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【Purpose and Background of the Research】 
Chemical evolution in interstellar molecular clouds 
(MCs) is a key to understand the entire evolution of 
matter toward planetary system. Various species 
including organic molecules were found in MCs, 
indicating that chemical processes occur actively 
even under extreme conditions: e.g. low 
temperatures as low as 10 K. Surface reactions on 
interstellar dust are crucial in producing primordial 
species like H2, H2O and organic molecules. 
We have demonstrated that quantum phenomena, 
tunneling reaction and nuclear spin conversion 
(NSC) of molecules on dust, at the cryogenic 
temperatures play an important role in chemical 
evolution. In the present project, we will extend our 
research for better understanding chemical 
evolution, in which key elemental processes will be 
clarified quantitatively by experimental approach. 
 

【Research Methods】 
We target (1) molecular formation, (2) deuterium 
enrichment, and (3) nuclear spin conversion of 
molecules on the surfaces of various types of dust as 
shown in Figure 1. 

 
In ultra-high vacuum chambers, the dust surface 
analogues are produced, which are analyzed and 
evaluated by electron microscopes and an atomic 
force microscope. For the subjects on (1) and (2), 
infrared absorption spectroscopy, a 
resonance-enhanced multiphoton ionization method 
(REMPI), and high-resolution mass spectrometry 
will be adopted. For the subject on (3), a 
sum-frequency generation spectroscopy and the 
REMPI methods will be used. From the 

experiments, we will determine diffusion rates of 
atoms and radicals, surface reaction rates, and 
mechanism and rates for NSC of molecules on the 
various surfaces at low temperatures. 

 
【Expected Research Achievements and 

Scientific Significance】 
The results of experiments can greatly improve 
understanding chemical evolution. Especially, the 
information of silicate and carbonaceous surfaces 
is still highly desirable. 
Recent progress in astronomical observation 
enables us to know the existence of various species 
including complex organic molecules toward 
astronomical objects. Our project is timely and has 
a great impact on astronomy. The elementary 
processes on various solids, targeted in this project, 
also fascinate pure chemists and physicists. 
 

【Publications Relevant to the Project】 
・ T. Hama, N. Watanabe, “Surface Processes on 
Interstellar Amorphous Solid Water: Adsorption, 
Diffusion, Tunneling Reactions, and Nuclear Spin 
Conversion”, Chem. Rev. 113, 8783 (2013) 
 

【Term of Project】FY2017-2021 
 

【Budget Allocation】433,900 Thousand Yen 
 

【Homepage Address and Other Contact  
Information】 
http://www.lowtem.hokudai.ac.jp/astro/ 

Figure 1. Illustration for chemical evolution on dust. 
The dust materials and key processes are described. 

Figure 2. One of our experimental 
apparatus for the present project. 
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【Purpose and Background of the Research】 
We have been carrying out research on a new 
microscopy technology that enables (1) 
spectroscopy with femtosecond time resolution 
(optical pulse width) while (2) confirming the local 
structure and electronic state of a target with the 
atomic-level spatial resolution of scanning 
tunneling microscopy (STM). In this study, we will 
develop new microscopy technology that enables 
probing with the spatial resolution of STM with 
subcycle time resolution. This research is expected 
to lead to the development of a new scientific field. 
 

【Research Methods】 
In this study, we will realize a measurement 
method for clarifying the dynamics of subcycles 
with the resolution of STM. This will be achieved 
by introducing advanced quantum optics 
technology, such as the carrier envelope phase 
(CFP) technique, to directly control the phases of 
the electric field in pulses. The target local 
structure is selectively excited while monitoring 
the surrounding environment by STM because the 
electric field immediately below the STM probe is 
amplified about 106-fold. Therefore, a mechanism 
that enables the measurement of the dynamics of 
the local structure with subcycle time resolution 
while controlling the properties in the excited 
electric field can be realized through the use of the 
CFP control technique with monocycle pulses. 
 

【Expected Research Achievements and 
Scientific Significance】 

Figure 1 shows an example of the new microscopy 
using molecules as a target. In general ultrafast 
spectroscopy, the relaxation process after 
excitation is observed. In contrast, with our 
method, measurement with subcycle time 
resolution is carried out while controlling the 
properties of the target. Using the results obtained, 
molecular functions, which can be the basis for 
novel function, can be optimally obtained and are 
expected to lead to a wide range of applications. 
The targets of measurement include not only  

molecules but also carriers in semiconductor 
devices and the dynamics of phase transitions. 
Thus, the development of a new academic field is 
expected. 
 

