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Shape identification of cavity in structures 

using thermal testing data 

based on adjoint variable and finite element methods 

Kotaro Maruoka, Takahiko Kurahashi, Tetsuro Iyama 

Nagaoka University of Technology, Nagaoka, Japan 940-2188, s133075@stn.nagaokaut.ac.jp 

In recent years, numerical simulations on shape identification are frequently carried out, and a 

lot of examinations are performed for various physical problems [1], [2]. In this study, we present 

the shape identification of cavity in structures using the thermal testing data based on the adjoint 

variable and the finite element methods. In case of thermal testing, the position of the defect is 

found by thermal image. However, the size and the shape of the defect can’t be measured by the 

thermal image. Therefore, we develop a method that the shape of the defect is identified using the 

temperature measurement data on structure surface based on the adjoint variable and finite 

element methods. In this study, a structure with cavity is made by 3D printer, and the numerical 

simulation of shape identification is carried out for the known cavity shape problem. The 

experimental apparatus and the example of finite element mesh are shown in Figures 1 and 2. 

Figure 1, Experimental apparatus Figure 2, Example of finite element mesh 

REFERENCES 

[1] K. Shintani, H. Azegami, Bead shape optimization in frequency response problem, JSIAM 

Letters, 8 (2016) 13-16. 

[2] T.Kurahashi and H.Oshita, Evaluation of 3D Reinforcement Corrosion Shape in Concrete 

Based on Observed Temperature on Concrete Surface, Int.J.Comput.Sci.，4，4 (2010) 340-351. 
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Optical design of high/low concentration hybrid concentrator photovoltaic module 
maximizing solar energy conversion 

Masakazu Nakatani 1, 2, Noboru Yamada 2 

1 Sun Marion Co., Ltd., Nagaoka, Japan 940-2022, nakatani@sun-marion.com 
2 Nagaoka University of Technology, Nagaoka, Japan 940-2188 

Concentrator photovoltaic (CPV) is a photovoltaic technology to realize the highest 
conversion efficiency from sunlight to electricity. A high concentration CPV module can achieve 
36% efficiency for direct solar radiation [1]. However, high concentration CPV module cannot 
utilize diffuse solar radiation because of narrow acceptance angle of the concentrating optics. 
Hence, it is generally not cost-effective for middle and low DNI (direct normal irradiation) regions. 
To solve this issue, one of the authors have introduced and experimentally demonstrated a hybrid 
concentrator photovoltaic design called as CPV+ module [2]. In the CPV+ module, as shown in 
Fig. 1, the low cost solar cell captures diffuse solar radiation penetrating the concentrator lens, 
whereas the multi-junction cell captures concentrated direct solar radiation.  

In this study, we designed a high/low concentration CPV + module in order to reduce the use 
of the low cost solar cell. Low concentration optics was integrated into CPV+ concept to 
concentrate the diffuse solar radiation to the low cost solar cell. Ray-tracing simulation result 
shows that the integrated low concentration optics can concentrate approximately 80% of the 
incident diffuse radiation to the low cost solar cell. Further results and discussions will be 
presented at the conference. 

Figure 1. Conceptual schematic diagram of CPV+ module 
REFERENCES 
[1] Steiner M, Bösch A, Dilger A, Dimroth F, Dörsam T, Muller M, et al. "FLATCON® CPV 

module with 36.7% efficiency equipped with four‐junction solar cells." Progress in 
Photovoltaics: Research and Applications 23.10 (2015): 1323-1329. 

[2] Yamada N, and Daiki H. "Maximization of conversion efficiency based on global normal irradiance 

using hybrid concentrator photovoltaic architecture." Progress in Photovoltaics: Research and 

Applications (2016) DOI: 10.1002/pip.2765. 
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Feasibility study of concentrator photovoltaic module 
with built-in tracking mechanism 

Atsushi Ito1, Masaaki Baba 2, Daisuke Sato2, Noboru Yamada1 

1 Department of Mechanical Engineering, Nagaoka University of Technology, 
Nagaoka, Japan, 940-2188 

2 Department of Energy and Environment Science, Nagaoka University of Technology, 
Nagaoka, Japan, 940-2188 

Improvement of the cost-effectiveness of high efficiency photovoltaic system is an urgent issue 
to mitigate environmental and energy problems. Concentrator photovoltaic (CPV) system, which 
consists of a high efficiency solar cell such as III-V multi-junction cell and a lens concentrating 
sunlight to the high efficiency solar cell, is cost-effective relative to the other photovoltaic systems 
in the region of rich direct solar radiation[1]. However, the conventional CPV system needs expensive 
dual-axis solar tracker to keep the module aperture precisely facing to the sun. Moreover, the 
conventional CPV system generally needs large installation land to avoid shading among adjacent 
systems, which limits the system integration in urban areas or on rooftops due to their unwieldy 
system configuration. To solve this issue, we attempted to develop a compact tracking mechanism 
that can be built in the CPV module (Built-in tracking CPV module). Figure 1 shows the concept of 
the built-in tracking CPV module. The tracking mechanism is installed inside of the module frame 
which holds the lens array. This CPV module need not to be mounted on the conventional solar 
tracker. Therefore, the built-in tracking CPV module requires smaller installation area than the 
conventional one. The built-in tracking mechanism must be compact and inexpensive. 

In this study, we designed the built-in 
tracking CPV module and simulated the optical 
efficiency and focal point of the designed 
modules. The annual optical efficiency of the 
designed module was calculated based on annual 
solar radiation data in Tokyo, Japan, (tilt angle = 
40˚, facing south). The simulation result shows 
that the designed built-in tracking CPV module 
can collect 72.3% of the annual direct normal 
irradiance to the solar cell. 

REFERENCES 
[1] Simon P. Philipps, et al., Current status of concentrator photovoltaic (CPV) technology, National 
Renewable Energy Laboratory NREL, (2016) 
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 Fig 1. Concept of built-in tracking CPV module
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EFFECTS OF LEWIS NUMBER AND UNBURNED-GAS TEMPERATURE ON 

CELLULAR INSTABILITIES OF PREMIXED FLAMES: NUMERICAL 

CALCULATIONS BASED ON THE COMPRESSIBLE NAVIER-STOKES 

EQUATION 

Thwe Thwe Aung and Satoshi Kadowaki 

Nagaoka University of Technology, Nagaoka, Japan 940-2188, aung@mech.nagaokaut.ac.jp 

The increase of world population is demanding the more energy in transportation, 

industries, heating and power generation.  More than 80% of fossil fuel contribution in primary 

energy production is warning us to take awareness for climate change and global warming 

because of the emissions of carbon dioxide, nitrogen oxide, carbon monoxide and particulate 

matter.  In addition, the depletion of fuel resources is threatening to face the fuel surplus 

problem in the future.  So it is important to produce energy with the amount of fuel as little as 

possible without increasing pollutant emissions.  For this requirement, alternative fuels such as 

hydrogen, methane, propane and butane are considered to use in lean premixed combustion. 

For various mixing ratios of fuels and oxidizer in premixed combustion, the Lewis 

number changes in various types of fuel.  In the formation of cellular flame fronts, the Lewis 

number plays an important role, and cellular instability is strongly affected by various Lewis 

numbers.  As the flame front becomes cellular, flame surface area increases and burning 

velocity becomes larger, which leads the pressure rise in chambers and as the results of 

combustor damages, system failure, fires and gas explosion in severe cases [1].  To use various 

alternative fuels in practical combustion systems, understanding the fundamental knowledge of 

cellular instability is indispensable.  Since increasing the temperature of premixtures by 

recirculation of heat improves the thermal efficiency in lean combustion [2], effects of 

unburned-gas temperature on cellular instability need to be studied. 

Therefore, we have performed the numerical calculations of two-dimensional reactive 

flow, based on the compressible Navier-Stokes equation to investigate the effects of Lewis 

number and unburned-gas temperature on cellular instabilities of premixed flames.  The 

cellular instabilities become weaker as the unburned-gas temperature increases and the Lewis 

number becomes larger. 

REFERENCES 

[1] Hirano, T., Combustion Science for Safety, Proceedings of the Combustion Institute, Vol. 29, 

pp. 167-180, (2002) 

[2] Katsuki, M. and Hasegawa, T., The science and technology of combustion in highly 

preheated air, Proceedings of the Combustion Institute, Vol.27, pp. 3135-3146, (2012) 
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Experiment of Flywheel Battery Combined with 
Fluid Dynamic Bearing and Magnetic Suspension 

SUZUKI Takeo, KATO Yosuke, MASUDA Takumi, SATO Daisuke, 
YAMADA Noboru, ITOH Jun-ichi 

Department of Mechanical Engineering, Nagaoka University of Technology, 

Nagaoka, Japan, 940-2188, takeo.suzuki.nagaoka@gmail.com 

The dependence rate on renewable power sources such as a solar power generator and 
a wind power generator should be increased to improve the energy self-sufficiency ratio of Japan. 
However, the rate of renewable energy to total electrical energy consumption has not drastically 
increased in Japan because the small and tight networks cannot avoid issues such as voltage rising, 
surplus electricity, and lack of adjustment capacity of the frequency. Development of an efficient, 
low-cost, and reliable energy storage system is necessary to solve those issues. When compared 
to other energy storage devices (e.g., electrochemical batteries), a flywheel energy storage system 
(FESS) is one of the promising technologies due to a high power density, less degradation, and 
superior energy discharge rates. FESS charges the power in the form of the kinetic energy of a 
rotating flywheel, and discharges the power by converting the kinetic energy into electrical power 
via an electrical motor/generator. Charge and discharge efficiency of the FESS is however 
generally lower than other batteries. Reduction of mechanical loss due to friction loss of bearing 
devices and windage loss is a challenging issue of FESS. 

This study aims to reduce the mechanical loss of FESS by combining a fluid dynamic 
bearing and magnetic suspension. Figure 1 shows the computer graphic of the FESS under 
development, which uses spherical spiral groove bearing, a hydrodynamic bearing, and magnetic 
suspension to reduce the mechanical loss. Experimental results based on the prototype FESS will 
be introduced and discussed in the conference. 

Fig.1 FESS combined with fluid dynamic bearing and magnetic suspension 
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Outdoor direct STC performance evaluation of photovoltaic module 

based on sun shading technique 

Kazuma Kawagoe1, Yoshihiro Hishikawa2, Noboru Yamada1 

1Nagaoka University of Technology, Nagaoka, Japan 940-2188, s133025@stn.nagaokaut.ac.jp 

2National Institute of Advanced Industrial Science and Technology, Tsukuba, Japan  

Performance evaluation of photovoltaic (PV) modules at standard test conditions (STC) is 

generally carried out based on indoor measurements using high-precision solar simulators. However, 

the indoor measurements tend to require cost and time to evaluate many modules. Therefore, a 

technique that enables the low-cost and efficient performance evaluation is needed. Outdoor 

performance evaluation is one of the potential solutions. The aim of this study is to establish a 

performance evaluation method for the PV modules at outdoor STC. The STC is defined as 1000 

W/m2 irradiance, air mass (AM) 1.5 solar spectrum, and 25ºC module temperature. Frequency of 

1000 W/m2 irradiance is 260 days/year in Tsukuba, Japan [1] and the AM 1.5 spectrum is frequently 

observed outdoors, which mean that there are sufficient chances of the measurement at outdoor STC. 

However, PV module temperature rises up to 40 ~ 60ºC under 1000 W/m2 irradiance [2]. Hence, the 

primary issue is to control the PV module temperature within appropriate range to create the STC. In 

this study, we propose a sun shading technique to create the outdoor STC. Figure 1 shows the outline 

of the present technique. This technique decreases the PV module temperature by sunshade and 

increases the frequency of the STC. In the conference, the effects of the shading time, ambient 

temperature, and wind speed will be discussed though thermal analysis and outdoor experiment.  

REFERENCES  

[1] A. Fukabori, et al., “Study of highly precise outdoor characterization technique for photovoltaic 

modules in terms of reproducibility”, Japanese Journal of Applied Physics (2015), Vol.54, 

No.8S1. 

[2] Y. Hishikawa, et al., “ Precise outdoor characterization technology of PV devices: 

characterization under wide ranges of irradiance and temperature conditions”, Proceedings of 

JSES/JWEA Joint Conference (2015), pp. 25-28.  

Fig.1 Outline of sun shading method for outdoor direct STC measurement of PV modules 
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DESIGN THE WALNUT SORTING MACHINE USING IMAGE PROCESSING 
METHOD 

Truong Tran1, Tu Nguyen2, Mai Nguyen1and Tuan Pham2 

1School of Mechanical Engineering, Hanoi University of Science and Technology, Vietnam 
Email:20110889@student.hut.edu.vn, mai.nguyenthiphuong@hust.edu.vn 

2Center for Optoelectronics, National Center for Technological Progress, Vietnam 
Email: ngoctu@cfoc.vn, phamhongtuan@cfoc.vn 

Abstract: Walnut is an agriculture product highly desired in developed countries, which in Asia, 
China is the lead producer. Many other countries in the region are also trying to adapt the fruit, this 
leads to the need of an automated sorting method. In this paper, we research, design and manufacture a 
walnut sorting machine using image processing method. On hardware side, we used open-source-
friendly electronics and on the software side, Robot Operating System was adopted to handle low level 
hardware abstraction. Machine Learning, Computer Vision and data processing techniques were 
implemented on top of them using high level programming language. Initial result from an Austrian 
partner proved our machine’s effectiveness and feasibility, which could pave the way for more 
projects using similar approaches. 

Keywords: Robot Operating System; Machine Learning; Computer Vision; Image Processing; 
Walnuts Sorting Machine. 

     P-07

9 / 112



OPTIMIZING THE BOUNDARY SURFACE OF CERAMICS DIE IN THE DEEP 
DRAWING PROCESS 

Hanh C. Nguyen1, Shigeru Nagasawa1, Kensei Kaneko2  

1)Nagaoka University of Technology, Nagaoka, Japan 940-2188
2)National Institute of Technology, Nagaoka College, Nagaoka, Japan 940-8532

*E-mail: snaga@mech.nagaokaut.ac.jp

Due to its versatility, good strength and light weight design, deep drawing process is widely 
used in various applications, especially in automotive and aerospace industries. However, after a 
time working, variation of surface roughness, wear and surface cracks gradually appear on the 
die surface relating to many factors: die radius, punch radius, friction between the die and the 
worksheet, and so on. In the forming process, a ceramic die was normally used for pressing a 
2mm thickness mild aluminum disk of which has the diameter of 36mm by using a 24.83mm 
diameter punch. 

In order to develop a prototype FEM model composed of elastic ceramic die body and a 
mild aluminum worksheet in the axial symmetric condition. This study will propose the 
analyzing method for detecting the most sever point on a die surface, under specifying the 
radius of die hole and the stress strength limitation of die body. At the result, some optimization 
parameters can be found for designing the boundary surface of the ceramics die. 

Moreover, during the forming process, heat is generated by plastic deformation can result in 
several properties change of the worksheet.1) Therefore, this study investigate a forming process 
of aluminium alloy not only deformation behaviour but also heat transfer process. The 
deformation behavior of a cylindrical deep drawing process at elevated temperatures is 
simulated by using MSC.Marc ver 2015 system - the Finite Element Method (FEM) software 
and carried out experimentally. 

REFERENCES 
[1] D. V. Hai,  S. Itoh, T. Sakai, S. Kamado and Y. Kojima, Experimentally and numerical 
study in deep drawing process for magnesium alloy sheet at elevated temperatures, Material 
Transactions, Vol. 49, No. 5 (2008) 
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Bending behavior of Polypropylene sheet subjected two-line wedge indentation 

Akihiro Yamamoto1, Satawat Singprayoon2,  Shigeru Nagasawa1, Seksan Chaijit3 
1) Nagaoka University of Technology, Dept. of Mechanical engineering, Nagaoka, Japan
2) Exchange research student in NUT from Pathumwan Institute of Technology, Bangkok, Thailand
3) Dept. of Mechatronics Engineering, Pathumwan Institute of Technology, Bangkok, Thailand

     In this paper, we study the bending characteristic of PP (Polypropylene) sheet subjected to a 
tungsten-carbide two-line wedge indentation. A half cutting method of worksheet is well known and 
widely used for folding the worksheet to make a sort of transparent packaging box, especially for folding 
a thick resin sheet in smart.  The relationship between the mechanical condition for making the half-
cutting and a folding profile of the worksheet or a bending moment resistance is quite important 
characteristics for making a smart crease of packaging box and so on. The primary and controllable 
conditions are the geometrical profile of wedge blade, the indentation depth of wedge for making a 
groove (score) and the material properties of worksheet, while the folding performance of worksheet 
scored is characterized by the bending moment response with a folding angle and the deformation 
profile of wedged (scored) zone. Empirically, the scored residual thickness (thickness of worksheet 
minus indentation depth of wedge) of worksheet such as a Polyethylene Terephthalate (PET) is 
important for making a smart folding profile and keeping a certain strength of folded hinge part. 
However, those folding performance seems to be sensitive and changed with respect to the material 
properties.  We need to reveal experimentally the bending behavior of various resin worksheet against 
the wedge indentation and the folding direction (in the normal and reverse wise direction).  
      Nagasawa and Sato et al. [1] reported about an effect of tool condition on bending characteristic of 
PET board subjected to two-line wedge indentation. Here, a special lamination structure of three layers 
(G-PET/A-PET/G-PET) were discussed and its features were the sensitivities of laminated interface 
strength for the indentation depth.  The mechanical properties such as the bending gradient resistance 
for folding and the in-plane tensile strength of grooved zone were also discussed with the specified PET 
sheet.  However, those investigation was not compared and not expanded to other resin sheets. Recently, 
although the PP thick sheet is widely used for making a clear carton box, there are not almost any 
academic reports of half-cut folding deformation of resin sheet.       
       In this work, therefore, the Polypropylene SG-170 (PP) sheet of 0.3mm thickness were considered 
for investigating the formability and bending characteristics of notched groove (as the half-cut 
indentation) with the folding direction and residual indentation depth. The results with PP sheet were 
compared with that of PET.  Regarding the two-line wedge profile, the primary (top) angle was a=90 
degree and secondary (back) angle was a’=30 degree, while the height of the primary angle was h= 
0.15mm.  The creasing knife (half-cutting) was made of cemented-carbide (FM10K). The folding angle 
was chosen as (+/- 90 degree) with a rotation velocity of w = 0.1 rps. A prototype measurement system, 
the crease strength testing machine (CST) was used[2].   

References 

[1] Shigeru Nagasawa, Kiminori Sato, Mitushiro Murayama, Yasushi Fukuzawa, Effect of Tool 
Condition on Bending Characteristics of Polyethylene Terephthalate Board Subjected to Iwo-Line 
Wedge Indentation, Proceedings of the 10th International conference on technology of plasticity (ICTP 
2011), 27th of September, Aachen, Germany, p.984-989. 

[2] Katayama Steel Rule Die Inc., The Crease Stress Tester CST-J-1, online available from 
<https://www.ipros.jp/product/detail/2000162376/>, <http://diemex.com/sale/cst.html> (accessed on 
August, 2016)  
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Fundamental Study on Ultrasonic Quantitative Topography of Non-Gaussian 
Rough Surfaces 

Muhammad Nur Farhan Saniman and Ikuo Ihara 

Nagaoka University of Technology, Nagaoka, Japan 940-2188, moll@stn.nagaokaut.ac.jp 

In recent years, the influence of topography roughness to the tribological properties of material 
surfaces has been studied extensively. As a result, it has become apparent that in some cases, the 
non-Gaussian properties of the surfaces can no longer be ignored, which results in the rejection 
of the Gaussian assumption, especially those that related to friction, adhesion, and wear. Thus, 
the characterization of non-Gaussian random rough surfaces has become very important, which 
leads to the development of new characterization methods. One of them is the ultrasonic 
method[1], which has the ability to characterize the material surfaces non-destructively and is 
suitable for in-line process monitoring. 

In this work, a theoretical relationship among the ultrasonic reflection coefficient I, root-
mean-square (rms) roughness Rq, and skewness Rsk has been derived numerically by using the 
characteristic function, where the Johnson distribution has been introduced into the Kirchhoff 
theory. Based on the derived relationship, it is found that Rq as well as Rsk are influencing th.,,e 
value of I. Interestingly, it is found that the influence of Rsk to the changes of I with Rq can be 
ignored at a small value of Rq per wavelength. Owing to this fact, the characterizations of Rq and 
Rsk could be possible by changing the wavelength of the ultrasonic waves used in the 
measurement. Therefore, optimum measurement conditions and guidelines to ultrasonically 
characterize Rq and Rsk of the non-Gaussian surfaces have been proposed.  

In order to verify the validity of the proposed method, a series of non-Gaussian surfaces 
having the desired Rq and Rsk values has been generated numerically and then the values of I for 
each surface are obtained through numerical simulations. From the estimated I, the values of Rq 
and Rsk of each surface are calculated and compared to the theoretical ones. Good agreements 
between the theoretical and numerical values for both Rq and Rsk confirm the validity as well as 
the ability of the proposed method to characterize the non-Gaussian surfaces. Experimental 
validations will be conducted in the near future. 

REFERENCES 
[1] M. N. F. Saniman and I. Ihara, Feasibility study on characterization of non-Gaussian rough 
surface by ultrasonic reflection method with the Kirchhoff theory, Mechanical Engineering 
Journal, Vol. 3, No. 6, (2016) 1-13. 
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Development of large-scale oscillating heat pipe for GAPS application 

Katsumasa Takahashi1, Shun Okazaki2, Hideyuki Fuke2, Noboru Yamada1, Hiroyuki Ogawa2 

1Nagaoka University of Technology, Nagaoka, Japan 940-2188, s143050@stn.nagaokaut.ac.jp 
2Japan Aerospace Exploration Agency, Sagamihara, Japan 252-5210  

Thermal performance of the large-scale Oscillating Heat Pipe (OHP) as a heat transport 
device for the balloon-borne General Anti-Particle Spectrometer (GAPS) experiments [1] has been 
investigated. GAPS detectors (heat sources) are spread over a wide area of 2 m × 2 m × 2 m and 
must be cooled down to lower than -35°C. Heat generated by the detectors must be transported to 
a radiator panel located apart from the detectors at the same height as the detector volume. Based 
on previous studies, the most prospective configuration of “O-shaped” OHP is being explored. 
Fig.1 shows the conceptual diagram of a full-scale GAPS-OHP model. The OHP is composed of 
the heating section, the top adiabatic section, the cooling section (or a radiator), and the bottom 
adiabatic section. Tape heaters are attached to the heating section for simulating the heat 
generation of detectors. R410A is used as the working fluid. A reservoir is attached to the 1st loop 
at the bottom adiabatic section. The reservoir ensures robustness against possible tiny leakage of 
the working fluid and functions to control the saturation temperature. Because OHP has never 
been utilized in this kind of configuration, the heat transfer performance of the OHP has been 
studied and improved step by step. Especially, the local superheat phenomenon which sometimes 
occurs in the heating section is now under focused investigation to minimize the temperature 
ununiformity in the heating section. At the conference, experimental results recently taken under 
various conditions will be discussed in detail. 

