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PREFACE 

 

This Conference Proceeding volume contains 36 papers selected for presentation in the 10th 
International Students Conference at Ibaraki University (ISCIU10). The 10th edition of ISCIU 
took place in Mito, Ibaraki, Japan for November 15 - 16, 2014. The conference is organized 
under the auspices of graduates from Ibaraki University and in close supervision and support 
of professors committee. 

ISCIU10 features oral and poster sessions on diverse range of topics within the field of 
Science and Engineering, Agriculture, Health, Culture and Society. The aim of this 
conference is to provide a platform where representatives from domestic and international 
universities can discuss and promote their research ideas.  

We have decided the theme for this year’s conference to be “Diversity”. Various ideas, 
methods and different ways to approach problems have undoubtedly contributed to change 
and improve the quality of our social life. Diversity can give rise to curiosity which 
eventually brings prosperity and therefore science depends on it. If scientists were all the 
same, contrasting ideas and controversies in science would be rare, but so would be scientific 
progress. That's why it is important to promote diversity, not only to create a realistic way of 
thinking but also to encourage people to grow outside their boundaries and learn something 
new with which they may not be familiar. Thereby despite the diversity, all of the individual 
scientists are part of the same scientific community and provide valuable contribution to the 
scientific world. 

In addition, regarding the concept of diversity, the unique property of this conference is that 
each session includes presentations from rather different fields of study and fruitful 
discussions for two consecutive days. We hope that every participant finds some new 
inspiration and gets acquainted to each other. Herewith, the organizing committee would like 
to express sincere gratitude to the authors who offered their latest research products and 
discoveries to contribute in ISCIU10.  

We are looking forward to hosting the 11th International Student Conference at Ibaraki 
University (ISCIU11) with much vigor in autumn 2015 at Ibaraki University. We hope that it 
will be as productive and enjoyable as the ones organized in the past. Thank you for your 
continued support and cooperation. 
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                                                                                                             Committee Chairperson ISCIU 10 
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STABILIZING  SLIDING  MODE  CONTROL  DESIGN AND  

APPLICATION  FOR A DC MOTOR: SPEED  CONTROL 
 

M.MERYL RINO 

DEPT OF ELECTRONICS AND INSTRUMENTATION ENGINEERING.ST.JOSEPH’S COLLEGE OF 

ENGINEERING,CHENNAI 

E-Mail: meryl_rino@yahoo.in 

Keywords: Sliding mode control, Lyapunov stability, PID controller, DC motor. 

 

ABSTRACT                             
The regulation by sliding mode control (SMC) is 

recognized for its qualities of robustness and 

dynamic response. This article will briefly talk 

about the regulation principles by sliding mode as 

well as the application of this approach to the 

adjustment of a speed control DC motor bench 

using the TY36A/EV unit. This unit, from 

Electronica Veneta products, uses a PID controller 

to control the speed and position of the DC motor. 

Our purpose is to improve the set time answer and 

the robustness of the system when disturbances 

take place. The experimental results show very 

good performances of the proposed approach 

relatively to the PID. 

 

1. INTRODUCTION 
The electrical servomechanisms for DC motors are 

nowadays, widely used in several robotic 

applications and electrical engineeringThis device 

is composed by two elements: the module 

G36A/EV and the mechanical process TY36A/EV. 

The training of experimental programs enables the 

development of exercises concerning the: 

• Study of electrical servomechanisms for  

DC motors 

• The speed and position control of a DC motor 

• Study of DC motors 

 

2. THE SYSTEM DESCRIPTION 
The process TY36A/EV based on a DC Motor is 

controlled by the electronic device mod.G36A/EV 

from Electronica Veneta products (Figure 1). The 

main circuit blocks of the board mod.G36A/EV 

are: 
• Set-point; 

• Error Amplifier; 

• PID controller; 

• Signal conditioners for transducers. 

 

 

 

 

 

 

 

 
Figure 1 The electromechanical process 

 

3. PROCESS MODELLING 
          The system based on the DC motor is 

considered as a benchmark for the study and 

analysis of speed and position problems.This 

mechanical process TY36A/EV is composed of: 

· DC permanent magnet motor; 

· Optoelectronic transmission sensor; 

·Transparent and opaque disk for fork 

optoelectronic transducer; 
                                  
In this example, we consider that k1 = k2 = k. 

 

Ω(s)=
 

       (     )       
U(s) –     

    

       (     )       
cr(s)     

 
In this work we consider that f and cr are null, from 
where we conclude (5). 
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Figure:Bloc diagram of a DC motor regulation 

                

4. THE SLIDING MODE 

CONTROL 
4.1 The sliding mode approach 
In this kind of regulation (SMC), the system state 

defines the position control unit. The idea is to 

divide the state space by a sliding surface, which 

delimit two spaces corresponding in two possible 

states control unit. This principle of commutation 

law consists on the use of a discontinuous control 

having 

as function the state maintain on the sliding surface 

and the disturbances rejection. 

4.2 A sliding mode control synthesis 
For this type of study, we consider the case of 
commutation on the control unit with addition of 

the equivalent control. Other ways, we present the 

electronic design of this sliding surface that may be 

implemented to control the process in the testing 

phase . 
 
                       u=-(CB)

-1
CAx-K sign(s)      

                        ̇=C ̇=CAx+CBueq 

                                                                                                                   

 
 

Figure : Control unit with addition of the equivalent 

control 

  

 

5. EXPERIMENTAL RESULTS 
            In the beginning, we start by fixing the set 

point (1V≈ 660 RPM).This controller allowed us to 

reach the desired DC motor speed but with late 

response. Also, the PID controller showed a non 

robustness to disturbances.The control level and 

commutation frequency are also lower. Other way, 

the perturbation that exists in the sliding surface is 

due to the abrupt injection of the friction force f. we 

conclude that the sliding mode control is more 

robust and present more speed response that gives 

the desired evolution of the system output. 
 

 
                      Figure : Sliding surface evolution 

 
6. CONCLUSION 
In this work, we approached the synthesis method 

of a stabilizing control law by sliding mode using a 

nonlinear sliding surface. We start by designing the 

sliding surface and representing the implementation 

of the electronic card that may be connected to the 

TY36A/EV unit. Then, multiple tests were done to 

control the process and to show differences 

between the old controller used, PID, and our new 

proposition that gives better results in lack and in 

the presence of disturbances. We conclude that the 

sliding mode control is more robust and gives 

quick reply to the system. 
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RF design of wideband fast switching device of high power millimeter wave 

 
○Koji Nagashima*, Keita Takii*, Kenji Sekiguchi*, Mikio Saigusa*,  

Yasuhisa Oda**, Keishi Sakamoto** 

* College of Engineering, Ibaraki University, ** Japan Atomic Energy Agency 

E-Mail: 13nm618n@hcs.ibaraki.ac.jp 

Keywords: diplexer, NTM, ECCD, fast switching device 

 

1. Introduction 
Neo-classical tearing modes (NTMs) deteriorate energy 

confinement of fusion plasma in tokamaks [1]. Electron 

cyclotron current drive (ECCD) using high power 

millimeter wave could suppress NTMs [2]. It is useful 

that local current drive into O-point of a magnetic island 

of NTM for stabilization. Recently, for improving the 

stabilizing efficiency of NTM, the diplexer like a fast 

switching device has been developed [3]. It makes the 

duty of ECCD system to 100% by fast switching beam 

direction for tracking the rotating O-point of a magnetic 

island of NTM. For a frequency tunable ECCD system, 

the new wide band diplexer as a fast switching device was 

proposed [4,5]. The switching operation of a wideband 

diplexer was confirmed by numerical simulations, low 

power tests and high power tests. In this paper, simulation 

results of the high-frequency characteristics of the ring 

resonator and the T-shaped switching device are 

reported. 

 

2. Principle of diplexer  
The proposed diplexer consists of two cross circular 

corrugated waveguides, two miter bends and two half 

mirrors as shown in Fig. 1. 

A propagation mode is the HE11 mode of which 

transmission loss is very low. Input power is divided into 

the reflected power to P2 and the transmitted power to 

ring resonator by a half mirror1. The transmitted 

electromagnetic wave is entered in a ring resonator. 

When the frequency of the electromagnetic waves is the 

resonance frequency of the ring resonator, rf power is 

accumulated in a ring resonator and the output power 

from P4 increases. On the other hand, when the 

frequency is not the resonance frequency of the ring 

resonator, the output power from P4 increase. So, output 

power can be switched by shifting a frequency. 

The output powers from P2 and P4 can be shown in 

Eqs.(1) and (2), respectively [6], where “a” is power 

reflection coefficient of half mirror, L is resonant ring 

length, λ is wavelength of an incident wave, K is loss 

coefficient including mode conversion loss and Ohmic 

loss of single pass from port 1 to port 4,  δ is loss 

coefficient including mode conversion loss and      

ohmic loss of the one turn pass in a ring resonator, and φ 

is phase shift of passing through a half mirror. 
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Fig. 1. Principle of fast switching using a diplexer by 

shifting the frequency. 

 

 
(a) 

 

 

 

 

 

 

 

 

 

 

 

 

           (b)                        (c) 

 
Fig.2. The output powers from the port 4 normalized by input 

power into the port 1. (a) Frequency dependence of P2 and P4 

output powers, (b) dependence of P4 maximum output power 

on the loss of one turn, (c) dependence of P4 minimum output 

power on the loss of one turn. 
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3. Numerical simulations  
Constraints from the operation band gyrotron, it is 

necessary to increase the Q value of the resonance. 

Therefore, it is considered to increase the resonant ring 

length L. 

The P4 can be written by Eq. (3) from Eq. (2), where 

K and δ are assumed to be one. Figure 3 shows the 

theoretical prediction with Eq. (3). The switching is sharp 

when the resonant ring length L is 1000 mm. 

 

 
taa

a
P

cos21

1
2

2

4



  (3) 

fft  2  (4) 

Lcf /  (5) 

 
Fig. 3. Frequency dependence of the output power from P4 at 

the resonant ring length L of 1000 mm and 650 mm, 

respectively.  

(Theoretical prediction with Eq. (3).) 
 

The electromagnetic field in the fast switching device 

with diamond mirrors has been simulated using FDTD 

method. 

 The longer the resonant ring length L of the ring 

resonator is, the sharpener frequency dependence of the 

fast switching device output power is. This is useful to 

optimize the design of the diplexer due to the frequency 

modulation of the gyrotron. 
 Figure 4 shows the numerical simulation result. 

 

 
Fig. 4. Frequency dependence of the output powers from P2 

and P4 at the resonant ring length L of 220.2 mm and 169.2 mm, 

respectively. 

 (Numerical simulation with FDTD method) 

 

 

4. T-shaped switching device 
A simple the T-shaped switching device is proposed. 

Figure 5 shows a conceptual view of a T-shaped 

switching device. T-shaped switching device has a 

structure in which a corrugated waveguide T-shaped, put 

two mirrors spaced a gap of λ / 2 or less. By adjusting 

the gap length between the mirrors, the electromagnetic 

wave that is reflected by the first mirror, the 

electromagnetic wave is reflected by the second mirror is 

canceled and it is possible to switch the output of the P3 

and P2. To confirm this principle, the electromagnetic 

field in the T-shaped switching device with sapphire 

mirrors has been simulated using FDTD method. It was 

confirmed that it can be switched, as shown in Fig. 6. 

 

 
Fig. 5. Conceptual view of a T-shaped switching device 

 

 
Fig. 6. Dependence of output powers from P2 and P3 ports on 

the gap length between the two mirrors. 
 

5. Summary 
To improve the confinement of fusion plasma in 

tokamaks, new fast switching device of millimeter wave 

is proposed and improved. From result of numerical 

simulation with FDTD method and theoretical prediction, 

the design of the resonant ring length L was examined. 

This paper proposes a T-shaped switching device on the 

new principle. It was performed to confirm the principle 

by Numerical simulation with FDTD method. In the 

future, the principles of T-shaped switching device will 

be confirmed by low-power test .  
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1. Introduction 
Today, we can find many web-based services with 

input forms. These web services are suffering from mass 
access using automated form submission programs. For 
example, attackers try to acquire many dummy mail 
addresses by submitting random names and passwords 
using such a program to a user registration form. Another 
attack is to mess up victim’s blog site by submitting 
hundreds of SPAM messages. 

To prevent these mass submissions by an automated 
program, CAPTCHA has been developed to distinguish 
between a human and a computer program. CAPTCHA 
is an acronym of “Completely Automated Public Turing 
test to tell Computers and Humans Apart”. Typically, 
CAPTCHA adds a question and an input field to the 
input form. A good CAPTCHA should satisfy two 
requirements. One is the ability to generate a large 
number of questions with variation automatically. The 
second is that it must be hard to create a program that 
can solve the question. 

A well-known classic CAPTCHA called ‘Gimpy’ 
shows an image of distorted words to a user. The user is 
supposed to type in the word in the answer field. Gimpy 
worked fine in 1997, because OCR technology in those 
days couldn’t recognize distorted letters. However, 
recent OCRs have become smart enough to recognize 
these distorted letters. As a countermeasure, the 
distortion in the question image becomes stronger and 
more noises are added to the background. As a result, 
even human are not able to read the word. 

 
 
 
 
 
 

Fig. 1. CAPTCHA image by Gimpy 

 
As a successor of Gimpy, many different kind of 

CAPTCHA have been proposed. “Pix” is to answer an 
object which appears in every image. “Bongo” is to find 
a characteristic that divides two groups of object images. 
“Sound” uses audio output as a question.  

In late years, CAPTCHAs using rendered image of 3D 
objects have been studied [2,3]. These methods assume 
that it is easy for human to imagine the original 3D 
object from the rendered image, but is a difficult task for 
a program. These 3D object based CAPTCHAs have 
some weakness according to the answering style. In this 
paper, we propose a new CAPTCHA using rotating 3D 
prismatic objects, which can overcome the weakness.  

 

2. Related Research 
In this section, we describe some CAPTCHAs based 

on 3D objects. 
Fujita et al. proposed a CAPTCHA based on 

“strangeness of merged objects” [2]. This method 

generates an image of many 3D objects. Every object is 
separately placed on a single plane, but only one object is 
placed on a same location with another object. This 
results as a weird “merged object”. Such merged objects 
deviates from common sense of human, so human can 
easily recognize and tell which object is the merged one. 
This is a hard task for a computer. A user is supposed to 
answer the question by clicking the “merged object” in 
the image.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2. CAPTCHA image using “merged objects” 

 
Ikeya et al. proposed a CAPTCHA based on “mental 

rotation” [3]. Mental rotation is one of the human ability. 
When looking at two images of same 3D object from a 
different point of view, human can tell how to rotate the 
object from one image to obtain the other image. The 
CAPTCHA shows two image of an object from different 
direction. The object in the images may be the same, or 
different object that have a common structure (e.g. a 
horse and a cat). In one image, a marker is shown on the 
object (e.g. right ear). A user is supposed to click the 
same corresponding point on the object in the other 
image. A human can find the corresponding point easily 
by using “mental rotation”. He/she can answer even if 
the corresponding point sneaks around to the back. But 
this is a hard task for a computer. 

 
 
 
 
 
 
 
 
 
 
 
 
Fig.3. CAPTCHA image using “mental rotation” 
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3. Security against random guess 
attack 

In this section, we show that previous CAPTCHAs 
have a common weakness. 

In both methods, a user answers the problem by 
clicking inside the image. By simply returning a 
random location, we can “break” these CAPTCHA 
with the probability of s/S. Here, s is the area of 
correct answer and S is the area of the whole image. 
Since the system has to allow some redundancy, the 
area treated as a correct answer becomes large. If the 
area of the correct answer is 10x10 pixels and that of 
whole image is 200x200 pixels, then the probability 
becomes 1/400. To the contrary, the probability to 
break Gimpy with 5 letters by random guess attack is 
1/26

5
. Thus these 3D CAPTCHAs are terribly weak 

against random guess attack. To achieve the same 
security as Gimpy in these 3D CAPTCHAs, The size of 
whole image must be larger than 4000x3000 pixels.  