【Publications Relevant to the Project】 
・ S. Yoshida et al., Probing ultrafast spin 

dynamics with optical pump-probe STM, Nature 
Nanotech. 9, 588-593 (2014), and refs. therein. 

・ K. Yoshioka et al., Real-space coherent 
manipulation of electrons in a single tunnel 
junction by single-cycle terahertz electric fields, 
Nature Photon., 10, 762-765 (2016). 

 
【Term of Project】FY2017-2021 
 

【Budget Allocation】453,600 Thousand Yen 
 

【Homepage Address and Other Contact  
Information】 
http://dora.bk.tsukuba.ac.jp/ 
hidemi@ims.tsukuba.ac.jp 
 
 

 
Fig. 1 Charge transfer and transition, as well as 
the molecular structure, in a single molecule are 
controlled with a monocycle external field and 
then measured and visualized by STM with 
subcycle time resolution. 
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couplings, turbulence localization 
【Purpose and Background of the Research】 
Plasma is ubiquitous, as it is said that visible 
matters of 99% in the universe are in plasma state. 
It is turbulence that determines the structure and 
dynamics of plasma. Particularly, the turbulence 
has been extensively studied in the research of 
magnetically confined plasmas aiming at nuclear 
fusion, since it is a key to determine the plasma 
properties. Thanks to these efforts, a new paradigm 
has been proposed recently, that is, the couplings 
between disparate scale fluctuations and structure 
produces a global scale correlation to determine 
plasma properties. The purpose of the project is, 
being based on the paradigm, to clarify the 
structural formation and function expression of 
turbulent plasmas.  
 
【Research Methods】 
In the project, a never-existing device, named 
plasma turbulence observatory (PLATO), is 
constructed to focus on the physics of turbulent 
plasmas and its understanding experimentally (see 
Fig.1). The device is the first device to measure the 
entire cross-sections of turbulent plasma with a 
spatial resolution of microscale of Lamor radius. 
The device makes it possible to investigate the 
reality of cross-scale couplings and turbulence 
localization, and finally to explore the principles of 
structural formation and function expression.  

 The plasma turbulence tomography, using 
plasma emissions, is the major diagnostic method 
that has shown the ability of turbulence 
measurement in a prototype installed on a linear 
cylindrical device in the previous project on 
grant-in-aid for scientific research (see Fig. 2).  

Moreover, in addition to the tomography, PLATO 
uses heavy ion beam probes (HIBP) and 
microwaves diagnostics with superior abilities in 
local and fine measurements. The HIBP ability 
of simultaneous detection of density, electric field, 
and magnetic field, is utilized, and turbulence 
studies are performed in the synthetic manner of 
these diagnostics.  

 
【Expected Research Achievements and  

Scientific Significance】 
Torus is a natural shape for magnetic field, and 
the studies of plasma in such magnetic field 
structure are important for understanding 
phenomena in nature and the universe, for 
example, solar tachocline, transport around 
accretion disk of a backhole, and so on. Moreover, 
it is a common subject for physics, chemistry, 
social science, etc., how fluctuations should govern 
the structural formation and function expression 
in a non-equilibrium system.  Finally, the project, 
pursuing the law of panta rhei, complementarily 
to research of elementary particles, has 
significance for physics of non-equilibrium that 
provides natural recognition and future 
technologies.  
 
【Publications Relevant to the Project】 
・A. Fujisawa, Nuclear Fusion 49 (2009) 013001. 
・A. Fujisawa, Y. Nagashima, S. Inagaki et al., Plasma 

Phys. Control. Fusion 58 (2016) 025005. 
 