REFERENCE 
[1] H.Fuke et al., The ISTS special issue of Transactions of JSASS (The Japan Society for 

Aeronautical and Space Sciences), Aerospace Technology Japan (in press) 

Fig.1 Conceptual diagram of large-scale oscillating heat pipe being 
developed for the GAPS experiment 
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Flame acceleration generated by hydrodynamic and diffusive-thermal instabilities 
under the adiabatic and non-adiabatic conditions – Risk reduction based on the 

concept of system safety – 

Yusuke Morita, Thwe Thwe Aung, Toshiyuki Katsumi, Satoshi Kadowaki 

Nagaoka University of Technology, Nagaoka, Japan 940-2188, s133082@stn.nagaokaut.ac.jp 

Recently, we pay attention to lean combustion of hydrogen-air and methane-air 
mixtures because of low emissions of carbon dioxide and nitrogen oxide.  Since hydrogen and 
methane are lighter than air, lean premixed flames are essentially unstable due to hydrodynamic 
and diffusive-thermal instabilities.  Flame surface becomes cellular and its area increases, and 
then the flame acceleration appears [1].  The flame acceleration is most significant phenomena 
in the problems of explosion of hydrogen and methane.  To perform systematically the risk 
reduction in explosion, we need to study the mechanism of flame acceleration and consider the 
risk reduction based on the concept of system safety. 

Unstable behaviors of premixed flames due to hydrodynamic and diffusive-thermal 
instabilities are treated to study the mechanism of flame acceleration.  We calculate unsteady 
reactive flow in large space on the basis of the compressible Navier-Stokes equation including 
one-step chemical reaction.  We find unstable behaviors of cellular flames where the burning 
velocity changes drastically with time.  The average burning velocity of a cellular flame 
increases monotonously as the space size becomes larger, that is to say, the flame acceleration 
appears.  This is because that the long-wavelength components of disturbances play a 
significant role in the dynamics of cellular flames.  In addition, we confirm that the behavior of 
flame surface becomes more unstable under the non-adiabatic conditions. 

The system safety is defined as the application of engineering and management 
principles, criteria, and techniques to achieve acceptable risk within the constraints of 
operational effectiveness and suitability, time, and cost throughout all phases of the system 
life-cycle [2].  The concept of system safety is closely associated with the basic principles of 
risk reduction in explosion, that is to say, the first step is prevention and the second step is 
protection.  Achieving the risk reduction in accordance with the prevention and protection 
principles, the concept of system safety in explosion is indispensable. 

REFERENCES 
[1] Kadowaki, S. and Hasegawa, T., Numerical simulation of dynamics of premixed flames: 

flame instability and vortex-flame interaction, Progress in Energy and Combustion Science, 
Vol. 31, pp. 193-241, (2005) 

[2] MIL-STD-882E, System safety, (2012) 
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Laser ignition experiment of low-toxic monopropellants for thruster 

Masaya Furusawa, Toshiyuki Katsumi, Satoshi Kadowaki 

Nagaoka University of Technology, Nagaoka, Japan 940-2188, s143076@stn.nagaokaut.ac.jp 

For development of a human-friendly monopropellant thruster used in a rocket and a 
satellite, we used low-toxic monopropellants and performed laser ignition experiments. 
In order to evaluate usefulness of laser ignition, we measured the pressure and the 
amount of CO2 inside the vessel where we performed the experiments. Conventionally, 
hydrazine is used as monopropellant and has high reliability. However, it is difficult to 
handle hydrazine because it has high toxicity. Therefore, we focused on low-toxic 
monopropellants such as hydroxylammonium nitrate (HAN) and ammonium 
dinitramide (ADN) based monopropellants. In addition, in conventional hydrazine 
thruster, catalyst is used to initiate chemical reaction and generate thrust. In the case 
of thruster using low-toxic monopropellant, catalyst has two problems. Catalyst needs a 
preheating time before the start-up, and is deteriorated by high temperature and 
oxidation atmosphere which are generated by the combustion of low-toxic 
monopropellants. Recently, laser ignition attracts an attention as favorable ignition 
method for a gas turbine and reciprocating engines because it has enough energy to 
ignition, high heat efficiency and high durability in the combustion environment. In the 
case of monopropellant thruster, the laser ignition can overcome the problems of the 
conventional method, and can contribute to extend lifetime of a satellite. In this paper, 
we will report the results of laser ignition experiments, and discuss usefulness of laser 
ignition for low-toxic monopropellant. 
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PSEUDO-FORMAL LINEARIZATION OF POLYNOMIAL TYPE FOR 
MULTIPLE-SYSTEMS AND ITS APPLICATION TO NONLINEAR OBSERVER 

Kazuo Komatsu*, Hitoshi Takata** 
*National Institute of Technology, Kumamoto College, Koshi, Kumamoto, Japan 861-1102,

kaz@kumamoto-nct.ac.jp 

**Kagoshima University, Korimoto, Kagoshima, Japan 890-0065 

When we deal with nonlinear dynamical systems, a common practice in engineering is 
to linearize them using Taylor expansion at the first order about some nominal operating points 
and apply the linear system theories to the resulting linear models. However, this linearization is 
not sufficient because of low approximation of the linearized models. To improve approximation 
of linearization many studies have been presented. One of them called a pseudo-formal 
linearization is quite a new method to improve approximation. In the previous study [1], the 
authors presented an algorithm for a scalar nonlinear system and synthesize a nonlinear filter as 
an application.  

This paper is concerned with a pseudo-formal linearization approach for 
multidimensional nonlinear systems using Taylor expansion considering up to the higher orders 
and its application to a nonlinear observer. This linearization is an innovative method which 
combines a formal linearization and an automatic choosing function in order to improve the 
accuracy of the formal linearization as follows. The first of the linearizing procedure is to divide 
the given domain into some subdomains considering the nonlinearity, and define a formal 
linearization function which consists of polynomials. The second is to linearize the given 
nonlinear systems with respect to the formal linearization function by applying Taylor expansion 
up to the higher order terms on each subdomain. Finally resulting linearized systems on each 
subdomain are smoothly united by the automatic choosing function to make a single linear system. 
We show an algorithm of this pseudo-formal linearization and a nonlinear observer as an 
application.   

Numerical experiments for the linearization and a nonlinear observer as an application 
are illustrated and indicate that the presented approach is more improved than by the previous 
work.  
REFERENCES 
[1] K. Komatsu and H. Takata, Pseudo-Formal Linearization of Polynomial Type Using 
Automatic Choosing Function and its Application to Nonlinear Filter, Proceedings of 2016 RISP 
International Workshop on Nonlinear Circuits, Communications and Signal Processing , pp. 121-
124, 2016. 
[2] H. Takata, T. Hachino, Y. Hino, K. Yunokuchi, H. Miyajima and K. Komatsu, Augmented 
Automatic Choosing Control of Modified Filter Type for Nonlinear Noisy Measurement Systems, 
Journal of Signal Processing, Vol. 16, No. 6, pp. 563-569, 2012. 
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Analysis of TMAH developer intrusion into resist film 

by C-V curve of MIS capacitor 

Hodaka Shirataki, Akira Kawai* 

Nagaoka University of Technology, Nagaoka, Japan 940-2188, kawai@nagaokaut.ac.jp 

Recently, pattern development in Tetramethylammoniumhydroxide (TMAH) aqueous solution 

has been focused on the point of precise pattern shape control.[1,2] In the pattern development 

process, one major drawback in pattern fabrication is that the whole resist film mass swells by 

absorbing developer. In this study, we focus on the developer intrusion as the simple diffusion 

model. In this regard, the C-V property of MIS structure is sensitive to the bulk and interface 

nature of the dielectric layer.[3]  

We present effective results for intrusion analysis of TMAH developer by sensing with the 

C-V property. In the experiment, MIS(metal insulator semiconductor) structure, as shown in 

Fig.1, was fabricated by the semiconductor device processes. The resist layer of 2.91µm thick 

was interposed with Au electrode and p-type Si(100) substrate. In Fig.2, the measurement 

system of C-V test sample was shown. A liquid drop of TMAH developer was set on the comb 

type electrodes and intruded into the resist film. 

Figure 3a shows a typical C-V curve of MOS structure. As an oxide layer, a tantalum oxide 

can be employed. A slight curve shift due to negative ion such as Cl
-
 contain can be observed. 

Figure 3b shows a C-V curve measured with a function of dipping time of TMAH developer. As 

a result, the capacitance of MIS sample increased, and a curve shift toward negative bias, which 

is relatively large compared with MOS structure in Fig.3a, can be confirmed. In order to 

apply the diffusion model, the capacitor deviation can be analyzed as shown in Fig.4. 

A clear curve fitting due to a square root of intrusion time can be confirmed. 
In this way, we demonstrate the effectiveness of the C-V method for analyzing TMAH 

developer intrusion into the resist film. The C-V system in this study becomes a new functional 

sensing device contributing to electrochemical field. 

REFERENCES 

[1] A. Kawai et.al, Jpn. J. Appl. Phys. 30(1991)121-125 

[2] M. Sato et al., J. Photopolym. Sci. Technol., 19(5)(2006)601-611 

[3] S. M. SZE, Semicnductor Devices, p171, Wiley-Interscience press(2001) 

(b) MIS capacitor
Fig.1 Structure of MOS and MIS devices for C-V method. 

(a) MOS capacitor 

Fig.2 MIS capacitor for TMAH developer intrusion. 

(b) MIS capacitor (a) MOS Capacita(reference) 

Fig.3 Effects of TMAH intrusion to C-V curve of MIS capacitor. 
Fig.4 Capacitance change of MIS 

cpacitor with the lapse of time. 

12 days after 

fabrication 

256 days after fabrication 
30min passed (TMAH) 

0min passed (TMAH) 

30min passed (DI-water) 

0min passed (DI-water) 
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Influence of MBE Flux ratio on Film Properties of ZnSnAs2:Mn on InP Substrates 

Masaki Ogo, Shiro Hidaka, Hideyuki Toyota, Takahiro Kato, and Naotaka Uchitomi 

Nagaoka University of Technology, Nagaoka, Japan 940-2188, s133102@stn.nagaokaut.ac.jp 

ZnSnAs2 ternary semiconductor has been known as a promising material for nonlinear 
optics and infrared photodetector because of its band gap of about 0.75 eV.  The epitaxial growth 
of ZnSnAs2 thin films was first reported by Seryogin et al. using molecular beam epitaxy (MBE) 
method [1]. There has been renewed interest in ZnSnAs2 after a report of room temperature 
ferromagnetism in Mn-doped bulk ZnSnAs2 [2]. In the recent spintronics applications, such 
ferromagnetism has also been investigated in thin film grown on InP substrates by MBE [3]. 
However, there have been few reports on the influence of MBE growth parameters such as 
substrate temperature and beam flux on the film properties of Mn-doped ZnSnAs2. The control of 
the film properties such as bandgap and conduction type is essential for realization of practical 
device applications. We have investigated crystalline, composition and magnetic properties of 
Mn-doped ZnSnAs thin films which have different beam equivalent pressure (BEP) of Zn grown 
by MBE. 

Mn-doped ZnSnAs2 thin films were grown on semi-insulating InP(001) substrates via 
un-doped ZnSnAs2 buffer layer by using MBE. The growth temperature set to 320 °C, and the 
beam equivalent pressure (BEP) of Zn was systematically varied. The samples were characterized 
using x-ray diffraction (XRD), electron probe micro analyzer (EPMA), vibrating sample 
magnetometer (VSM) and X-ray photoelectron spectroscopy (XPS). 

As a results, influence of varying Zn flux for both composition and crystalline were not 
observed. In all samples, magnetic hysteresis curves were observed at room temperature. The 
magnetic moment per Mn atom at room temperature was derived from saturation magnetization, 

resulting in ~2.7 mB/Mn which is commensurate to ideal value of 3.0 mB/Mn. Furthermore, by 
XPS mesurement, integrated intensity ratio for valence of Mn was nearly coincided in all samples. 
Therefore, it was found that the varying in Zn flux has little influence on film properties of Mn-
doped ZnSnAs2. Mn-doped ZnSnAs2 films on InP(001) substrates can be grown reproducible in 
the range of Zn-to-Sn BEP ratio=10–20. 

REFERENCES  
[1] G. A. Seryogin et. al., J. Vac. Sci. Technol. B 16, (1998) 1456. 
[2] S. Choi et. al., Solid State Commun. 122 (2002) 165.    
[3] J. T. Asubar et. al., J. Cryst. Growth 311 (2009) 929. 
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Application of Micro Heating System to Plant Vital Control 

Kazuho Kai, Akira Kawai* 

Nagaoka University of Technology, Nagaoka, Japan 940-2188, kawai@nagaokaut.ac.jp* 

Recently, the miniaturizing technology of a heat source is required in the application to 

μ-TAS and so on[1-3]. The purpose of this study is to develop a micro-heater/channel device 

which is composed with micro heater and water channel for applying a plant vital control 

system using the direct heating by the micro heater system. In this paper, we report on these 

results of proposed the micro-heater/channel device. [4]. 

The proposed the micro heater/channel device is shown in Fig.1. In this device, the 

micro water channel is set in surrounding the heater, which acts to prevent heat conduction to 

the outside of a channel. 

The thermography results of the micro heater/channel device after 15s heating at the 

input power of 50 W (5 V/10 mA) is shown in Fig.2. In the comparison of Fig.2(a) and (b), the 

heating area decreases by 38.5 % drastically, by the water channel's operation. From these 

results, it can be confirmed the prevention ability of heat conduction by the micro channels. 

From these results, we have some good prospect that promising to apply a plant vital 

control system using the direct heating by using this device. As the application, to mount 

micro-heater/channel device on an apex of the visceral catheter in order to insert the plant (a 

pothos) as shown in Fig.3. It is effective to study the response of the heating at the internal 

plant. 

(a) channel without water 

(a) top-view (b) photograph of the device (b) channel with water 

Fig.1 Schematic diagrams of (a), (b) Fig.2 Thermographs image 

(a) Catheter system (b) X-ray CT image of catheter 

Fig.3 Image of a plant vital control system 

REFERENCES  
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Current oscillation in porous GdBa2Cu3O7-δ-based ceramics rod 

prepared using naphthalene 

Tokuhiro Narihata1, Tomoichiro Okamoto1, Yasuyuki Yamada1, 

Yuichiro Kuroki2, Masasuke Takata3 

1Nagaoka University of Technology, Nagaoka, Niigata 940-2188, Japan 
2Salesian Polytechnic, Machida, Tokyo 194-0215, Japan 

3Japan Fine Ceramics Center, Nagoya, Aichi 456–8587, Japan 
okamoto@vos.nagaokaut.ac.jp 

Our research group demonstrated that a local area of a GdBa2Cu3O7-δ (Gd123) 

ceramic rod glows orange once a voltage exceeding a certain value is applied to the 

rod at room temperature [1]. The glowing area was named a hot spot. The current 

after the appearance of the hot spot decreases with decreasing oxygen partial 

pressure (Po2) in ambient atmosphere, which acts as an oxygen sensor without the 

need for any heating system [2]. At a low oxygen partial pressure (Po2) below 1 kPa, 

an oscillatory current runs through the rod [3]. In this research, the effect of length 

and relative density of the rod on the current oscillation was investigated. 

The samples were prepared by solid-state reaction. The starting powders 

Gd2O3, BaCO3 and CuO were weighed in the ratio of Gd : Ba : Cu = 11 : 38 : 56. 

After mixing, the powder was sintered at 900 ℃ for 5 h and ground into powder 

again [4]. The resultant Gd123 based ceramics powder was mixed with 0 ~ 30 

mass% naphthalene as a pore forming agent. The mixture was pressed and sintered 

at 935 ℃ for 10 h. The sintered sample was cut into rods with the size of 0.65 × 

0.65 × 10 ~ 45 mm3. The change in current running through the rod was measured 

in various Po2 by four-terminal method.  

Fig.1 shows the changes in currents for the rods prepared with 20 mass% 

naphthalene. For a rod with 45 mm in length (a), the current oscillated at Po2 = 0.1 

kPa. Also the current for a rod of 15 mm in length (b) vibrated at the same Po2. The 

amplitude of 

oscillation increased 

with decreasing rod 

length. It is 

considered that, 

with decreasing rod 

length, heat capacity 

of the rod decreases 

and temperature can 

be changed easily, 

which results in the 

high amplitude of 

oscillation. 

REFERENCES 

[1] T. Okamoto et al, Jpn. J. Appl. Phys., 33, L1212-L1214(1994).  [2] M. Takata et 

al, Bull. Mater. Sci., 22, 593-600 (1999). [3] Y. Ibaraki et al, J. Ceram. Soc. Jpn. 112,  

S588-S590 (2004). [4] T. Okamoto et al, Adv. Mater. Res., 11-12, 137-140 (2006).   

(a) (b) 

Fig.1 Changes in currents at various Po2 for rods prepared with 

20 mass% naphthalene. The rod length : (a) 45 and (b) 15 mm. 
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IMPROVEMENT TO REDUCE DELAY TIME IN TRANSPORTATION 
TO DISASTER AREA USING SIMILARITY TO ELECTRIC CIRCUIT 

Chata Yorvarak1, Thanat Rungsirathana2, Kazumasa Takahashi1, Toru Sasaki1, 
Takashi Kikuchi1, Nob. Harada1 

1 Nagaoka University of Technology, 1603-1 Kamitomioka, Nagaoka, Niigata 940-2188, Japan 
2 University of the Thai Chamber of Commerce, 126/1 Vibhavadi Road, Bangkok 10400, Thailand 

s155060@stn.nagaokaut.ac.jp 

The transportation is closely related to many sectors such as economic, political and 
social environment of the country. It is necessary to identify suitable transportation method for 
keep the pace of the country’s economy and life style of citizens in disaster times. Currently most 
frequent disaster in the world is flooding and this study focused to reduce the delay time in 
transportation for those crisis to sending disaster reliefs.  

However, in order to optimize and/or in to find the best logistic system among various 
systems, we have to carried out and to compare the results of so many system analyses. For 
simplicity of analysis, similarity between the logistics and electrical circuits will be used to 
stimulate the transportation models which can be used in disaster cases. Generally, many tools 
can be used to analyze electric circuit. Simulation work in this study was carried using the 
MATLAB/SIMULINK software [1] and parameters were introduced to system considering the 
similarity between logistics and electrical circuits.  

Initially, we focused on water distribution to disaster areas in chaos time where 
parameters such as amount of water required were identify as amount of charge in electrical 
circuits for the simulation. Also requirement of number of tucks for the delivery was identified as 
number of pulses in electrical circuit and capacity of water storages were identified as capacitance 
of the electrical system, etc.  

Centralized distribution model was stimulating for understanding the behaviors of the 
electrical charge flow and change of parameters which are similar to electrical circuit shows 
changes in the flow of charges with time in the electrical circuits which can be adopted to logistic 
patterns. Results of the present study have shown that decentralized model is more suitable than 
the centralized ones for improve to reduce the delay time in transportation in disaster areas. 

REFERENCES 
[1] AV. Nehra, “MATLAB/Simlink Based of Different Approaches using Mathematical Model of 
Different Equations,” I. J. Intelligent Systems and Applications, Vol. 05 (2014) pp. 1-24. 
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Human-in-the-Loop Type Simulator of Master-Slave Manipulation System for 
Micro Surgery 
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 Double arm Master-Slave (M-S) manipulator has been attracted the attention of the robotics 
researchers today. The micro surgery is one of the big target which M-S manipulator is expected 
to work effectively. Kawahara et.al are challenging to inject directly the new drug to a chick 
embryo’s blood vessel (Fig.1) which is cultured enough in an artificial eggshell. The M-S 
manipulator is expected to apply for such a micro surgery, ex. catching a blood vessel and sticking 
a cylinder. Then we developed proto-type 3 links manipulator shown in Fig.2. The master 
manipulator has smaller than the slave one but both of manipulators have similarity with 3 links. 
The slave manipulator successfully controlled to track the motion of master manipulator.  

However, as a result of the operator’s assessment, the operability of the proto-type master 
manipulator has some insufficiency. There exists severe requirements for M-S manipulator 
system because of the embryo is extremely sensitive. Namely, the M-S manipulator should have 
both high operability and high accuracy movement. Therefore, we have to improve the operability 
of the master manipulator. In this study, in order to consider the quantitative evaluation of the 
operability of the M-S manipulator system, we construct the human in the loop (HIL) simulator 
consisted of the proto-type master manipulator and the virtual simulator of slave manipulator by 
using Open GL library. And we propose the concept of the quantitative evaluation of the 
operability and investigate the operability through the experiments. Based on those results, we 
will propose how to improve the mechanism of holding part for master manipulator by a use of 
the ball joint. 

Fig.1 Artificial cubic eggshell Fig2 Proto-Type of master slave manipulator 
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Synthesis of Li2SrSiO4:Eu2+ nano phosphor by reverse micelle method 
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There was a problem related to poor color rendering index because of the deficiency in 

the red region due to low luminous intensity from YAG:Ce3+ yellow phosphors in white LED 

application. In order to encounter this problem, various silicate phosphors were allure as a 

promising material for the recent white LEDs application especially Li2SrSiO4:Eu2+ phosphors 

which possessed UV-blue excitation as yellow phosphors in the application of white LEDs [1] . 

Many reports regarding to Li2SrSiO4:Eu2+ yellow phosphors and more focusing on the 

synthetization, luminescence properties and others [2]. However, there no reports discussing about 

the synthesis of Li2SrSiO4:Eu2+ nano phosphors for up conversion purpose.  

In this study, Li2SrSiO4:Eu2+ nano phosphors were synthesized by reverse micelle 

method. The starting materials were prepared with two different solutions. For the first solution 

(S1), cyclohexane, TEOS and 2-phenoxyethanol were mixed together, while CuCl, SrCl2・6H2O, 

EuCl3・6H2O and distilled water were mixed for second solution (S2). Both solutions were mixed 

and stirred separately for about 1hours at 50°C.After that, S2 were added slowly into S1 solution 

and mixed well for at same temperature. After 1 hour, 5 ml of NH4OH solution were added into 

the mixed solution drop by drop and kept stirring at 400 rpm. White precipitate can be observed 

after 30 min and the solution were centrifuged several times and dried for 24 h at 80°C. The dried 

white precursor were heated by air for 3 h at 800°C and finally annealed under H2/N2 atmosphere 

at 700°C – 800°C.  