 

4. Proposed method 
In this section, we propose a new CAPCHA using 3D 

object. We designed the CAPTCHA to use the same 
answering method with Gimpy: the user answers a 
sequence of letters. The task is to answer the shape of 
cross section of a prismatic object, which should be 
recognized as a letter. If we can see the whole image of a 
prismatic object, it is easy to tell the shape of cross 
section from the view of ends. Thus we clipped the 
image with a viewport so that both ends are located 
outside of the image (Fig.4). 

 
 
 
 
 
 
 
 
 
 
 
 

Fig. 4. Prismatic object of letter ‘A’ and the viewport. 

 
 
 

Without both ends, the only information the user can 
use is the slant of side planes, which are recognized by 
the luminance. In order to emphasize the slant, a rough 
texture image is mapped on every side plane. To show all 
side planes, the prismatic object rotates slowly, i.e., the 
image is shown as a movie. The shapes of the rotating 
prism are chose from upper case alphabets. The letters 
“M”, “N”, “W” and “Z” are excluded, because it is hard 
to distinguish between "M" and "W", or "N" and "Z". We 
display five objects at random as shown in Fig.5. Movies 
of 5 letters are combined as a single movie file to prevent 
guessing each letter by the characteristic of each 5 
separated movies.  

The probability of guessing the correct answer by a 

random guessing attack becomes 1/22
5
, which is quite 

close to Gimpy. 
To solve the problem with a computer, we have to 

reconstruct the original shape of each prism from the 
movie, using the illumination differences obtained from 
each frame. This is considered to be a hard problem in 
the field of computer vision [4]. 

 

5. Conclusion 
In this paper, we proposed a new CAPTCHA method 

using 3D objects. The task is to answer the shape of 
cross section of 5 rotating prismatic objects. The cross 
section of each object is chosen from 22 capital letters. 
The method has enough security against random guess 
attack. 
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Fig.5. A snapshot of CAPTCHA movie by the proposed method. 
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1. INTRODUCTION  
In Japan, part of municipal waste is fused at a high 

temperature more than 1,200℃ to adapt the upper limit 

of dioxins in the residual material, in accordance with the 

"Law concerning special measures against dioxins" 

enforced on January 2000. Production volume of 

melt-solidified slag made from municipal waste is about 

850,000,000kg every year. Some of the melt-solidified 

slag made from municipal waste is effectively utilized as 

the fine aggregate of concrete. The usage as fine 

aggregate has increased after registration of JIS A 5031 

"Melt-solidified slag aggregate for concrete derived from 

municipal solid waste and sewage sludge" in 2006. The 

melt-solidified slag made from municipal waste has the 

latent hydraulicity because it is made through quenching 

process.[1] [2] The research on slag utilization as fine 

aggregate for concrete has been conducted by many 

researchers. [3] 

Considering that a large amount of energy is used to 

produce the slag, a higher price material should be 

replaced by the slag. 

This paper describes the compressive strength of high 

fluidity concrete containing fine powder of 

melt-solidified slag utilizing the latent hydraulicity as an 

admixture. 

 
Table.1 Materials 

Content 
Density 
(g/cm3) 

Fineness 
modulus 

Specific 

surface area 

(cm2/g) 

Ordinary portland 

cement 
3.15 ----- 3280 

Type B portland 
blast-furnace slag 

cement 

3.04 ----- 3820 

Fine aggregate 2.62 2.92 ----- 

Coarse aggregate 2.96 6.50 ----- 

High-range 

water-reducing 

admixture 

1.04～
1.08 

----- ----- 

Air-entraining 

admixture 
1.04～
1.08 

----- ----- 

 

Table.2 Manufacturing method and location of melt-solidified slag 

Melt-solidified method 

Location 
Density 

(g/cm3) 

Specific 
surface 

area 

(cm2/g) 

Manufacturing 
method 

Melting 

furnace 

method 

Middle 
classification 

Classification 

A 

Gasification 

melting 
furnace 

Integration 

type 

Shaft furnace type gasification 

melting furnace 

a 2.81 4560 

b 2.81 4550 

B 

Ash 
melting 

furnace 

Electric 
resistance 

type 

Electric resistance type ash melting furnace c 2.76 5780 

C 

Plasma type ash melting furnace 

 

d 2.78 4590 

C(4500) e 2.79 4460 

C(6000) e 2.79 6070 

 

Table.3 Mixture proportion of high fluidity concrete 

Mix 
Slump 
flow 

(mm) 

Air 

(%) 

W/C 

(%) 

s/a 

(%) 

Water 

(kg/m3) 

Cement 

(kg/m3) 

Melt- 

solidified 

slag 
(kg/m3) 

Fine 
aggregate 

(kg/m3) 

Coarse 
aggregate 

(kg/m3) 

High-range 

water-reducing 

admixture 

 (kg/m3) 

Air- 

entraining 

admixture 
(kg/m3) 

Base* 

680 
±50 

4.5 
±1.0 

28.3 46.0 170 600** --- 755 888 3.4 0.009 

A-a 27.8 45.9 167 300*** 300 752 885 3.9 0.012 

A-b 27.8 45.9 167 300*** 300 752 885 3.6 0.009 

B-c 30.0 46.0 180 300*** 300 734 861 4.8 0.006 

C-d 27.8 46.0 167 300*** 300 752 882 3.6 0.009 

C-e(4500)-40 28.3 46.0 170 360*** 240 752 882 4.2 0.009 

C-e(4500)-50 28.3 45.9 170 300*** 300 747 879 4.2 0.009 

Ce(6000) 28.3 45.9 170 300*** 300 747 879 4.2 0.009 

*”Base” means a high fluidity concrete used portland blast-furnace slag cement, **Type B portland blast-furnace slag cement, ***Ordinary portland Cement 
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2. EXPERIMENTAL PROCEDURES  
Table.1 shows the materials used in the experiments. 

Table.2 shows the melt-solidified slag made from 

municipal waste used in this study. Manufacturing 

method of the melt-solidified slag written in the table is 

based on JIS A 5031. Table.3 shows the mixture 

proportion of high fluidity concrete. The base mix is a 

high fluidity concrete using Type B portland blast-furnace 

slag cement at a content of 600kg/m
3
. Ordinary portland 

cement was used for mixes except the base mix. And 

total amount of portland cement and melt-solidified slag 

was 600kg/m
3
. The sign of mix expresses manufacturing 

method and location of the melt-solidified slag. All 

concrete was steam cured and its compressive strength 

was measured at the age of 1, 7, 14, 28 and 56 days. 

 

3. RESULTS  
3.1. Slump flow, air content and density in 

over-dry condition 
Table.4 shows the results of slump flow, air content and 

density of high fluidity concrete used in this study. All 

High fluidity concrete showed good flowability. Mix C-e 

expanded after forming as shown in Figure.1. The 

expansion seems to be caused by the chemical reaction 

between the metallic aluminum in slag C-e and Ca(OH)2 

produced through hydration. [4]  

 

3.2. Compressive strength of concrete  
Figure.2 shows the relation between compressive strength 

and age. The compressive strength of mix A-a which is 

used a slag manufactured by shaft furnace type 

gasification melting furnace was nearly equal to that of  

base mix which was used portland blast-furnace slag 

cement. The compressive strength of concrete made from 

other slag was lower than that of mix A-a and base mix. 

The compressive strength of concrete used slag C-e was 

markedly low. 

Figure.3 shows the relation between compressive 

strength and density at the age of 28 days. It is shown 

that the compressive strength of concrete increases with 

the increase of density. 

 

4. CONCLUSIONS  
1. High fluidity concrete used a kind of melt-solidified 

slag manufactured by the shaft furnace type gasification 

melting furnace can obtain the same strength as high 

fluidity concrete made from portland blast-furnace slag 

cement. 

2. Compressive strength of high fluidity concrete used 

melt-solidified slag as admixture increases with the 

increase of density in over-dry condition. 
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Table.4 Slump flow, air content and density in over-dry 

condition 

Type 
Slump flow 

(mm) 

Air ontent 

(%） 

Density  

(g/cm3) 

base 725 3.5 2.42 

A-a 725 4.2 2.46 

A-b 635 3.9 2.32 

B-c 735 5.0 2.38 

C-d 630 4.2 2.41 

C-e(4500)-40 660 4.5 2.28 

C-e(4500)-50 650 4.5 2.27 

C-e(6000) 660 4.0 2.30 

 

 
Figure.1 Concrete used C-2 after forming 

 

 
Figure.2 Relation between compressive strength and age 

 

 
Figure.3 Relation between compressive strength and  

density 
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1. Introduction 
The Tokamak-type nuclear fusion reactor is one 

method that can solve an energy problem. However, 

there are many disabilities in realization. Above all, 

Neo-classical tearing modes (NTMs) are known as one 

of the problems. NTMs with rotate at 5-10 kHz 

deteriorate energy confinement of fusion plasma in 

tokamaks [1] as shown in Fig. 1. Electron cyclotron 

current drive (ECCD) using high power millimeter 

wave could suppress NTMs [2]. Local current drive 

into O-point of a magnetic island of NTM is useful for 

NTM stabilization. Especially, a fast directional switch 

makes the duty of ECCD system to 100% by switching 

beam direction for tracking the rotating O-point of a 

magnetic island of NTM [3]. For a frequency tunable 

ECCD system, the new wide band diplexer as a fast 

switching device was proposed [4]. The switching 

operation of a wideband diplexer was confirmed by 

numerical simulations and by low power tests [5, 6]. 

In this paper, the results of numerical simulations of 

Ohmic loss of diplexer. 

 

 

 

 

 

 

 

 

 

 

 
Fig. 1   O-points and X-points of NTM in the tokamak 

plasma 

 

2. Current drive system 
The ECCD system in tokamak is shown in Fig. 2. A 

Gaussian beam of high-power millimeter wave 

generated by a gyrotron is transformed to HE11 mode 

that is a transmission mode by MOU. This millimeter 

wave propagated in a circular corrugated wavegaide 

and it is switched by our fast switching device into 

each output. 

 

 

 

 

 

 

 

 

 
Fig. 2 Conceptual view of ECCD system 

3. Principle of Diplexer 
The proposed diplexer consists of a circular 

corrugated wavegaides, two miterbends and two half 

mirrors as shown in Fig. 3. These two pieces of half 

mirror is made of the Oxygen Free High Conductivity 

Copper (OFHC) with many slim slots. The incident 

wave is divided into the reflected wave and the 

transmitted wave by the half mirror 1. The transmitted 

millimeter wave is entered in a ring resonator. If it is a 

resonance frequency of a ring resonator, rf power are 

accumulated in a resonant ring and the output power 

from P4 increases. On the other hand, in the case of no 

resonance, most power goes to P2. So, the output power 

can be switched by shifting a frequency. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 3 Structure of the resonator and HE11 mode 

 

The output powers from P2 and P4 can be shown in 

Eqs.(1) and (2), respectively [7], where “a” is power 

reflection coefficient of half mirror, L is resonant ring 

length, λ is wavelength of an incident wave, K is loss 

coefficient including mode conversion loss and Ohmic 

loss of single pass from port 1 to port 4,  δ is loss 

coefficient including mode conversion loss and      

Ohmic loss of the one turn pass in a ring resonator, and 

φ is phase shift of passing through a half mirror. 
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4. Numerical Simulations 
4.1.  A principle and parameter 

The electromagnetic field in the diplexer has been 

simulated with our developed code using FDTD 

Gyrotron 

 

X-point 

O-point 

Tokamak 

Poloidal coil 

Toroidal coil The line of magnetic force 

The tokamak plasma 

MOU 

A circular corrugated wavegaide 

The fast switching device 



 

The 10th International Student Conference at Ibaraki University, 

Ibaraki, Japan, November 15- 16, 2014 

B01 

 

method as shown in Fig. 4. The FDTD method 

performs numerical analysis by building a part in 

Yee cell. The slotted metal plates are used as the half 

mirrors installed in the ring resonator. Long slotted 

metal half mirror made of OFHC is assumed in this 

simulation. The slot period is 1.5 mm (Air: Metal = 

0.6 mm: 0.9 mm) as shown in Fig. 5, which is 

smaller than a wavelength: 1.76 mm at an input 

frequency of 170 GHz. The used cell size is smaller 

than one tenth of a wavelength of an incident wave. 

The circular corrugated wavegaides inner diameter 

is assumed to be φ21 mm which was 1/3 of full 

scale from a limit of the memory (18GB) of the 

computer. The main analysis parameters are shown 

in table 1. 

 

 

 

 

 

 

 

 

 

. 
Fig. 4 Structure of the Yee cell 

 

 

 

 

 

 

 

 

 
Fig. 5 Slot structure of the half mirror 

 
Table 1 Main analysis parameters 

4.2.   Result of simulation 
The simulation results at the resonant frequency are 

shown in Fig. 6. This figure shows Pointing vector and 

relations of the time. The output from P4 increases and 

the output from P2 decreases. This result shows that the 

output is replaced by P4 from P2 output at the time of 

the non-resonance of the diplexer. When a diplexer 

performs resonance, the biggest Ohmic loss occurs to 

components. Ohmic loss is a thing by the metal minute 

resistance caused by the electric current which is 

generated by a high-power millimeter wave being the 

metal surface. Rs is a rf sheet resistance when an 

electric current flows through the metal surface by skin 

effect. Ht is a tangential magnetic field on the metal 

surfaces. 

]mW[
2

1 22

tH sRP  (3) 

 

 

 

 

 

 

 

 
Fig. 6 Output of P2 and P4 at the resonance 

 

Ohmic loss profiles of the four mirrors are shown in 

Fig. 7. It is clear that all components have a large 

Ohmic loss of the center from these figures.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 7 Profiles on the mirrorsss Ohmic loss 

 

Table 2 shows the Ohmic loss of each component 

normalized by input power in the case of resonance 

and the non-resonance, respectively. 
Table 2  Ohmic loss of each component 

 
Half mirror 1 

Incident side Slot inside Output side 

Resonance 0.0868 % 0.571 % 0.32 % 

Non-resonance 0.14 % 0.193 % 0.0164 % 

 
Half mirror 2 

Incident side Slot inside Output side 

Resonance 0.0778 % 0.698 % 0.495 % 

Non-resonance 0.00271 % 0.0186 % 0.014 % 

 Miterbend 1 Miterbend 2 

Resonance 0.291 % 0.264 % 

Non-resonance 0.0177 % 0.0161 % 

Because the electricity is not accumulated to the 

resonator at the time of the non-resonance, the internal 

losses decrease. The loss of slot inside is particularly 

higher than other components at the time of the 

resonance.  

5. Summary 
Ohmic loss of the metal half mirror of a high power 

millimeter wave fast switching device was evaluated. 

The Ohmic loss of all components is estimated to be  

about 2.8% of incident power at resonance conditions. 
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1. Introduction 
Fish called weakly electric fish living in Africa and 

South America, has an electric organ in the body, it can 
be a discharge of a few milli-volt. They form a electric 
field around by this discharge, distortion occurs in the 
electric field when the biological object or different 
electrical characteristics and the surrounding water is 
present in an electric field. There are countless 
institutions sensitive to the body surface of the weak 
electric fish, by sensing the electric field distortion, it is 
possible to grasp the situation of the surroundings. This 
sensing method is called electrolocation, and it is 
considered to be the ability to wearing in order to 
survive in water turbid weakly electric fish is whiteout 
[1]. 

The principle of electrolocation is shown in Fig. 1. In 
this horizontal section through a simplified electric fish, 
the black bar indicates the location of the electric organ. 
This organ is discharged at a regular rate under the 
command of the pacemaker nucleus in the fish's 
hindbrain (not shown). Electroreceptors are found in 
pores of the body surface, and their density is highest 
in the rostral region. The interior of the body is of 
relatively low resistance, while the occupied by 
electroreceptors. Internal shunting of current is 
prevented by insulating tissue that wraps the electric 
organ and surrounds it tightly within the narrow tail 
filament. An object with an impedance different from 
that of the surrounding water will alter the pattern of 
transepidermal voltage, and this alteration represents 
the electric image of the object[2]. 

In this study, it is an aim to develop underwater 
sensing systems engineering applications 
electrolocation. A proposal of the sensor, a trial product, 
experiment, and production of the instrument are 
reported. 