【Term of Project】FY2017-2021 
 
【Budget Allocation】448,600 Thousand Yen 
 
【Homepage Address and Other Contact 

Information】 
http://tokusui.riam.kyushu-u.ac.jp/PLATO_project/ind
ex.html 
 

 
Fig.1 A conceptual view of PLATO 

Fig. 2. .Plasma emission and a fluctuation power spectrum 
obtained with the prototype of plasma tomography on a linear 
device
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innovative mass spectrograph 

Michiharu Wada 
(High Energy Accelerator Research Organization, Institute of 
Particle and Nuclear Studies, Professor) 

Research Project Number：17H06090 Researcher Number：50240560 
Research Area：Nuclear Physics 
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【Purpose and Background of the Research】 
The atomic mass is always slightly less than the 
sum of the masses of the individual constituents of 
protons, neutrons and electrons. This mass defect is 
representative of the total binding energy of the 
atom, which is the most fundamental property of an 
atom. Systematic comparisons of the atomic masses 
can indicate nuclear structure and key information 
for the origin of heavy elements, such as gold and 
uranium. The rapid neutron capture process 
(r-process) in explosive stellar events is considered 
to be the origin of such heavy elements.  
Experimental mass values of nuclei contributing 
the r-process are in high demand.  However, such 
nuclei being very neutron-rich and short-lived 
hindered such measurements until recently. 
Superheavy elements (SHE) can be a terminus of 
the r-process. Recently, new elements (Nh, Mc, Fl, 
Ts, Og) were named. However, the experimental 
data of SHE are extremely limited. Precise masses 
of SHE can be fingerprints for robust identification 
of Z as well as A.  Furthermore, the mass values 
are indispensable data toward synthesis of nuclei in 
the “island of stability”.   
We will perform comprehensive mass 
measurements of medium-heavy nuclei and SHE 
using novel mass spectrographs and universal 
low-energy RI-beam facilities for studying the 
origin of heavy elements.  
 

【Research Methods】 
RIKEN RIBF has three major devices for RI-beam 
production: GARIS for SHE, KISS for specific 
neutron-rich nuclei and BigRIPS+SLOWRI for 
universal RI-beams. RF ion guide gas catchers 
thermalize various ion beams from these devices 
and accumulate RI ions in ion traps, and the 
bunched ions are injected into a multireflection 
time-of-flight mass spectrograph (MRTOF-MS). 
The MRTOF-MS consists of a pair of electrostatic 
ion mirrors between which ions go back and forth a 
few hundred times. The mirror potentials are tuned 
to be energy isochronous and to provide a mass 
resolving power of 200,000 within a few milliseond 
measurement duration.  The mass spectrograph 
can simultaneously measure isobar chains of 

multiple mass numbers. We developed a novel 
method to provide isobaric reference ions to 
guarantees high accuracy and high precision and 
demonstrated it for mass measurements of rare 
elements, such as Es, Md and No isotopes and for 
very short-lived nuclei such as 219Ra (T1/2 = 10 ms) 
with a prototype setup at GARIS.   
 

【Expected Research Achievements and 
Scientific Significance】 

The combination of the world class RI-beam 
facility and novel gas catchers and mass 
spectrographs is a unique setup. Several hundred 
new masses of medium-heavy nuclei and SHE will 
be measured in this project, which will advance the 
study of the origin of heavy elements. Precise 
masses of SHE will clearly identify the “hot-fusion” 
SHE and determine a way to the island of stability. 
 

【Publications Relevant to the Project】 
・P. Schury et al., Phys. Rev. C95 (2017) 11305(R) 
・S. Kimura et al., arXiv:1706.00186 (2017) 
・M. Wada, Nucl. Inst. Meth. B317 (2014) 450 
 

【Term of Project】FY2017-2021 
 
【Budget Allocation】427,100 Thousand Yen 
 
【Homepage Address and Other Contact  

Information】 
http:// research.kek.jp/group/wnsc/ 
michiharu.wada@kek.jp 

Fig. 1 ToF spectrum of A=204, 205 isobars
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Involving Molecular Activation as a Key Step 

Naoto Chatani  
(Osaka University, Graduate School of Engineering, Professor) 

Research Project Number：17H06091  Researcher Number：30171953 
Research Area：Chemistry 
Keyword：Synthetic Chemistry 

【Purpose and Background of the Research】 
Organic molecules contain a variety of chemical 
bonds. Organic synthesis involves the cleavage of a 
chemical bond and the formation of a new one. 
However, currently, not all of the chemical bonds in 
organic molecules can be used in organic synthesis. 
Only reactive and readily available chemical bonds, 
which are also referred to as functional groups, 
have been used in organic synthesis. Thus, organic 
synthesis depends heavily on the reactivity of 
chemical bonds. To enable highly efficient synthesis 
for the evolution of organic chemistry in the 21st 
century, developing novel methodologies for 
activating rather stable and strong chemical bonds 
that have been rarely used in organic synthesis, has 
become an essential aspect in this field of endeavor. 
This would streamline the processes of catalytic 
transformation and minimize waste byproducts.  
 