The crystal structures and surface morphology of Li2SrSiO4:Eu2+ nano phosphors 

prepared by reverse micelle method were analyzed by X-ray diffraction (XRD) and scanning 

electron microscope (SEM) respectively. Besides that, PL intensity of the samples also were 

observed. The Li2SrSiO4:Eu2+ nano phosphors exhibit red emission due to 5D0 – 7F4 transition of 

Eu3+ after heated under air, while the samples did not show any emission after annealing under 

H2/N2 atmosphere. Further results will be reported specifically in the presentation.  

REFERENCES 
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Recently, a functional microstructure has been focused because the applications of 

microsystems such as TAS (total analysis systems), micro reactor and micro robots have 

become important. In this study, we focus on the micro gas storage system utilizing for various 

functional micro systems. 

Figure 1 shows a schematic design of the micro two step cone tube, which is composed 

with top and base cones (top diameter: 0.50mm, base diameter: 5.0mm and total height: 2.1mm). 

The gas storage operation can be modeled as shown in Fig.2. The cone shaped tube is fabricated 

by micro stereolithography. In order to confirm the gas storage property, the cone tube device 

was immersed into the some liquids as summarized in Table 1. In these cases, the gas storage in 

micro two step cone in various liquids can be confirmed clearly. In the case of methanol 

environment, micro bubble was grown at the apex of top cone. This phenomenon causes low 

surface energy of methanol. The capillarity pressure becomes weak toward the bottom of cone 

tube. In this regard, the cone shape is effective to storage the gas in liquid environment. 

Figure 3 shows a deformation test of two step cone mounted on both hardened and 

softened substrates. A certain external force was applied at the top of cone tube. As increasing 

the push out distance, a junction of two step cone tube deformed, no deformation of the top cone 

tube was confirmed. Therefore, it can be considered the durability of this shape is relatively 

high. As an ultrasonic application of the two step cone tube, a micro resonance system can be 

proposed as shown in Fig.4. 

In conclusion, we develop the functional gas storage system and evaluate its operation and 

durability. The application of the two step cone tube will be expected to spread out in the wider 

industrial field. 

REFERENCES 

[1] D. Briand, et al, Sens. Actuators A, 132 (2006) 317-324. 

[2] H.R. Chen, C. Gau, B.T. Dai and M.S. Tsai, Sens. Actuators A, 108 (2003) 81-85. 

Fig.2 Schematic deigrams of microtube. Fig.1 Design of micro cone tube. 

Fig.3 Deformation test of micro cone tube. 

Hard substrate:(a:0.51mm, b:1.4mm, c:4.8mm, d:1.7mm, e:0.68mm) 

Softened substrate:(a:0.51mm, b:1.4mm, c:4.8mm, d:1.8mm, e:0.70mm) 

Table 1 Photograph of micro tube in liquid. 
(a:0.53mm, b:1.4mm, c:5.0mm, d:1.8mm, e:0.69mm) 

Fig.4 Application of two step cone tube 

to micro resonance system. 
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Processes Ultra-thin resist film 

Material 

resist: DNQ / Novolac resin (DI700) + 

Solvent: PGMEA 

→ 1.0 wt% Photoresist 

Substrate 

Si (100) 

HF treatment 

HMDS treatment:  10min 

Baking: 110℃, 90sec 

Spin coating 
500 rpm,  5 sec 

5000 rpm,  30 sec 

Baking 110℃, 90sec 

Formation of Ultra Thin Continuous Resist Film Less Than 10nm 

Tomohiro Maruyama, Akira Kawai* 

Nagaoka University of Technology, Nagaoka, Niigata, Japan 940-2188, *kawai@nagaokaut.ac.jp 

Recently, an ultra thin film less than 10nm thickness has been focused as one 

important subject in order to realize the single nanoscale lithographic resolution. It is well 

known that the minute discontinuous breaking patterns appear in an ultra thin film, which called 

self-assembled network (SAN) structure. Over the past few decades, a considerable number of 

studies have been conducted on self-assembly. [1] However, little is known about its formation 

mechanism in single nanoscale. In this regard, the SAN structure formation in ultra thin film 

should become a serious problem in advancing of single nanoscale lithography. In this study, we 

focus on the prevention of SAN structure in ultra thin photoresist film. 

By diluting the polymer resin with a solvent, the concentration of photoresist film 

becomes 1.0wt%. The SAN structure can be formed by the conventional spinning processes. A 

representative process conditions are summarized in Table 1. The spinning speed around 

5000rpm was employed in order to from the SAN structure. The SAN structure was observed by 

using an AFM (atomic force microscope). The maximum peak-valley height (P-V) of the SAN 

structure was measured by using AFM. 

Figure 1 shows the SAN structures of photoresist thin film. The SAN structure in the 

photoresist film can be clearly observed. The cohesion property of the ultra thin surface layer 

can be analyzed as a load-indent depth curve. Figure 2 shows a load and stiffness curves of a 

thick resist film as a function of indenting depth. In the thin surface layer less than 10nm, 

relative hardened layer can be confirmed clearly. It can be considered that the dominant region 

of ultra thin resist film becomes hardened layer as shown in Fig.3. 

This cohesion property in ultra thin film should affect to the SAN structure formation. 

It is necessary to clarify the dominant factors of SAN structure formation in order to realize the 

formation of an ultra thin continuous resist film less than 10nm. 

REFERENCES 

[1] Chao-Hui Yeh et al., Biosensors and Bioelectronics, 77 (2016) 1008-1015. 

P-V 7.35nm 15.83nm 12.67nm 9.18nm 8.07nm 

Rotation center Wafer edge

Fig.2 Stiffness measurement results of thin resist film. Fig.3 Surface hardened layer model for SAN structure. 

Table 1 Ultra-thin film formation process. 

Fig.1 SAN structure image of ultra-thin resist film. 
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Polyacrylamide (PAAm) and Hydroxy Ethyl Cellulose (HEC) were used to obtain a hydrogel 

for the regeneration of muscle tissue. Using potassium persulfate (KPS) to promote the 

polymerization of acrylamide (AAm) was possible obtain a hydrogel crosslinked this PAAm with HEC 

from 10 to 90%vol of HEC. Glutaraldehyde (GA) made possible to obtain hydrogels blocks of 1cm3. 

Mechanical and biocompatible properties were evaluated. SEM (Scanning Electron Microscopy) 
showed an external pore size from 1.86 to 15.11 μm. FT-IR analyses confirm no presence of AAm in 

the hydrogels. The resultant hydrogel films showed water contents in the range of 125-210wt % and 

strength values from 215.2 to 486.4 N/mm2, respectively.  

Because not all hydrogels could be cut in an easier way with a medical scalpel, 40:60 

PAAm/HEC was selected for medical doctors for the second step of this research. Confocal 

Microscopy showed a monolayer of myocytes at 24 hours on the hydrogel 40:60 PAAm/HEC. 

In vivo tests of this hydrogel with rats showed the total recovery of muscle tissue after 6 

months of implantation. Confocal Microscopy pathology samples confirms the not presence of 

material and the total recover of a normal muscle tissue in the area selected.  
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Lead acid battery has been one of the most popular secondary batteries because of its 
wide usable temperature range, reasonable cost, relatively high discharge capacity, and so on. In 
order to prevent short circuits across the separators due to the formation of metallic lead 
dendrites [1], alkaline sulfate or alkaline earth sulfate is sometimes added to the electrolyte. 
However, there have been some works that the addition of alkaline sulfate, such as sodium 
sulfate, to the electrolyte results in not only the prevention of the short circuits, but also the 
electrochemical behavior of the negative and positive electrode of lead acid battery. We have 
already investigated the effect of various metal ions on electrochemical behavior of lead 
electrode in sulfuric acid solution. It has been found that “the specific anodic oxidation peak” 
appears at the cathodic scan in cyclic voltammogram of lead electrode in sulfuric acid solution 
containing potassium or sodium ions [2,3]. It has been also found that the height of the specific 
anodic oxidation peak decreases with the addition of aluminum or magnesium ions in sulfuric 
acid solution containing potassium ions. In this paper, the effect of antimony or titanium ions on 
electrochemical behavior of lead electrode in sulfuric acid solution containing potassium or 
sodium ions has been investigated.  

This work was partly supported by JSPS KAKENHI Grant Number JP16K14099 and 
Nagaoka University of Technology Grant-in-Aid for Collaborative Research Projects.  
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[2] M. Shiota, T. Kameda, K. Matsui, N. Hirai, T. Tanaka, S. Hara, Electrochemistry, 71 (2003) 
873-876.  
[3] N. Hirai, Y. Yamamoto, J. Power Sources, 293 (2015) 1073-1076.  
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Ethylene gas from fruit is one of the most serious problems in export and import business. 

This is because that ethylene is a kind of growth hormone of fruit and can promote the aging. So, 

ethylene gas adsorbent is useful for the required problem to remove the gas from around 

perishable foods in order to keep their freshness. Today, zeolite and activated carbon are 

normally used for ethylene gas adsorbent, however the development of more effective adsorbent 

is needed. In the present work, we propose calixarene, is a cyclic molecule and is one of the 

famous hosts for hydrophobic molecules and heavy-metal guests for application of ethylene gas 

adsorbers. It is known that calixarene has received much attention in analytical chemistry and is 

widely used in extraction, ion recognition and so on. But, it has not been investigated yet in 

their adsorption ability for ethylene gas. 

  In the present study, natural chemicals, vanillin, syringaldehyde and 

p-hydroxybenzaldehyde obtained from the vanilla bean, maple tree and gastrodia elata, 

respectively were successfully condensed with resorcinol affording three different calixarenes 

(Scheme). The characterization of these calixarenes synthesized from vanillin (V-host), 

syringaldehyde (S-host) and p-hydroxybenzaldehyde (PH-host) was analyzed by 
1
H-NMR, 

FT-IR and MS. From these results, it could be confirmed that these hosts were successfully 

prepared. In addition, the MS date revealed that V-, S- and PH-hosts were calix[4] 

resorcinarenes, not other calix[n] resorcinarenes. The ability of V-, S- and PH-host as an 

adsorbent of ethylene gas were confirmed by gas adsorption experiment, showing that the 

ethylene gas was effectively adsorbed by these hosts, particularly in S-host. The quantity 

adsorbed of ethylene gas per unit area was calculated from quantity of ethylene gas and BET 

surface area of each calix[4]resorcinarenes, 2.15, 3.95 and 0.492 

(cm
3
/m

2
) at the V-, S- and PH-host, respectively. The adsorption 

behavior was compared with that of zeolite and activated carbon 

having the quantity adsorbed of ethylene gas per unit area for 

0.141 and 0.0653 (cm
3
/m

2
), respectively. These indicated that 

ethylene gas was effectively adsorbed by the S-host, and it was 

revealed that calix[4]resorcinarene has an effect ethylene gas. 
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In the present research, nylon 6/zeolite composite membranes were prepared by wet 

phase inversion method and characterized. Firstly, nylon 6 was dissolved in CaCl2/methanol 

(MeOH) solution as thermal condition and then by mixing zeolite powder with homogeneous 

nylon 6 solution. The nylon solution with zeolite was immersed in water coagulation medium. 

The composite membranes were with the ratios of 9:1, 8:2, 7:3 by the weight ratio of nylon 6 

solution to zeolite. The zeolite addition effected the membrane durability which was examined 

by tensile strength and percent elongation tests. By the permeation experiment of water through 

the membrane, permeation ability of distilled water was observed because of porous structure. 

Also, the FI-IR spectra of the membrane samples showed that the membrane contained typical 

FITR bands for nylon 6 and zeolite, meaning that both components were well hybridised each 

other in the membrane. 

Fig 1. The process of fabricating nylon 6/zeolite membrane. 
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Zinc tungstate (ZnWO4) is the promising material which has been studied for many 

applications such as scintillators, laser converters, photocatalysts and optical fibers. Many 

materials have been doped and studied on Zinc tungstate to improve its performance. The 

results of the studies reflected that the improvement of photoluminescence intensity was 

depends on cations and anions in the dopants. Cations such as Li and Na have been doped and 

investigated. Li doping has shown the enhancement of the luminescent efficiency. However, the 

destruction of the WO6 structures resulting in the decrease of the emission occurred by Na 

doping. For anions, salt ion doping such as SO4
2-

, Cl
-
, F

-
 and Br

-
 have suggested the possibility 

to increase the photoluminescence intensity. However, there are not many studies of other alkali 

metals and salts. Therefore, in this work, potassium doped Zinc tungstate was prepared with 

various potassium salts and evaluated for the photoluminescence properties. Samples were 

prepared by solid state reaction using starting powders of zinc oxide, tungsten oxide, potassium 

nitrate, potassium sulfate and potassium chloride. Zinc tungstate phase was confirmed by XRD 

for all the samples. The emission peak of photoluminescence excited at 275 nm was observed at 

465 nm. With increasing KNO3 content, the emission intensity increased, reached its maximum 

at about 0.5 mol% and decreased. The tendency of the intensity for KCl doping was almost the 

same as KNO3 doping. For K2SO4 doping, the maximum intensity occurred at about 2 mol% 

and the tendency of the decrease was less steep than other doping. The order of each maximum 

photoluminescence intensity was KNO3 > K2SO4 > KCl. The results suggested that potassium 

had possibility to maintain the ZnWO4 crystal structure containing the anions. Moreover, the 

fact that the emission peak intensities of the samples prepared with KNO3 and K2SO4 were 

higher than that prepared with KCl implied that the optical transition was depending on anions. 

Nitrate ions and sulfate ions could increase the optical transition between tungsten and oxygen 

within the (WO6)
6− 

structures more than chloride ions. 
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Since Ionic Liquids (IL) are a very well known materials that have been used in the past 

two decade because of, principally like natures of a green solvent and electrolytes for many types 

or conductive cells. It can be possible to obtain an endless family of IL due to their ionic nature.1 

In the present work, family of 23 ILs having the chemical structure of symmetric and asymmetric 

functional group was synthesized (Table 1). Evaluating the better and faster way to synthesize 

was carried out without solvents at low temperature (r.t.-50ºC) under of nitrogen atmosphere. 

They were obtain with almost quantitative yields (86% - 99%). The characterization of 

symmetric/asymmetric was investigated in point of views of the influence of the alkyl group on 

the ILs properties in addition, comparison for a specific application.  

Tabla 1.  Compounds synthesized and physical state at 25ºC, for their characterization.

Compound Structure Physical 
state 

[MEtIm]Br Solid 

[MprIm]Br Liquid 

[MbutIm]Br Liquid 

[MpenIm]Br Liquid 

[MhexIm]Br Liquid 

[MoctIm]Br Liquid 

[2EtIm]Br Liquid 

[2PrIm]Br Semi-solid 

[2ButIm]Br Semi-solid 

[2PenIm]Br Semi-solid 

[2HexIm]Br Semi-solid 

[2OctIm]Br Solid (liquid 
over 70ºC) 

[MEtOHIm]Br Solid 

[MPrOHIm]Br Liquid 

[MButOHIm]Br Liquid 

[MPenOHIm]Br Liquid 

[MHexOHIm]Br Liquid 

[MOctOHIm]Br Solid 

[2EtOHIm]Br Semi-solid 

[2PrOHIm]Br Semi-solid 

[2ButOHIm]Br Solid (liquid 
over 170ºC) 

[2PenOHIm]Br Liquid 

[2HexOHIm]Br Solid 

1 a) Hasan, M.; Kozhevnikov, I. V.; Siddiqui, M. R. H.; Steiner, A.; Winterton, N., Gold Compounds as Ionic Liquids. Synthesis, Structures, 
and Thermal Properties of N,N‘-Dialkylimidazolium Tetrachloroaurate Salts. Inorg.  Chem.y 1999, 38 (25), 5637-5641. b) Seddon, K. R.; 
Stark, A.; Torres, M. J. Influence of Chloride, water, and organic solvents on the physical properties of ionic liquids. Pure Appl. Chem. 2000, 
72 (12), 2275-2287 
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Solid oxide fuel cells (SOFCs) have been interested for reducing the problems of 

environmental and energy security since SOFCs can provide high electrical efficiency, no 

combustion process required and flexible fuel usability. The most widespread material for SOFCs’ 

anode is a composite consisting of nickel and yttria-stabilized zirconia (Ni-YSZ cermet). Ni-YSZ 

exhibits an adequate electrocatalytic activity for the oxidation of hydrogen fuels. However, Ni-

YSZ undergoes insufficient redox stability and low tolerance to carbon deposition when using 

hydrocarbon fuels. Thermal carbon deposition occurs on the surface of nickel particles coexisting 

with YSZ particles, both of which form a porous structure of the Ni-YSZ cermet. The carbon 

deposition reduces the reactive surface area and blocks fuel transportation to the reaction site 

interface between the anode and electrolyte. To overcome these problems, more favorable cermet 

materials for the direct use of hydrocarbon fuels are required.  

In the present study, cobalt was incorporated into Ni-YSZ cermet in order to improve 

electrochemical performance and durability of the Ni-YSZ anode. The effect of cobalt 

incorporation was investigated in hydrogen and methane fuels. The cermet materials were 

prepared by a modified citric method. After reduction at 800 °C for 2 h in hydrogen, x-ray 

diffraction (XRD) analysis exhibited that cobalt totally incorporated into the nickel lattice 

structure and formed the Ni1-xCox alloy phase without any appreciable reaction phase with YSZ. 

An observation by scanning electron microscopy (SEM) exhibited that the incorporation of Co2+ 

ions into the NiO-based fcc lattice, which were formed as a mother material of the Ni1-xCox alloy, 

resulted in a grain growth and coarsening of the cermet grains with the Co content in the Ni1-xCox. 

However, the 25 mol% Co substitution exhibited a similar microstructure with the Ni-YSZ, which 

were different from the microstructures in Ni1-xCox-YSZ (x>0.5). The Ni0.75Co0.25-YSZ cermet 

showed the highest electrochemical performance and durability both for H2 and CH4 fuels. The 

partial substitution of Co atoms in the fcc Ni lattice was found to be effective for an improvement 

of the cell performance particularly for hydrocarbon fuels probably due to low carbon deposition 

tolerance. 
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  In the last decade, the number of approaches related with biopolymers has increased. Many 
researchers focused in natural polymer for their biodegradable, nontoxic and biocompatibility 
properties. In particular cellulose, offers several advantages besides its bio-properties, is the 
most common biopolymer on earth and waste industrial product. In orthodontics, removal 
devices are used on their own to correct minor problems or help achieve a desired movement 
with full braces. A retainer is a removal device to hold teeth in their new position. During the 
day, this device is removing before the meals, but during the night remains in its position. The 
placement of a retainer in the mouth do not allow a freely saliva flow causing the formation of 
bacterial film. This bacteria accumulation causes bad breath, bad breath and dental plaque 
formation. Is called plaque to a heterogeneous accumulation of a diverse microbial community, 
aerobic and anaerobic, surrounded by an intercellular matrix of salivary and microorganisms 
attached to the braces components and teeth.  These microorganisms can adhere or be deposited 
on the walls of the teeth. If microorganisms get the substrates necessary for survival and remain 
on the tooth surface, they can organize and cause cavities, gingivitis or periodontal disease. In 
the present study, the approach for dental applications was conducted by using natural cellulose 
fibers for the preparation of hydrogel films with Larrea Tridentata, a local medicine plant in 
Chihuahua State Mexico. Larrea Tridentata, is known as chaparral as a medicinal herb, and as 
“gobernadora” in Mexico, Spanish for “governess”, due to its ability to secure more water by 
inhibiting the growth of nearby plants. It has been widely use for its antimicrobial properties. 
Moreover, the cellulose films were prepared using DMAc/LiCl system and coagulated in 
ethanol by phase inversion process. The transparent hydrogel film has very flexible elastic 
nature. Furthermore, cellulose hydrogels were prepared with Larrea Tridentata and 
antimicrobial activity was investigated using S. Mutans, one of the most common bacterial in 
dental health problems. It was observed that the area of growing inhibition of S. Mutans in the 
microbiologic assay increase with the increase of Larrea Tridentata content in the film. These 
results indicate the antimicrobial properties of the cellulose films for dental applications. 
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Hydrogels are highly polymer networks that can be made from either natural or synthetic polymer 
components. These polymeric hydrogels have a wide range of biomedical applications in coating 
of blood contacting materials, controlled drug delivery and tissue engineering used as scaffolds. 
In orthodontics, dental braces are commonly use in dental treatments. Dental braces are very 
retentive leading to the formation of dental plaque on teeth and gums. The accumulation of this 
plaque around dental braces causes the formation of cavities and gum disease. Is called plaque to 
a heterogeneous accumulation of a diverse microbial community, aerobic and anaerobic, 
surrounded by an intercellular matrix of salivary and microorganisms attached to the braces 
components and teeth. These microorganisms can adhere or be deposited on the walls of the teeth. 
If microorganisms get the substrates necessary for survival and remain on the tooth surface, they 
can organize and cause cavities, gingivitis or periodontal disease. In order to elaborate drug 
delivery matrix for medical applications, many researchers focused in natural polymer for their 
biodegradable, nontoxic and biocompatibility properties. In particular cellulose has unique 
properties like hydrophilicity but insoluble in water and forming microfibrilis for strong tensile 
strength. But, because of its fabrication problem, still little is known in cellulose hydrogels. In the 
present study, the approach for dental applications was conducted by using natural cellulose 
films made from Agave tequilana waste. Agave tequilana is a plant for tequila production in 
Mexico and bagasse becomes now huge waste as industrial emission to environment. Here the 
cellulose films were prepared using DMAc/LiCl system and coagulated in ethanol by phase 
inversion process. The transparent hydrogel film has very flexible elastic nature. Furthermore, 
cellulose hydrogels were prepared with clorhexidine and cell adhesion behavior based on the 
cytocompatibility was investigated using NIH3T3 fibroblast. It was observed that the cell 
viability on the hydrogel surface was higher than that on a commercially-available cell culture 
dish, indicating the higher proliferating ability on the hydrogel surface.  
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    Okinawa-mozuku (Cladosiphon okamuranusis) is a kind of seaweed which is harvested in 
Okinawa. The amounts of production are approximately 20,000 tons in 2003 and occupies more 
than 99% of national amount of production. It is known that Okinawa-mozuku includes a lot of 
fucoidan and reported that the fucoidan adjusts various living functions in human body. 
Fucoidans are a class of sulfated fucose-rich polysaccharides found in brown marine algae and 
echinoderms and have an attractive array of bioactivities and potential applications including 
immune modulation, cancer inhibition, and pathogen inhibition. Therefore, the development in 
medical care is attractive for the fucoidan polysaccharide extracted from Okinawa-mozuku. 
However, the detail has not been reported yet for the purpose of functional materials.  