 

 
Fig. 1. The principle of electrolocation.  

 

2. Experiments of electrolocation 
2.1. Electrolocation sensor 

A new sensor of electrolocation has been developed 
as shown in Fig. 2. Oscillating electrodes, which work 
like an electric organ of weakly electric fish, have a 
coaxial structure. Oscillating electrodes are fixed 
concentrically so that the electric field is distributed 
evenly. This oscillating electrode was made of copper. 

Electrode rods for measuring electric field are located 
in a circle between two oscillating electrodes. The 
measuring electrode was made of silver. Each electrode 
is fixed by the jig acrylic. 

 

 
Fig. 2. Electrolocation sensor. 

 

2.2. Experiments of electrolocation 
Position detection experiment and characteristic 

detection experiment of the measurement object were 
done by a measuring apparatus utilizing the principle 
of electrolocation, 

First, apparatus of position detection experiment is 
shown in Fig. 3. Electrolocation sensor is installed in 
the center of the tank containing the tap water. The 
signals are oscillated the center of the electrode which 
has a coaxial structure from the function generator, and 
an electric field is formed within the sensor. Put the 
measuring object in the electric field, and moves by 10 
degrees counterclockwise while maintaining a fixed 
distance from the center electrode. A potential change 
of each channel by the position of the object is 
measured using oscilloscope and handmade lock-in 
amplifier by the differential. In addition, the 40 mm 
cube made of aluminum was used as the object to be 
measured. 

 

 
Fig. 3. Position detection experimental apparatus 

conceptual diagram..  
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Next, experimental apparatus of characteristic 
detection experiment is shown in Fig. 4. Like the 
position detection experiment established the sensor in 
the center of the tank containing tap water, and an 
electric field is formed from the center of the 
cylindrical electrode. The measured object is moved by 
10 degrees, the potential change is measured in the 
sensor. As the object to be measured, a total of six 
kinds of cube were used. (copper, aluminum, brass, 
iron, acrylic, synthetic rubber) 

 

 
Fig. 4. Characteristic detection experiment conceptual 
diagram. 

 

2.3. Experimental results 
Measurement results of position detection 

experiment and characteristic detection experiment 
were shown in Figs. 5(a) and 5(b), 

From Fig. 5(a), it is shown that potential has a peak 
value when the object is closest to the electrodes in each 
channel. Also, there is a change in the potential from 
when an object came to a position away about 40 
degrees from the electrode. 

From Fig. 5(b), it is shown that potential is higher 
than the state there is no object in the conductor, the 
potential is low in the insulator.  
In addition, in the measurement of this time, the 
potential change due to a difference in some of the 
electrical conductivity of the conductor to each other 
was not gotten. 

 

 
(a) Measurement result of position detection 

 
(b) measurement results of characteristic detection 

Fig. 5. Measurement result.  

 

3. Visualization of sensing results 
In previous experiments, it has been detected the 

position and characteristics of the object by 
representing the measurement results the graph. 
However, the output in real time is needed practically. 
Therefore, the display is added to handmade lock-in 
amplifier. The display is ten levels LED meter. 
Moreover, the experimental results were transferred to 
the PC via the A/D converter board and then it will be 
displayed on monitor. 

 

 
Fig. 6. Measurement system conceptual diagram. 

 

4. Summary 
The position detection experiment of the 

measurement object, it was found that the voltage 
difference is higher object approaches the electrode in 
any channel. However, differences were observed in the 
amount of change and the peak value of the voltage by 
the channel. The cause is the distortion of the electrode. 

In characteristic detection experiments, it was able to 
distinguish between the conductors and insulators, but 
the distinction of the electrical conductivity between the 
conductors could not. This is because the electrical 
conductivity of the conductor is very high compared to 
that of tap water. 

Future, to real-time visualization of the measurement 
results, as well as proceed with the construction of a 
system capable of object detection at the same time as 
the measurement, is working on improving the sensor 
based on the results of this time. 
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1. Introduction 
An interactive animation is a presentation of moving 

pictures that behave dynamically according to the input 

from users.  It can be composed of animation characters 

modeled as finite-state machines. Based on this, an 

interactive animation authoring tool called Islay has been 

developed[1][2]. Islay allows users to create interactive 

animation simply by drawing state-transition diagrams 

on a GUI-based editor. Figure 1 shows the editor of Islay 

and the player which is used to play the animation 

created by Islay. Up to now Islay basically runs on PC, 

and we cannot use it on the portable devices that have 

become popular recently. Therefore, in this research, we 

developed a new version of Islay that takes advantage of 

the multi-touch features on Android[3] devices on the 

basis of the previous version. 

 

 
Fig. 1: Islay editor and Islay player 

 

2. Islay for Android 
The system is implemented as an Android application 

made up of an editor for creating animations and a player 

for executing animations. It extends the basic features of 

the previous version of Islay that runs on PC and is 

designed to support various types of touch gestures 

which can be performed on tablet devices. 

  

3. Implementation 
3.1. Editor 

The editor runs on Android platforms where operations 

performed by using mouse are not available. Therefore, 

the operating method as well as the user interface had to 

be redesigned in order to make the editor as usable as the 

version that runs on PC or even more usable. Figure 2 

shows the interface of the editor which is currently in the 

process of its development.  

The selection of states which requires a left-click on 

mouse can be simply replaced by a single tap on screen. 

The property specification dialog which appears after a 

right-click in the PC version was replaced by the property 

specification bar on the bottom of the screen. 

Compared with the mouse pointer used for selecting 

transitions in the PC version, touch gestures on the screen 

is hard to point accurately a small target like the arrows 

representing transitions. On the other hand, Android 

accepts multi-touch gestures. So selection of a transition 

by mouse pointing was changed to selection of the two 

states being source and destination of the transition by a 

2-point touch gesture.  

 

 
Fig. 2: User interface of Islay editor for Android 

 

3.2. Player 
The player reads the animation definition file created by 

the editor, and then interprets the content of that file. After 

extracting the components of the animation, the player 

starts to execute the animation. During the execution of 

the animation, the operations from the user are being 

obtained as external events, and the player checks the 

events whenever the transition happens. Figure 3 shows a 

sample of animation being played on an Android device. 

 

 
Fig. 3: Sample of animation played on Android device 

 

3.2.1. Realization of the parser 
In this research, the classes in Java platform[4] which 

deal with the processing of regular expressions are used 

for the interpreting of animation definition file. Matches 

between the file content and the previously composed 

patterns of regular expression are performed on two levels. 

The first level performs an overall match throughout the 

file, and additional matches which focus on each 
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component will be performed later on the second level.  

 

 
Fig. 4: Sample of animation component extraction by using 

regular expression 

 

The components of animation definition file which 

match the pattern of regular expressions are divided into 

different groups, and the group method of the Matcher 

instance is then called in order to extract the content of 

each group[5]. Figure 4 shows an example of animation 

component extraction on the second level by means of 

pattern matching. The animation components extracted by 

pattern matching are instantiated as the instances of the 

player class which will be mentioned later. 

3.2.2. Details of the player 
The player was designed on the basis of object-oriented 

model. Figure 5 shows the structure of each player class. 

The inclusions shown on the figure are to illustrate the 

relation that the instances of the classes inside can be 

referred to by the classes outside. Each class is 

instantiated separately and was independent from others. 

 

 
Fig. 5: Structure of player classes 

 

IslayStage class is the foundation of the player. 

Instances of any other class can be referred to within it. 

The classes other than IslayStage correspond to the 

sections of the animation definition file. Instances of each 

class are created as their constructors are called by the 

parser with the extracted animation components as 

parameters. The parser passes the name and content of 

images in the section of image data and image 

specifications to an instance of the IslayObject class that 

manages the images appears on the animation. A 

state-transition diagram in the section of states and 

transitions is passed to an instance of the IslayTransition 

class. Within the IslayTransition class, there are usually 

several instances of the IslayState class which further 

include instances of the IslayAction and IslayCondition 

classes. A group in the section of group specification is 

passed to an instance of the IslayStage class. The system 

parameters are set to the IslayInfo class. HashMap class of 

Java is used on the data fields of each player class when it 

is necessary to hold more than one instance of the same 

class. 

The characters that appear on the animation are 

presented by instances of the IslayTransition class. During 

the main loop, the transit method in IslayTransition class 

is called periodically. The transit method then goes 

through all the character instances held in the data field of 

IslayStage class, and calls  doAction method as well as 

doTrans method for each of them. Furthermore, the 

actExec method will be called by the doAction method, in 

which the current state will be updated after the check of 

transition conditions. By means of the procedure above, 

the implementation of a finite-state machine is realized. 

 

4. Conclusion 
In this research, an interactive animation authoring 

platform based on state-transition diagrams was designed 

for the portable Android devices.  The user interface was 

adapted to be usable on the devices with smaller screens 

and with multi-touch operations.   
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1. Introduction 
Tungsten has very higher melting point than other 

metal and a large electrical resistance. Therefore, 

tungsten is applied to the filament and the electrode for 

resistance welding. The electrode for resistance welding 

of tungsten are mainly used for fusing joining so that it 

has high heat resistance and be hard to alloy with work 

pieces. However, the cracks on electrode surface are 

occurred by welding any times. 

Iijima et al. [1] reported about elevated temperature 

tensile properties of unrecrystallized and recrystallized 

tungsten. Results from tensile tests, the tensile stress of 

unrecrystallized tungsten reached a maximum stress at an 

early stage in stress–strain curve. The recrystallized 

tungsten had a lower yield stress than the 

unrecrystallized tungsten. At the testing temperature 

below 300°C, the recrystallized tungsten fractured before 

reaching the maximum stress. On the other hand, above 

400°C, the test piece showed large local elongation. In 

this report, tensile test (strain rate 1.4×10
-3

 s
-1

) was 

conducted at a temperature range between 200°C and 

600°C in the two different microstructures (The 

unrecrystallized tungsten are hot rolling after sintering. 

The recrystallized tungsten are annealing at 1800°C after 

hot rolling.) of tungsten. 

Although the high temperature characteristics of 

tungsten were investigated as a mentioned above, there is 

not the report about the effect of the strain rate on a 

tensile properties of tungsten at elevated temperature. In 

this study, to investigate the effect of strain rate on the 

high temperature deformation characteristics of tungsten, 

tensile tests were carried out with varying strain rate at 

high testing temperatures. Then, the relationship between 

the microstructure and the deformation as well as process 

of fracture was discussed. 

 

2. Specimens and Experimental 

Procedures 
2.1. Specimens 

Tungsten powder was sintered and hot rolled, and 

formed plate of thickness 2mm. Part of this plate was 

recrystallized by annealing at 1800°C in a hydrogen 

atmosphere. Tensile test pieces were cut by wire electric 

discharge machine from the plate, as shown in Fig. 1. 

Two type microstructures are shown in Fig. 2. 

2.2. Experimental Procedures 
Tensile test was carried out at strain rate 1.4×10

-2
 s

-1
 

and a temperature range (every 100°C) between 300°C 

and 600°C. The test piece fixes the shoulder region of 

both ends in a jig. In order to accurately measure testing 

temperature, thermocouples (K type) were used. The 

tensile testing equipment used all-around model tensile 

testing equipment (AG-G autograph, Shimadzu Co.). The 

high temperature tensile testing was started after holding 

15 minutes after reaching a predetermined temperature. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3. Results and Discussion 
Stress–strain curves at each temperature of 

recrystallized and unrecrystallized tungsten are shown in 

Fig. 3 and Fig. 4. As shown in Fig. 3, the recrystallized 

tungsten fractured before reaching maximum stress at 

testing temperature 300°C. On the other hand, at the 

testing temperature above 400°C, the recrystallized 

tungsten had large elongation. In the unrecrystallized 

tungsten, a 0.2% proof stress was higher than that of 

recrystallized tungsten. In addition, it shows the 

maximum stress at a low strain in comparison with 

recrystallized tungsten. Unrecrystallized tungsten is a 

material obtained by rolling after sintering tungsten 

powder. Therefore, the microstructure had already been 

work-hardened by rolling. Thus, it is considered that the 

unrecrystallized tungsten was hardly work-hardened 

during tensile test. On the contrary, a large elongation of 

recrystallized tungsten is caused by the microstructure of 

recrystallized tungsten consisted of microstructure 

without strain by recrystallization. 

The 0.2% proof stress, tensile strength and total 

elongation of recrystallized and unrecrystallized tungsten 

as a function of testing temperature are shown in Fig. 5 

and Fig. 6, respectively. Fig. 7 shows the tensile strength 

and 0.2% proof stress of recrystallized tungsten, 

comparing with the data of Iijima et al [1]. As shown in 

Fig. 5, the recrystallized tungsten tested at 300°C had less 

than 10% of total elongation. On the other hand, at 

testing temperature above 400°C, the total elongation of 

recrystallized tungsten was over 60%. The tensile 

50m 

Fig. 1 Dimension in mm and morphology of tensile test piece. 

(b) (a) 

Fig. 2 Optical microstructures of the two specimens 
(a) unrecrystallized, (b)recrystallized. 
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strength and 0.2% proof stress decreased with increasing 

testing temperature. The sharply increase of total 

elongation at testing temperature above 400°C was 

comported with a result of Bechtold [2] that a reduction of 

area in tungsten changed rapidly between 400°C from 

300°C. In Fig. 6, the tensile strength and 0.2% proof 

stress of unrecrystallized tungsten decrease with 

increasing testing temperature, being similar to 

recrystallized tungsten. This can be explained from the 

fact that the deformation resistance of the metal 

decreases at the high temperature in general [3]. From 

Fig. 7, at the testing temperature above 400°C, the tensile 

strength of recrystallized tungsten in the present study 

was slightly higher than the data of Iijima et al [1]. This 

may be caused by higher deformation resistance due to 

high strain rate [4]. At high strain rate, the increase of 

deformation resistance in recrystallized tungsten may 

overcome softening by recovery during tensile test at 

elevated temperature. 

 

4. Conclusion 
Tungsten which had two kinds of different 

microstructure of recrystallized and unrecrystallized 

microstructure were examined at strain rate 1.4×10
-2

 s
-1

 

and testing temperature between 300°C and 600°C, 

comparing with the report of Iijima et al. [1] that is result 

of strain rate 1.4×10
-3

 s
-1

. Main results are followings. 

1) The recrystallized tungsten fractured before reaching 

maximum stress at testing temperature of 300°C. On the 

other hand, at the testing temperature above 400°C, the 

recrystallized tungsten had large elongation. The 0.2% 

proof stress of unrecrystallized tungsten was higher than 

that of recrystallized tungsten. 

2) The tensile strength of recrystallized tungsten at testing 

temperature above 400°C was slightly increased by 

increasing strain rate. 

3) It is considered that the increase of tensile strength is 

caused by higher work-hardening due to increase in 

strain rate.  
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Fig. 3 Stress-strain curves of the specimens with 

recrystallized microstructure at various temperatures. 

Fig. 4 Stress-strain curves of the specimens with 
unrecrystallized microstructure at various temperatures. 

Fig. 5 Temperature dependence of the tensile properties of the 
specimens with recrystallized microstructure. 

Fig. 6 Temperature dependence of the tensile properties of 
the specimens with unrecrystallized microstructure. 

Fig. 7 Temperature dependence of the strengths of the 
specimens with recrystallized microstructure at two 
strain rates. 

1.4×10-2s-1 

1.4×10-3s-1 
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1. Introduction  
An Electron Cyclotron Current Drive (ECCD) is 

one of the additional heating and current drive methods 
of fusion plasma. High efficient operations for this 
method need the obliquely propagating 
electromagnetic wave with the specified elliptical 
polarization [1]. Polarizer is used to convert the 
elliptically polarization from linearly polarization. Up 
to now, the high power all metal polarizer has been 
used for narrow frequency band. In recent years, the 
dual-frequency gyrotron developed by JAEA would be 
possible to change the frequency (110 GHz / 138 GHz). 
If a wide band polarizer can be developed and installed 
in a transmission line, this system can be simplified. 