【Research Methods】 
One of the typical unreactive bonds is the C-H bond. 
Although the functionalization of C-H bonds has 
been extensively studied, some problems that 
require solutions still remain. Among these are the 
lack of reaction patterns and the fact that the 
reactivity and regioselectivity of many reactions 
cannot be achieved without the use of a directing 
group. The major focus of this project involves the 
rapid development of epoch-making catalytic 
molecular transformations involving new 
methodologies for the activation of unreactive 
chemical bonds, such as C-H, C-C, C-O, C-N and 
C-F, bonds. 
 
 
 

 
 
 
 

 
Straightforward, Highly Effective, and Safty Synthesis from 
Simple and Inexpensive Materials Based on Bond Activation 

 

【Expected Research Achievements and 
Scientific Significance】 

If so-called unreactive chemical bonds were to be 
used directly in organic synthesis, it would provide 
new possibilities for developing new and 
straightforward synthetic methodologies based on 
molecular or bond activation. This would 
encourage many research groups to participate in 
this exciting and promising research field, which 
would permit it to expand and attract more and 
more attention. The creation of new methodologies 
would be expected to contribute to a diversity of 
organic synthesis.  
In particular, a new system of C-H 
functionalization involving the activation of 
C(sp3)-H bonds without any specific directing 
groups, which is the most challenging issue we face 
today, will be developed.  
 

【Publications Relevant to the Project】 
・Nickel-Catalyzed Direct Arylation of C(sp3)-H 

Bonds in Aliphatic Amides via Bidentate- 
Chelation Assistance, Y. Aihara and N. Chatani, 
J. Am. Chem. Soc., 136 (3), 898-901 (2014). 

・M. Tobisu, T. Takahira, T. Morioka, and N. 
Chatani, Nickel-Catalyzed Alkylative Cross- 
Coupling of Anisoles with Grignard Reagents 
via C-O Bond Activation, J. Am. Chem. Soc., 138 
(21), 6711-6714 (2016). 

・T. Morioka, A. Nishizawa, T. Furukawa, M. 
Tobisu, and N. Chatani, Nickel-Mediated 
Decarbonylation of Simple Unstrained Ketones 
through the Cleavage of Carbon-Carbon Bonds, 
J. Am. Chem. Soc., 139 (4), 1416-1419 (2017). 

 
【Term of Project】FY2017-2021 
 

【Budget Allocation】427,300 Thousand Yen 
 

【Homepage Address and Other Contact  
Information】 

http://www.chem.eng.osaka-u.ac.jp/~chatani-lab/  
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 Title of Project： Revolution of Synthetic Technologies by Deeping C-H 
Activation Chemistry 

Masahiro Miura  
(Osaka University, Graduate School of Engineering, Professor) 

Research Project Number：17H06092 Researcher Number：20183626 
Research Area：Organic Synthesis 
Keyword：Carbon-Hydrogen Bond Activation, Cross-Coupling, Organic Functional Materials 

【Purpose and Background of the Research】 
   The chemistry of catalytic C-H bond activation 
has recently been one of the most significant 
subjects in the area of organic synthesis, as it may 
lead to new effective molecular transformation 
reactions. In this research project, we aim at 
contributing to establish the chemistry field, so that 
it is applicable to be the truly useful synthetic 
technology in the development of new organic 
materials. To this end, the following issues are 
involved in the research work; (1) development of 
conceptually new catalytic systems for C-H bond 
activation and their utilization in challenging 
molecular transformations such as the 
functionalization of simple aromatic compounds 
without bearing any directing group, (2) creation of 
new functional molecules based on the development 
of new, practical direct cross-coupling methods, and 
(3) elucidation of the mechanism of C-H bond 
functionalization reactions. 
 