    In the present of study for extraction of Okinawa-mozuku, four methods of the 
extracting process to fucoidans by heated water extraction, hydrothermal treatment with 
autoclaving wet extraction, autoclaving dry extraction and autoclaving ammonia treatment. In 
all extracting methods, the viscous polysaccharide sample was purified by centrifugal separation 
and then dialysis. Then, crosslinking of the polymer was carried out by using 1,4-butanediol 
diglycidyl ether (TGDE) for cross-linker with reacting it under a basic condition at 60 °C for 12 
hours. The gelation was succeeded in all samples by adjusting the concentration of cross-linker. 
A difference in hardness of each gel was observed, especially in the second method sample was 
formed the hardest hydrogel, although the first and fourth method samples were not able to 
maintain its gel form, when the TGDE was low concentration used. When the TGDE 
concentration was 4M, the water contents of the resultant hydrogels were 8609%, 1159%, 968% 
and 3203% for each fucoidan, respectively.   
   In the presentation, the source, extraction, characterization and detection of fucoidan is 
discussed in addition with preparation and properties of Fucoidan polysaccharide hydrogels. 
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Dental caries is a very common oral disease associated by the presence of the Streptococcus 
mutans (S. mutans) bacteria. S. mutans is divided in four serotypes (c, e, f, and k) and specific 
types have been associated with other systemic. Silver nanoparticles (SNP) have been 
demonstrated to have good antibacterial effects against a wide range of microorganisms, 
including S. mutans; therefore, few studies have analyzed the antimicrobial activity of coated 
SNP on S. mutans serotypes. The aim of this work was to evaluate the antimicrobial effect of 
coated SNP in clinical isolates of S. mutans serotypes. Methods: SNP with bovine serum 
albumin (BSA) or chitosan (CS) coatings were prepared and the physical, chemical and 
microbiological properties of SNP were evaluated. Results: Both types of coated SNP showed 
antimicrobial activity against S. mutans bacteria and serotypes. Better inhibition was associated 
with smaller particles and BSA coatings; however, no significant differences were found 
between the different serotypes, indicating a similar sensitivity to the coated SNP. Conclusion: 
This study concludes that BSA and CS coated SNP had good antimicrobial activity against the 
four S. mutans serotypes. 

Keywords: Antibacterial activity, Streptococcus mutans, silver nanoparticles. 
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Research for dioxygen activation by the transition-metal complexes is important in order to 
get insights of the enzymatic reactions which use dioxygen activation process.  In this 
presentation, we report the synthesis, characterization, and dioxygen activation of several 
cobalt(II) and nickel(II) para-substituted thiophenolato complexes, [TpM-SPhX] (M=Co, Ni; X 
denotes para-substituent groups) to investigate the influence of the dioxygen activation ability 
by para-substituent groups (X=OMe, Me, H, Cl, NO2) of the thiophenolato ligand.  

Monomeric cobalt(II) and nickel(II) thiophenolato complexes are synthesized by the halide 
or nitrato complex with sodium para-substituted thiophenolates, and the obtained complexes are 

spectroscopically characterized.  The cobalt(II) para-nitrothiophenolato complex, TpCo-SPhNO2, 

is structurally characterized by X-ray analysis and cobalt center has tetrahedron with N3S1 ligand 

doner set.   

When the cobalt(II) para-substituted thiophenolato complexes reacted with O2, the dimetric 

cobalt(II, II) bis-m-hydroxo complex is obtained. The thiophenolato ligand eliminated reductively 

from cobalt(II) center to produce disulfides or are oxidized to sulfonate (or sulfinate).  In the 

reaction of nickel(II) complexes with O2, sulfur atom oxygenation of the para-substituted 

thiophenolato ligand to sulfonato (or sulfinate) occurred mainly.  We investigated reaction rate of 

the thiophenolato complexes with O2 by analyzing spectral change in UV/vis spectra at 296K.  In 

Co(II) and Ni(II) complexes, the reaction rate is faster as the electron-donating group is introduced 

into the para-position compared to the electron-withdrawing group.   

Additionally, a metastable cobalt(II) superoxo complex is obtained when the dioxygen activation 

carried out at 253K.  The substrate oxidation by the superoxo species will be reported.   
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CeO2 has been an attractive substance for the photocatalytic activity on wastewater 

treatment and overall water splitting as an alternative to the conventional TiO2 photocatalysts. 

However, the wide band gap CeO2 has made it difficult to use in visible-light range applications 

as well as TiO2. In this research, Y2O3 was used as a dopant in an attempt to reduce the band gap 

of CeO2 by the band-structure modification and improve its photocatalytic activity by the 

retardation of the hole-electron recombination. The Y3+ ion has a similar ionic radius with the 

Ce4+ ion, which is favorable for the formation of a solid solution in the CeO2-Y2O3 system. 

Platinum is also used as a co-catalyst that acts as an electron transmitter for the light-driven 

reducing reaction at the surface of photocatalysts.   

Y2O3-CeO2 samples were prepared by the solid state method with varying the Y2O3 

amount at 2.5 mol% and 5 mol%, and used for the CO2 reduction. The samples were sintered at 

1400 °C for 5 h in air. Fine platinum particles were deposited on the surface of the samples by 

using a photo-deposition technique. The X-ray diffraction (XRD) pattern exhibited the 

single-phase crystal structure of CeO2 in the absence of reflection peaks from the Y2O3 phase, 

which showed the formation of the Y2O3-CeO2 solid solution. The Brunauer-Emmett-Teller 

(BET) analysis showed that the specific surface area increased with an increase in the Y2O3 

concentration. The UV-vis spectroscopy revealed that there was no shift in the absorption edge; 

the band gap energy was not affected by the Y2O3 incorporation into the CeO2 crystal lattice. 

Field Emission Electron Microscopy (FE-SEM) was used to observe the morphology of the 

platinum particle dispersion on the surface of Pt loaded 5 mol%Y2O3-CeO2. This observation 

revealed that fine platinum particles are finely dispersed on the sample surface. The Pt loaded 5 

mol%Y2O3-CeO2 samples showed the highest photocatalytic activity for the methane (CH4) 

production from CO2 dissolved in water under the UV light irradiation among the samples 

investigated The possible mechanism for an improvement of the photocatalytic reduction of 

CO2 to CH4 has been proposed. 
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When Ca is added to magnesium more than 0.5 %, a combustion temperature in the 
atmosphere rises and is calling the alloy which added Ca to magnesium a flame-retardant 
magnesium alloy. For corrosion resistance to become sudden badly, when an impurities element 
of Fe, Ni and Cu gets mixed in magnesium, the recycling process an impurities element is 
difficult to mix in which is needed. The vacuum distilling method for which the vapor pressure 
difference during elements was used is capable of the separation with Mg with the high vapor 
pressure, Fe with the low vapor pressure, Ni and Cu. In this study, recycling of high purity 
magnesium from flame-retardant magnesium alloy was investigated. 

Mg-8.04%Al-0.98%Ca alloy were used to a raw material, and recycling from Mg-Al-Ca 
system alloys to high purity magnesium by vacuum distillation and extrusion method was 
examined. A raw material temperature of 600℃, a condenser temperature of 350℃, and a 
purification time 8h, the purification ratio is nearly 75%. The condenser condensate becomes a 
little less than 65%. Mg deposit in the condenser as high purity magnesium that is free of 
impurities such as Fe, Ni and Cu. Recycling extrusions could work a magnesium deposit as 
billet and make from extrusion temperature of 300℃ to 375 ℃ and extrusion ratio of 33 and 
100. Chemical composition of recycling extrusions is more than 99.99 % of purity. The 
corrosion rate of recycling extrusions is about 0.5mm/y, and the corrosion resistance became 
better than that of AZ91D magnesium base alloy die castings. The ultimate tensile strength of 
recycling extrusions is 105MPa to 155MPa, and the elongation is 2% to 12%. 
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Calcium-alginate polymers have been tested as a matrix for metal removal. However, there is no 

evidence about how long this material endures while metal is being removed from industrial wastewater. 

In order to determine how long the polymer will last in these particular conditions, a linear polysaccharide 

polymer of calcium alginate (Ca-Alg) was prepared and exposed to wastewater from a chroming process. 

Ca-Alg films (1% concentration of) were prepared and analyzed by infrared spectroscopy (IR-ATR), 

scanning electron microscopy and gravimetric techniques to determine significant changes (ANOVA) in 

material composition, structure, and physical characteristics (size and maximum water absorption 

capacity: CMAa). Films characteristics were determined previous, during, and after 41 days of 

wastewater (pH=2.63 ±0.2) and deionized water (control) exposure. IR-ATR analysis confirmed the 

presence of representative Ca-Alg functional groups (–OH, -COO-) at 3600 and 1600-1450nm, 

respectively. Size of Ca- Alg films exposed to industrial wastewater was reduced by 16% at the end of the 

experiment. Preliminary SEM data indicates that film’s structure is modified through surface porous. 

CMAa average decreased 94% in films exposed to industrial wastewater: It degraded films to pieces after 

39 days of exposure. Decrease on CMAa of Alg-Ca films immersed to industrial wastewater (58% in 9 

days) may indicates that this type of film may be useful 10 days under tested conditions. Metal adsorption 

capacity still needs to be determined under same conditions to validate Ca-Alg films effective life time.  
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Lead is a toxic heavy metal that can be widely distributed into water environment mainly 
as lead ions by industrial processes, such as factory effluents. Lead ion pollution causes serious 
damages to human body and environmental conditions. According to the environmental criteria, 
lead ion concentration in water must be decreased down to the ppb level. 

 Many techniques for heavy-metal ion removal from water have been proposed such as 
the precipitation method, adsorption method, and so on. Adsorption is an attractive method 
because it has an environmental merit and an easy handling. However, adsorption always involves 
desorption as well. Since the adsorption equilibrium constant depends on temperature and 
concentration, removal of heavy-metal ions from water is controlled by the equilibrium 
concentration. In this study we attempt to remove lead ions from water by photocatalysis, which 
is not controlled by the adsorption equilibrium limit. 

Removal of Pb(II) ions from water was conducted by a CeO2 photocatalyst loaded with 
Gd2O3. The adsorption and photoelectrodeposition reactions occurred simultaneously on the 
surface of the photocatalyst. Removal amount of Pb(II) ions increased by the loaded catalyst 
Gd2O3 under UV light irradiation. This effect most likely resulted from (1) an improved 
adsorption capacity due to a strong interaction between Gd2O3 and Pb(II) ions and (2) a promoted 
rate of subsequent photocatalytic deposition of the adsorbed ions on the CeO2 surface. The 
proposed reaction mechanism is that the photoelectrodeposition of Pb(II) ions proceeds following 
its adsorption process and this reaction rate is determined by the amount of Pb(II) ions adsorbed 
on the photocatalyst surface. The amount of lead ions removed by the photoelectrodeposition 
increased significantly with an increase in the amount of Gd3+ ions dissolved into water from the 
photocatalyst sample. The photocatalytic removal of Pb(II) ions was well controlled by an 
adsorptive property of the Gd2O3 added CeO2 photocatalyst.  
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Fluorescence in situ hybridization (FISH) is a major technology for visualization of 

environmental microorganisms [1]. However, signal intensity of FISH depends on the amount 

of rRNA. Thus, it’s difficult to detect microorganisms with low rRNA contents. As a solution, 

catalyzed reporter deposition (CARD)-FISH as a sensitive FISH was reported. The signal 

intensity of CARD-FISH was approximately 26-41 times higher than that of FISH, and it has 

been applied to these microorganisms. However, CARD-FISH is necessary to penetrate large 

enzyme in a cell. Thus, it may be difficult to detect microorganisms with low probe 

permeability [2]. In order to solve the problem, quickHCR-FISH was utilized as a sensitive 

FISH by using HCR for signal amplification [3]. This method does not use the enzyme reaction 

for signal amplification. The signal intensity of quickHCR-FISH was approximately 8-16 times 

higher than that of FISH.  

In this study, we introduce the novel sensitive FISH with a combination of quickHCR 

-FISH and click chemistry. Click chemistry has a specific reaction with alkyne and azide. Thus, 

three alkyne-labeled oligonucleotide probes, and azide-labeled signal amplification initiator 

probes were used for increasing the origin of signal amplification by HCR. Currently, click 

chemistry has not been utilized for a FISH as signal amplification. Thus, we are optimizing the 

alkyne-azide binding conditions in cells. As a result, the signal was obtained from cells. 

However, non-targeted cells also obtained signals. After further developing this method, the 

detection of microorganisms may be easier compared with other sensitive FISH methods. 
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The in situ visualization of microorganisms is very important for revealing microbial 
ecology. The fluorescence in situ hybridization (FISH) method is usually used for the 
identification of environmental microorganisms [1]. However, an environmental 
microorganism with low rRNA contents is difficult to detect by FISH, because the signal 
intensity of FISH depends on rRNA contents. The catalyzed reporter deposition (CARD)-FISH, 
a sensitive FISH has been utilized for detection of these microorganisms. However, 
CARD-FISH requires some cell-wall treatment to penetrate the large molecular weight of 
horseradish peroxidase-labeled probes. In addition, a universal cell-wall treatment has not been 
reported so far. To overcome this problem, a new sensitive FISH using a combination of FISH 
and hybridization chain reaction (HCR) for detecting environmental microorganisms with low 
rRNA contents and low cell permeability was reported [2].  

In this study, we introduce an improved in situ DNA-HCR protocol 
(quickHCR-FISH) with higher sensitivity, and the amplification time is accelerated to only 15 
min by using a dextran sulfate and blocking reagent containing a hybridization and 
amplification buffer, compared with 2 h in the original protocol. Finally, quickHCR-FISH was 
applied to marine bacteria in seawater and sediment samples for checking the applicability of 
environmental microorganisms. The detection rates of marine bacteria after applying 
quickHCR-FISH were almost the same as that after applying CARD-FISH. This newly 
developed protocol can be an attractive alternative to CARD-FISH for the detection of 
microorganisms in an environmental context. 
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Most aggregate used in concrete are almost chemically inactive, however, mineral 
constituents of some aggregates react with alkali hydroxide, which originate mainly from the 
portland cement. The chemical reaction, internally occurred alkali–silica reaction (ASR) in either 
concrete or mortar under certain condition, e.g. high humidity and sea saline water, may result 
deleterious expansion of concrete or mortar. The prior evaluation of alkali-aggregate reactivity by 
reliable test is required for the utilization of natural aggregate in concrete for assurance on longer 
service life of the structures.  

The objective of this study is to identify the potential alkali–silica reactivity of several 
aggregate which marketable in Yangon region, Myanmar. To achieve this objective, four number 
of fine aggregate quarry which is operated to produce river sand was selected and investigated. 
In addition, three numbers of coarse aggregate quarry were also chosen to investigate potential 
alkali–silica reactivity.  

Four samples of river sand, one sample of river shingle and three sample of crush stone 
were collected from the mentioned quarries and the accelerated Bar Mortar test were conducted 
on these samples to assess the potential alkali–silica reactivity. According to ASTM C 1260 
suggested method, three Bar Mortar tests were performed on each sample. Based on the obtained 
results, it was found that four samples of all seven samples were considered as non-reactive due 
to their average expansion rates which are less than 0.1%. Two sample which was collected from 
Wan Be Inn and Ohn Chaw quarry are considered as moderately reactive which average expansion 
rate between 0.1% and 0.2%. Only one sample taken from Kamaryut quarry is concluded as 
reactive with average expansion rate of 0.3429% which is more than 0.2%. 
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Lattice Boltzmann method (LBM) has been receiving enormous attention from researcher to 
solve fluid related phenomena. LBM in fluid dynamics simulation, one meet some difficulties, 
for instance it become unstable for high Reynolds number flows and require computational time 
and memory for large scale simulation. To avoid this, we used here the Entropic LBM (ELBM) 
of Karlin’s group [1] and implemented parallel code on the graphical processing units (GPU). 
We have used this method for simulation of flow past a circular cylinder, where Reynolds 
number varies up to 2000. For parallel computation, we used GPGPU system of Nagaoka 
University of technology, which is equipped with Tesla M2050 processors. Using GPU in 
simulation, computation time speed up until 40x faster than that of using central processing 
units (CPU). Our simulation shows the stability of the ELBM without using any other 
stabilization techniques.  

Figure 1. Preliminary result of flow past a circular cylinder at Re=950. Field shows vorticity and 
its wake structures behind the circular cylinder.  
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The public services closely related to the daily lives of the Japanese people, such as 
firefighting, police or primary school education, are largely financed by the local governments 
[1]. As the population as a whole in Japan declines, the population in local regions are 
forecasted to experience particularly rapid decline in the future, and it is inevitable to reduce the 
cost of public services provided by the local governments to keep their financial basis 
sustainable. One of the possible ways for realizing cost cut is reducing the public facilities for 
providing public services whose owner is the local governments with declining population. On 
the other hand, if we only reduce facilities, the accessibility which is the condition of accessing 
a facility easily in a whole local city including the high population density area and low 
population density area at the future would be worse than the present one. In this research, we 
propose a method of determining the minimum number of future facilities and its facility 
locations in which we maintain the present accessibility. 

In our proposed method, there are 5 steps to determine them. From step 1 to 3 are the 
preparations of this method, i.e. targeting area, estimating future population, and selecting 
facility location model. We adopted -centdian model as the facility location model, which can 
secure the accessibility in a whole local city determining the weights of both areas. In step 4, the 
number of future facilities is determined comparing the optimal accessibility at the present and 
the future calculated by facility location model treated as the function of population, weights 
and the number of facilities. In step 5, the future facility location is determined by this model. 

We applied our proposed method to fire station in Iwaki city, Japan and found them at 
2064, after 50 years from 2014. From the results of application, it is cleared that 6 facilities are 
sufficient in 2064. This indicates the potential that cost would be reduced significantly because 
7 facilities can be reduced during 50 years from 2014. Additionally, we confirmed that the 
future facility location had secured accessibility in both areas calculating and comparing 
distance per person in them. 

REFERENCES 
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The human activity detection and recognition using body-worn sensors are key issues 

for the wearable sensing technology. In the field of wearable sensing, the motion sensors (e.g. 

accelerometers and gyroscopes) are widely used for understanding human activities such as car 

driving, sports, healthcare assessments. We discuss the problem of human motion analysis from 

motion sensors, which involves the time sequence data obtained from human behavior. The 

goals of human motion analysis generally include the classification and/or characterization of 

movements of any particular individual. The purpose of classification is to comprehend what 

activity is being performed. On the other hand, the purpose of the characterization is to 

comprehend how any activity is being performed. To achieve these goals, the method of 

extraction for motion features from motion data have been discussed by many researchers in the 

fields of computer vision, robotics, and computer science. Mishima et al. [1] proposed an 

extraction method of similarities/style and differences/characteristic in human motion using 

singular value decomposition by using a three-dimensional motion capturing system. Akiduki et 

al. [2] also discussed a method based on [1] of extracting both of a similarities/style and 

differences/characteristic component from walking motions using four wearable motion sensors. 

This method suggested that data with segmented walking motion could be used to identify 

individuals. However, they did not discuss the physical meanings of the similarities/style and 

differences/characteristic component of a subject from the walking data.  

Therefore, the aim of this paper is to discuss a method of determining which segment 

data contributes to the similarities/style and differences/characteristic components, toward the 

understanding of the physical meanings of the similarities/style and differences/characteristic 

components of a subject from the walking data.  
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Gravitational wave (GW) is a physical phenomenon predicted by General Relativity. 
Since the amplitude of GW is very weak amplitude, GW has not been observed until now. 
However, the first direct GW detection was made by the Advanced Laser Interferometer 
Gravitational Wave Observatory (Adv. LIGO) on September 14, 2015. 

In Japan, Large-scale Cryogenic Gravitational Wave Telescope called KAGRA has 
been constructed. KAGRA is a 3-km interferometric gravitational wave detector, at an 
underground site which is a new excavated tunnel, in Kamioka-mine in Gifu prefecture, Japan. 
KAGRA has two features: cryogenic mirrors made of mono-crystalline sapphire to reduce 
thermal noises and the seismically quiet and stable environment of an underground site.  

Since gravitational wave is considered to be faint and gravitational wave detectors 
produce a great variety of nonlinear and transient noise, an efficient data analysis scheme is 
required. Hilbert-Huang transform (HHT) is a new time-frequency analysis method proposed by 
Hung et al. [1]. The HHT consists of an Empirical Mode Decomposition (EMD) followed by 
the Hilbert Spectral Analysis (HSA). The EMD first decomposes the data into intrinsic mode 
functions (IMFs), each representing a locally monochromatic frequency scale of the data. 
Summing over all the IMFs will recover the original data. The HSA derives the instantaneous 
amplitude (IA) and instantaneous frequency (IF) from the analytical complex representation of 
each IMF; the IMF itself and the Hilbert transform of the IMF are the real and imaginary parts, 
respectively. The IA is obtained by taking the absolute value, and the IF is obtained by 
differentiating the phase. Compared with the Fourier decomposition and wavelet decomposition, 
the EMD approach has an advantage for analyzing the nonlinear data since it decomposes the 
signal into IMFs based on the time scale of the signal itself with adaptive nature. 

In this paper, we investigate the possibility of the application of HHT to the search for 
gravitational waves.  
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In timetable of the universities and technical colleges, there are many constraints of each 

educational institution. Most of the educational institution forms the timetable, which does not 

violate such constraints, by manual work. 

To solve the problem, the researchers attempt to form the computer-generated timetable 

by using various approaches. In general, it is difficult to figure out the exact solution on such 

combinational problems. 

Recently, with the benefit of performance increase of computer hardware, 

metaheuristics has become a most popular solution framework to combinational problems [1]. 

For that reason, to apply exact solution to combinational problems is seldom studied, however the 

knowledge for solution by exact solution is useful. 

In this paper, the effect of constraints is shown in the case of solving a Constraint 

Satisfaction Problem (CSP) by Linear Programming (LP). A Timetabling Problem (TP) is 

formulated as example of CSP. Then, we try to solve the problem by simplex method to get the 

exact solution by varying the constraints selectively.  

Using the obtained results, we examine how constraints affect the obtained solutions. 

We observe the computation time and simplex pivot count, excepting the constraints that do not 

affect the feasible solutions of TP.  

As the results, we find that the constraints such as giving two successive classes and 

limiting the number of times giving same classes in a day is major factor to make the problem 

complicate. In addition, we propose a method that permits constraints violation and minimizes 

the amount of the violation to import ambiguous constraints. 
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The use of technical refinement is playing an important role in the process of 
optimizing training efficiency and improving results of athletes. 

For a swimmer, to enhance swimming abilities, it is desirable for swimmers and 
coaches to understand and evaluate the characteristics of own swimming motions, such as 
strokes and turns etc. One useful method is to use a motion capture device. However, its device 
requires the high cost and complicated setup. On the other hand, the wearable sensors do not 
require them. For these reasons, we plan to develop a system to evaluate the characteristic of the 
swimming motions with a single underwater wireless wearable sensor. This system gives 
assistant information to swimmers and/or coaches. This systems use an underwater wireless 
wearable sensor. This sensor is attached on swimmer’s waist. This system analyzes sensor data 
and gives analysis result to a swimmer/coach at the timings: (i) real-time, (ii) end of swimming 
and (iii) after training.  

