
ocket engines are used in rockets for transporting people 
and goods into space and in various other applications. 

Sounding rockets conduct observations and experiments while 
flying ballistically over the Earth, and thrusters are used for space 
probes that navigate through space. Hybrid rockets, which use 
hydrocarbon-based polymer materials as solid fuel, are being 
researched and developed worldwide as a safe and low-cost 
replacement for conventional rocket systems. My research field is 
the combustion of the solid fuels used in hybrid rockets, and my 
research is aimed at elucidating the combustion mechanism of 
hydrocarbon fuels that burn in the extreme environments with 
high temperature and high pressure inside rocket engines. Just as 
ice changes to water and then to steam when heated, solid fuels 
derived from polymeric materials undergo a phase change and 
pyrolysis when burned. To elucidate each phenomenon, we are 
conducting research using knowledge from various fields such as 
analytical chemistry and combustion engineering.

Hybrid rockets using hydrocarbon-based polymeric materials as 
solid fuel undergo a phase change and pyrolysis phenomena on 
the burning surface.

https://ds.cc.yamaguchi-u.ac.jp/~w3nainen/
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ontrol is an engineering art which not only serves for
modern, high quality manufacturing but also enables human

and machine to collaborate in a better fashion. Together with the
recent developments of computing technology, now control can
be deployed almost everywhere we wish to, and we aim to fully
utilize it to establish a highly sophisticated relationship between
humans and machines. Our research activities in this field include
1) development of a powered exoskeleton working in phase
with human motion, 2) biorhythmic signal analysis for system
integration, and 3) development of a human machine interface
using an out-of-head sound localization and binaural robotic
audition system.
We also put our continuous efforts into the development of 
control technologies that include 4) modeling and compensation 
of rate-dependent hysteresis of a piezo-ceramic actuator and 
5) motion control of a bicycle. Control technology, together with 
ubiquitous computing power, accelerates the integration and 
improvement of systems, and we are interested in the 
implementation of system technologies to improve everyday life.

The 2nd prototype of our powered exoskeleton driven by McKibben
artificial muscle

http://ds0n.cc.yamaguchi-u.ac.jp/~ctrl_lab/
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his research is interested in one question: what factors make 
someone a creative designer? One conceivable factor is 

whether the person knows the actual processes involved in creating 
new value, because challenging design is interesting for many 
people. In order to realize new value, prototyping is effective 
because there are a huge number of problems, difficulties, and 
competitors in the world. More and higher quality prototypes reduce 
problem solving costs down the road and manpower to acquire 
feedback from customers, and allow for design concept 
improvement. 
The figure shows a hypothesis for prototyping processes in this 
research. The left side shows a support process, performed by 
computer. System prototypes, which include software, sensors, and 
controlling logics, are assisted by computational definition 
methodologies and checking algorithms. A prototype which includes 
multidisciplinary physical phenomena such as mechanical dynamics 
and electrical / hydraulic system is simulated computationally. Real 
prototyping processes are assisted by these computational support 
methodologies. These processes include marketing, functional 
design, evaluation and optimization, and business planning. The 
innovative process intermediates mechanical engineering field and 
MOT (Management of Technology) field. 

Prototyping process and computational support methodology for 
innovation from marketing to business planning. 

https://researchmap.jp/7000021824
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ental development is diversified over a lifetime through 
varying environmental processes, the mechanisms of which 

may be understood and supported by improving the internet of 
things technology for our own arbitrary self-management.  To 
achieve application to novel functions such as 
psycho-developmental diagnosis and mental intervention in our 
social lives, we need a meta-field networking under the basic 
considerations of neurobiological psychiatry and engineering. 
This study aims to organize multiple scientific fields in real 
human lives, from babies to adults and the elderly, for the 
purpose of human brain evolution. To compare or understand in 
different species, generations or situational states, the common 
metaphase communication tools were crucial for the inclusive 
analyses. The expression of mental modulation should be 
described by certain quantic and multiple correlations using 
computing methodology. Moreover, the acquisition tools should 
satisfy a stress-free function that usually corresponds to 
stressfulness in analyzers. We therefore develop demanding 
points for realizing innovative life technology with interactive 
perspectives in the thermal physics, space and information 
sciences, cognitive and genetic biology and social sciences, which 
will actually create our next generation.  

