen

15,000 yen

Private kitchen, toilet, 
shower, and bath

Facilities Rent (Monthly)

Shared kitchen, toilet, 
shower, and bath
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Undergraduate
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