In this paper, the development of a wide band 
polarizer with the development of dual-frequency 
gyrotron for JT-60SA, is reported (Fig.1.). Thermal 
stress analysis of the polarizer has been performed 
using the Finite Element Method. Determining the 
material of the polarizer from the analysis result, high 
power test was performed for evaluating Ohmic Loss. 

 
Fig.1. Research flow. 

 

2. The principle of polarizer 
The principle of polarizer is the application of the 

phase difference between a fast polarization and slow 
polarization in metal grooved mirrors. The high power 
all metal polarizer is composed of the two rotatable 
grooved mirrors installed in miter-bends in a 
transmission line (Fig.2.). 

 
Fig. 2. Schematic view of Polarizer. 

 
Linearly polarized Electromagnetic waves from 
gyrotron are converted by two rotatable grooved 
mirrors (Twister / Circular Polarizer) to specified 
elliptically polarized wave. 

The linearly polarized wave, which is injected at a 

specified incident angle to a grooved mirror, can be 

divided into the two polarizations. One is the fast 

polarization: FP and the other is the slow polarization: 

SP, where the z component of magnetic field of FP and 

the z component of electric field of SP must be zero. The 

former is reflected on the top of the groove, the latter is 

reflected at a bottom of it as shown in Fig. 3.  

In order to suppress high order diffraction waves, the 

period a must be given by  






cossin1
a  (2.1) 

where ψ is a incident angle, φ is a rotation one in Fig. 3, 

and λ is a wavelength [2]. 

 
Fig. 3. Schematic view of grooved mirror. 

 

A universal polarizer generally consists of a pair of 

grooved mirrors. The groove depth of the one mirror is 

about quarter wavelength, so that the phase difference 

between two reflected polarization waves is about π 

radians. The groove depth of the other one is about 1/8 

of the wavelength, and the phase difference between 

two reflected polarization waves is about π/2 radians. 

Arbitrary elliptical polarized wave can be generated by 

rotating these two grooved mirrors. 
 

3. Thermal stress analysis 
3.1. Analysis model 

To determine the material of the polarizer, the 
thermal stress analysis must be needed. Candidate of 
the material is Oxygen Free Copper, Chromium Copper 
(SH-1), and Oxide dispersion strengthened cupper 
(Glidcop, AL-15). Analysis model of which sizes are 
the same of actual polarizer is shown in Fig.4. Calorific 
values which are calculated by Eq. (2.2) are given to 
the grooved mirror surface. Furthermore, the 
constraints as shown in Fig.5 are assumed. 
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Fig.4. Analysis model. 

 

 
Fig. 5. Restraint condition. 
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(2.2) 

Where Rs is a Resistance and Z0 is a characteristic 
impedance. 
 

3.2. Analysis results 
In determining the material of the polarizer, there 

are following two conditions : 

①Stress does not exceed the yield stress 

②Side temperature of polarizer is less than 80℃ 

The analysis results show the cooling (Flow rate) of the 
order to satisfy this condition (Table.1.). From the 
analysis result, the material of the polarizer was 
decided to Chromium-copper. 
 

Table.1. Analysis results. 

 
① ② 

h Q h Q 

Oxygen-Free-Copper 7,000 4.62 2,000 1.32 

Chromium-Copper 
5,000 3.30 

3,000 1.98 

Glidcop (AL-15) 2,000 1.32 

Where h [W/m
2
/K] is a heat transfer coefficient and Q 

[L/min] is a flow rate. 
 

4. High power test 
4.1. High power test stand 

High power test was performed in order to evaluate 
the Ohmic loss of the polarizer. Here, the twister which 
generates a large amount of heat is used. 
Electromagnetic wave from the gyrotron is propagated 
in the HE11 mode to the polarizer via MOU and the 
directional coupler as shown Fig.6. Then, it of RF 
wave is converted polarization by the polarizer, and the 
RF power is absorbed by the dummy load at the end. 
 

 
Fig. 6. High power test stand. 

 

4.2. High power test results 
Result of high power test is shown in Table 2. 

Ohmic Losses of the Polarizer agree with theoretical 
predictions. However, Ohmic Loss of Arc sensor with 
miter-bend was larger than the prediction. This is 
because the diffraction loss is included in the 
experimental results. 
 

Table.2. High power test results. 

 Polarizer Miter bend 

A [deg.] 0 45 90 0 45 90 

B [%] 0.45 0.63 1.1 0.23 0.28 0.23 

    
Theory  Iincrease 2 times 2 times 

Test result  
1.4 

times 
2.4 

times 
1.2 

times 
1.2 

times 

Where “A” is a rotation angle of the diffraction grating and 
“B” is a Ohmic loss. 

 

4.3. Comparison of Analysis and Test 
Comparison of Thermal analysis and High power 

test is shown in Fig.7. In theory, h=12,000 W/m/K is 
consistent with experimental result. Difference 
between theory and experiment is measurement error. 

 
Fig. 7. Time evolution of polarizer temperature. 

 

5. Summary 
From the results of thermal stress analysis, the 

material of the polarizer was decided to chromium 
copper. High power test was performed in the twister. 
The dependence of Ohmic loss of polarizer in 
experiment agree with theoretical predictions. 
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1. Introduction 
 Cloud storage services have become very convenient in 
our lives. These storages have a possibility of being 
cracked by a third party. In order to prevent sensitive 
information from leaking, we may encrypt all of files 
before uploading to the storage server. However, a simple 
encryption will make it difficult to find and retrieve the 
files that you need. Searchable Symmetric Encryption 
(SSE) can prevent information leakage without losing the 
convenience of the cloud storage. 
 A basic SSE scheme consists of a store phase and a 
search phase. In the Store phase, the client builds an index 
that describes the correspondence between the files and 
keywords. The client stores the encrypted index when 
storing the encrypted files to the server. In the Search 
phase, the client sends an encrypted keyword to the server. 
The server can determine the files that contain the 
keyword without decrypting the encrypted keyword and 
the index. The server learns nothing about the keyword 
and the files. 
  Dynamic SSE is a SSE scheme that allows client to add 
or update files after the production of the encrypted index. 
SSE schemes that are not dynamic are called static SSE. 
In dynamic SSE scheme, we have to consider a property 
called “forward privacy”. In this paper, we proposed a 
practical dynamic SSE that satisfies the requirements for 
forward security. 
 

Fig. 1. Store Phase 
 

Fig. 2: Search Phase 
 

2. Related works 
In 2006, Curtmola et al. proposed two static SSE 

schemes called SSE-1 and SSE-2 [1]. The encrypted 
index of SSE-1 is built as a linear list. SSE-1 is 
CKA1-secure. The index of SSE-2 is built as a look-up 
table. SSE-2 is CKA2-secure. Curtmola defined the 
classification of leakage information allowed in SSE, and 
formulated its security requirements. 

In 2012, Kamara et al. proposed a dynamic SSE scheme 
[2]. In their approach the encrypted index is build by 
extending the linear list in SSE-1. The scheme is 
CKA2-secure. However, the structure of the index is too 
complicated and is hard to implement. It also has some 
drawbacks. When updating the index, partial information 
stored in the list structure are leaked to the server. 

In 2013, Kamara et al. proposed another dynamic SSE 
scheme that supports parallelizing [3]. The index of this 
approach is built as red-black tree. This scheme is also  

CKA2-secure. 
In 2013, Ogata et al. proposed a dynamic SSE scheme 

called SSE-1’ [4]. They relaxed the security requirements 
of SSE-1 and proposed a lightweight version of it. First 
they show three requirements to be “practical”, which are 
“efficient search”, “reasonable index size” and 
“scalability”. They also formulated additional security 
requirements to the one formulated in [1], which permits 
additional leakage from the practical point of view.  
 

3. Forward Privacy in SSE 
  In a dynamic SSE, the following information are 
allowed to leak: 

1. Encrypted keyword used for keyword search. 
2. Document identifiers of documents that matched 

in a specific keyword search. 
3. Document identifiers of added or deleted 

documents in the update phase. 
4. Index size 

Ideally, any other information must not leak through 
search or update operations.  
 Related to the second leakage information, there is an 
important issue called “Forward privacy”. That is, if we 
search for a keyword w and later add a new document 
containing keyword w, the server does not learn that the 
new document contains the keyword w. 
 When “updating” the index in dynamic SSE, there are 
two approaches. One is to add information related to the 
new file inside the existing index and update the structural 
information. In this paper, we call this approach as “index 
update type”. This update method does not satisfy forward 
privacy. Another approach is to generate and add a new 
index, which contains information according to the new 
file. So the whole index consists of many indexes of 
different generation. In this paper, we call this approach as 
“index-adding type”. This approach satisfies forward 
privacy if we change the master encryption key to build 
each generation of index. However this approach has a 
drawback. We have to send many encrypted keywords in 
the search phase. That is, we have to send keywords to 
search through each generation of index. Thus the number 
of encrypted keyword sent to the server increase as we 
update the index. If the index has been updated 100 times, 
then the client have to send 100 search keyword tokens 
t1(w),…,t100(w) . 
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4. Proposed scheme 
In this section, we propose a new dynamic SSE by 

extending the construction of SSE-2. This is because 
SSE-1 is inferior to SSE-2 from the aspect of security; 
SSE-2 is CKA2-secure while SSE-1 is CKA1-secure. The 
basic structure of the index is a set of lookup table, which 
implementation is easy. Thus there is little leakage 
information to the server when “updating” the index. We 
can obtain the same security as other dynamic SSE shown 
in [3][4].  

 
4.1. Structure of the Index 

The basic structure of the index is shown in Fig.3.  To 
achieve forward privacy, the index is designed as 
“index-adding type”. Each generation of index consists of 
four tables: Tw, Ts, Tf and Td.  

 
 
 
 
 
 
 
 
 
 
Fig. 3: Index of proposed scheme 
 
Tables Tw and Ts are used in the search phase. The 

server first lookups Tw to find the number of file related to 
the search token t(w). Let nw denote this. Then the server 
generates nw search data to lookup Ts and obtain a set of 
document ID. 

Tables Tf and Td are used when deleting a file in the 
update phase. On file deletion, entries in Ts related to the 
file should be removed. Tf and Td are used to find the 
location of the entry in Ts without decrypting Ts. The 
server receives an encrypted file ID from the client and 
lookups Tf to find the number of keywords related to the 
file. Then the server generates search data to lookup Td. 
The server can know the address of entry in table Ts by 
looking up Td. To keep consistency, the number of files 
recorded in Tw should be also updated. This update is 
done when an inconsistency is found in the search phase 
performed latter. 

 

4.2. Generation key management 
 As mentioned before, “index-adding type” SSE has a 
problem that the number of the encryption key increases 
according to each update. To solve this problem, we 
developed a generation key management scheme. Instead 
of maintaining encryption keys for each generation, we 
designed to calculate each generation key using public 
key encryption and a counter. For example, the search 
token t3(w) for the third index is calculated as follows: 

          t3(w)=H(EK1(EK1(EK1(w))))           (1) 
Here, K1 is the private key of public encryption scheme 
and H() is a cryptographic one-way hash function. 
 Assume that the third generation is the latest. In the 
search phase, the client calculates  

s3 = EK1(EK1(EK1(w)))              (2) 
and send it to the server. The server can calculate the 
encrypted search keyword for every generation of index 
as follows: 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4. Generation key management 

 
 
t3(w)= H(s3)=H(EK1(EK1(EK1(w)))) 
t2(w)= H(D(s3))=H(EK1(EK1(w)))             (3) 
t1(w)= H(D(D(s3)))=H(EK1(w)) 

Here, D() denotes decryption using a public key. 
 Upon adding a new file, the forth generation index is 
created. Each entry in the tables of the forth index are 
encrypted by the scheme mentioned above. 
 Thus the client only has to send a fixed number of search 
keyword. 
 

5. Conclusion 
 In this paper we proposed a new practical dynamic SSE 
scheme. The basic structure of the index is based on 
lookup table and is easy to implement. Our scheme  is 
designed as index-adding type and thus satisfies forward 
privacy. In order to reduce the number of encrypted 
keywords sent in the search phase, we also developed a 
new generation key management scheme. 
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1. Introduction 
This study aims at a file manager by which the user 

can organize files fast by virtual file operations for 
renaming, copying and moving. The user can organize 
files smoothly even when moving large files because 
the files will not be moved physically until the user 

presses the “commit” button. In addition, files can 

be organized like a file manager that we are familiar 
everyday use in appearance. 

File operations on the virtual file manager is 
executed together after the file organization is over. 
The time is not applied to the file operation since it is 
summarized in the last time-consuming processing. 

This software has been created as a Windows 
application by using the Windows form of .Net 
framework. 

 

2. Related Works 
2.1. XADisk 

XADisk [1] is an open source software that Nitin 
Verma developed in Java. This is possible to access the 
file system by using the transaction to transfer multiple 
files at a time while keeping the ACID properties of the 
files. However, it does not offer a graphical user 
interface but a text-based interface. 

 

2.2. Time-Machine Computing and Time 
Space 

Time-machine computing is a computer desktop 
environment based on the concept of time-centric user 
interfaces by Junichi Rekimoto [2] that the 
accumulated history of user operations enables us to go 
visually back to the state of computer desktop at any 

time in the past. Apple computer’s Time Machine can 

be regarded as a descendant of this time-machine 
computing. On the basis of this invention, a software 
product named TimeSpace has been developed.  It 
offers the pseudo desktop such as shown in Fig. 1. 
TimeScape allows for file organizations along the 
time-space dimensions.  It works as a backup tool as 
well as a quick search tool. 

 
Fig. 1. The main screen of the Time Space. 

 

3. System Overview 

This section describes the overview of the system 
depicted in Fig. 2.  This system is intended to offer a 
fast means of rearranging the files and folders in terms 
of graphical user operations (unlike the text-based 
interface of XADisk) but not to remember all the 
historical states of the file system (unlike the 
time-machine computing). 

On boot, the system creates a virtual file system, i.e., 
a virtual copy of the real file system. If we would make 
a complete virtual copy of all the files on the computer 
at a time, the user would be kept waiting for a long 
time until he can start operating on the virtual file 
system. Instead, the system makes the virtual file 
system dynamically and incrementally, i.e., the real 
files and folders are made virtual only when they are 
touched by the user. This makes it possible to prevent 
the user from waiting for the virtual file system to be 
completed. Since the virtual files do not have their 
contents on the physical drives, all file operations on 
the virtual file system can be performed at a high 
speed. 

Every time the user applies an operation on a virtual 
file or folder in the virtual file manager, the system 
pushes it into the operation history queue. After a series 

of virtual operations, the user presses the “commit” 

button to activate the real file operations.  Each 
operation is taken out one by one from the operation 
history queue and applied to the real file system in the 
order they are pushed in the operation history queue. 
That is how the file operation on the virtual file system 
is consistently applied to the real file system. 

 

Fig. 2. Schematic diagram of a system of virtual file 
manager. 
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4. Functions 

This Section describes the functions of the virtual 
file manager.  

The user see the main screen as displayed in Fig. 3 
when the user starts the virtual file manager.  The user 
operates files and folders on this virtual file manager.  
Real application of the operations to the real file 
system will be delayed until the user press the 

“commit” button. 
4.1. Cut 

This function is intended to move a virtual file or 
folder to another folder. After this operation, the user is 
supposed to select the folder to which the user plans to 
move the cut file. 

 

4.2. Copy 

This function is intended to copy a virtual file. After 
this operation, the user is supposed to select the folder 
to which the user plans to make a duplicate copy of the 
file. 

 

4.3. Paste 

This function is intended to paste the cut or copied 
file into a specified folder. 

 

4.4. Remove 

This function is intended to remove the specified 
file. 

 

4.5. Rename 

This function is intended to rename the specified 
file. 

 

4.6. Create new Folders 

This function is intended to create a new folder and 
give a name to it. 

 

4.7. Undo 

This function is used to retrieve the last operation. 
 

4.8. Redo 

This function is used to start over the operation just 
retrieved. 

 

4.9. Commit 
This function is executed by pressing the "commit" 

button. It is intended to apply all the virtual file 
operations to the real file system so that the structure of 
the real file system be the same as that of the virtual 
file system. 

 
Fig. 3. Main screen of the virtual file manager. 