This study was made to classification of swimming style. It is one of the problems in 
the system. We used decision tree in order to calculate classification condition. Feature 
quantities were calculated using sensor data. We measured acceleration of behavior stroking of 
2 swimmers. We were evaluated classification accuracy from test data. In our experiment, the 
styles freestyle and backstroke were well classified with high F-measure, but the styles 
breaststroke and butterfly were not well classified with not so high F-measures. 
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1. Back Ground
Japanese agriculture has issues on aging
and shortfall of successor. The farming
population in 2015 decreased to
2,097,000 that was 62.5 % of that in
2005.  the average age was 66.4 years
old[1]. So farmer needs an efficient
system that reduces their load of
farming work. Recently, ICT is applied
in agriculture for creating efficient
farming methods. In ICT agriculture,
recording of farming work is needed to
analysis of prediction of harvest. We
propose a recording system of farming
work that is easy to use for farmers. Our
proposed system is able to be also used
to measure an environment information
of fields.

2. Sensor Network
Figure 1 shows the structure of sensor
network. We used SensorTag (CC2650
STK , TI) as sensor node. The gateway
was developed based on Raspberry PI.
In a cloud server, we installed
MongoDB as the database and MQTT
broker as communication protocol with
the gateway. Between SensorTags and
Raspberry Pi is connected by BLE.
SensorTag can be attached not only
farmer body but also in the greenhouse.

Fig.1 Structure of sensor network 

3. Measuring farming Work
Since SensorTag has 10 kinds of sensors,
we can use it for many ways. In the case
of recording farming work, we use gyro,
accelerometer and magnetic sensor.
Farmer put SensorTag on chest, waist,
wrist and legs. Measured farmer
behavior by these SensorTags was
accumulated in the MongoDB. The
farming works of measured farmer
behavior are predicted by using a
machine learning method.

4. Summary
We developed the farmer behavior
recording system. Now we are
developing a machine learning system
for prediction of farming work from the
recorded farmer behavior.

5. Reference Documents
[1] Ministry of Agriculture, Forestry
and Fisheries (2015), Census of
Agriculture and Forestry in Japan.
http://www.maff.go.jp/j/tokei/census/afc
/2015/pdf/census_15k_20160427.pdf
(accessed 2016-08-12)
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Water quality variation in river is occurring the result of human behavior, and natural 
processes. The most possible solution to restraint the water contamination in river is recognize 
and control the anthropogenic activities [1]. To overcome this problem, improve self-discipline 
by visualizing effect of human behavior is proposed as a sophisticated solution. This research 
work discusses about comparative study for development of the model and informative web 
interface to visualize water quality correlation with environmental factors based on cloud 
computing. The lower region of the Kelani River in Sri Lanka is selected as the study. 

The result of statistical analysis of water quality parameters and land use data was 
indicated a positive correlation with environmental factors with some parameters [2]. Furthermore, 
analysis explained positive significant relationship between population and fecal coliform. As an 
initial step, this correlation was selected to develop machine learning model and design the web 
interface. The one of core objectives is to study about ability of open source cloud management 
platform for development of visualization system [3]. The Bayesian network and Artificial neural 
network were used for comparative study to develop the model. The web interface visualizes three 
different information about river environment such as water quality data, water classification 
levels and land use data. Therefore, user can understand effect of their behavior for water quality 
in a river basin. This output enhances the traditional methods of water quality visualization system 
by acknowledging and encouraging to anthropogenic activities by an aspect of inhibitory control. 

REFERENCES  
[1] Saroj Gyawali,Knaanan Techato,sathaporn Monprapussorn,Chumpol Yungyani, “Integrating 
Land use and water quality for environmental based land use planning for U-tapao River Basin, 
Tailand”, Journal of Social And Behavioral Sciences Vol 91, pp. 556-563, 2013. 
[2] C. P. Liyanage, A. Marasinghe, and Bandunee Liyanage, “Assess the Applicability of Remote 
Sensing Mapping to Monitor the Water Quality in Kelani in Sri lanka”, The 4th International 
GIGAKU Conference in Nagaoka(IGCN2015),Japan. 19th to 21st June 2015. 
[3] Mingyuan Yu, Donghui Yu, Lei Ye, Xiwei Liu, “Visualization Method Based on Cloud 
Computing for Real Estate Information”, The Fourth International Conferences on Advanced 
Service Computing, service computation, 2012 
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In the knowledge-based economy, science technology and innovation (STI) have been 

becoming the core driver of the national competitiveness. STI developments have led to a need for 

more integrated way to evaluate STI performance as well as efficiency and effects. The role of 

evaluation is to generate information about the appropriateness and effectiveness of policy making. 

This information is used to learn more about policy practices and performance and to give directions 

for development of national STI strategy [1]. 

This article aims to suggest a core set of STI indicators for selected Asian countries; China, 

Japan, South Korea, India, Singapore, Indonesia, Thailand, Malaysia and Philippines. The proposed 

set of STI indicators was built considering the current and potential availability of STI data. For the 

evaluation of national science technology and innovation capability, not only quantitative indicators 

but also qualitative indicators was studied. There are a number of different indicators which relate to 

the evaluation framework of STI policy. The indicators include: indicators of STI input and indicators 

of STI output. 

STI input indicators include research and development (R&D) expenditures and human 

resources, and their breakdown to different sectors (government and business enterprises). STI output 

indicators include the number of journal publications and registered patents, which are used for 

measuring the output of knowledge creation. Moreover, it includes the third category of indicators, 

designed to measure linkage and collaboration between STI sectors, which promotes STI output 

transformation, application and eventually brings the beneficial products. For the evaluation of long-

term performance, another STI output indicators are added to evaluate performance of input-output 

technological system. 

In many developing countries, government expenditures on R&D are invested in public 

research institute and university laboratories but industrial R&D is still lagging behind. The set of STI 

indicator developed in this study could help developing countries identify priorities in efforts to build 

up their basic STI capabilities. 

REFERENCES 

[1] OECD Science, Technology and Industry Outlook 2012 “III.5. STI Policy Profiles: Innovation 

Policy Governance”, 2012, 152. 
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visible light irradiation 
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In order to suppress the bacterial infection, this study proposes development of new 

complex coating that enhances antibacterial properties. A fluorescent complex coating was 

developed by adding three types of amino acids on HAp coating. Fluorescent spectra of the 

complex was observed. Cytotoxicity assessment was conducted by using MC3T3-E1 osteoblast 

cells. The results demonstrated that biocompatibility of HAp/amino acid complex was similar to 

HAp itself. Antibacterial testing was conducted against E.Coli and bacterial growth rate was 

measured by observing the turbidity of medium solution. The reduction of bacterial growth rate 

was observed. The fluorescent complex HAp/Ti2O3 composite photocatalyst coating showed 

significant reducing of bacterial growth rate comparing to the cases without fluorescent complex 

coating. Preliminary results explained that enhancement of efficient antibacterial properties in 

fluorescent complex HAp/Ti2O3 photocatalyst composite coating is higher than none fluorescent 

complex coating. A mechanism of enhancement in antibacterial property by fluorescence is also 

discussed. 
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Filamentous fungus Trichoderma reesei produces a variety of cellulases and 
hemicellulases to degrade lignocellulose into monosaccharides. This fungus has been widely used 
as an industrial cellulase source. Therefore, many high cellulase-producing mutant strains of T. 
reesei have been developed by mutagenesis around the world. Among them, The Japanese high 
cellulase-producing mutant PC-3-7 strain has been obtained from the global standard QM9414 
strain. We have identified 54 genes of single nucleotide polymorphisms (SNPs) with mutation of 
amino acid in gene coding region between the wild type QM6a strain of T. reesei and its mutant 
strains. Previously, we were tried to characterize the effects of pH on cellulase production of 
mutant strains. We revealed that QM9414 strain shows the highest cellulase production under 
lower pH condition, while N-25 strain, derived from QM9414 strain, has higher pH-dependent 
cellulase productivity. There were 9 genes derived from SNPs between QM9414 and N-25. 
Therefore, it was considered cellulase productivity was altered by these SNP genes in N-25 strain. 
In this study, we aimed to identify the factor which related in pH-dependent cellulase production. 

First, we analyzed cellulase gene expression under the various pH conditions in 
Japanese mutants. As a result, QM9414 strain and N-25 strain were shown high expression level 
of cellulase genes under the lower pH condition in spite of low cellulase production in N-25 strain. 
This result suggested pH-dependent cellulase productivity of N-25 strain was reduced by low 
protein secretion. To elucidate the SNP that related in pH-dependent cellulase production, 
deletants of 9 SNP gene from QM9414 strain were constructed and analyzed pH-dependent 
cellulase production under the various pH conditions. As a result, two deletants (gene annotated 
transmembrane protein and α/ß-hydrolase) decreased cellulase productivity under the lower pH 
conditions like N-25 strain. Furthermore, we constructed N-25 expressed wild type protein for 
two SNP genes. The mutants expressed each wild type protein (gene annotated transmembrane 
protein or α/ß-hydrolase, respectively) could not produce cellulase and hemicellulase under the 
lower pH conditions, while the mutant expressed both wild type protein was acquired cellulase 
productivity. Therefore, these results suggested that both genes were related in lower pH-
dependent cellulase secretion. 
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The filamentous fungus Trichoderma reesei is a potent producer of cellulase that is 
cellulolytic enzyme used to obtain glucose from cellulosic biomass. Under cellulase producing 
condition, T. reesei produces 3 kinds of cellulase. They are cellobiohydrolase (CBH), 
endoglucanase (EG) and β-glucosidase (BGL). It has been thought that cellobiose which is 
released from cellulose with activities of CBH and EG, and sophorose which is formed from 
cellobiose by transglycosylation reaction of BGL act as inducers of cellulase expression.  

Mutant strain PC-3-7 developed in Japan was derived from standard strain QM9414 by 
mutagenesis and acquired cellulase inducibility on cellobiose as the substrate, and has higher 
cellulase productivity than QM9414. Recently, it has been clarified that intracellular BGL 
(BGLII) of PC-3-7 is mutated BGLIIV409F. PC-3-7 revertants of bgl2 exhibited reduced cellulase 
productivity on cellobiose. In addition, QM-SNPbgl2 strain expressing BGLIIV409F was acquired 
high cellulase productivity comparable to that of PC-3-7 on cellulose [1]. Thus, this mutation of 
409th amino acid of BGLII has been estimated to contribute to the cellulase high productivity in 
PC-3-7. In this study, our aim is to elucidate the enzymatic and physiological effects caused by 
mutation V409 in bgl2, by expressing various mutations bgl2 in heterologous as a host. 

The construction of 20 kinds of bgl2 in which V409 was substituted into each amino 
acid was carried out for the expression system of Escherichia coli. As a results, it was successfully 
expressed 7 BGLII variants in E. coli. Especially among them, it is suggested that 
transglycosylation products from BGLII mutants of V409S and V409T might include the inducer 
possessing higher cellulase inductivity. 

REFERENCES 
[1] Shida Y, Yamaguchi K, Nitta M, Nakamura A, Takahashi M, Kidokoro S, Mori K, Tashiro K, 
Kuhara S, Matsuzawa T, Yaoi K, Sakamoto Y, Tanaka N, Morikawa Y, Ogasawara W. The impact 
of a single-nucleotide mutation of bgl2 on cellulase induction in a Trichoderma reesei mutant. 
Biotechnol. Biofuels. 2015;8:230 
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D-Aspartate oxidase (DDO) is an enzyme that catalyzes the oxidative deamination of 
acidic D-amino acids, such as D-aspartate and D-glutamate, and contains a flavin adenine 
dinucleotide (FAD) as a cofactor. DDO widely distributed in eukaryotic organisms ranging from 
fungi to human but not in prokaryotic organisms. In fungi, DDO is shown to play a role in the 
assimilation and detoxification of acidic D-amino acids. In mammals, it is considered to be also 
involved in the regulation of the physiological functions of D-aspartate, such as hormone 
synthesis and NMDA receptor signaling. Because DDO has now attracted serious attention in 
biotechnological applications, such as the optical resolution of amino acids, the detection and 
quantification of acidic D-amino acids, and the production of keto acids, the higher stability and 
catalytic activity of the enzyme have been required. In this study, to isolate a highly stable DDO, 
we searched DDO homologous gene in thermophilic fungi and characterized the gene product 
of a DDO homologous gene expressed in Escherichia coli. 

Using the amino acid sequence of the yeast Cryptococcus humicola DDO (ChDDO), We 
identified two DDO homologous genes, named TdDDO1 and TdDDO2, in the thermophilic 
fungus Thermomyces dupontii. The deduced amino acid sequence of TdDDO1, but not of 
TdDDO2, contains a histidine residue conserved in fungal DDOs, which plays a critical role in 
the substrate specificity to acidic D-amino acids in ChDDO, suggesting that TdDDO1 possibly 
encode DDO. We cloned the gene and expressed it in E. coli. The crude extract of E. coli 
expressing the gene exhibited a significant oxidase activity to acidic D-amino acids and a 
neutral D-amino acid, D-glutamine, showing that the gene encodes active DDO. We purified to 
apparent homogeneity the recombinant enzyme using TALON resin. The purified enzyme 
exhibited a much higher kcat / Km value for D-GIu (104,000 s-1 M-1) than for D-Asp (13,900 s-1 

M-1). The T50 (50% denaturation temperature) of the enzyme was approximately 51°C, which is 
higher than that of ChDDO, showing the higher thermal stability of TdDDO, and the addition of 
0.1 mM FAD increased the stability. Currently, we further analyze the enzymatic properties in 
more detail. 
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Oleaginous yeast Rhodosporidium toruloides can produce high amounts of lipid 
(Triacylglycerol) from monosaccharides. In the optimal condition, lipid in R. toruloides occupy 
over 70 % of dry cell weight and lipid compositions of R. toruloides are similar to that of 
oleaginous plants. Therefore, lipid made from R. toruloides would solve various problems in 
Japan that the low degree of self-sufficiency in edible oil and dependence on imported lipid, etc. 
In addition, R. toruloides can also produce an antioxidative compound, carotenoid. Carotenoid is 
a group of valuable molecules for the pharmaceutical, chemical, food and feed industries. It has 
been reported that carotenoid production in microorganism improved by light. But it has not been 
revealed that carotenoid biosynthesis mechanism is controlled by light. R. toruloides NBRC 
10032 strain indicates red colored colony phenotype only when it is irradiated by light, which 
suggests improvement of the productivity of carotenoid by light. 

Here we showed the elucidation of light responsive mechanism of R. toruloides NBRC 
10032 strain and analyzed the relationship between carotenoid production and lipid production. 
As a result, carotenoid production was increased at maximum 5 times and dry cell weights were 
decreased by irradiation as compared with these from dark condition. Furthermore, it was clarified 
that increase of proportion of C18:1 that is excellent to oxidation stability in total fatty acids. 
From the expression analysis of genes related to carotenoid biosynthesis by qRT-PCR, it was 
revealed that they were overexpressed since 72 hours after irradiation. Because the cells were red 
colored phenotype at 24 hours by irradiative cultivation, their expression pattern within 24 hours 
was analyzed. Surprisingly, we revealed that genes related to carotenoid biosynthesis were 
overexpressed in 1 hour after irradiation and transcripts were disappeared. This result shows that 
R. toruloides has two-step light response mechanisms and demonstrates that R. toruloides 
received oxidative stress from light.  
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Family S46 peptidase is exo-peptidase that releases the dipeptides from N-terminus of the 

oligopeptide. In our previous study, we elucidated the three-dimensional structure of dipeptidyl 

aminopeptidase BII (DAPBII) from Pseudoxanthomonas mexicana WO24, for the first time in S46 

peptidase. In this enzyme, we revealed that the position 675 residues at S1 position as the recognition 

residue at P1 position in oligopeptide is highly conserved in S46 peptidase and is glycine (G), arginine 

(R) or serine (S). Therefore, it might cause the different substrate specificity of S46 peptidase. For the 

conserved amino acid G (G type), DAPBII shows the activity toward for fatty, aromatic, acidic and 

basic residues at P1 position. On the other hand, dipeptidyl peptidase 7 (PgDPP7) of G type from 

periodontal disease bacteria Porphyromonas gingivalis shows the proline specificity at P1 position in 

addition to substrate specificity of DAPBII. This fact suggests that novel residue might be present in 

addition to position 675 in S46 peptidase. The goal of this study is to identify novel recognition 

residues for elucidation of the determination mechanism of substrate specificity in family S46. Here, 

we show the analysis of the enzymatic character of SmDPP7 (G type) from multidrug resistance and 

opportunistic infection bacteria Stenotorophomonas maltophilia to compare with that of DAPBII and 

PgDPP7. In addition, the evaluation of inhibitors against for SmDPP7 designed by three-dimensional 

structure is presented. 

In enzymatic analysis, we measured the DPP activity against for five dipeptidyl-pNAs. The result 

showed the proline specificity in PgDPP7 and SmDPP7. From the analysis of kinetic parameters, the 

Michaelis constant against for Leu-Met-MCA of DAPBII, SmDPP7 and PgDPP7 showed the 16.3 μM 

and 17.2 μM and 128 μM, respectively. In inhibitor assay, 24 compounds were tested on the DPP 

activity against for Leu-Met-MCA. SmDPP7 and DAPBII have same residues at S1 position and 

showed 80% inhibition by four compounds. In the case of PgDPP7 with different four residues at S1 

position, all compounds indicated below the 50% inhibition. These results suggest that A670, G673, 

D674 and T684 at S1 position in PgDPP7 might be important for recognition of substrate at P1 position. 

Currently, we analyze the substrate specificity and inhibitor effect on DAPBII S1 pocket mutant 

(S679A/ S682G/ N683D/ M693T) to demonstrate that these relate to the substrate recognition.  
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Trichoderma reesei is an industrially important filamentous fungus secreting extensive 

cellulases. Stability of secreted cellulases in media is one of the key factors to show their 

maximum enzyme activity. Previous studies have recorded post-transcriptional modification in 

cellulaes by proteases in T. reesei. Among these proteases, the main extracellular protease in T. 

reesei is the Family A1, aspartic protease Trichodermapepsin (TrAsP). Furthermore, with the 

increasing of TrAsP in culture media, cellulases decrease. This relationship suggests that they 

have a differential regulation system. However, there is an exhaustive information of 

environmental signal transduction mechanism for cellulase regulation in transcriptional level but 

the knowledge of transcriptional regulation of TrAsP is in infancy. The aim of this study is the 

elucidation of transcriptional regulation of TrAsP and discerning relationship between cellulase 

and protease regulation mechanism in T. reesei. 

In order to elucidate environmental signal transduction regulation mechanism for TrAsP 

expression in T. reesei, effect of carbon, nitrogen and pH were analyzed by protein expression 

and transcriptional analysis. Galactose was found as the best carbon source for TrAsP expression. 

In addition, TrAsP was induced by organic nitrogen and acidic pH in galactose medium. But, 

when addition of the galactose to organic nitrogen sources induction media trsap expression was 

found to be much lower compared to expression with the individual nitrogen sources alone. This 

result suggests that a novel transcriptional regulation mechanism exists in T. reesei for the 

protease regulation.  

The environmental responsive transcription factors were identified in T. reesei as 

following as carbon responsive; Xyr1 and Cre1, nitrogen responsive; AreA and pH responsive; 

Pac1. To analyze the effect of the above transcription factors for TrAsP regulation, SDS-PAGE, 

protease activity and qRT-PCR were carried out using deleting mutants of QM9414. As a result, 

Cre1 and Pac1 behaved as repressors and AreA as an activator for TrAsP regulation. Surprisingly 

Xyr1 acted as a repressor for trasp in spite of the main cellulase activator. Therefore, Xyr1 

distruptant was selected for microarray analysis to ascertain the relationship between cellulase 

and protease regulation. Both Avicel and galactose mediums, Xyr1 acted as a repressor for TrAsP. 

Consequently, this study showed that the differential transcriptional regulation mechanism of 

proteases exists compared to known regulation mechanisms of cellulases in T. reesei. 
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Trichoderma reesei is one of the most efficient lignocellulolytic fungi and it 

produces various lignocellulose-degrading enzymes called as lignocellulases. Lignocellulase 

secretion of T. reesei is dramatically activated when it is cultivated on cellulose as a sole carbon 

source. However, it is still unknown in detail how T. reesei recognizes lignocellulose existing 

on outer cell. Membrane proteins such as transporter show the important role in sugar uptake 

and recognition in yeast and filamentous fungi. Recently, trancepter that is a group of 

membrane protein has been identified in some filamentous fungi, and mostly involves in 

lignocellulase induction. From the analysis of several transporters induced by cellulose, it was 

revealed that deletion of putative trancepter CRT1 lead complete loss of lignocellulase 

production by cellulose. In addition, expression amount of CRT1 was extremely higher than that 

of the other transporter genes. Furthermore, localization analysis suggested that CRT1 was 

cleaved between transmembrane domain and C terminal-tail region. Therefore, it is speculated 

that C terminal-tail of CRT1 is involved in the signaling for lignocellulase induction. In this 

study, the purpose is to elucidate the signaling mechanism of C terminal-tail of CRT1 for 

lignocellulase induction. 

To analyze the function of C terminal-tail, we constructed various strains producing 

a deletion series of C terminal-tail. Although, transformant that deleted full length of C 

terminal-tail (residues 1-466) had no lignocellulase productivity. Transformants of partial 

deletion of C terminal-tail  (residues 1-472, 1-486 and 1-498) could produce lignocellulases in 

the presence of cellulose. These results indicate that C terminal-tail involves in lignocellulase 

production. Furthermore, it is also suggested that a region between 466 and 472 is important 

part of CRT1 for its function. To analyze the localization of CRT1 in the cell, GFP fused C 

terminal-tail expression strain (residues 466-510-GFP) was expressed. In fluorescence 

observation of this strain, was present in cytoplasm unlike GFP fusion CRT1 expression strain 

under lignocellulase induction condition. This result suggests that intracellular localization of 

CRT1 is not depending on C terminal-tail. 
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    A filamentous fungus, Trichoderma reesei secretes a large amounts of cellulase when it is 
grown on cellulose as a sole carbon source. Mutants of T. reesei have been developed to enhance 
cellulase productivity. These mutants have been the focus of many researches in the last decades 
for the study of gene expression, promoter analysis and the study of the enzymatic properties of 
each cellulase on biomass conversion. We have analyzed that the cell surface and inside by 
electron microscope. When T. reesei is grown on cellulose culture, fibrous material is observed 
on the cell surface and covers the hyphae. On the other hand, when PC-3-7 (cellulase high 
production mutant) is compared with QM9414 (standard strain), hyphae of PC-3-7 growing on 
cellulose culture shows an expanded shape. According to TEM observation, vacuole of PC-3-7 
expanded than those of QM9414. These observation suggest that morphological phenotype have 
relation to high cellulase production few reports are available on their morphology including 
structure of cell wall or organelle formation.  
    Chitin is a polymer of β-1,4-linked N-acetylglucosamine (GlcNAc) and one of the major 

cell wall components of filamentous fungi and its biosynthesis is catalyzed by chitin 
synthase(CHS). In filamentous fungi, CHSs are classified into seven classes according to the 
similarities in their amino acid sequence. In addition, class III, V, VI and VII CHSs have only 
found in filamentous fungi, suggesting that these CHSs are important for hyphae and spore 
formation. Although function of CHSs are widely researched in Neurospore crassa and 
Aspergillus sp., T. reesei has never been investigated so far. 