【Research Methods】 
To accomplish the above objectives, we subject the 
following research items (1) to (3). 
   (1) Development of metal-oxidant cooperative 
catalysts for direct oxidative coupling of simple 
aromatic compounds: The metal-oxidant 
cooperative catalyst systems are rationally 
designed by using flexible and multidentate ligands 
and applied to challenging molecular 
transformations such as the direct coupling of 
simple and unfunctionalized aromatic compounds 
including mother benzene and pyridine skeletons. 
   (2) Synthesis and application of novel organic 
functional materials based on highly condensed 
planar and non-planar aromatic compounds: The 
highly condensed planar and non-planar aromatic 
compounds are synthesized by using the originally 
developed catalytic C-H coupling reactions. The 
planar molecules can be applied to organic 
semiconductors and organic light-emitting diodes, 
while circularly polarized luminescence materials 
are obtained based on the non-planar chiral 
aromatic compounds. 
 

   (3) Establishment of mechanism of C-H 
activation through organometallic chemistry, 
coordination chemistry, and computational 
chemistry: Detailed experimental and theoretical 
mechanistic investigations are carried out, 
particularly for the clarification of C-H activation 
mechanism in the catalysis of first- and second-row 
transition metals such as copper and rhodium. 
Also, new catalyst systems are designed by the 
feedback of the mechanistic studies. 
 

【Expected Research Achievements and 
Scientific Significance】 

As described above, this project aims at 
contributing to create the true value of catalytic 
C-H bond activation chemistry by developing new 
catalytic systems for enabling challenging and 
useful transformations along with elucidation of 
the reaction mechanisms and their application to 
the construction of high performance organic 
materials. Thus, this work may provide new 
reliable and practical strategies for organic 
synthesis. It is also expected to contribute to 
establishment of the sustainable human society 
through the revolution of chemical synthesis. 
 

【Publications Relevant to the Project】 
・ Development of Direct Aromatic Coupling 

Reactions by Transition Metal Catalysis, M. 
Miura, T. Satoh, K. Hirano, Bull. Chem. Soc. 
Jpn. 2014, 87, 751-764. 

・Recent Advances in Copper-Mediated Direct 
Biaryl Coupling, K. Hirano, M. Miura, Chem. 
Lett. 2015, 44, 868-873.  

 
【Term of Project】FY2017-2021 
 

【Budget Allocation】388,800 Thousand Yen 
 

【Homepage Address and Other Contact  
Information】 
http://www.chem.eng.osaka-u.ac.jp/~miura-lab 
miura@chem.eng.osaka-u.ac.jp 
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 Title of Project： Spintronics-Based Hardware Paradigm for Artificial 
Intelligence 

Hideo Ohno  
(Tohoku University, Research Institute of Electrical  
Communication, Professor) 

Research Project Number：17H06093 Researcher Number：00152215 
Research Area：Engineering 
Keyword：Spintronics, Electron device/Integrated circuits 

【Purpose and Background of the Research】 
Owing to tremendous progresses of CMOS 
integrated-circuit hardware and artificial 
intelligence (AI) software, it has become possible for 
computers to execute complex tasks that had been 
difficult before. However, the current software 
based AIs require huge computer resources, power 
supply, and accessibility to big data, posing an 
obstacle for spreading of AIs to various fields. To 
apply the AI schemes to broad applications in 
society, it is indispensable to develop compact-size, 
low-power, and autonomous AI hardware, or edge 
AI, which can be realized by employing nonvolatile 
digital as well as analog devices in CMOS 
architecture. Spintronics devices are a promising 
candidate for this purpose due to their nonvolatility, 
capability of high-speed operation, and infinite 
read/write endurance. Based on these backgrounds, 
this project aims to establish the spintronics-based 
edge AI hardware paradigm by integrating 
nonvolatile spintronics devices and CMOS (Fig. 1). 

 
【Research Methods】 

To establish the AI hardware paradigm using 
spintronics, this project will demonstrate 
integrated circuits with nonvolatile spintronics 
devices as AI hardware. In addition, physics and 
material science behind the analog nature and 

stochastic behavior of spin systems will be 
deepened to aim at realizing spintronics devices 
used for AIs. Design methodologies of spintronics 
based integrated circuits that maximize the new 
aspect of spintronics devices will be also 
established. This project will be conducted with the 
following three teams: (1) R&D on spintronics 
devices for AI computing hardware, (2) realization 
of Neumann type AI computing hardware, and (3) 
realization of non-Neumann type AI computing 
hardware. 
 