5. Conclusion 

We developed a virtual file manager that a file 
operation on the virtual file. It will improve the 
efficiency of file organization because the user can 
operate files smoothly without waiting for the real file 
system to finish he real file operation in the process of 
file organization. 
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1. Abstract 
Landslide is a major disaster causing natural 

catastrophes frequently. Monitoring the inclination of 
land is important to prevent and reduce the negative 
effects of landslide. While considering the large scale 
installation, the monitoring system should be stable and 
inexpensive. This paper deals with the development of a 
new low cost inclination measurement system and its 
application to a wireless sensor network for disaster 
prevention. The achieved resolution was 0.000153°/pix 
using bubble tube level with a radius of curvature of 
20000mm. Measurement data was compared with the 
data from commercial inclinometer. 
 

2. Introduction 
2.1.1. Research background  

Landslide hazard monitoring and analysis can provide 
useful information for the catastrophic loss reduction 
and assist in the development of guidelines for a 
sustainable land use planning 

In the devastated area with a risk of landslide, 
monitoring the ground movement is necessary to predict 
the risk of landside. At present, there are several 
commercial equipments, which can detect changes of 
the land area. Even though these equipments can be 
used to obtain more accurate information, their cost is 
very high 

[1] [2]
. So the development of inexpensive and 

reliable equipments has become a social requirement at 
present. 

 

2.1.2. System description & Principle of 
measurement 

This system has a USB web camera, a calibrated 
cylindrical bubble tube with 20000mm radius of 
curvature for greater precision and an XBee wireless 
module for real time monitoring. The bubble tube is 
continuously monitored by the USB camera, the angle 
and direction of inclination is measured by the change in 
bubble position. A GNL18/M model THORLABS 
goniometer was used to record the inclination (Fig. 1). 

 

 
Fig. 1. Conceptual diagram of the measurement technique 

Amount of shift in the bubble’s center position ΔX can 

be defined as ΔX = Rθx   (1) 
Where R: RoC, θx: device tilted angle in X direction. 
If the change in the X-axis direction of the pixel value 

on the image Δix and assuming ‘a’ as the real space of 
one pixel, θx= (a/R) Δix  (2) 

The same technique can be applied to the Y direction. 
In this system, the image data of the bubble is captured 

by using a digital camera. Shooting instruction for the 
camera was performed using microcomputer or 
personal computer. 

The proposed method is to calculate the angle and tilt 
direction of the apparatus from the position of the 
bubble center.  

 

3. Evaluation experiment 
3.1.1. Basic experiment 

The vial is set on top of the goiniometer and adjusted in 
such a way that when the base is horizontal the bubble 
tries to remain at the highest point of the tube and moves 
along the scale. If the base is tilted to an angle in the 
range of +/-0.5°, the bubble will move to a distance. 
Inclination of the device changes to 0.000153° for the 
bubble of one pixel. The number of pixels was set to 
640x480. 

 

3.1.2. Continuous measurement  
Continuous measurements at particular time interval 

are required to understand the characteristics of the 
bubble movement and land displacement. For this 
purpose, a sensor network system was developed based 
on the basic system description discussed in section 
2.1.2. The basic configuration of the sensor network is 
shown in Fig.2. 

 

 
Fig. 2. Sensor network setup 

 
For wireless module either Blue tooth or Xbee module 

can be used based on the distance between the locations 
of the sensors. Here, we used class 1 bluetooth module 
which has about 100m range of communication. For 
higher distances XBee communication module can be 
used (Which has a range of 1km communication). 

The measurement was done simultaneously by using a 
Raspberry Pi computer for validation purpose. A 
12V/5Ah battery with DC-DC converter is used to 
obtain the 5V power supply for the system. Linux based 
Python is used as a controlling program for 
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Raspberry-Pi. Cron-tab technique is used to execute the 
program automatically when Raspberry Pi is turned on. 

Basic configuration of the network is shown in Fig.3. 

 
Fig. 3. Schematic diagram of Raspberry Pi network 

 

3.1.3. Experiment results and validation  
Sensitivity of the bubble tube is expressed as the angle 

of tilt for which the bubble will move in the bubble tube. 
The sensitivity is directly related to the radius of 

curvature of the vial, longer the radius more sensitive 
the vial will be. Bubble tube with high radius of 
curvature is difficult to manufacture and it has some 
error due to flatness. It is necessary to calibrate the vial 
with goniometer to determine the sensitivity. 

Bubble tube sensitivity θ is calculated by taking radius 
of curvature as 20000mm 
θ = (pi/180)*20000 =349mm/deg.  (3) 
The below graph shows the change in pixel value with 

respect to the angle of inclination (Fig. 4).  
 

 
 Fig. 4. Sensitivity graph (deg Vs pixel) 

 
From the figure it is shown that Y = mx+c; where m is 

the slope. Hence sensitivity is calculated as 6460°/pix. 
m=6460. 

The below figure shows the change in the bubble 
position from the center in mm with respect to the angle 
of inclination (Fig. 5). 

 

 
Fig. 5. Sensitivity graph (deg Vs mm) 

 
The real time sensitivity of the bubble tube is 334mm/° 

which is closer to the bubble tube sensitivity. 
Geometric distortion has to be considered for the 

image data. Two common types of distortion are barrel 

distortion and pincushion distortion. Distortion is tested 
with a graph sheet plotted with plots and the image data 
captured. The result was checked for how it appears on 
the optics, when conducted result shows error of 1-2%. 
Left part of the image is distorted comparing to the right 
part of the image (Fig. 6). 

 

 
 Fig. 6. Distortion graph obtained from the camera image 

 
Continuous measurement of data with 10minutes time 

interval was taken automatically with interval shot web 
camera and the change in bubble tube was noted. Below 
figure shows the results obtained from continuous 
measurement of the bubble (Fig. 7). 

 

 
Fig. 7. Results of continuous measurement of the bubble. 

 

4. conclusion 
Even small changes in land position can be measured 

successfully from this experiment and the obtained 
measurements were proven reliable. As the setup cost is 
very low, it can be implemented in large scale. The 
major advantages of the proposed method are that it is 
not affected by electrical noise and it is less susceptible 
to temperature changes.  

Anyhow, measurement cannot be done when the liquid 
inside the bubble tube is inflated at high temperature or 
when it is frozen at low temperature causing the 
disappearance of the bubble. Hence field observations 
in such extreme hot or cold regions should be done with 
a temperature control device. 

The analysis is used to evaluate the factors related to 
land displacement measurement, formulate the 
measurement technique and to predict the landslide 
hazard in future. 
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1. Introduction 
The problems of blood compatibility have 

researched to develop artificial hearts and artificial 
valves for long time.  However, many researches have 
focused on the effect of electrical and chemical 
property of bio-materials on blood compatibility [1].  
But, Biological reaction on bio-materials are 
complicated and have not yet revealed. 

To develop artificial hearts, thrombus formation on 
artificial heart surface is a serious problem to prevent 
infarct [2].  The cause of thrombogenicity, that are 
electrical and chemical nature on artificial material, 
blood property, shear flows in an artificial heart and 
surface roughness [3], are reported in a lot of study. 

However, several factors are intricately interrelated 
and have not yet revealed completely.  Especially, the 
contributions of surface roughness on the blood 
compatibility are reported that not only to cause 
thrombogenicity but also to inhibit thrombogenicity as 
‘textured surface’ [4].  The complicated reaction in 
thrombogenicity process on the rough surface has to be 
investigated for improvement of blood compatibility in 
artificial organs.  It is considered that the shear flow 
in micro level cause thrombogenicity on a rough 
surface.  The irregularities on the rough surface 
generates complex flow on rough surface, and it is 
difficult to evaluate relationship between micro shear 
flow around irregular pattern and thrombogenicity.  
Therefore, we focused on 3-dimentional micro 
geometrical structures composed of roughness surface. 

The objective of this study is to investigate the 
relationship between the thrombogenicity and the 
generated flow around 3-Dimentional micro 
geometrical structures on the material.  Flow 
conditions around 3D micro geometrical structures on a 
silicon surface are reported in this paper as a basic study. 

 
 

2. Method 
2.1. CFD analysis for flow visualization 

The flow condition around micro cylinders on a test 
piece are analyzed with Computational Fluid Dynamics 
(CFD) analysis.  The range of 20 mm square flow part 
as Figure 1 is built for CFD model.  The flow part 
was modeled using about 10,000,000 hexahedral 
elements.  The analysis was calculated with laminar 
flow model.  The condition for the CFD analysis is 
shown in Table 1.  

 

 
Fig. 1. CFD model and CFD mesh model 

 

 
Table 1. CFD conditions 

Software ANSYS 
CFX Ver.14 

Boundary 
Condition 

Flow in 0.1 L/min 

Flow out 0.1 L/min 

Wall No slip 

Working 
Fluid 

Viscosity(blood) 0.003 Pa*s 

Density(blood) 1050 kg/m3 

The number of mesh components About 10,000,000 

Analysis model Laminar flow model 

 
2.2. Experimental Flow visualization 

Silicon test pieces with 3D micro geometrical 
structures are constructed by Micro Electro Mechanical 
Systems (MEMS) as shown in Figure 2.  The test 
piece size is 1010 mm, and 9 rows 5 columns of 
micro cylindrical structures are set at backward of flow 
region.  The cylinder has a diameter of 10 mm and a 
height of 50  m.  The distance between each 

cylinders are set to 1000  m to avoid flow 

interference. 

 
Fig. 2. Test piece with 3D micro geometrical structures 

 
Figure 3 shows a perfusion chamber that is designed 

as widen inlet and narrow outlet to prevent secondary 
flow and eddy flow in the chamber.  The fluid channel 
height is 1 mm.  The test piece is set at 11 mm square 
groove of the chamber.  There is a clearance between 
the 11 mm square groove and the 10 mm square test 
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piece for priority setting of the test piece. 
 

 
 

Fig. 3. Perfusion chamber 
 

A perfusion test circuit are assembled for flow 
visualization to evaluate flows which are generated 
around the micro 3D geometrical structures (Figure 4).   
The chamber connected to a peristaltic tube pump 
(RP-2100, Tokyo RIKAKIKAI co.) and a 200 mL 
beaker with connecting silicon tubes. 

A polyvinyl alcohol (NA-150 YAMATO) as a tracer 
particle are mixed in the water. The mixed water was 
filled in the circuit and perfused in the circuit at 200 S

-1 

(Flow rate is about 0.1 L/min) on the test piece that 
was controlled with the peristaltic pump for 20 min.  
After perfusion, test piece was removed and observed 
pigment adhesion around the geometrical structures by 
using a 3D laser measuring microscope (LEXT 
OLS4000-SMT, Shimadzu Co.).  

 
Fig. 4. Perfusion test circuit for flow visualization 

 
 

3. Result 
3.1. CFD result 

 
Fig. 5. Velocity vector 

 

Figure 5 is shown the CFD result as velocity vector. 
The left and right pictures show overall of the CFD 
model and close up of one cylinder, respectively.  The 
flow between each cylinders didn’t interact each other 
as a left picture.  No turbulence flow shown on the 

test piece.  Slow flow is shown near the cylinder root 
compare with the middle point of cylinders. 

 

3.2. Experimental result 
Figure 6 is shown the observed result of perfusion 

with the mixed polyvinyl alcohol in the water.  The 
left picture shows the bellows half of cylindrical 
line-columns photographed by a 2.5 times lens, and the 
right picture shows one cylinder photographed by a 50 
times lens.  Agglomeration of a polyvinyl alcohol was 
observed around the root of cylinders. However, 
irregular adhesion was shown on the overall test piece. 

 

 
Fig. 6. Observation on the silicon surface and around the 
cylinder with mixed polyvinyl alcohol 

 

4. Discussion 
A polyvinyl alcohol was shown aggregation by the 

root of cylinder as the result of experimental flow 
visualization.  Adhesion of the polyvinyl alcohol at 
the cylinder root may have been due to small flow 
velocity at the root compare with the middle point of 
each cylinders as shown in the result of CFD analysis. 

On the other hand, the polyvinyl alcohol irregularly 
adhered at overall on the test piece as shown in the 
experimental result.  It is considered that the 
clearance, between the groove and the test piece, 
generate turbulent flow cause of fluctuation of the test 
piece during perfusion.  And also, peristaltic tube 
pump might generate pulsatile flow in the chamber.  
The blood cell adhesion could be shown at the root of 
cylinder in the experiment with blood, however, it is 
need to improve the experimental chamber for 
inhibition of flow turbulence in the experiment with 
blood. 
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1. Introduction 
Turbidity is a parameter of water clarity to a degree 

to which the water loses its transparency due to the 

presence of suspended particulates. Suspended materials 

include soil particles (clay, silt, and sand), algae, plankton, 

microbes, and other substances. Turbidity can affect the 

color of the water and therefore water color is essential 

parameter to evaluate turbidity. Higher turbidity also 

reduces the amount of light penetrating the water, which 

reduces photosynthesis and the production of dissolved 

oxygen (DO). Turbidity can be useful as an indicator of 

the effects of runoff from construction, agricultural 

practices, logging activity, discharges, and other sources. 

Turbidity often increases sharply during a rainfall, 

especially in developed watersheds, which typically have 

relatively high proportions of impervious surfaces [1], [2], 

[3]. 

Turbidity is generally measured by using a turbidity 

meter. Another approach is to measure transparency (an 

integrated measure of light scattering and absorption) 

instead of turbidity. Water clarity/transparency can be 

measured using a Secchi disk. The Secchi disk can only be 

used in deep, slow moving rivers. Both methods have 

several advantages and disadvantages [4], [5], [6]. 

 
Table 1. Comparison of commercial available Turbidity 

meter with Secchi Disk. 

Turbidity Meter Secchi disk 

High accuracy Low accuracy 

High cost Low cost 

No Personnel errors Personnel errors of the 

reading 

No effect from sun's glare  errors because of the sun's 

glare on the water 

Can be used any time Can be used day time only 

Therefore to avoid these disadvantages we proposed a 

simple and inexpensive instrument for water color 

monitoring. 
 
 

 

 

 

 
 

 

 

 

2. Experimental Design 

 
Fig.１. Diagram of Water color monitoring system.  

We developed water color measuring system using 

three color LED and phototransistor. 

In this study, we used the Arduino (Atmega 328), the 

three colors LED (OSTA71A1D-A; Red, Blue and Green 

LED) and phototransistor (KPT08IM31). Here we fixed 

the phototransistor and three colors LED in a distance of 

15cm each other beside a plastic black box. The size of 

the box is: 20cm x 3cm x 3cm. In order to avoid the 

current leak, the both leads of LED and phototransistor 

are proofed with the water proof adhesive. In addition, 

the Bluetooth devise(RN/41) is also connected, in order 

to access the system remotely and powered the system 

using the three rechargeable batteries (AA 1.2V; 

2400mAh) and the current is supplied thorough high 

efficient single inductor buck-boost converter 1.8-A 

switched with DC to DC converter (TPS6300) and the 

5V output voltage is given to the system. The Figure.1 

shows the system design. 

 
Fig.2. Test Circuit device. 

 

 
Fig.3. Circuit design of the system  

Three color LED illuminates in short time. The voltage 

of phototransistor corresponds to the intensity of three 

color lights. These values depend on the absorption of 

water color between the LED and the phototransistor. In 

addition, it is capable of sending data to the PC or 
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Tablets wirelessly via Bluetooth communication. Here 

we used the android tablet to get RGB data in wirelessly. 

Figure 2, 3 depict the test circuit device and circuit 

design of the system. Figure 4 shows the measuring of 

water transparency using Secchi disk during our previous 

studies in Lake Senba, Mito, Japan. Commercially 

available turbidity meter (TN-100), which we used in our 

experiment works given in figure 5.  
 

 
 
Fig.4. Measuring water transparency using Secchi disk at 

Senba Lake, Japan during our previous studies. 

 

 
 
Fig.5. Commercially available Turbidity meter (TN-100). 

 

3. Experiment 
For this experiment we used the technique of 

transmittance between three color LED and 

phototransistor. According to the water color, the 

transmittance of RGB value will be change. By getting 

transmittance RGB value from clear water and different 

colors (Red, Green and Blue), it is possible to develop 

accruable and standard water color parameter for 

turbidity monitoring in the water environment. 