The Internet of Things (IoT) realizes human mental and 
physical evolution based on diverse / integrated sciences.
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Ph.D., 2005, Tokyo University of 
Agriculture and Technology 
Bachelor of Musical Performance (Piano) 

KOSHIBA Mamiko, Ph.D.

M

Psycho-Social Multi-Engineering for IoT in Neuroscience, 
Education, and Clinical Biology, from Infants to the Elderly







pray combustion is widely utilized in combustors with 
liquid fuels such as aircraft jet engines and diesel engines. 

The spray is a group of numerous fine fuel droplets. In order to 
realize more stable and efficient combustion of liquid fuels, we 
have to better understand the behavior of fuel droplets in the 
turbulent flow field, the interaction between fuel droplets during 
combustion, and the interaction between fuel droplets and 
chemical reactions.
   My research group has elucidated mechanisms of spray 
combustion from fundamental aspects using microgravity 
environments aboard the International Space Station and in a drop 
facility and original model burners as shown in the figure at right. 
We have also studied liquid fuel atomization for jet engines and 
combustion/noise characteristics improvement in diesel 
engines. We recently developed a unique technique to realize 
spray combustion inside a tube of a few millimeters in diameter. 
Such a liquid-fueled microcombustor could supply much higher 
energy to portable devices than lithium-ion batteries. Maybe your 
future cell phone will use spray combustion!!

A model burner with fuel spray in counterflow to elucidate the 
spray combustion mechanism

https://ds.cc.yamaguchi-u.ac.jp/~w3nainen/index_en.html
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ur research interest is in nanosystems using integration of
Micro Electro Mechanical Systems (MEMS) and motor

proteins.
A motor protein, kinesin, plays key roles in intracellular transport
by moving on a cytoskeleton—microtubules, specifically—in
vivo. Reconstructed in vitro systems have been studied because
kinesin-microtubule systems act as nano-scale actuators due to
their size (several dozen nanometers). A gliding assay system, in
which microtubule is propelled by kinesin coated on a substrate,
has been widely used in vitro for nano-scale applications. One
challenging factor concerning gliding assay systems is controlling
the velocity of gliding microtubules as their velocity is constant
without external factors.
Research now underway in our laboratory is focused on 
controlling the velocity of microtubules using a micro device. 
The device is fabricated using MEMS techniques such as 
photolithography,etching, and replica molding. A major method 
in experiments for proteins is fluorescent observation using an 
optical microscopy.
We also leverage numerical analysis to understand the physics
observed in experiments.

Our research concept

http://mems.mech.yamaguchi-u.ac.jp/
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he smallest unit of life is the cell. Cells possess numerous 
molecular-scale structures, such as the cytoskeleton, which 

serves as the "pillars," and the cell membrane, which acts as the 
"walls" and "windows." These structures maintain the shape and 
function of the cell. In recent years, advancements in cell 
engineering and medical technologies have enabled the 
application of external forces to cells to moderately disrupt their 
structures, facilitating the action of drugs on the cells or inhibiting 
the function of tumor cells. However, the cytoskeleton and cell 
membrane are very small structures at the nanometer scale, 
making it difficult to observe the process of their disruption with 
sufficient temporal and spatial resolution. Consequently, much 
remains unknown about what actually occurs during these 
processes. In this study, by using molecular simulation 
techniques, such as molecular dynamics simulations, which 
reproduce the structure and dynamics of cell membranes and 
other components as assemblies of atoms and molecules, I aim to 
elucidate these destruction phenomena at the molecular level.

ocket engines are used in rockets for transporting people 
and goods into space and in various other applications. 