    In this study, we characterized to function of CHSs identified seven chs genes candidate 
from genome database (http://genome.jgi-psf.org/Trire2/Trire2.home.html). We revealed that the 
all disruptant indicated decreased spore formation, and showed a difference of growth rate. In 
addition, Δchs1 and Δchs4 mutants had high sensitivity to Congo red, suggesting that these genes 
are strongly related to cell wall formation. Furthermore, Δchs4 another chs genes expression was 
increased against the Δchs4 background, suggesting that complementation of chitin synthesis 
happened. In the case of Δchs5, hyphal morphology showed balloon structure and intracellular 
hyphae. These results suggested that chs genes are related to hyphae and spore formation. In 
addition, chs5 is specially related to hyphal morphology, suggesting that chs5 is important gene 
in T. reesei. Now, Δchs3, Δchs6 and Δchs7 disruptant being constructed, and for further analysis. 
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The chlorinated organophosphate triester, tris(2-chloroethyl) phosphate (TCEP), has 
been widely used as a flame retardant and a plasticizer. Although it has been detected in various 
environments, especially in landfill leachates with a high concentration, there has been no 
information on the microbial degradation of TCEP. Recently, carcinogenicity of TCEP has been 
reported and thus raises concern about its harmful effect on organisms including human. We 
isolated a TCEP-degrading bacterium, Sphingobium sp. strain TCM1, using TCEP as the sole 
phosphorus source [1], and the TCEP-degrading enzyme (TCM1 haloalkylphosphorus hydrolase; 
cHAD) was purified, characterized and cloned [2]. Since N-terminal amino acid sequence of 
cHAD was not determined, localization of the enzyme is unclear. The purpose of this research is 
to investigate the localization of cHAD in Sphingobium sp. Strain TCM1. 

First, N-terminal amino acid sequence of cHAD was determined. cHAD was treated 
with pyroglutamate aminopeptidase, because N-terminal amino acid of the native enzyme cannot 
be analyzed. The removal of the blocking pyroglutamate by pyroglutamate aminopeptidase 
allowed sequencing. The finding suggests that the N-terminal amino acid residue of the enzyme 
is pyroglutamate. Next, prediction of the signal peptide of cHAD was performed using SignalP 
4.0. The analysis suggests that the amino acids from Val-60 to Ser-87 function as a signal peptide 
and the enzyme translocates across the cytoplasmic membrane via sec machinery. Finally, the 
localization of recombinant cHAD was investigated in E. coli by immunoblotting analysis. As a 
result, cHAD is localized in both the cytosol and periplasm as a mature protein. Localization of 
cHAD in the cytosol might be due to the over expression of cHAD in E. coli. 
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Since centuries vegetable oils are consumed as human food but it also finds application 

in biodiesel production which is attracting more attention. But due to being in competition with 

the agriculture and food industry and leading the need to search for alternative source. Recently, 

the oleaginous yeast Rhodosporidium toruloides has received widespread attention. R. toruloides 

can produce amounts of lipids (Triacylglycerol) to above 70% of dry cell weight from 

monosaccharaides. It is also possible to use these lipids as edible oils because the composition of 

lipids from R. toruloides is almost same that of vegetable oils. Furthermore, compared with 

vegetable oil production, the oleaginous yeast culture is more advantageous as it is affected 

neither by seasons nor climate. 

To carry out more effective lipid production by R. toruloides for industrial use, it is 

essential to elucidate lipid production mechanism of R. toruloides. In this study, the high lipid 

accumulating mutants were created using resistance to 2 deoxy D-glucose (2DG) to identify a 

small set of gene that function in regulating glucose metabolism. 2DG is a potent inhibitor of the 

growth of yeast cells, its detrimental effects on yeast also exerts carbon catabolite repression. R. 

toruloides was mutated by UV-irradiation and then plated on the YNB-2DG agar medium (0.14g/l 

2DG concentration that wild type strain could not grow when carbon source is maltose) and 

incubated 5-7 days at 30oC. Only cells with non-repressible invertase should be able to grow in 

addition to cell resistant to 2DG. After mutation, we got 100 mutants could grow on YNB-2DG 

medium and they were carried out FCM analysis by Cell Sorter (SONY SH800) after lipids were 

stained by Nile Red and measured lipid production for screening. Finally, two mutants showed the 

high strength fluorescence and high lipid production, they were suggest candidate mutants will 

be analyzed gene by microarray and qRT-PCR. 

     P-63

70 / 112



Visualization of nuclei in Trichoderma reesei 

Nguyen Le Quynh Anh1, Minaho Fujiwara1, Nobuhito Nango2, Yosuke Shida1, Wataru 

Ogasawara1 

1Department of Bioengineering Nagaoka University of Technology, Niigata, Japan 940-2188, 

s121030@stn.nagaokaut.ac.jp, 2Ratoc System Engineering, Tokyo Japan, 112-0014 

     Filamentous fungus Trichoderma reesei has been reported to produces a large amount of 

cellulolytic enzymes. Therefore, many researches have focused on gene expression and genome 

analysis in T. reesei from the industrial usefulness of cellulases. In addition, recent researches 

have shown the relationship between morphology of T. reesei and its cellulase producing 

mechanism. The difference of hyphae morphology between standard strain QM9414 and 

cellulase high-producing mutant PC-3-7 when they grew on cellulose culture (cellulase 

producing condition) and glucose culture (cellulase non-producing condition) has been reported. 

In addition, the intracellular morphology of T. reesei hyphae was analyzed in details by 

reconstructing 3D images of QM9414 and PC-3-7 from 500 serial sections captured by focused 

ion beam scanning electron microscope (FIB-SEM). These 3D images showed that the number 

of nuclei per cell in cellulose culture was less than that in glucose culture. The result suggests 

that the change in number of nuclei maybe related to cellulase productivity. 

     In this study, to elucidate the relationship between the number of nuclei and cellulase 

productivity, in vivo visualization of nuclear was performed. By staining nuclei with SYTO 9, 

that is green fluorescent reagent for staining nucleic acid, the number of nuclei was investigated 

in each cell compartment. Consequently, the number of nuclei per cell in cellulose culture was 

less than that in glucose culture. However, all of nuclei were unlikely to be stained by SYTO 9. 

To solve this problem, a histone protein H2B that constructs nucleosome in nuclei was fused to 

green fluoresce protein (GFP) and expressed in QM9414 strain. Currently, expression of GFP in 

QM9414 strain was analyzed by Super-resolution microscope (N-SIM). 
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Filamentous fungus Trichoderma reesei produces various cellulases and hemicellulases by the 
existence of cellulose and hemicellulose as a sole carbon source, respectively. Cellobiose that is 
degradation product of the cellulose has cellulase inducibility in many cellulolytic filamentous 
fungi. However, T. reesei produces extremely lower cellulase by cellobiose than 
microcrystalline cellulose (Avicel). Japanese mutant PC-3-7 strain is created by random 
mutagenesis from the global standard strain QM9414, and has high cellulase inducibility on 
cellobiose. We clarified a part of cellobiose-responsive cellulase production mechanism by 
comparative genomics between PC-3-7 and some mutant. However, whole aspect of this 
mechanism in T. reesei is unknown. Recently, the transcription factor TF1 that activates 
cellulase and other hydrolase gene expression in responses to cellobiose has been reported in the 
Aspergillus spp. T. reesei also has the tf1 homolog in its genome. So far, participation of TF1 in 
cellulase production in QM9414 has been from the analysis of tf1 disruptant, but its correlation 
with cellobiose-responsive cellulase production mechanism has not been confirmed. In this 
study, we analyzed the function of tf1 with the aim to elucidate cellobiose-responsive cellulase 
production mechanism of T. reesei. 
The tf1 homolog gene disruptant was constructed and evaluated enzyme productivity. The 
cellulose productivity in the tf1 destruptant did not change compared with that of WT on Avicel 
cultivation. However, the cellulose productivity in the tf1 disruptant is decreased compared with 
that of WT on cellobiose. The result of transcriptome analysis showed that transcription levels 
of genes encoding almost cellulases and hemicellulases were decreased in tf1 disruptant 
compared with that of WT. Furthermore, the transcription amounts of ace3 and xyr1 that encode 
essential factors for cellulose production reduced in the tf1 disruptant compared with those of 
WT under induction by cellobiose. This result suggestsed that tf1 does not regulate cellulase 
genes, but regulates cellulase production mechanism by controlling the expression of ace3 and 
xyr1 in T. reesei. 

     P-65

72 / 112
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Tris (1,3-dichloro-2-propyl) phosphate (TDCPP), a typical chlorinated organophosphate triesters, 
has been used worldwide as flame-retardants and plasticizers, and thus resulting in its dispersion into 
the environment. Since this compound is reported to possess carcinogenicity, mutagenicity and 
neurotoxicity, persistence of TDCPP in the environment has been concerned. Recently, 
TDCPP-degrading bacterium Sphingomonas sp. strain TDK1 was isolated using TDCPP as the sole 
phosphorus source [1], and the TDCPP-degrading enzyme (Haloalkylphosphotriester degrading 
enzyme; HAD) was purified, characterized and cloned [2]. However, the N-termanal amino acid 
sequence of the enzyme could not analyze, thus, the localization of the enzyme is not clear.The 
purpose of this research is to provide new observation in the study phosphotriesterase, analyzing the 
N-terminal amino acid sequence and the localization of the enzyme. 
TDK1-dHAD is cleaved N-terminal amino acid sequence, and after cleaved N-terminal is modified 

by pyroglutamate. By analyzing the signal sequence, it was suggested that the sequence between 
amino acid position of 60 and 88 from putative translation start point is functioned as signal 
sequence. Construction and analysis of N-terminal truncated dHAD showed the possibility that 
dHAD is transported periplasmic space across the inner membrane via the Sec pathway. 
 Next, in order to clarify the localization of dHAD, I have analyzed using a cell fractionation. The 
specific activity of dHAD in each fraction was confirmed in both the periplasmic fraction and 
cytosol fraction. Using Westernblot analysis, it was revealed that dHAD in both fractions are mature 
protein. Since the signal peptide is cleaved in the periplasmic space, it was shown possibility that 
dHAD is periplasmic enzyme. The cause dHAD activity was observed in the cytoplasmic fraction, it 
is conceivable that mature dHAD was transported to the cytoplasm from the periplasm by the 
overexpression of dHAD by the addition of IPTG. 
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[2] Abe, K., Yoshida, Y., Suzuki, Y., Mori, J., Doi, Y., Takahashi, S. and Kera, Y. Haloalkylphosphorus 
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Production of heart muscle cell utilized for drug assay is attracting increasing attention. 
Heart muscle cells are unable to reproduce; hence, a new generation approach is necessary. 
Induced pluripotent stem (iPS) cells, which origin from adult cells, are capable of changing into 
all cell types including heart muscle. Moreover, human iPS-derived cells can also provide 
patient-specific genetic information to facilitate disease modeling research. Previous study 
succeeded in heart cell generation by culturing iPS cells in heart muscle conventional medium at 
high density [1]. However, under the complicated high density condition, cell interaction 
mechanism for heart muscle generation remains unclear.  

Here we studied heart cell generation at low density to simplify cell interaction 
mechanism research. At low density, iPS cells could not survive within the first 2 days of culture 
process. We found that conventional medium supplemented with ROCK inhibitor and insulin 
could improve cell viability at day 1. For explanation, ROCK inhibitor has capability to 
diminish programmed cell death [2] while insulin is a critical component for supporting cell 
growth. However, under this condition, most of cells were lost at day 2. Importantly, utilizing 
original medium containing ROCK inhibitor and insulin, cell survival was promoted effectively 
in the first 2 days. Original medium, which was made based on iPS cell medium, could maintain 
cell viability in the initial period, suggesting that slight difference in components is suitable for 
the early stage of heart cell generation. In contrast, conventional medium might create a sudden 
change that makes the cell unadaptable and dead consequently. 

Thus, we expect to succeed in heart cell generation at initial low seeding density by 
enhancing cell viability in the first 2 days through applying original medium contained ROCK 
inhibitor and insulin. Low density culture allows elucidating necessary cell interaction for heart 
cell generation to further apply in related diseases treatment. 

REFERENCES 
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In 1999, we organized the “Research Association of High Pressure Technologies for 
the Creation of Future Industries” (hereinafter referred to as the HP Association) to promote and 
disseminate use of the high-pressure technology which the Niigata prefecture is proud of. The 
HP association has its office in the Nagaoka Chamber of Commerce and Industry and consists 
of about 100 companies, universities in Niigata Prefecture including the Nagaoka University of 
Technology, and some researchers of high pressure in Japan. Our goal is to encourage 
innovations in the fields of food, machinery, agriculture and medicine through the use of high 
pressure treatment technology. Through the collaborative studies with the member companies 
and research institutes, we have developed a lot of high-pressure treated food products and 
academically analyzed the achievements to present many theses. 

Recently, high-pressure technology is attracting much attention because of its 
increasing use in unheated beverages and chilled food overseas. As a part of promotion 
activities of the use of pressure, the HP association have been formulating the certification 
system for high-pressure food to send the high pressure technology, which was born and 
developed in Japan, to the world. This system certifies the high-pressure food products whose 
value is heightened by sterilization, enhancement of functional components, and conversion of 
physical properties. These products are approved for use of the certification mark. Furthermore, 
the HP association is now advancing the standardization of the high-pressure machine with the 
Nagaoka University of Technology to make the high-pressure technology internationally 
standardized. 

We hope that the industry of high-pressure machine, which leads to the activation of 
the local economy and job creation, will be created in Nagaoka and this city will receive 
international attention. 
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  Since the recent development of computer, researchers have investigated information 

science to derive valuable information from large-scale data, such as the PCA [1]. Then, 

engineers have tried the global-scale energy problem by various methods for power saving, such 

as a large-scale power saving system via smart-grid. Also, various methods have been used for 

power saving for small-scale systems via various information techniques, such as the time series 

analysis [2]. 

In this study, in order to serve a system to realize power saving and comfort in a small 

system, such as the laboratory in the NIT, we have made a system using multiple data to control 

power consumption so as to improve comfort using the performance measure via the 

temperature and humidity index (THI) based on Bayesian inference via the maximizer of a 

posteriori (MAP) estimation. As shown in Fig. 1, using the normalized temperature/humidity x/y, 

we try the cost function corresponding to the power consumption due to the air conditioner and 

to the THI in the target chamber. As shown in Fig. 2, we find the preliminary result that the 

present method can realize the power consumption and comfort condition, if we utilize the air 

conditioner appropriately. 
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Fig. 1 The model for prediction of power consumption and THI. 

Initial state 

final state 

Fig. 2 Time evolution of T and H due to the present method. 
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Rapid increment of road accident in the world is demanding urgent attention. World 
Health Organization has predicted that the road accident will be the fifth leading reason to death 
by 2030, which was taken the ninth place in the list of death reasons in 2004. A large portion of 
the burden in developing countries is accounting from the road accidents, the 85% of annual 
fatalities and the 90% of disability life [1]. Sri Lanka is a developing county where, there was a 
significant number of road accidents occurred particularly around 60% were accounting from the 
Western Province (WP) of the country. Moreover, the exposure potential fact that the WP 
contributes more than 50% to the country GDP [2] and losses considerable amount due to road 
accidents. Hence it is vital to investigate the most vulnerable impacts with the aspects of accident 
severity. Thus the objective of this study is to calibrate a statistical model to ensure the most 
affected impacts for the severity of accidents. Beyond the conventional modeling approaches, this 
study attempts to formulate a model with running SEM modeling method.  

More than nineteen thousands of accidents within the year of 2014 were analyzed with 
main five different endogenous variables, known as Vehicle Characteristic, Driver/ Pedestrian 
Characteristics, Road Condition, Cause of Accidents and Attendant Circumstances of the 
accidents. These all endogenous variables were performed their own variables and relationship 
with only exogenous variable, which was the Severity. The hypothesized model is well fitted as a 
powerful index; Goodness of- fit value is 0.982. Several directions identified from the results of 
model formulation particularly pedestrian related locations, urban-rural road conditions, age and 
gender of the causality are playing most significant role while vehicle conditions are indirectly 
affected to the accident severity. However, the endogenous variable of Cause of Accident, are not 
significant for the model of road accident severity. The finding of the study will be aided for 
transport engineers to develop road safety design more effectively.    
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Echigo Seika Co., Ltd. has researched the high-pressure technology for over 25 years 
and utilized it industrially through the practical research. Echigo Seika developed the plant of 
aseptically-packaged cooked rice which has the high-pressure machine in its production line for 
the first time in the world, and 3 plants are now in operation in Japan, and a plant has been 
operated for over 10 years in Korea. 

As a new way to utilize the high pressure, Echigo Seika found that some 
microorganisms including heat-resistant spores can be sterilized by conducting high-pressure 
treatment of 200MPa before heat treatment, and it seems possible to manufacture sterile food 
which has both quality and safety. It is hoped that this production equipment will be introduced 
throughout the world. 

By using a lot of know-how about high-pressure technology and its equipment which 
has been cultivated through the research for many years, a new company, “High-Pressure 
Support Co., Ltd.” was established in April, 2015. High-Pressure Support is now introducing the 
high-pressure machine to food manufacturing companies all over Japan upon their request, and 
supporting these companies to put the high-pressure treatment to practical use, which leads to 
creation of new products. If the initial investment costs could be a heavy burden on a company, 
High-Pressure Support lend the high-pressure machine without charge. 

Recently, the high-pressure technology is coming to be used in medical field where a 
large potential is expected in the market. It was found that the storage life of animal’s organs 
such as heart and kidney could be extended by keeping the surrounding liquid at low 
temperature under zero by taking advantage of pressure. It will be possible to use the 
high-pressure machine as a portable device for medical use or household cooking machine by 
downsizing and lightening its pressure vessel. 
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Materials are exported as forms of raw shape or of fabricated components. Manufacturer of 

materials, not only product makers, can be charged when products in service is prosecuted by 

product liability (PL). In an oversea case, there has been an example of PL court for automobile 

maker or machine manufacturer as well as raw materials makers [1].Therefore, preliminary 

hazard assessment and failure mode analyses in raw materials stage for functional materials by 

considering functions in incorporated components are indispensable. 

  There are several candidates of achieving the analyses, HAZOP (Hazard and Operability 

Studies), FMEA(Failure Modes and Effects Analyses), DRBFM (Design Review Based on 

Failure Modes) etc. HAZOP method is not applicable to the above analyses because the method 

is to suggest hazards by material properties, not functionality and relating failure modes. FMEA 

and DRBFM are also not applicable by their original procedures because the methods are 

focused on failure modes and are not specified to determine cause of failure modes relating to 

material properties. Consequently, it is necessary to modify the procedure of DRBFM in order 

to identify the causes of failure modes relating to materials properties. 

 This study then aims at proposing an analyses method for hazards of materials relating to 

failure modes by considering simulated design specifications of functional model. The proposed 

method contains the below procedure; 1. Composing a simulated design specifications of 

functional model, 2. Hazard analyses by inserting deviation patterns to the design specifications, 

3.Identifying failure modes and root cause analyses to identify causes relating to material

properties. The proposed procedure was applied in a sample practice to identify failure modes of 

a simplified laser irradiation machine. The group who used the proposed model based on 

DRBFM demonstrated a significantly higher rate of successfully detecting person to 

material-relating causes, compared with the group who used conventional FMEA. Therefore, 

the proposed model effectively supports users to identify causes of failure modes relating to 

material properties for functional materials. 
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Hypokinetic disease (such as obesity, high blood pressure, high cholesterol, low back pain and so 
on) is a disease or condition which is caused by the chronic lack of exercise. In recent years, 
hypokinetic disease has become a world issue [1].  

Also in Japan, hypokinetic disease has become one of health problems. As the evidence, 
there is a questionnaire about the physical fitness and sports which is conducted by the ministry 
of education, culture, sports, science and technology [2]. According to the results of that, 74.6% 
of adults have feeling “the lack of exercise” –which is a primary factor of lifestyle-related diseases. 
To solve this problem, the ministry of health, labour and welfare is promoting the “data-health 
plan”, and each company is enforcing various initiatives for employees' health care [3].  
Therefore, we propose an exercise support system based on Kinect sensor and network access 
control. The system mainly targets employees who cannot exercise actively and use network 
frequently. The proposal of our system is that: “Users cannot access internet until they finish daily 
exercise”. 

The system consists of roughly two technologies: exercise recognition and network 
access control. Exercise recognition is realized by using Kinect sensor. We devised three 
recognition algorithms (expander gymnastics, dummbell gymnastics and squat) and the system 
counts the number of their repetitive movement. Network access control is realized by using netsh 
command on Windows.  

From the simple experiment for evaluating the proposal recognition algorithm, we 
obtained high recognition rate (over 96.5%) in each algorithm.   

REFERENCES 
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In the field of Education, a learner’s mindset is thought to influence his/her learning 
motivation and test scores. It is thought that there are two types of mindsets: the incremental 
mindset (abilities can be developed through effort) and the entity mindset (abilities are static and 
unchangeable). The prior enables learning motivation to be maintained even after failures because 
the failure is attributed to a lack of effort, and the issue can thus be resolved with more effort[1]. 
Studies on traffic safety also note that drivers who attribute their accidents to a lack of effort, 
experience fewer accidents. However, no previous studies have closely investigated the 
relationship between the mindset of drivers, attribution of accident cause, and driving behavior. 
The purpose of this study was to reveal this relationship by focusing on professional drivers.   

Thirty-eight taxi drivers were selected and research was conducted on their mindset, 
causal attribution, travel distance, accident rate, and accident type. Mindset and causal attribution 
(effort, ability, etc) were measured via questionnaires. Travel distance was determined by the 
distance driven during 7 months in 2014. Accident rate was calculated by dividing the number of 
the subject’s accidents with the research period (December 2009~April 2014; for drivers 
employed after December 2009, the research period began with their employment). The study 
was conducted with the ethics approval of Nagaoka University of Technology. 