   At first we put the test box in to the clear water (Tap 

water) and got the transmittance of the RGB value. After 

that we got the transmittance of RGB value from a pond 

(Ibaraki University pond; Lon: 36.57406°N 

|Lat:140.64251°E).  

In the previous studies, we had done the fundamental 

test using three colors of water and tested the 

transmittance RGB value and compared it with 

commercially available spectrometer (SP-300). 

According to the data comparison, we understood 

that the blue green and red signals are stronger at each 

colored water. 

At the present stage of experiment, we got the 

transmittance of clear water. The transmittance of RGB 

value in the pond water was at high level comparing with 

clear water. Turbidity can be calibrated comparing with 

clear water. According to this experiment we understood 

that, it is possible to develop accruable and standard 

water color parameter for turbidity monitoring by 

comparing with RGB transmittance value of clear water, 

reading of both Secchi disk and TN-100 commercially 

available turbidity meter.  

 

4. Conclusion 
The proposed mobile water color monitoring system 

can be applied to the measurement of water color which 

used for turbidity and Chlorophyll-a calculation of the 

water environment. In addition, we plan to conduct 

continues monitoring and get data at the actual water 

environment in the next experiment stage. Our previous 

studies we used the expensive turbidity meters as well as 

simple Secchi disk methods for the water quality 

measurements.  Since there are disadvantages of 

commercially available turbidity meters and traditional 

methods like Secchi disk, we realized that the 

development of a low-cost portable water color measuring 

system is necessary to use in monitoring programs of 

developing countries. 
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1. Introduction 
Casual restaurants are a resort for families and 

young people.  They offer inexpensive dishes with 
reasonable quality. In order for better service at lower 
cost, many restaurants are equipped with a 
point-of-sale (POS)[1] system for ordering, kitchen 
scheduling, stock management, billing, and accounting. 
The current system processes data by the unit of a table 
and lacks the ability to serve personally each of the 
guests sharing the table. 

We have been developing a software product 
prototype that converts a Google Android[2] tablet into 
a POS terminal that is capable of serving guests 
personally.  In this report, we will describe the 
motivation for this product, its overview and possible 
impact on the management of casual restaurants. 

 

2. Motivation 
  We shall review the current restaurant POS systems 

from the guest’s point of view to highlight their 
problems. 

  Sitting on a table at a casual restaurant, guests are 
welcome by a waiter with a handy terminal in his hand. 
Each guest individually tells the waiter what to have 
unless the party has a strong leader who is willing to 
control everything.  The waiter inputs the orders one by 
one as told into the handy terminal.  In case the dish 
offers some optional choices, the terminal prompts the 
waiter to ask the quest to choose an option.  

  After taking all the orders for dishes, the waiter says’ 
“Is that all? I repeat what is ordered.”  Then he starts 
reading the list of ordered dishes that appears on the 
terminal. Currently the list is not arranged individually 
for each guest or in the time-series of orders. The list is 
rearranged in the order favorable for kitchen scheduling 
and billing. The bureaucratic declamation of the list is 
followed by the message “Is that right?”  Suppose, for 
example, that three out of five guests on the same table 
ordered hamburger stake individually.  Each guest 
remembers what he is going to have.  But they cannot 
calculate easily that there are exactly three hamburger 
stakes that the party will have as a whole.  The guests 
have no choice other than confirming the 
incomprehensive list. Otherwise the waiter runs into a 
deadlock state and the dishes will never be served.  

  This bureaucratic list in favor of kitchen staff and 
cashers causes no troubles with the waiter.  He has only 
to ask the same thing every time he brings a dish to the 
table, “Who is going to have this dish?” 

  Personalized service makes a restaurant comfortable 
and even look classy.  It would be nice if a waiter takes 
orders personally, remembers which guest will have 
which dishes, and brings the dishes straight in front of 
each guest.  That has been practiced for a ling time at 
the first class restaurants.  

  A similar personalized service can be practiced even 

at casual restaurants with a little help from a little more 
intelligent POS terminal. It is not at all difficult for a 
computer system to rearrange the list of dishes in the 
personal form, in the order of kitchen operation, or in 
any form suitable for a task.  The personalized list of 
dishes is useful even at the casher in case the party 
wants to go Dutch. 
 In this study, we concentrate our consideration on the 
waiter’s interface of the handy terminal so that it allow 
for personalized services. 

 

3. Related work 
3.1. Cross i 

"Cross i" is the iPad self-ordering system that 
CROSS-DREAM Inc. has developed.Waiter is unable 
to identify the person who ordered because this system 
aggregates the order by the unit of table. 

3.2. China fire pot shop small fertilizer 
sheep 

“China fire pot shop small fertilizer sheep” is a 
smartphone app that webCrew Inc. has developed. This 
app identifies the location of the table by using the QR 
code and iBeacon. Also customers can individually 
order from their smartphones. So this system can 
identify the terminal that has placed the order but the 
waiter does not know it. 

 
 

4. System Overview 
The proposed system is an application that runs on 

Android devices. System overview is shown in (Fig. 
1.). The waiter enter ordered items together with the 
person who ordered in the Android terminal, and the 
system stores the information. Bringing dishes to the 
table, the waiter checks the terminal see whom to serve 
the dishes. 

 

 
Fig. 1. System overview. 

 
 
The next section explains the functions of the proposed 
system. 
 
 

5. Functions of the system 
5.1. Setting the table layout 

The user can layout the tables according to each 
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restaurant. By checking the state of tables in restaurant 
on the screen such as (Fig. 2.), the waiter can see the 
status of each table. 

 

 
Fig. 2. Screen of checking the state of tables. 

 
5.2. Setting the menu 
 Function to set items, prices and categories in the 
menu. 

5.3. String with the seat and humans by 
person recognition 

 The waiter takes a picture of the guests on the table 
by the terminal that has a built-in camera when guests 
have arrived at the table. Then the system extracts 
persons out of the photo and remembers who is sitting 
each seat. 

5.4. Speech recognition of orders 
 The terminal analyzes the voice uttered from a 
customer or a waiter at the time of repetition by voice 
recognition to pick up the ordered item from the menu. 

5.5. Registration of orders 
 The waiter drags the selected item and drops it onto 
the guest on the group photo of the table as shown in 
(Fig. 3.). 
 

 
Fig. 3. Order registration by dragging and dropping the 

item onto the guest. 

 

5.6. Table status view 
The waiters and the manager can check the status of 

each table. 
State of the table and their description are shown in 

(Table. 1.). 
 

Table. 1 State of the table and their description. 

State of the table Description 

Empty The table is empty and clean for 
new guests. 

Waiting for order We are waiting for the orders. 
Now catering We are serving the dishes.  
Now cleaning The table is to be cleaned. 

 

5.7. Serving the dishes 
 This feature enables a waiter to know at a glance 
whom he should serve the dish currently in his hands. 

5.8. Accounting 
 This allows the verification of the ordered items and 
accounting of the orders of each individual and the 
entire table. 
 

6. Conclusion 
A handy terminal with the proposed user interface 

will transform an ordinary waiter a skilled one such as 
working at classy restaurants. This software system is 
still under development and will hopefully be 
integrated into the existing POS system for restaurants. 
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 1  Introduction 

At-sensor radiances of five ASTER thermal infrared 
(TIR) bands are converted to surface temperature and 
the surface emissivities of the five bands through 
atmospheric correction and temperature and emissivity 
separation (TES)1. In this processing, band-to-band 
position gaps due to the sensor architecture will 
produce significant errors. Though band-to-band 
registration is performed in the level-1 processing, its 
designed accuracy is 0.1 pixel2), which may be accurate 
enough in radiance or temperature-based usage but not 
in spectral emissivity-based usage, because TES 
enhances such errors in spectral emissivity images. In 
the present study, we therefore evaluate band-to-band 
position gaps on level-1 images using the phase only 
correlation (POC) method. 

 
2  Methodology 

The latitude and longitude at each lattice point (70 
pixel interval) are calculated for each band in the 
level-1 (L1) processing, and stored in each level-1A 
(L1A) product3). Thus, we calculated band-to-band 
gaps in L1A products using this information (referred 
to as the method 1). In level-1B (L1B) products, these 
gaps have been already removed by geometric 
correction in the L1 processing. 

In addition, we applied the phase only correlation 
(POC) method4) to L1A and L1B products in order to 
evaluate more accurate band-to-band gaps (referred to 
as the method 2). 

 
3  Results 

3.1  Test scenes 
The two methods were applied to several scenes with 

various conditions, particularly in latitude and pointing 
angle. Fig. 1 shows an L1A image at band 11 around 
Los Angeles as an example of the test scenes used. 

 
3.2  Results for L1A products 
The left in Fig. 2 shows the cross-track profiles of 

band-to-band gaps between the L1A images of bands 
11 and 13 for 11 different along-track positions using 
the method 1, indicating arrhythmic changes dependent 
on the along track positions. The center in Fig. 2 
displays those for 69 different along-track positions 
using the method 2, showing similar to but more 
detailed and precise gaps than the method 1’s results 
though some small deviations caused by mismatching 
in the POC method can be seen. It is likely that the 
mean profile of the results by the method 2 is the actual 
band-to-band position gaps due to the sensor 
architecture. 

 
3.3  Results for L1B products 
As mentioned, L1B products which the geometric 

correction have been applied have the designed 
accuracy of 0.1 pixel in band-to-band registration, but 
such errors can give an impact to TES. We therefore 
applied the method 2 to the L1B image generated from 
the L1A image used in 3.2. The right in Fig. 2 shows 
the results, which indicates that position gaps are 
almost within ±0.1 pixel as expected from the sensor 
design. 
 
3.4  Impact analysis to TES 
Next, we analyzed an impact of the above 

band-to-band position gaps to TES as follows: 
(1) Retrieve surface temperature image by applying 

atmospheric correction and TES to the L1B image 
used in 3.3 (ST1 image) 

(2) Simulate surface radiance image of each band by 
combining an ST1 image shifted in the cross track 
direction and an emissivity of unity, where the 
quantity of shifting is determined for each band 
based on the maximum band-to-band position gap 
of each band 

(3) Retrieve surface temperature image (ST2) and 
spectral emissivity images by applying the 
normalization method, one of TES algorithms, 
with the maximum emissivity of 1 to the simulated 
radiance images of the five bands (if there is no 
position gaps, ST2 will be identical to ST1, and all 
emissivity values will be unity. Actually, this is 
not true due to the position gaps given) 

(4) Generate the max-min difference (MMD) image of 
the retrieved emissivity images of the five bands 
(if there is not position gaps, MMD will be zero at 
all pixels. Since the gaps exist in actual, the MMD 
image can be used for evaluating the impact of 
such gaps to TES.) 

 
 

Fig. 1: L1A test image observed at band 11 on 23 January 
2005 around Los Angeles, USA. 
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Fig. 3 shows the MMD image obtained, where a 
larger MMD indicates a larger spectral distortion in 
emissivity. Though MMD values are not so large in the 
whole, they are slightly higher around mountains 
probably because spatial variation of surface 
temperature is larger due to topographic effects in these 
regions. Some urban areas including large-scale 
buildings also show large MMD values, because such 
buildings can be distinguished by ASTER/TIR. 

MMD values are about 0.03 in typical, and ±0.065 at 
maximum. Since the requested accuracy of TES is 
0.015 in emissivity, these values are not small in TES. 
 
4  Conclusion 

Band-to-band position gaps in L1A and L1B images 
were analyzed using the two methods, and their impact 
to TES was evaluated using the actual ASTER/TIR 
image. As a result, position gaps in L1B images are 
almost within ±0.1 pixel, but they may give some 
impacts to TES accuracy. In addition, position gaps 
stored in L1A products showed unexplainable 
fluctuation in the band-to-position position gaps at the 
lattice points. Since the current geometric correction in 
the L1 processing is performed using these gaps, it may 
be affected by the fluctuation. Since the POC method 
in the present study can estimate more accurate 
band-to-band position gaps, it may be able to improve 
the accuracy of geometric correction in the L1 
processing. 
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Fig. 2: Position gap profiles between bands 11 and 13 in the cross-track direction (left: method 1 for L1A, center: method 2 
for L1A, right: method 2 for L1B) 

Fig. 3: Obtained MMD image (left). Center is an enlarged image for the white box area on the left image. 
Right is the Google Earth image for this area. 
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1. Introduction 
The human ABO blood group consists of three major 

types, A, B, and O [1]. These alleles code for 

glycosyltransferases, with the terminal sugar chain 

modifications varying between types. The enzyme 

encoded by functional alleles of type A and B transfer a 

GalNac or a Gal on the precursor. The nucleotide 

sequences of the human ABO genes have been 

determined and the molecular basis of these differences 

has been revealed [2, 3]. The alleles A and B differ in 

exon 7 by four nonsynonymous mutations, and two of 

which are critical for the sugar specificity (codons 266 

and 268 encode L-G for A and M-A for B). The major O 

allele has a single nucleotide deletion (Δ261) in exon 6 

[4] that induces a frameshift, resulting in a truncated 

protein deprived of any glycosyltransferase activity. 

Major haplogroups (A101, B101, O01, and O02) exist 

in the human ABO genes [5, 6]. A101 and B101 are the 

main haplogroups for the A and B alleles, respectively. 

O01 and O02 are the main haplogroups of the O type. A 

series of nucleotide differences have been observed 

between O01 and O02 [5-7]. 

Several studies have examined the evolution of the 

human ABO genes [5, 7–11]. These studies have 

identified that the A allele is the most ancient, because 

the chimpanzee, which is the closest relative of humans, 

has A and O alleles. The O allele of the chimpanzee has 

evolved by a different mechanism compared to humans 

[9, 11]. The B allele diverged from the A allele, with 

nucleotide substitutions on the two critical residues in 

exon 7. The O02 allele diverged from the A allele with a 

single nucleotide deletion (Δ261) in exon 6, after which 

the O01 allele diverged from the O02 allele. In contrast, 

there are some studies [12, 13] that argue trans-species 

polymorphism of the A and B alleles. In any case, these 

studies suggested that these alleles have been maintained 

by balancing selection. 

 

2. Materials and Methods 
2.1. Datasets 

We retrieved two kinds of phased haplotype datasets 

for the ABO genes from the HapMap Project [14]. The 

first was the three population dataset (3pop_data) that 

included the Yoruba in Ibadan, Nigeria (YRI), Utah 

residents with ancestry from northern and western 

Europe (CEU), Japanese in Tokyo, Japan, and Han 

Chinese in Beijing, China (JPT+CHB). The other dataset 

contained eleven populations (11pop_data) including 

African ancestry in Southwest USA (ASW), Chinese in 

Metropolitan Denver, Colorado (CHD), Gujarati Indians 

in Houston, Texas (GIH), Luhya in Webuye, Kenya 

(LWK), Mexican ancestry in Los Angeles, California 

(MEX), Maasai in Kinyawa, Kenya (MKK), Toscans in 

Italy (TSI), YRI, CEU, CHB, and JPT. 

 

2.2. Phylogenetic Analysis 
Phylogenetic networks were constructed manually 

following the procedures of [8, 15]. A chimpanzee 

sequence data was used as an outgroup. 

 

2.3. Detection of Recombinant 
We attempted to detect recombinants from the 

phylogenetic network analysis following the procedure 

of [16]. We used model data to explain how to infer a 

recombination event from a phylogenetic network (Fig. 

1). 

 
Fig. 1. Explanation of a recombination event in a 

phylogenetic network using model data. A nucleotide 

sequence (a) and a corresponding phylogenetic network (b) 

are shown. 

 

First, an ancestry sequence (o) produces two different 

sequences (p1 and p2) (Fig. 1a). The p1 has five 

substitutions (2, 4, 5, 9, 15), and the p2 has four 

substitutions (1, 6, 8, 11), from sequence o. Then, if 

recombination occurred between sites 6 and 7 for p1 and 

p2, two recombinants (r1 and r2) exist. After the 

recombination, three nucleotide substitutions at sites 7, 

12, and 13 accumulate to p1, p2, and r1, respectively, and 

three nucleotide substitutions (3, 10, 14) also accumulate 

to produce an outgroup (o’) from sequence o. Assuming 

that r1 and r2 were produced by a single recombination 

event, transmission of both recombinant alleles to the 

next generation is highly improbable. Therefore, we 

assumed that r2 had disappeared. Fig. 1b is the 

phylogenetic network represented by Fig. 1a at the time. 