【Expected Research Achievements and 
Scientific Significance】 

Construction of new paradigm based on a fusion of 
spintronics and CMOS for AI should lead to an 
establishment of a new platform for whole AI as 
well as other related areas. Also, the AI chips 
developed here should provide a concept of edge 
computing hardware, which is highly demanded in 
recent IoT societies. 
 

【Publications Relevant to the Project】 
- S. Fukami, C. Zhang, S. DuttaGupta, A. 

Kurenkov, and H. Ohno, “Magnetization 
switching by spin-orbit torque in an 
antiferromagnet-ferromagnet bilayer system,” 
Nature Materials, vol. 15, pp. 535-541 (2016). 

- W. A. Borders, H. Akima, S. Fukami, S. Moriya, 
S. Kurihara, Y. Horio, S. Sato, and H. Ohno, 
“Analogue spin-orbit torque device for 
artificial-neural-network-based associative 
memory operation,” Applied Physics Express, 
vol. 10, 013007 (2017). 
 

【Term of Project】FY2017-2021 
 

【Budget Allocation】447,300 Thousand Yen 
 

【Homepage Address and Other Contact  
Information】 
http:// www.ohno.riec.tohoku.ac.jp/ 
ohno@riec.tohoku.ac.jp 

Figure 1 Background and aim of this research 
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 Title of Project： Atom-by-atom imaging of ion dynamics in 
nano-structures for materials innovation 

Yuichi Ikuhara  
(The University of Tokyo, School of Engineering, Professor) 

Research Project Number：17H06094 Researcher Number：70192474 
Research Area：Engineering 
Keyword：Atomic/electronic structure characterization 

【Purpose and Background of the Research】 
It is well known that nano-structures such as 
interfaces, surfaces, dislocations and point defects 
crucially determine the macroscopic properties of 
materials and devices. Thus, it is important to 
fundamentally understand the relationships 
between nano-structures and their properties, in 
order to create better and/or novel property 
materials and devices. Through advances in 
aberration correction technology over the last 
decade, scanning transmission electron 
microscopy (STEM) has achieved sub-0.5Å spatial 
resolution and it has become possible to directly 
characterize nano-structures inside materials at 
atomic dimensions. However, the above 
atomic-resolution imaging methods are currently 
limited to image nano-structures in a stationary 
manner. To fundamentally and thoroughly 
understand the relationship between 
nano-structures and their properties, it is needed 
to observe nano-structures dynamically, i.e. when 
they actually exhibit their functional properties. 
In particular, atom and ion dynamics around 
nano-structures will be the key to understand the 
properties of many materials and devices. 
However, it is still a major challenge to realize 
atomic-scale dynamic observations of 
nano-structures inside materials under working 
conditions. 

 
【Research Methods】 

In this project, we divide our research plan into 
three main parts. The first part is the development 
of direct and dynamic imaging techniques of atoms 

and ions inside materials based on 
aberration-corrected STEM. The second part is 
the application of the newly developed 
atomic-resolution dynamic imaging techniques to 
actual materials science and engineering 
problems. In the third part, we develop better and 
novel property materials based on the design and 
control of local atom and ion dynamics around 
nano-structures. 
 

【Expected Research Achievements and 
Scientific Significance】 

We plan to develop our atom-resolved imaging 
techniques based on STEM to be capable of 
directly imaging atom and ion dynamics of 
nano-structures under working conditions. This 
development should have tremendous impact in 
both academia and industry – directly visualizing 
atom and ion dynamics while materials and 
devices exhibit their functional properties will 
offer a new stage to fundamentally understand 
the relationships between nano-structure and 
functional properties.  
 

【Publications Relevant to the Project】 
1. N. Shibata, S. D. Findlay, Y. Kohno, H. 

Sawada, Y. Kondo, Y. Ikuhara, “Differential 
Phase-contrast Microscopy at Atomic 
Resolution”, Nature Phys. 8, 611 615 (2012). 

2. S. Kondo, T. Mitsuma, N. Shibata, Y. Ikuhara, 
“Direct observation of individual dislocation 
interaction processes with grain boundaries”, 
Sci. Adv. 2, e1501926-1-7 (2016). 

 
【Term of Project】FY2017-2021 
 

【Budget Allocation】454,000 Thousand Yen 
 

【Homepage Address and Other Contact  
Information】 
http://interface.t.u-tokyo.ac.jp/english 
ikuhara@sigma.t.u-tokyo.ac.jp 

Figure 1 Project overview 
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