Sounding rockets conduct observations and experiments while 
flying ballistically over the Earth, and thrusters are used for space 
probes that navigate through space. Hybrid rockets, which use 
hydrocarbon-based polymer materials as solid fuel, are being 
researched and developed worldwide as a safe and low-cost 
replacement for conventional rocket systems. My research field is 
the combustion of the solid fuels used in hybrid rockets, and my 
research is aimed at elucidating the combustion mechanism of 
hydrocarbon fuels that burn in the extreme environments with 
high temperature and high pressure inside rocket engines. Just as 
ice changes to water and then to steam when heated, solid fuels 
derived from polymeric materials undergo a phase change and 
pyrolysis when burned. To elucidate each phenomenon, we are 
conducting research using knowledge from various fields such as 
analytical chemistry and combustion engineering.

Molecular dynamics simulation of stretched phospholipid bilayer 
with a pore.
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n order to solve global warming, "carbon-neutral fuel" 
which does not emit greenhouse gases such as CO2 needs to 

become widespread. Hydrogen has received the most attention. 
However, electrical energy must be consumed to obtain it. This is 
because most of the hydrogen on the earth exists as compounds 
such as water and oil, so it is necessary to decompose them in 
order to obtain pure hydrogen that can be used as fuel. In other 
words, since energy is consumed to obtain fuel (hydrogen), "how 
much hydrogen can be recovered using less electrical energy (= 
energy efficiency)" is important. The "hydrogen production 
method using plasma" I’ m researching could be 2 to 5 times 
more energy efficient than those currently in use, such as water 
electrolysis and natural gas steam reforming. Previous research 
has found that to improve energy efficiency, the following two 
points must be improved: (1) concentrating the plasma energy 
into the hydrogen production reaction rather than heat diffusion to 
the surroundings, (2) stabilizing the plasma. Therefore, aiming to 
realize high-efficiency hydrogen production, I’ m researching 
solutions to these problems.

A photo of producing hydrogen with plasma. A plasma is 
generated in methanol, which decomposes to produce hydrogen.
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y research focus is on machinery and systems related to 
energy, grounded in thermal energy engineering, and 

flow-induced vibration. Current topics include combustion 
oscillation for hydrogen-containing fuel, the automated design of 
plant piping, energy supply and demand in hospital buildings 
during power outages, and automotive turbochargers, involving 
modeling, experiments, and simulations.
Hydrogen, in particular, is gaining attention as a clean energy 
source because it does not emit carbon dioxide when burned. 
Since thermal power plants consume large amounts of fuel, there 
is ongoing development to replace fossil fuels (like natural gas) 
with hydrogen. However, when hydrogen is used as fuel, 
combustion oscillations are more likely to occur, which can 
decrease the efficiency of gas turbines and cause damage. 
Combustion oscillations are a phenomenon caused by the 
interaction between combustion and sound waves, they are 
complex and still need to be fully understood. My research aims 
to elucidate the mechanisms of combustion oscillations and 
develop effective control methods. This research will enable the 
safe and efficient use of hydrogen energy, contributing to 
realizing a sustainable society.

The combustion of hydrogen-natural gas blended fuel. Top to 
bottom: direct photograph, simulation results (temperature 
distribution, streamlines)
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echanical systems like cars and airplanes, which enhance 
our lives, are becoming increasingly complex. This 

complexity has brought the optimal design problem for such 
systems to the forefront of interest. My research approaches the 
optimal design problem from two perspectives: geometric 
parameter design and controller design, both of which are known 
to interact and shape system performance. I am developing a 
method to optimize these parameters simultaneously. 
The core idea is to use an efficient cost function that evaluates 
system performance. The figure (a) illustrates an example of 
optimizing a multirotor-type aerial vehicle using the Domain of 
Attraction (DOA) as the cost function. Since the DOA represents 
a stable region around the system’s equilibrium point, the 
optimized multirotor can handle disturbances more effectively 
compared to the original vehicle.
Additionally, I study space technologies, including spacecraft 
trajectory optimization and the orbital dynamics of the 
three-body problem. The figure (b) shows an example of putting 
an asteroid that approaches Earth into a gravitationally captured 
orbit around Earth. While not immediate outcomes, potential 
future contributions of my research include asteroid resource 
extraction, planetary defense, and more.

(a) Simultaneous optimization of geometric parameters and 
controller for an aerial vehicle; (b) placing an asteroid into an 
Earth-bound orbit through gravitational capture.
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