The phylogenetic network (Fig. 1b) indicates the 

relationship between the extant alleles (p1, p2, and r1) 

and an outgroup (o’). Two parental alleles (p1 and p2) are 

located on opposing vertices of the rectangle and have 

longer (compared to that of the recombinant allele) 

external branches, while the recombinant allele (r1) is 

located on the vertex opposing the outgroup allele (o’) 
and has a shorter (compared to those of parental alleles) 

external branch. “External branch” means a single line 

extended from reticulations to an external node here. 
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3. Results and Discussion 
3.1. Phylogenetic Analysis of the Human 

ABO Blood Group Genes 
Fifty-four and 36 SNPs for 3pop_data and 11pop_data, 

respectively, were retrieved from the HapMap Project, 

and we predicted ABO types for each haplotype by using 

haplotype-specific SNPs, following data of [5]. 

Fig. 2a describes a phylogenetic network using 

3pop_data. 

 
Fig. 2. The phylogenetic network constructed from 

3pop_data. 

 

The O01 haplogroup is thought to be a recombinant 

lineage, where the O02 and B101 haplogroups are its 

parental allele lineages (Fig. 2b). Seven sites support 

O01 and B101 haplogroup clustering, while five sites 

support O01 and O02 haplogroup clustering. The 

recombination point is estimated to be between intron 2 

and intron 3. It is also thought that the A101 haplogroup 

is a recombinant lineage, where its parental lineages are 

the O01 and B101 haplogroups (Fig. 2c). We can expect 

that the recombination point is located in exon 6, because 

A101 should not have Δ261. 

We also used 11pop_data, which contains data from 

993 individuals from the world, but the number of SNPs 

is lower at 36 compared to 54 in 3pop_data. The 

phylogenetic networks indicated similar results to 3pop 

data. Since each haplogroup consists of individuals from 

several populations, it is suggested that they had been 

formed before divergences of human populations, that is, 

prior to migration out of Africa. In addition, we observed 

the v haplotype, which is a rare haplotype, and this 

haplotype could not be predicted as a known haplogroup. 

 

3.2. Evolutionary History and Diversity of 

the Human ABO Blood Group Genes 
We assume A as an ancestor in humans, because 

chimpanzees mainly have A alleles [9, 11, 17]. B101 then 

diverged from A, followed by substitutions for the two 

critical sites, and O02 diverged from A with Δ261. O01 

might be formed by a recombination coupled with gene 

conversions between B101 and O02 [6]. A101 is the 

recombinant product with the intact exon 6 from B101 

and two critical A type sites inexon7 from O01 that had 

been joined to form the functional A allele. The results 

from this study, using the HapMap data, mirror the 

results of [6]. A101 should be distinct from the ancestral 

A allele, which produced the B101 and O02 haplogroups. 

It is not clear whether the ancestral A allele coexisted 

with other haplogroups in modern humans. If the 

ancestral A allele exists in the human population, it 

should be located near the common ancestral position 

with a longer external branch in a phylogenetic network. 

We observed the v haplotype, which is located near the 

common ancestral position in a phylogenetic network. 

Since this haplotype consists of individuals from ASW, 

CEU, GIH, MEX, and TSI, it seems to have been formed 

prior to migration out of Africa. Thus, it is possible to 

expect that the v haplotype may be the ancestral A 

haplotype, that is, the most ancient haplotype [18]. 
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1.  Introduction 
The direction for the rational use of energy in many 

cities and districts is positively recognized and actively 
promoted by the responsible officials in recent years 
mainly by introducing  innovative hardwires. However, 
the effect of human activities is still unknown and there 
exist correspondent consciousness gap between the 
officials and residents.  

2.  Background of Study 
As the energy saving policy, application of the law 

about rational use of energy has been widely expanded 
from the industry to the residential and transportation 
sectors from 1998 till today. But the increase of energy 
consumption in the city districts is gettung very big. For 
this reason, many support enterprises to the city areas 
such as smart community, environment model city, future 
city and total energy treating model project including to 
create/store/conserve energy, are undertaken by the 
responsible relative ministries, from 2008 and afterwards. 
Moreover, the environmental law was revised1) and the 
duty to promote global warming protection measure for 
all local government bodies was imposed. However, such 
as enterprises or measures have not yet been carried out in 
many local governing bodies, as shown in Table 1 

 
Table 1.Number of support enterprises and global 

warming measures implementation cities 

This table is the writer creation from the ministries  ‘official information 
 

3.  Promotion organization outline 
About the promotion organization, according to the 

regional  characteristic situation,  the subjects are 
mainly promoted by a respective local governing body, 
companies and experts, by introducing  mainly every 
type of energy management systems, new transportation 
systems, natural-power-sources and energy efficient  

equipments. For the global warming protection, local 
governments lead the measures with regional universities, 
experts, suitable organization representatives. But it is 
presumed that the action to the residents who are the 
leading role in a city area is extremely insufficient 

 
Table 2.Implementation structure 

This table is the writer creation from responsible officials & city 
homepage publicity matters  

 
 
4.  Purpose of Research 

Even the support enterprises and the global warming 
protection measures are promoted or not, it is thought 
there is a big gap of information between the promoters 
and the residents about the consciousness of autonomous 
cooperation. The purpose of this research is to make clear 
the existence of the gap at Kashima city, as a typical city 
without promoting both the enterprise and measures, and 
to propose a suitable method to fulfill the gap. It will be 
applicable not only many cities in Japan but also the cities 
of foreign countries who want to promote residential 
sectors energy conservation.  

5.  Present Problem 
The following problems are recognized from the above 

mentioned contents. 
(1) The number of local governing bodies who are 
enforcing the enterprises and measures is very small size 
comparing the total number of local governing bodies.  
(2) Furthermore, for the enterprises and measures 
promotion, instead of official members the number of 
participants from residents is very insufficient. 
(3)  In these situation, for the residents, it is presumed 
that there are a few opportunities to receive suitable 
information of rational use of energy.  

Therefore there exists the gap, or insufficient supply of 
information between the promoters and the residents 
beyond the attitude formation2) of rational use of energy 
conservation.  

Peanuts Snoopy
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1. Introduction 
Coal fly ash is obtained as final product by combustion 

of coal in power plants during process of producing 

electrical energy. In conventional power plants the 

combustion of coal usually takes place at temperature 

(1200-1700)ºC and these ashes is major part of all 

remnant after producing energy.  

In Kosovo electricity production and its generation is 

dependent largely based on coal burning power plants. 

Currently 97% of electrical energy is produced only from 

coal and based on reserves of this mine and the situation 

of other resources it seems that for long time coal will be 

the only source of energy. As result average of coal fly 

ash is around 1,16 million t/year [1].  

So, considering this situation, idea of substituting 

different percentage of cement with coal fly ash in 

producing concrete will help to reach the point of 

recycling waste material, reducing amount of cement 

production, increasing quality of concrete, protecting 

environment and it has positive effect in economical 

aspect too 

The literature is rich in publications regarding 

influence of fly ash in concrete, especially for 

low-calcium fly ash (less than 10% of CaO) [2-4] but 

suitability of high-calcium fly ash in concrete still is 

anticipated with skepticism [5]. These happen especially 

related to chemical compositions high content of CaO 

and SO3 can affect volume stability and concrete stability 

[6,7,8]. 

Following this approach, an experimental investigation 

of quality of concrete with different percentage of 

high-calcium fly ash content is carried out. In focus is 

high performance concrete C 50/60 and all work took 

place in concrete lab in Prishtina according to EN 206-1. 

 
Table. 1.  Physical properties of fly ash. 

   

Fineness    

 0.200mm 

 0.090mm 

 0.063mm 

 0.043mm 

 

Capacity mass g/cm³ 

  0.1 

4.9 

8.1 

12.5 

 

2.83 

Specific surface cm²/g 

 

Pozzolanity MPA 

 Flexural 

 Compressive 

 

  6 600 

 

 

4.5±0.3 

21.1±0.7 

 

 

2. Materials, mixture proportions and 

experiment procedures  
Table 1 and 2 shows physical properties and chemical 

compositions and of fly ash and cement. Table 3 shows 

mix compositions for eight different mix design 

including control concrete with 440 kg/m³ cement 

content until 50% cement replacement with fly ash. All 

specimens were removed from molds after 24 hours and 

cured in 22ºC and 99% relative humidity until 

examination day, after 3, 7, 21, 28, and 56 days. 

It must be emphasized that to reach results of 

compressive strength of concrete was applied European 

standard EN 206-1 and used specimens were in cubic 

shape (15x15x15)cm and each value was average of 

minimum three results from different samples in different 

period of curing.  

 
Table. 2.  Chemical compositions of cement and fly ash.  

    

Elements  Cement Fly ash 

SiO2 %  19.79 19.28 

Al2O3 % 

Fe2O3 % 

CaO % 

MgO % 

SO3 % 

Na2O % 

K2O % 

MnO % 

LOI % 

Chromium VI mg/l 

Moisture 105ºC % 

CO2 %  

Insoluble residue in 

HCL/Na2CO3 % 

Insoluble residue 

HCL/KOH % 

Reactive CaO % 

Reactive SiO2 % 

 6.13 

2.73 

63.86 

2.42 

2.98 

0.19 

0.68 

 

4.14 

 

 

0.59 

0.20 

 

0.10 

 

1.50 

5.67 

4.85 

42.92 

4.31 

19.41 

0.58 

0.36 

0.08 

2.30 

0.395 

0.29 

0.70 

11.05 

 

6.58 

 

28.44 

15.69 

 

 

3. Results and discussions  
During conducting the experiment it was observed that 

content of fly ash can effect on some properties of fresh 

concrete. Increasing of fly ash content the workability of 

concrete was increased. Mass of fresh concrete was 

stickier even more bleeding and segregation was not 

observed. 

Workability was measured by slump test, and it was 

kept constant according curve S3 based on European 

standards, see table 3.  

The compressive strength of all different mixing of fly 

ash concrete at early ages was lower than control 
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concrete, the strength decrease gradually by increasing 

fly ash content. At 3 days old, specimens show the 

compressive strength of M2-M8 of mix designs were (57 

– 31.2) MPa, while for M1 it was 59MPa. By the time 

compressive strength of fly ash concrete was increased, 

so after 56 days M2 – 10% fly ash content reached 

75.2MPa. Respectively 101% compared to control 

concrete. See fig 1. 

 
Fig. 1.  Compressive strength of concrete against fly ash. 

 

 
 

Table.3. Mixture proportions for 1m ³high 

performance concrete C 50/60 

 

1/2 

Materials M1 M2 M3 M4 

Cement (kg) 440 396 374 352 

Fly ash (kg)   0  44  66  88 

Sand (kg) 790 783 780 777 

Gravel (kg) 965 958 954 951 

Water (kg) 176 176 176 176 

Additive (kg)   4.40   4.40    4.40   4.40 

W/C ratio   0.34   0.41   0.38   0.35 

Slump (vm)  12  11.5  15  15 

 

2/2 

Materials M5 M6 M7 M8 

Cement (kg) 330 308 264 220 

Fly ash (kg) 110 132 176 220 

Sand (kg) 774 771 775 778 

Gravel (kg) 946 943 952 958 

Water (kg) 176 176 176 176 

Additive (kg)   4.40   4.40   4.40   4.40 

W/C ratio   0.34   0.34   0.40   0.40 

Slump (vm)  13  11  14  15 

 

 

4. Conclusion  

  
 Results proved that it is possible to achieve high 

performance concrete by replacing cement with fly ash. 

It effects in increasing workability in fresh concrete 

especially together with suitable superplasticizier. The 

simple optimum percentage of replacing cement with fly 

ash is proposed to be 20%, based in this short term of 

examination. But, the study showed that the efficiency 

factor is not constant, it depend from different parameters 

including curing time, amount of cement content, 

chemical and physical properties of fly ash, replacement 

ratio.  

According to this middle time examination replacement 

of cement with more than 30% of fly ash will indicate to 

develop moderate strength in concrete. However, it 

becomes a possible alternative to use for application of 

lean concrete, subbase, etc.   
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1. Introduction 
The ASTER thermal infrared (TIR) standard 

atmospheric correction is based on radiative transfer 

calculation by the MODTRAN code combined with 

National Centers for Environmental Prediction 

(NCEP)’s Global Data Assimilation System products 

which have a spatial resolution of 1-degree grid. 

Atmospheric correction parameters like transmittance 

and path radiance are spatially interpolated on a 

pixel-by-pixel basis from surrounding grid points, but 

local weather phenomena induced by topography, 

atmospheric instability and so on are not considered in 

this approach, which will give some impacts to 

accuracy in atmospheric correction. In the present 

study, we therefore evaluate this issue using Japan 

Meteorological Agency (JMA)’s Global Spectral 

Model (GSM) with a higher spatial resolution than 

GDAS. 
 

2. Objective analysis data 
2.1. GDAS  

The GDAS is one of the data assimilation systems 

operated by NCEP, and its products are used as 

standard inputs for ASTER/TIR standard atmospheric 

correction. They cover the whole of the world with a 

horizontal grid of 1 degree by 1 degree. 
 

2.2. GSM (Japan Region) 
Global Spectral Model (GSM) is one of the numerical 

weather prediction models operated by JMA. GSM 

products are used as initial values for the short-term 

weather forecast of the numerical weather prediction, 

the week weather forecast, and the typhoon forecast. 

The GSM (Japan Region) referred to as GSM_JPN is 

a sub-model which covers only Japan and surrounding 

areas (N20 to N50 & E120 to E150) with a horizontal 

grid of 0.2 degree by 0.25 degree. 
 

3. Methodology 
In the present study, we evaluated ASTER/TIR 

atmospheric correction by a simulation study with 

different atmospheric sources of GDAS and 

GSM_JPN for a given time as follows: 

[1] In each grid point of GSM_JPN at a given time, 

surface air temperature included in GSM_JPN is 

derived for using it as the surface temperature in 

the following calculation. 

[2] Surface radiance at that grid point at that time is 

calculated for each ASTER/TIR band by 

combining the above surface temperature and an 

emissivity of unity. 

[3] The surface radiance is converted to the 

top-of-the atmosphere (TOA) radiance using 

MODTRAN combined with air-temperature, 

humidity, and geopotential height profiles 

included in GSM_JPN. 

[4] Atmospheric correction with GDAS profiles at 

that grid point at that time is applied to the above 

TOA radiance for retrieving a surface radiance at 

each ASTER/TIR band, where the GDAS profiles 

are interpolated in space if the grid point is not 

matched with grid points of GDAS (this 

interpolation is performed also in the actual 

processing). 

[5] Surface temperature is estimated from the surface 

radiance by the ASTER Temperature and 

Emissivity Separation (TES) algorithm. 

[6] The surface temperature obtained in [5] is 

compared with that given in [1]. 
 

4. Results 
GDAS and GSM_JPN products at 00Z, 06Z, 12Z, 

and 18Z from 1 September to 31 December in 2009 

were used in the present study (the number of times is 

484). 

Fig. 1 shows the root mean square (RMS) of the 

surface temperature difference images derived from all 

grid points (see [6]). In the figure, larger values are 

found in some areas such as the North Kanto district, 

the Seto Inland Sea, which indicates that GDAS and 

GSM_JPN profiles gave a large discrepancy in 

radiative transfer calculations. 

The Seto Island Sea showed a larger RMS in 

September than in other months (the RMS for 

September is 3.1 K, while that for four months is 1.9 

K). This region is surrounded by mountain ranges, so 

that it has a drier climate in summer than other areas 

in Japan (e.g., a typical humidity in September is 70% 

in Okayama City, while it is 78% in Tottori City and 

80% in Kochi City). Since such a localized climate is 

not easy to express in a numerical forecast, it can 

cause some discrepancy between GDAS and 

GSM_JPN. This region was also investigated using 

ASTER images observed around Okayama City at 

01:58 on 12 October 2009. Fig. 2 displays the 

difference image between the surface temperature 

image retrieved with GDAS and that with GSM_JPN, 
indicating that the surface temperature in the urban 

area of the city is about 3 degree C higher in GDAS 

than in GSM_JPN. Fig. 3 is an image observed by 
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MODIS band 2 on the same time, showing that the 

west of Japan was partially covered by isolated clouds. 