Results showed that there was a positive correlation between mindset and the causal 
attribution of “everyday effort”. We showed that the more incremental the mindset was, the more 
likely the subject attributed accident causes to his/her lack of effort. Furthermore, there was a 
relatively strong correlation between mindset and accident rate. There was also a small but 
positive correlation between mindset and travel distance. We found that the more incremental the 
mindset, the higher the subject’s accident rate. Additionally, the group with growth mindset was 
more likely to have accident models that involved other persons, such as accidents during lane 
changes or right/left turns. The following explanation could be given as the reason for this result: 
incremental mindset, which considers abilities to be developable with effort, may be related to 
behaviors of raising operation revenues, rather than preventing accidents. This could also be 
explained by other tendencies seen with higher degrees of incremental mindset, such as longer 
travel distances and greater accumulation of accident models involving others. 

The study revealed that drivers with the incremental mindset had higher accident rates 
since they considered themselves to be able to “generate higher revenue,” rather than “prevent 
accidents” with effort, and engaged in long-distance driving that could lead to accidents. The 
results may be utilized in basic materials that can be provided to drivers for precise safety 
education that takes into account their individual characteristics. 

REFERENCES  
[1] Dweck, C.S. & Master, A., Self-theories motivate self regulated learning, In: D.H. Schunk & 
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Chemically conversion and dissolution of hardly soluble materials using 
atmospheric-pressure non-thermal plasma 

Kohei Matsumoto, Tatsuya Suzuki 

Nagaoka University of Technology, Nagaoka, Japan 940-2188, s155043@stn.nagaokaut.ac.jp 

In Fukushima Daiichi Nuclear Power Plants accident, fuels in the pressure vessel are 
assumed to melted and fell down to the containment vessel through the pressure vessel. The 
treatment of the fuel debris is one of the important issues in the Fukushima decommissioning 
projects. The fuel debris is expected to be difficult to dissolve in nitric acid, so the method using 
PUREX method based on the nitric acid solution may not be adopted. The chlorination method 
such as the Kroll method is one of the better candidates to dissolve the debris. However, this 
method is required to consider the safe control of the gas and corrosion of reactor material because 
of high temperature reaction.  

In recent years, atmospheric-pressure non-thermal plasma(APNTP), which can use at 
room temperature and atmospheric pressure, has been developed[1]. We have proposed a new 
application of APNTP to an innovative dissolution method for treatment of hardly soluble 
materials. We plan two steps of chemical conversion processes for pretreatment of dissolution; 
one is the voloxidation of UO2 contained in the fuel debris is difficult to be dissolved to 
hydrochloric acid. If UO2 mass were chemically convert to U3O8 for a powderizationn and next 
step is chlorination. We adopt the process by using APNTP. 

As the first phase of our study, APNTP test equipment was built. This equipment is a 
simple configuration, a pair of tubular copper electros is attached to the acrylic tube and connected 
to the HV power supply. The plasma is emitted from one of the tube like a jet. The emission of 
generated plasma jet measured under various conditions. In this experiment, He and O2 were used 
as a working gas and oxidation source. From the emission spectrometry analysis, emission of He+ 
(706 nm), O2

+ (776 nm) and N2 or N2
+ (300 nm to 400 nm) were obtained. Furthermore, each 

intensity of emission changed depending on axial direction. 

This work was partially supported by the Grant-in-Aid for Scientific Research (B) (KAKENHI 
No. 16H04628). 
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Many plants of the light water reactor (LWRs) in Japan have been operated for over 30 
years. To assure the structural integrity of components is important for the safe operation of 
these aged LWRs. Pressurized Thermal Shock (PTS) is the most important event for evaluating 
the structural integrity of reactor pressure vessel (RPV) in pressurized water reactor. To assess 
the structural integrity of RPV during the PTS events, a deterministic fracture mechanics has 
been widely used. On the other hand, probabilistic fracture mechanics (PFM) for structural 
reliability assessment of RPV has received a lot of attention in recent years because PFM can 
evaluate the failure probability considering uncertainties in defect size, material properties and 
chemical compositions, etc.  

In this paper, in order to study the effect of various parameters such as neutron fluence, 
thermal conditions (small break loss of coolant accident, large break loss of coolant accident 
and main steam line break) on structural integrity of RPV, PFM analysis has been performed 
using the PFM analysis code (PASCAL) developed in Japan Atomic Energy Agency (JAEA). In 
addition, safety margin in terms of temperature margin (ΔTm) obtained from deterministic 
fracture mechanics and conditionally probability of failure (CPF) or conditionally probability of 
crack initiation(CPI) obtained from PFM have been also evaluated. The safety margin is defined 
as the difference between the temperature at the maximum value of stress intensity factor (KI) 
and that at fracture toughness (KIC) equal to the maximum value of KI. With regard to 
simulation condition, warm pre-stress is considered. An axial semi-elliptical surface crack is 
postulated. the structural integrity is maintained if the KI at the crack tip is less than KIC.  

A comparison of CPF or CPI with several different thermal transient conditions has 
been done by using probabilistic fracture mechanics code - PASCAL ver.3. It is found that there 
is good correlation between safety margin ΔTm and CPI or CPF although CPF is more 
dependent on each thermal transient conditions compared with CPI. 
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Radioactive cesium is one of the important affectors of the storage capacity and 
the emplace area for the high-level vitrified waste, since the radioactive cesium is heat-
generating nuclide. The removal of Cs-137 from the high-level radioactive waste (HLW) 
and the subsurface disposal program are planned, since half-life of Cs-137 is relatively 
short (around 30 year) from other radioactive element. By the way, we have been 
proposing the novel reprocessing process using the ion exchange techniques in HCl. In 
this reprocessing process, we plan the removal process of Cs-137 is set in the initial stage 
in order to moderate the radiation damage of ion exchange resin by the radiation from 
Cs-137. Thus, we investigated the cesium removal using the hetropolyacid salts, such as 
ammonium molybdophosphate (AMP) and ammonium tungstophosphate (AWP), which 
are expected to have high selectivity to cesium.[1] However data of adsorption 
characteristics and stability in hydrochloride solution is not enough. In the present study, 
we experimented to evaluate adsorption characteristic of AMP and AWP to various 
elements in several HCl concentrations. As a result, adsorption characteristic of AMP 
and AWP is confirmed selective adsorption to Cs. In addition, we developed the 
granulation technique to AMP and AWP, since AMP and AWP usually exist in powder 
and the powder type adsorbents are difficult to be industrially used for the column 
separation method [2].  

This work was supported by Grant-in-Aid for Scientific Research (B), MEXT (No.16H04628) 

1. Hitoshi Mimura, et al.,, J. Ion Exchange, 23 (2012) 29.
2.S.V.Ingale, et al., J. Radioanal. Nucl. Chem., 301 (2014) 409. 
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In magnetic confinement fusion devices, a divertor is equipped to remove helium ions 
generated by nuclear fusion reactions. As a divertor material, tungsten is used for ITER [1]. By 
irradiation of low energy helium ions (< keV), bubble structure [2] and filament structure (fuzz) 
[3] were observed inside and on the surface of the tungsten, respectively. These particle loadings 
decrease the heat resistance properties, and generate the cause of cracks. Moreover, high-energy 
helium ions (~MeV), which are generated by plasma disruption etc., are irradiated into the 
divertor. Considering the particle loading, the formula for stopping power calculation is required 
to estimate the design guide for nuclear fusion power plants. 

In this study, we develop an experimental system for helium beam irradiation to 
tungsten, and discuss the measurement system to observe the damages in the tungsten. Using a 
tandem accelerator, 4MeV He2+ beam was irradiated to a tungsten sample to generate the 
damages in the tungsten. Furthermore, the beam current on the tungsten sample was measured 
with an ion collector, and the particle fluence was calculated. The particle fluence was achieved 
more than 1022 particles / m2, which is same level as a rough standard for the bubble creation [4]. 
Using a focused ion beam (FIB) system, the tungsten sample was processed to enough thickness 
(~100nm) that can be observed by a transmission electron microscope (TEM). Using the TEM 
system, diffraction images were acquired. The diffraction pattern for helium irradiated area was 
changed in comparison with no helium irradiated area. 

In future plans, the treatment of tungsten surface will be discussed. In addition, the 
sample temperature should be measured during the irradiation. 

REFERENCES  
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[3] S. Kajita, et al., J. Appl. Phys. 50 (2011) 08JG01. 
[4] H. Iwakiri, et al., J. Nucl. Mater. 283-287 (2000) pp. 1134-1138. 
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The damage to aquatic products industries is caused by destroying ecosystems, because 

aquatic microorganisms move artificially to other regions. In previous studies, inactivation of 

zooplankton (Artemia Salina) and those eggs irradiated by pulsed-intense-relativistic electron 

beam (PIREB) have been demonstrated[1,2]. The penetration depth into water for PIREB is 

changed with the kinetic energy. Therefore, the inactivation of aquatic microorganisms depends 

on the kinetic energy of PIREB. In this paper, we purpose to measure the penetration depth of 

PIREB into water by a helical target with film dosimeters. Further, we consider the PIREB 

irradiation effect to the aquatic microorganism eggs into water. 

We use the induction accelerator ”ETIGO-III”[3] to generate the PIREB. The maximum 

acceleration voltage was applied under the conditions of 2,4,6 and 8MV, and the extracted PIREB 

current was 0.2 ~ 0.6 kA. The PIREB was irradiated to the helical target into artificial sea water. 

The helical target was manufactured by 3D printer "AGILISTA". The film dosimeter attached on 

the surface of helical target and the surface of Ti foil as the lid of artificial sea water container. 

The cellulose triacetate (CTA) film dosimeter "FTR-125"[4] was used. 

The helical target after irradiation was discolored. When the acceleration voltage is high, 

the discoloration range was spread, and the dose was detected up the deep position. Moreover, 

the higher dose was detected at the discolored positions. From the penetration depth measurement, 

the affecting range of PIREB irradiation was considered as the penetration depth of 18.7mm. 
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Now, we are obtaining the energy in various ways for our social life. Although, nuclear 
fusion is one of sustainable power generation methods, unfortunately, it does not have realized 
yet. In this study, the characteristics of system are analyzed, and the cost is evaluated.  

We created business model canvases [1] for nuclear fission, thermal, hydroelectric, 
and nuclear fusion power generation plants, and compared them. From the viewpoint of 
business model, it is confirmed that the nuclear fusion system is essentially a sustainable power 
generation method. Also, it is expected that the nuclear fusion system has a lot of key partners 
for the business, and it is easy to obtain money from partners. On the other hand, the solutions 
for many problems such as the estimating specific cost are difficult, because the nuclear fusion 
power generation is not yet realized. In this study, we researched the cost evaluation and the 
visualization of system network [2]. To visualize the cost weights for the particle accelerator 
systems of heavy ion inertial fusion proposed by Meier et al [3] and Newton et al [4,5], we have 
used Gephi [6], which is software to visualize the network connections. The result indicated that 
the element number of system and the operation cost are considered as particularly important to 
determine the total cost. 

Incidentally, the social cost is assumed as 20% of the total cost in this cost estimate. 
Although, to estimate the all of things is difficult, it is desirable to consider the worst-case. The 
operation and accident costs had not been handled seriously in the conventional estimates. 
Based on the results, a more realistic cost estimation from multiple perspectives is investigated 
in our future goal. 
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Nationally and internationally sponsored libraries of evaluated decay data are briefly described and 
discussed in terms of their contents. Such databases contain uniquely defined and recommended data-sets 
that are intended for adoption with confidence in both energy and non-energy fields of application [1]. 
Methodology is adopted in such work, along with the emergence of powerful software techniques to display 
the recommended decay data in user-friendly forms. Present evaluation work relates to review and update 
the mass chain of A=124 in Evaluated Nuclear Structure Data File (ENSDF) library sponsored by National 
Nuclear Data Center (NNDC) in Brookhaven National Laboratory (BNL) [2].  

Experimental observation on 124Cd in the last eight years shows significant changes in the 124Cd 
nucleus energy level and gamma transitions comparing to the previous 124Cd structure. Evaluated data on 
124Cd, identified the two 124m1,m2Ag isomers beta decays to 124Cd with different half-lives and identifies new 
energy levels placed with gamma scheme comparing to the last revision [3] [4]. Recent experimental results 
on Coulomb excitation with 124Cd structure provide strong information for the 0+

g.s. to 2+
1 transition 

according with previous result. Recent studies on the energy levels and spin values for 124In nucleus 
structure also provides information on nucleus structure [5]. However, experimental method used in that 
observations indicating conspiracy over the measured energy levels and their spin levels.  

With the evaluated results evaluators recommended to ENSDF library to upgrade the nucleus 
structure of 124Cd, but the evaluation results conclude that recent studies are not sufficient for the upgrade 
the nucleus structure of 124In.  
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A magnetic confinement fusion system requires a divertor to keep the plasma purity. 
The divertor material is expected to use tungsten, which has the high melting temperature. 
However, the tungsten divertor is exposed with high heat flux from fuel plasma, which is 
estimated to be over 10MW/m2 [1]. Therefore, it is necessary to evaluate the thermal 
conductivity of the dense plasma to understand the ablation plasma behavior from the divertor. 
In this study, we experimentally evaluated a ruby fluorescence measurement for the thermal 
conductivity in the dense plasma generated by the pulsed-power discharge. 

To evaluate the thermal conductivity, the method to measure the thermal conductivity 
with a semi-empirical approach is considered by a combination of electrical conductivity and 
the Wiedemann-Franz law [2]. A well-defined density–temperature condition of plasma is 
required to measure the thermal conductivity.  A method of isochoric heating with 
pulsed-power discharge has been proposed [3]. The sample shape is determined by the ruby 
capillary, and the density is determined by the wire diameter of sample. The ruby capillary is 
also phosphor to measure the pressure and temperature, because the physical properties of ruby 
are known.  

To measure the thermal conductivity in the dense plasma, the experimental system was 
constructed in order to measure the temperature of ruby capillary and the dense plasma from 
time-resolved spectroscopic measurement. The time-evolutions of ruby and plasma temperature 
are observed using this measurement system. From these temperatures, we can determine the 
thermal conductivity of dense plasma. Also, the result is compared with the theoretical one 
obtained by the Widermann-Franz law. 
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1. Introduction

Radiation damage research in alkalis halides has long history but draw attentions of 

researchers. Not only in oxides but also in alkalis halides, radiation induces point defects in 

NaCl and yields a yellow-brown color, which one called color centers. 

In Europa, a satellite of Jupiter, yellow brown sea was observed by probes
[1]

. The 

composition of sea was thought to consist of magnesium sulfate. However, there is a 

discrepancy that the composition is different form that on the earth in the same solar system. 

Since the color of the sea in Europa, which is subjected to radiation by the magneto sphere of 

Jupiter, is similar to the electron beam irradiated NaCl, a new hypothesis of the sea in Europa 

being consisted of NaCl has been propose. To verify this hypothesis, simultaneous measurement 

of optical spectroscopy and radiation dose by a new probe must be compared to those of pulsed 

electron irradiated solids including NaCl. 

For the electron beam source, DC accelerators have been used. On the other hand, a 

pulsed intense relativistic electron beam (PIREB) acceleration was developed. Using the PIREB, 

radiation damage of NaCl under a magnetic pulse in Europa can be simulated. In this research, 

as a test, PIREB radiation experiments at room temperature were carried out. 

2. Experimental

The PIREB with a kinetic energy of up to 2 MeV was generated using a field-emission 

electron-beam diode, in which a hollow cathode and a ring anode were placed in the first 

acceleration cell, and then accelerated in second and third cell.  

NaCl single crystals were used as the targets and were 10×10×12 mm
3
 (12 sheets 

layers) in size. The targets were irradiated by PIREB at 4 or 6 MeV. Optical absorption in the 

NaCl crystals was measured by an UV-vis spectrometer.  From the optical absorption 

spectra, peak at 464 and 720 nm were assigned as F- and F2-centers and defined as α1 

and α2. By assuage migrating two F-centers to form a F2-center, the equilibrium constant of as 

α2/[α1]
2
 was calculated.

3. Results

Figure1 shows the dose rate dependence of the 

equilibrium constant. The PIREB is higher rate than DC. It is 

suggested that irradiation conditions of optimum. It is same 

tendency of exhaust gas treatment
[2]

. 

4. Conclusion

Dose dependence of equilibrium constant in NaCl 

irradiated by PIREB showed longer number of F-centers than 

those by DC Source. 
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In light-water reactors, when the stop of coolant flow and the failure of scram occurred 

at the transient events of the loss of outside power source and the loss of coolant accident, since 

the void fraction distribution affects the core power distribution, it becomes particularly important 

parameter when thermal safety in a core is considered. Since the correlation equation in which 

the void fraction is defined is made based on the average value of cross-sectional void fraction 

distribution [1] in the core, it is not easy to predict sufficiently the complicated local void fraction 

distributions in sub-channels of fuel bundles at above-mentioned transient events. 

In this study, in order to clarify the tendency of the void fraction distribution at the 

condition of the stop of coolant flow, the void fraction distribution in the sub-channel of the fuel 

bundle was investigated by experimentally using a simply simulated sub-channel composed of a 

coolant flow channel and fuel rods. In addition, the experimental analysis with a two-phase flow 

analysis code TPFIT developed by the Japan Atomic Energy Agency was performed. An 

experimental apparatus is composed of an acrylic circular flow channel with a diameter of 58 mm, 

length of 300 mm and an acrylic simulated fuel rods. The acrylic simulated fuel rods are installed 

in the acrylic circular flow channel and then a simulated sub-channel consists of the fuel rods and 

the flow channel. Under the condition that water in the flow channel is filled, while the amount 

of air flowing from the bottom of the flow channel is varied as a parameter, experiments were 

performed. Bubble behavior and void fraction distribution in the simulated sub-channel was 

observed and measured using a high-speed camera and wire mesh sensor. The code verification 

database was provided. Then, the experimental results are compared with the predicted results of 

the TPFIT, and was confirmed the validity of the TPFIT for two-phase flow analysis. 

From the results of this study, the void fraction distribution in the simulated sub-channel 

at the condition of the stop of coolant flow was clarified quantitatively. In addition, experimental 

data under the condition that the fuel rods are eccentric were acquired and an effect on the void 

fraction distribution in the sub-channel caused by the eccentricity of the fuel rods became clear. 

REFFERENCE 
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At the Fukushima Daiichi nuclear plant accident, the containment vessel was exposed 

to very high temperatures. Studies related to concrete with extremely high temperature exposure 

are very few. The aim of this study is to understand the structural soundness of the concrete 

structures exposed to high temperature by conducting heating experiments of concrete 

specimens which were made to reproduce the concrete structure of the nuclear power plant. 

With regard to experiment condition, maximum heating temperature of concrete is 40, 600, 800 

and 1000℃. After temperature of concrete, keep the temperature for 2 hours.  

From the test results, cracks were observed at the specimen surface and they grew with 

the increase of temperature.  Width of concrete at 1000℃ is over 4 times bigger than 800℃. 

Additionally, it was observed that concrete crack volume grew to temperatures around 800℃, 

but this growth saturated more than this temperature to 1000℃. It was observed that the amount 

of water content inside concrete decreased with temperature. Moreover, the chemical 

composition change of concrete was accompanied with the water content decrease.  

Other experimental results were also reported at the presentation. 
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Uniform implosion for fuel target is required in an inertial confinement fusion scenario. 

Therefore, a foamed metal is investigated for the structural material in the fuel target. However, 

warm dense matter (WDM) state is generated during the implosion process, which is in not well-

understood physical properties. The WDM generation with implosion time scale was considered 

by using the intense pulse power generator. 

In previous study, the input energy control with the electron beam diode was proposed to 

change the gap distance [1]. In this study, the input energy dependence on the gap distance of 

electron beam diode is investigated without the sample. The gap distance dependence is studied 

experimentally with the change of 1 mm interval. The input energy into the sample is evaluated 

by measuring the current at anode side with the resistance of load. 

Figure 1 shows the experimental setup, which was designed to easily change the gap distance 

in this study. The electron beam diode consists of cathode (⌀105 mm, Brass) and anode (⌀150 

mm, Aluminum) plates supporting by the inner conductor and the outer insulator rods. Figure 2 

shows typical waveforms of current measured at the cathode and the anode sides with Rogowskii 

coils. The input energy is evaluated by the current waveform, and is discussed in the gap distance. 

REFERENCES 

[1] R. Hayashi, T. Ito, et al., Laser and Particle Beams (2015), 33, 163–167 

Figure 1. Experimental setup of electron 

beam diode 

Figure 2. Current waveforms at cathode side 

and anode side (gap distance = 10 mm) 
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Kazukiyo Ishimoto, Kazuhiko Suzuki 
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A localized ductile fracture at structurally weakest parts of C/V as well as RPV of LWRs is 

expected to provide a rational countermeasures against a severe or unknown accident. Estimating a 

fracture occurrence time and extent of fractured area requires best-estimated formulation of plastic 

deformation behavior and fracture conditions, including fracture patterns. The authors’ attention is 

focused on such best-estimated formulation under combined tensile and bending loadings. In 

predicting the ductile fracture strain εf, the authors are investigating a possibility of a lowerεf for 

bending cracking than that usually defined as beginning of fracture for tensile loading. In order to 

clarify the difference, the authors are trying to observe microstructure variation with plastic 

deformation by applying positron annihilation lifetime measurements for vacancy regions and small 

angle scattering measurements for void regions. 

Positron annihilation lifetime measurements were performed to evaluate defects 

introduced by plastic deformation of SUS316 specimens. Although there was almost no long lifetime 

component before the deformation, a component with a lifetime of 166 picosecond gave intensity of 

50 to 80% after the deformation of 1 to 5%. This lifetime corresponds to the lifetime of positrons 

trapped in the dislocation. It is also a lifetime of 173 picosecond gave intensity of 90 to 95% after the 

deformation of 40 to 60%. This lifetime corresponds to the lifetime of positrons trapped in mono 

vacancies. As a result of small angle neutron scattering experiments, the enhancement of scattering 

intensity with the plastic strain greater than about 50% where necking of the specimens was initiated, 

probably, indicated the formation of µm voids. The defect size observed by the positron annihilation 

methods and the void size observed by the small-angle scattering method were in different scale, 

therefore the combination of the two methods would be useful to evaluate the microstructural 

changes on the way to the fracture. 

Formulation of plastic deformation behavior and fracture conditions, especially 

development of proposed “plastic deformation-fracture diagram” by which occurrence time and 

extent of ductile fracture can be best-estimated for real structural components are now investigated.. 

The authors find unique configurations of test specimens for obtaining the deformation-fracture 

diagram and propose experimental conditions under which a simple tensile testing machine can be 

utilized to obtain deformation and fracture data. 
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FLYER ACCELERATION EXPERIMENT TOWARD MEASUREMENT IN 

DENSE MATERIAL PROPERTY FOR FAST IGNITION IN INERTIAL 

CONFINEMENT FUSION  
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In fast ignition of inertial confinement fusion, a fuel target with a guiding-cone is used in order 

to increase the energy conversion efficiency from laser to core plasma. Diamond-like carbon 

(DLC) is one of the candidates as the material of the guiding-cone for the improvement of 

conversion efficiency [1]. The guiding-cone becomes warm dense matter (WDM) by irradiating 

an additional heating laser. However, the physical properties of WDM are unclear, and it is 

important in order to affect the conversion efficiency in the ignition.  

To generate WDM by using a flyer impact with the intense pulsed power generator "ETIGO -

II", the measurement of flyer velocity is important. The purpose of this study is to measure the 

flyer velocity by a Time-of-Flight (TOF) method using a shadowgraph imaging. A backlight as a 

laser is required with high frequency operation, because the flyer velocity over 1km/s is expected 

by the previous result using ion beams [2]. From above estimation, this flyer velocity 

measurement system using the laser is operable with trigger signals of 500kHz.  

To confirm the image using 100μm wire for observing the flyer velocity, some images are taken 

with variable voltage of trigger signal to the laser. The results showed that the observed images 

as a shadows of 100m wires are fine at the 2~5V of the trigger signal. From the preliminary 

experiment for understanding the resolution of image, this system had demonstrated to observe 

the wire of 100m diameter by using the shadowgraph method. The flyer velocity will be 

measured to adjust the timing of shutter trigger by TOF method using this system. 

REFERENCES 

[1] S. Fujioka, et al., Plasma Physics Controlled Fusion, 54 (2012) 124042 

[2] K. Kashine, et al., Jan. J. Appl. Physics, 41 (2002) 4014 
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FUNDAMENTAL EXPERIMENTS TOWARD DEVELOPMENT OF PLASMA 
CHARGE STRIPPER 
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The RIKEN Radioactive Isotope Beam Factory (RIBF) [1] has pursued high-intensity 

heavy ion beam. We started studying of plasma charge stripper to obtain higher-intensity and 

low-emittance beams.  

First, we studied in a charge state distribution in neutral gas. We measured the charge 

state distribution of 238U with energy of 1.4 MeV/nucleon in neutral air and helium (He) gas as a 

preliminary experiment. A differential pumping system was constructed to confine gases in 

vacuum to thickness sufficient for the equilibrium charge state. We confined air and He gas 

with pressure of 100 [Pa] and 2 [kPa] respectively. The uranium beams were accelerated up to 

1.4 MeV/nucleon using the RIKEN heavy ion linac (RILAC). The beams were deflected by a 

dipole magnet after passing through the gas stripper and detected by a plastic scintillator. As 

results, we found that air attains higher charge state than He gas. We will prepare the 

measurement of the charge state in hydrogen gas after improvement vacuum tightness of gas 

stripper. 

In addition, we attempt to apply the plasma window [2] to the plasma stripper. An 

optical system was constructed to measure the electron temperature and electron density in arc 

plasma. We will discuss whether the conditions are sufficient for the charge stripping. 

REFERENCES 

[1] Y. Yano, “The RIKEN RI Beam Factory Project: A status report,” Nuclear Instruments and 

   Methods in Physical Research, B 261 (2007) 1009-1013 

[2] A. Hershcovitch, “High-pressure arcs as vacuum-atmosphere interface and plasma lens for 

   nonvacuum electron beam welding machines, electron beam melting, and nonvacuum ion 

   material modification," Journal of Applied Physics, 78 (1995) 5283-5288 
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Study on the Effect of Hydrogen on the Material Property of Hafnium 
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Hafnium(Hf) was used as a neutron absorption material for control rod of the Nuclear 
Power Plant. Hf has large thermal neutron absorption cross-section and the material life which 
is longer than common boron carbide(B4C). But, Hf is currently not used for control rod owing 
to the trouble of crack formation in the sheath material which occurred several years ago. 
Irradiation assisted stress corrosion cracking (IASCC) of the sheath material was considered one 
of the main causes. However, other factors also affected the trouble. In particular, data on 
material property of hafnium during plant operation are not sufficient. In particular, hydrogen 
introduction such as effect on the material property and position of hydride are lacking. Purpose 
of this study is expanding knowledge of hydrogen introduction to Hf. 

Hydrogen was introduced to Hf by cathode charge method. Material property was 
measured by Vickers hardness and tensile strength. After that, the result was compared with the 
reference Hf.  

Hf was irradiated with H ion beam by the electrostatic accelerator at Nagaoka 
University of Technology as another method of hydrogen introduction. Irradiance condition was 
determined by means of SRIM(Stopping and Range of Ions in Matter) / TRIM(Transportation of 
Ion in Material) calculation code. Irradiated Hf was measured tensile test using small tensile 
specimen.  

The results indicated embrittlement due to hydride formation. Vickers hardness was 
increased. Tensile strength was decreased.  

In future, hydrogen concentration in Hf specimen will be estimated. Also, various 
analyses on Hf hydride will be conducted. 
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Engineering Design Exercise (EDE) for Faculty Development 
in National Institute of Technology, Nagaoka College 
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National Institute of Technology, Japan (KOSEN) has been required to improve the 
quality of its education system and construct various measures of faculty development (FD) which 
promote individual abilities such as collaborative working, facilitating and designing.  In 
National Institute of Technology, Nagaoka College (NITN), System Design Innovation Center 
(SDIC) has conducted some systems and tools in order to encourage research promotion and 
education reform.  Since 2015, SDIC has applied Engineering Design Exercise (EDE) to not 
only Advanced Courses students but also the rookie teachers:  The rookie teachers join the class 
of our Advanced Experiments for Advanced Courses as their FD.  This EDE aims at 4 
competencies:  obtaining fundamental ability for cooperative working, understanding about 
innovative educational skills, building relationship between teachers who belong to different 
departments and creating opportunities for regional contribution.  In this poster, we introduce 
and propose EDE as a way of training rookie teachers.  We also show questionnaire for the 
rookies in 2015 and 2016, and discuss efforts, good points and problems to solve.  This attempt 
is expected to improve its content more suitable so that it can solve future problems and function 
as an effective FD.  
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JSCOOP( Job Search for Local Companies Based on Cooperative Education) is practical 
subject in National Institute of Technology, Nagaoka College (NITN), which aims at producing 
innovative personnel who have abilities to find problems and solve them.  System Design 
Innovation Center (SDIC) in NITN is in charge of the management of this subject[1].  4th and 
5th graders and advanced courses’ students who participate in System Design Education 
Program in NITN[2] attend this class and visit local companies to interview in order to get 
information about the target company and investigate current problems in each company. 
Then they prepare PR leaflets which introduce the target company and worksheets which show 
the problem they found.  At the next stage, students make groups which consist of people from 
different departments and discuss the way to solve the problem which they found. 

This subject JSCOOP has 2 aspects; career education which enables students to 
understand the roles and importance of local industry, and practical education which provides 
students with opportunities to suggest their own ideas to solve practical problems.  The 
problems found by JSCOOP participants are also utilized in other activities such as PBL in 
lower grade students.  Cooperating with local companies, JSCOOP continues enhancing 
practical and innovative education.  Cross-field cooperation through JSCOOP could bring 
about new point of view and flexible collaboration.   

REFERENCES 
[1] Yasuko Tsuchida, Shigehiro Toyama, Yuki Murakami, Shin-ich Akazawa, Taku Kiryu, Fujio 
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System Design Innovation Center, Research reports of Nagaoka National College of Technology, 
51 (2015) 87-96. 
[2] S. Toyama, F. Ikeda, T. Iyama, Y. Tokoi, S. Akazawa, Y. Murakami and Y. Tsuchida, System 
Design Education Program to Produce Innovative Personnel, The 9th International Symposium 
in Advances in Technology Education, (2015). 
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CONTINUED, ACCELERATED EFFORTS IN STUDENTS’ VOLUNTARY 

LEARNING BY ALL THE FACULTY MEMBERS IN NIT, GIFU COLLEGE 

Nobuyuki Ogawa, Tetsuro Tokoro, Akira Shimizu and Yoshito Itoh 
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For more than fifteen years, National Institute of Technology (NIT), Gifu College has 

utilized ICT-driven equipment, an educational server system and others, aiming at 

cultivating students’ voluntary learning based on their own ideas. In the process, we have 

developed ICT-driven educational methods as well as a system to give students incentives 

for voluntary learning and evaluate its outcomes. These implementations received 

awards from several academic societies for education, in addition to the acquisition of 

the “Support Program for Contemporary Educational Needs (GP: Good Practice)” from 

the Ministry of Education, Culture, Sports, Science and Technology (MEXT). Our college 

acquired the “Acceleration Program for University Education Rebuilding (AP)” from MEXT in 

2014. The acquisition of AP has triggered off the introduction of students’ voluntary learning 

into the classes of all teachers, which previously had been performed only in a few classes.  

The aims of our project are: (1) to expand “Active Learning (AL)” to all the subjects in our 

formal curriculum, (2) to visualize the outcomes of AL performed outside the formal curriculum 

based on the “practical engineering credit” system. This year, the third year since our AP project 

started, with the aim of developing classroom ICT environment we are planning to complete the 

installment of electronic blackboard and wireless LAN systems in all classrooms of all five 

departments from the first to the fifth year, and introduce 163 tablet computers and 50 notebook 

computers. Also, we intend to promote active, educational improvement by introducing a LMS 

server and software for creating teaching materials. 

With regard to the creation of teaching materials, some senior graduates of our college 

suggested 45 subjects to be taught with respective objectives from the viewpoint of corporate 

engineers. Each of the suggested 45 subjects is being employed for creating teaching materials 

of the introductory, intermediate and advanced levels. Introductory level ones have already 

almost been completed and now we are making intermediate ones. 

In the efforts to visualize students’ learning activities performed outside the formal 

curriculum, all five departments selected the items to which the “practical engineering credit point” 

is to be given and determined the details. As a result, according to the regulations of respective 

departments, the students' learning activities performed outside the formal curriculum started to be 

definitely evaluated in addition to the ones performed in the formal curriculum. 
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This paper proposes an eye gaze application to assist children with severe multiple disabilities. 

Multiple disabilities is a term for a person with several disabilities, such as a sensory 
disability associated with a motor disability. The extent of disability depends on the 
individual differences. Some children can move their hands or legs, but some children are 
bedridden. Therefore, eye movement has an important role in intention for such people who 
cannot express own intention using words and gestures. Accordingly, we propose the application 
to assist in communication by eye movement. We developed this application with Kuroishibaru 
Special Needs Education. The using image of the application is shown in Fig. 1. First, the 
teacher starts the application after asks an easy question to the student. Next, the student moves 
own eyes to two images displayed on the screen as a sign to convey his intention. The 
application detects automatically the eye movement and conveys the intention to the teacher by 
playing recorded voice. Teacher can set the voice and images accordingly to scene in advance. 
We had some trials of this application in Special Needs Education. Now, we are using the 
application in the scene of selecting the books which wanted to read. The teacher set two 
different images of the books on display, and calls ‘Which book do you want to read’ to the 
student.  

The result of the experiment (depression angle and recognition rate of iris) is shown in 
Fig. 2. X-label is the angle of the camera and the target’s face, and Y-label is the accuracy rate 
of detection of the center point of pupil. The result is population ratio of 95% confidence 
interval. The recognition rate of iris is approximately 75% up to 30 degree the using image of 
the application is shown in Fig. 2.  
In this study, a communication aid application is implemented on a tablet terminal. 

This paper describes how our application works, its efficiency and our future work. 
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Recent year NIT is recommending implementation of the class of AL type as each NIT 
in the Japan. The following approach is considered for respective NIT to perform the AL[1]. 1. 
To reform the Teacher's attitude: Plan the FD.  2. Environmental improvement: Maintenance in 
the classroom where AL is possible and the ICT environment. 

We held FD about AL to teachers. Main themes were the technique about AL. Those 
agreed with request from teachers. But those were not possible to reform teacher's mind. A group 
work was being performed in FD, but there were FD of the passive type about which a lecturer 
speaks one-sidedly. Most of teacher want to know how teacher are doing the AL lecture and to 
share information beyond subjects and departments. We wanted to share how it's different in 
lectures and experiments in classroom. So we were changed the style of FD this year. It was made 
the form of the exchange of views of cafe-curtain style. Promotion of AL at the whole campus 
saw change by this. 

The introduction of ICT equipment isn't indispensable to promotion of AL, but when 
sharing of knowledge is considered, it'll be effective in the future to maintain. Usually it difficult 
to change the arrangement learning environment. It's the problem that maintenance of the 
environment is important to perform the lecture of the AL style into effect efficiently. For example 
installation of a white board and a projector. Such learning environment should be offered with 
priority. But time and the cost of the money will be a problem in this implementation. We did for 
improvement of the learning environment, and were low in cost, and worked on the problem 
solving performed by a short time. We suggest that we corporate with students to produce to their 
AL classroom. Work of environmental improvement is Project/Problem-Based Learning (PBL) 
for students. This improved student's motivation. Students proposed newly during this PBL. It 
was possible to be that we suppose PBL as classroom maintenance and work on PBL as well as 
students. 
REFERENCES (if needed) 
 [1] ‘A3 Learning System: Advanced Active and Autonomous Learning System ’ ,International 
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It is important that students practice experimental skills, and for this visualization of 
experimental skills and evaluation of achievement are necessary. The metrics of the experiment 
and curriculum of each college are specified to facilitate evaluation of the achievement of 
experimental skills, thus promoting effective technological education. It is possible to clarify the 
metrics and visualize student skills. Indicating the achievement and effect of student technical 
education will then make it possible to improve student skills. Here, we propose to use the 
experimental evaluation sheets and experimental skill sheet to clarify the metrics of the 
experiment and indicate the achievement level. The introduction of evaluation of experimental 
skills has educational effects. First, the features of the educational content have been presented. 
The metrics and objectives in the experiment of each technical college will be systematically 
collected. As a result, the content and operation of education will be clarified. We will then 
visualize the experimental skills of students. Toward this end, we formulated five-level evaluation 
criteria for the elements of experimental basis, theory, measurement, analysis and report. We 
evaluated the experimental skills using these criteria. As a result, the outcome is visualization, we 
can expect through which we expect the skills of the students to improve be able to guide more 
students. Finally, for improving validity of this proposed approach and accuracy of skills 
assessment, we show the results of skills evaluation of actual experiments. 

REFERENCES (if needed) 
[1] Y. Takeichi, K. Yajima, S. Matsuhashi, K. Misono, S.  Suzuki, J. Sato and Y. Kato, 
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International Conference on Knowledge Based and Intelligent Information and Engineering 
Systems, 2015. 
[2] J. Sato, K. Yajima, Y. Takeichi, T. Yonamine and K. Noguchi, A Means for Visualization of 
Experimental Skills, 7th The IEEE Global Engineering Education Conference (EDUCON), 2016. 
[3] T. Yoshihiro, T. Yonamine, S. Suzuki, C. Yamada, K. Noguchi, K. Yajima and J. Sato, A 
Method for Visualization of Skills in Engineering Experiments and Practical Training, IEEJ 
Transactions on Industry Applications, (to be published)2016. 
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 In a field of education, we need to introduce of International Education and Active 
Learning. We suggest education material and theme as the Global Engineering PBL education. So 
we developed the learning kit of sequence control. That is simple positioning control system 
which consist of PLC, sensors and some balls. It looks like game board, but that can change 
difficulty of the problem that the angle is changed and the number of the sensor is changed. 
Students cooperate to solve the problem that many balls are caught. This will be active learning 
and be PBL of the Problem Based Learning. We will implement of Global Engineering PBL 
between the NIT Sendai College and KMITL. We investigate how student's Generic Skill grows 
by implementation of Global PBL. We'll report on implementation of Global Engineering PBL 
and student's skill investigation in 3 years from now on. 
.  
REFERENCES (if needed) 
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In order to promote active learning and GIGAKU education, a new type of paper handout, 
Large-Sized Handout (LSH), is proposed in this study.  The proposed LSH is typically larger 
than A2 size and is designed to be shared by small groups (4 to 6 students).  Figures 1 
(a) and (b) show the concept and components of LSH and a LSH for PBL in English, 
respectively.  The LSH is an integration of usual handouts with supportive templates, 
information and learning instructions.  The students try solving the problem or 
discussing with other group members using instructional materials provided in the LSH. 
Because of its large size, enough space on the paper ensures individual approach with 
writing down their solutions or ideas as record of their learning process.  It is shown 
that the student can focus on their work and collaborate effectively with other group members 
using the LSH.  It seems that the LSH is  effective to implement active learning (e.g. group 
learning, problem based learning (PBL) ) and language study such as CLIL（Content and 
Language Integrated Learning）.  It is shown that the LSH enables the students to share, grasp 
and gaze their learning throughout the class without interrupting their learning activities.  It is 
concluded that the LSH has a great potential for the implementation of active learning as well as 
GIGAKU education.  The details of use of LSH will be discussed and reported. 

Fig. 1  LSH (a) The concept and components of LSH and (b) LSH for PBL in English. 

REFERENCES 
[1] Aburatani, H., Kuroda, K., Okada, M., Nakamura, S., Yamaguchi, T., Ichitsubo, M. (2016). 
Use of Large sized handout (LSH): A template for group learning and active learning, 8th 
International symposium on project approaches in engineering education (PAEE) & 14th Active 
learning in engineering workshop (ALE), 356– 364. 
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Based on rapid globalization and technological advancement, novel student’s skills are 
required in our society, which are called as generic skills. To development of generic skills, “active 
learning” is one of the best instructional approaches, which provides learning environments with 
positive encouragement and close interaction between students and teachers in several ways. We 
designed the Active Learning workshop of the improving the skill of the teaching on collaboration 
between the National Institute of Technology (NIT) and Nagaoka University of Technology 
(NUT). This workshop consist of the three session, (1) Basic instructional design for the Active 
Learning, (2) Effective group work for the Active Learning, (3) The effective design of PBL class. 
This wokshop was held in NIT, Nagaoka College, on April, and it is scheduled to be held in NIT, 
Kitakyusyu College, this September. In the presentation, it is plant to report the survey results of 
the effect in the workshop. 
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In recent Japanese society, a global and innovative human resource development is 

required owing to rapid globalization of today’s world. For the human resource development, a 

improvement of generic skills such as communication, critical thinking, and collaboration 

abilities are thought to be essential. Therefore, to address the needs in society, several exercises 

of generic skills improvement have been performed and studied until now [1]. While various 

great exercises are present in the world, questionnaire scores evaluation approaches have been 

showed ambiguous and innocuous results. To improve these problems, we attempted to modify 

the following two points by: 1) design of questionnaire based on "model core curriculum in 

National Institute of Technology”, which are evaluating students generic skills systematically 

[2], and 2) use of statistical approaches such as principal component analysis (PCA), welch’s 

t-test, and spearman’s correlation test for evaluation of individual student relationship. 

The generic skills questionnaire was observed from hackathon-based exercise in 

“Innovation Idea Design” project, which were held in collaboration with 11 “Kosen” and 

Nagaoka University of Technology during Dec. 26–28, 2015. A total of 35 students and 8 

professors in “Kosen” and Nagaoka University of Technology participated in this program. The 

questionnaire includes ten questions (Critical thinking, Collaboration, Communication, 

Creativity, Problem seeking/ solving, Logical thinking, Information gathering, Consensus 

building, Team work, and Engineering design), and performed for self-evaluations and 

team-members-evaluation. In the exercise, we grouped six teams (5–8 students per team). Using 

three days’ questionnaire scores of team-members-evaluation, we could evaluate students’ 

generic skills improvement network in each team. Besides to the network, we estimated optimal 

team members factors using PCA of students’ diversities such as differences of their schools, 

grades, and majors. In this conference, we will report the new application view of statistical 

approaches for evaluation of students’ generic skills improvement in the exercise. 
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ACADEMIA-INDUSTRY COOPERATION NETWORK 

Rohani Abdul Majid1, Dhananchabha Yaowakulpattana2, Hua Thuy Trang3, Francisco Lopez4 and 
Yasuo Obikane5 

1. GIGAKU Techno Park USM-NUT office, Penang, Malaysia, gigakutp_penang@vos.nagaokaut.ac.jp
2. GIGAKU Techno Park CU-NUT office, Bangkok, Thailand, gigakutp_bangkok@vos.nagaokaut.ac.jp
3. GIGAKU Techno Park HUST-NUT office, Hanoi, Vietnam, gigakutp_hanoi@vos.nagaokaut.ac.jp
4. GIGAKU Techno Park UG-NUT office, Guanajuato, Mexico, gigakutp_mexico@vos.nagaokaut.ac.jp
5. NUT-MUST  office, Ulan Bator, Mongolia, obikaney@yahoo.com

Nagaoka University of Technology (NUT) established itself as an indispensable member of 
global society, a university which has created the GIGAKU Techno Park (GTP) Network1 in 
collaboration with important Universities around the world as University of Science Malaysia (USM), 
Chulalongkorn University (CU), Hanoi University of Science and Technology (HUST) and 
University of Guanajuato Mexico (UG) as strategy with a proactive approach to social change, 
produces engineers with practical, creative capabilities and spirit of service who will lead society into 
the future, and places emphasis on graduate-level education1.  

GTP-USM is a strategic collaboration between USM and NUT to promote the international 
academia-industrial joint research between USM and Malaysian-Japanese industries. The USM-NUT 
collaboration has been elevated to attractive level of double degree program, summer school program, 
research seminars and student internship. GTP-USM strongly coordinates and supports the new 
approach for innovation in Malaysia. On the other hand, CU and NUT had long research and 
educational relationships since 2006, until now, GTP-CU has been established for expanding stronger 
collaborations between universities and industrial sectors from Thailand and Japan as tri-connection. 
GTP-CU run many projects in many research’s fields such as Automobile, Food Technology, 
Materials Science, etc. Also, GTP-CU as others GTP offices around the world are ready to be the core 
center for fostering innovative and global engineers in the world in this near future. 

From of over 20 years strategic relationship between HUST and NUT, it was possible the 
opening of the office GTP-HUST in March, 2015. Potential SMEs R&D inquiry in science of 
technology for global development has been supported by eco-system of GTP. Leaders, professors, 
scientists of from both universities and cooperation with prestigious Japanese and Vietnamese 
companies develop human resources for innovation, provide highly qualified engineers in the fields 
of machinery, electronic, recycle, energy etc. with mutual culture understanding. 

Also, GTP-UG at Mexico has been developed successfully as promoter entity of innovation, 
knowledge and technology between universities, companies and government; thanks to the strong 
collaboration between UG and NUT. The aim of GTP-UG is to promoting the creation and growth of 
innovative enterprises to generate wealth and sustainable economic development around Guanajuato 
State through the formation of global engineers.  

Finally, NUT-MUST has been operating in Mongolia since March 2015, working on 
extended cultivation of practical engineers on the campus of the Mongolian University of Science 
and Technology in collaboration with NUT. 

REFERENCES  
[1] Nobuhiko Azuma, Global GIGAKU Changes the world Top Global University Project, NUT, 2015 
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