Fig. 4 shows the mean surface temperature differences 

between GSM and GDAS for 10 by 10 pixels in each 

of five cities of Tottori, Tsuyama, Okayama, 

Marugame, and Kochi in the following three cases: 

ASTER retrievals, the RMS results on 12 October 

2009, and the RMS results for the four months. These 

results indicate that the largest discrepancy probably 

due to localized climate can be found for Okayama 

City located in the Seto Inland Sea. 
 

5. Conclusions  
In the present study, two kinds of atmospheric 

sources for the ASTER/TIR standard atmospheric 

correction, GDAS and GSM_JPN, were first evaluated 

by the simulation study for Japan and surrounding 

areas from September to December in 2009, which 

indicated that some areas like the Seto Inland Sea have 

a larger discrepancy between GDAS and GSM_JPN 

probably due to localized climate effects. Then, the 

two atmospheric sources were compared around 

Okayama and some near cities using ASTER images 

observed on 12 October 2009, showing a surface 

temperature difference of 3 K between GDAS and 

GSM_JPN around Okayama. These results indicate 

that the accuracy of the ASTER/TIR standard 

atmospheric correction depends on localized climates 

for which objective analysis data can produce some 

discrepancy. For higher accuracy, such a localized 

climate should be considered in the atmospheric 

correction. 
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Fig. 2: Difference of surface temperature images 

retrieved with GDAS and GSM_JPN from the ASTER 

image observed on 12 October 2009. 

between GSM and GDAS for four months 

 

Fig. 1: RMS of surface temperature difference 

between GDAS and GSM_JPN for four months of 

September to December, 2009. 

 

Fig. 4: Difference of surface temperatures between GDAS 

and GSM_JPN for five cities in the three cases of ASTER 

retrievals, RMS results on 12 October 2009, and RMS 

results for four months. 

 GDAS 

between GSM and GDAS for four months 

 

Fig. 3: MODIS image observed on 12 October 2009. 

T
e
m

p
er

a
tu

re
 d

if
fe

re
n

ce
 [

K
] 



 
The 10th International Student Conference at Ibaraki University, 

Ibaraki, Japan, November 15-16, 2014 

F01 

A Coloring System for Monochrome Images with Human Faces 
○Chisato Nagayama*, Nobuyuki Umezu** 

*Department of Intelligent Systems Engineering, Faculty of Engineering, Ibaraki University 

E-Mail: *14nm918l@vc.ibaraki.ac.jp, **umezu@mx.ibaraki.ac.jp 

Keywords: Coloring, Face Detector, Image Processing 

 

1. Introduction 
The technology of photography was introduced into 

Japan in 1848. Photograph materials were monochrome 

up to 1960s. Since amount of color picture’s information 

has more than monochrome photo’s [1], research on 

coloring technology using image processing has been 

prospering recently [2]. 

Value of a monochrome image is increased by 

coloring a face because a face has much amount of 

information for man. In this study, we develop a system 

that especially colors a face region in a monochrome 

image with high precision. 

 

2. Coloring Human Faces 
2.1.  Skin Area Extraction 
  Coloring procedures of skin area using the reference 

color of skin are summarized as follows. 

1. Typical skin color is extracted from facial 

images. 

2. The reference color of skin is determined. 

3. Our system compares the intensity of each 

pixel in input monochrome image with it of the reference 

color. 

4. The skin area is extracted and colored using 

the reference color. 

5. Regions outside the face are colored using the 

existing technique [3]. 

 

2.2.  Reference Skin Colors 
  In this study, the target of skin color extraction is 

limited to images with one person younger than 20 years 

old. 90 images were collected from internet and an image 

collection DVD. These images are arbitrary sizes.The 

computational environment is as follows; Mac OS X 

10.7.5, CPU Intel Core i5 2.7GHz, and Memory 4GB. 

We use HSV color space [4]. We obtain skin colors that a 

light source state is not influenced by using it. 

  A distribution of hue and saturation values in rectangle 

areas including faces are recorded with 90 portrait 

images (Fig. 1). Hue value varies between 0 to 360 

degrees and represents the angle of polar coordinates in 

Fig. 1. Saturation, whose value is between 0 to 1, 

represents the radius of polar coordinates in Fig. 1. The 

intensity of the graph represents the frequency of its 

corresponding color in the images.  

The range of the reference skin color is decided by 

using a threshold calculated from the histogram of skin 

color. Our system uses the ranges of region 1, 2, 4 and 6 

in Fig. 1 as skin color. The regions 3, 5 and 7 are not 

suitable for skin color because the area 3 corresponds to 

almost white in HSV color space and the domains 5 and 

6 to pink. 

The method above also can be used to determine the 

reference color of mouth. Our system uses the colors in 

region 1 and 4 to paint mouths in images. The colors in 

regions 2 and 3 are of facial skins (Fig. 1) and unsuitable 

for painting mouths. 

 

Fig. 1. Skin Color Extraction 

Fig. 2. Mouth Color Extraction 

 

2.3.  Skin Coloring 
  Our system compares the intensity extracted from each 

pixel in input monochrome image with it of the reference 

color. A skin pixel is extracted from the skin area in the 

monochrome image. Then the chromatic component of 

the reference color with the most similar intensity to it of 

the pixel, is transferred to color the pixel. 

  We get the coordinate of a square area including a face 

in the input image by using face-recognition API of Mac 

OS. The region is regarded as skin if the following two 

conditions are satisfied. 

  1. It has the largest area. 

  2. The average intensity is within the limits. 

  A monochrome image has only intensity values, hue 

and saturation are not included. Our system locates a 

square area including a face from color images such as 

Fig.3. The intensity of each pixel in the color image is 

extracted when the pixel in the square area is close to the 

reference color of skin. When the intensity of a 

monochrome pixel is between 0.25 and 0.85, our system 

leaves only the intensity information and transfers the 
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reference skin color in Fig. 1. Fig. 4(b) shows a result 

example. 

  Our current system colors only in the square area 

including a face. The pixels are colored using only the 

comparison between the intensities, coloring is 

performed over regions outside the face. We need to 

implement two aforesaid conditions. 

The eyes and the mouth are colored in the same skin 

color because our current implementation handles a 

single skin color. After painting the eyes and the mouth 

with the skin color, those regions are painted with more 

appropriate colors. We locate rectangles on the eyes and 

on mouse according to the average size and locations 

calculated by MacOS face recognition APIs (Fig. 5). We 

determine the reference colors to paint eyes and mouths 

according the characteristics of those rectangles. We 

paint bright pixels in the eye region with white and the 

mouth region with red colors. 

 

Fig. 3. Skin region including a Face 

 

(a)    (b) 

Fig. 4. Example of images used in Experiment 

(a) Original image  (b) Coloring result with only intensity 

comparison 

Fig. 5. Rectangles for the eyes and for the mouth 

 

3. Evaluation of Coloring System 
3.1.  Evaluation of Coloring Accuracy 
  We evaluated coloring accuracy using the correct 

answer images. A color image is converted into 

monochrome and used as an input image. We can 

compute a similarity between the coloring result of our 

system and the original color image. We use the HDTV 

type monochrome transform technique. HDTV looks the 

most natural when it is transformed into monochrome 

and it is used by the global standard. Five pairs of an 

original image and our coloring result are used (one 

example in Fig. 4) and color difference is calculated for 

each pair. The average accuracy is 89.6 % for 5 pairs. 

The precision is reason that the colored area is large. A 

face is always occupied about 90% in a square area 

including face. An accuracy judgment is made now only 

in the square area including a face. Whole image will be 

colored and judged an accuracy. 

 

3.2.  Evaluation by Examinees 
  The nature of our coloring result was estimated by 16 

students in our laboratory. The coloring result of our 

system is presented to the examinees and they evaluate 

the result using the four-level scale. Larger values 

represent better evaluation. In this study, we aimed at the 

average evaluation value to be 3.5 or lager. It was 2.6 

and smaller than the expected value. 

The opinion that flesh color is brighter was acquired 

through the experiment. The skin color reminded usually 

is brighter was acquired through the experiment. The 

skin color reminded usually is brighter than the color of 

Fig. 4. Man is considered that information is transmitted 

to a brain after the belief has rectified some brightly 

rather than the actual color. However, this reason is not 

only a reason of a fixed concept. The answer images 

were shown to the subjects. The subjects were made to 

compare with the coloring result of this system. As a 

result, the color of an actual skin answered, when the 

color brighter than a coloring result was carried out. 

 

4. Conclusion and Future Work 
  We focused skin color using the distribution model of 

hue-saturation space. Our system compared the intensity 

of each pixel in input monochrome image with it of the 

reference color and colored the pixels. We proposed the 

extraction method of skin region using the area and 

intensity average. 

  Future work includes the reference color spread in H-S 

space and coloring of the whole input image. 

Implementation of a region-segmentation and the 

proposed criteria is also required. We first manually 

specify the face boundaries of many images to collect 

face pixels.  
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1. Introduction 
Cause of death of the 20% world’s population is 

heart failure [1].  An artificial heart used in the 

treatment of heart failure is often required to 

compensate limited the total amount of donor hearts and 

it has been saving many lives to use as "bridge to 

transplantation" and "destination therapy".  Currently, 

ventricular assist devices are applicable to clinically, 

and their multifaceted applications have been extended.  

One of applications is a therapeutic extracorporeal 

blood pump which aim to recovery of natural heart of 

acute heart failure patients.  The therapeutic blood 

pump enhances coronary flow rate of the natural heart 

and reduces heart load corresponding to the patient 

condition by regulating pump driving in synchronism 

with natural heartbeat.  The efficacy of treatment with 

the therapeutic blood pump and the effect of difference 

in pump driving modes on coronary circulation have 

been evaluated with animal experiments and it is found 

that hemodynamic is significantly varied in response to 

change in pump driving modes.  But, animal 

experiments are difficult to gather quantitative data 

with reproducibility.  The aim of our study is 

development of a cardio vascular circulation simulator 

(CCS) for evaluation of the acute heart failure treatment 

methods utilized the therapeutic blood pump in vitro.  

The CCS which is mimic the coronary circulation based 

on the “myocardium pump model” has been developed 

to evaluate acute heart failure treatment methods 

utilized the therapeutic blood pump and the 

performance of it is displayed. 

2. Materials and Methods 
2.1. Mock circulation systems 

The configuration of the CCS with mimic coronary 

circulation is shown in Fig. 1.  The CCS consists of two 

atrial chambers to emulate left and right atrial, two sack 

type pumps for ventricles, and resistances and 

compliance chambers to mimic systemic, pulmonary 

and coronary vasculature components.  The ventricular 

sack made of silicon is semi-ellipsoid shaped, and has 

an un-stretched volume of 600 ml.  Jellyfish valves 

with a diameter of 30 mm are set at inlet and outlet of 

the sack pumps to mimic the cardiac valve.  

Compressed air is supplied from the pneumatic control 

device to the ventricle chamber during systole to 

compress the ventricle sack and to eject the fluid.  The 

compressed air is vented out to atmosphere during the 

diastolic phase and the fluid in the atrial chamber is flow 

into the ventricular sack.  Pulsatile flow is generated 

and the Starling’s law of the heart is reproduced by this 

mechanism. 

The systemic and pulmonary vasculatures are 

modeled based on the Windkessel model.  Systemic 

and pulmonary vascular resistances are emulated with 

pinch valves and the vascular compliance is emulated 

with chambers to seal air.  The compliance is normally 

set at 10 ml/mmHg for the systemic venous chamber, 1 

ml/mmHg for the pulmonary arterial chamber, 5 

ml/mmHg for the pulmonary venous chamber, and 1 

ml/mmHg for the systemic arterial chamber.  The 

compliances of systemic and pulmonary arterial are 

adjustable by controlling the sealed air volume with 

operating the piston position in the chamber. 

 

 

 

 

 

 

 

 

 

 

 

Fig.1 Configuration of the CCS 
 

PVC, pulmonary venous chamber; PAC, pulmonary arterial 

chamber; RAC, right atrium chamber; RVC, right ventricle 

chamber; LAC, left atrium chamber; LVC, left ventricle 

chamber; CaC, coronary artery chamber; SVC, systemic 

venous chamber; AoC, aortic chamber; SVR, systemic. vessel 

resistance; PVR, pulmonary vessel resistance. 

2.2. Coronary circulation model 
The electrical model of coronary, cross-section 

and overall view of coronary circulation chamber and 

are shown in Fig. 2.  The coronary circulation 

chamber and electrical model are designed on the basis 

of “intramyocardial pump model” [2] and constructed 

from acrylic chamber, diaphragm sheet and piston.    

The chamber made of acrylic is divided into water and 

air room by using the diaphragm sheet.  The air room is 

connected to the left ventricle chamber to synchronize 

the timing of coronary vascular compression with the 

left ventricular contraction, and the water room is 

connected between aorta root and vein.  Pinch valves at 

the inlet and outlet ports of the coronary circulation 

chamber reproduce the coronary artery and vein 

resistance.  The coronary artery compliance is adjusted 

by changing sealed air volume with the piston as with 

the compliance of systemic and pulmonary arterial. 

 
 

 

 

 

 

 

 
(a)electrical mode l  (b) Overall view  (c) Cross-section   

Fig.1 Coronary circulation chamber 
 

①, inlet port (coronary artery) ②, pneumatic device 

connection ③, piston ④, diaphragm ⑤, outlet port  

(Chamber size; 120×120×370 mm ) 

①

②

③

④

⑤

LW

H

Flow meter 

Pressure meter 

Pinch valve 

Jellyfish valve 
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2.3.  Evaluation of the newly incorporated 

coronary circulation model in CCS 
To evaluate the performance of the newly 

incorporated coronary circulation system in CCS, we 

confirmed whether the mimic coronary flow rate 

waveform is possible to reproduce the physiological 

coronary circulation characteristics.  Typically, the 

physiological coronary circulation flow varies 

according to differential pressure between left 

ventricular and aorta, it is dominantly in the diastolic 

phase and occurs regurgitation into aorta during the 

systolic phase. In evaluation experiment of coronary 

circulation system performance, the CCS was set at the 

healthy resting condition.  The setting conditions of 

the CCS were set at 120 mmHg for maximum left 

ventricular pressure, 100 mmHg for mean aortic 

pressure, 60 bpm for heart rate, and 40 % for ratio of 

systolic phase to cardiac cycle.  

2.4. Comparison the coronary circulation 

system in CCS and numerical simulator 
The coronary flow rate waveform of CCS was 

compared with result of numerical simulation to 

confirm whether the coronary circulation model is 

incorporated correctly in CCS. The numerical 

simulation is constructed on the digital simulator based 

on the differential equations of electrical network to 

mimic the cardiovascular system.  The configuration 

of electrical network with mimic coronary circulation 

system is shown in Fig. 3. The ventricular contractility 

is represented by time-varying capacitances, and 

vascular resistance and compliance are modeled by 

electric resistances and capacitors.  In comparison test, 

the each parameters of electric parts (resistance, 

capacitance and coil) were set to correspond to the 

experiment conditions of CCS evaluation test. 
 

 

 

 

 

 

 

 

 

 

 
Fig. 3 Electrical network with coronary circulation 

 

3. Result 
Fig. 4 shows the coronary flow waveform (CoF) and 

differential pressure waveform (DP) between aorta and 

left ventricular at healthy resting condition. Fig. 4(a) is 

results of CCS and Fig. 4(b) is numerical simulator 

results.  The high state of the synchronous signal 

indicates systolic phase and the low state of it indicates 

diastolic phase.  The DP of CCS and numerical 

simulator changed from -38 to 92 and from -30 to 83 

mmHg, respectively, in a maximum left ventricular 

pressure of 120 mmHg and mean aortic pressure of 100 

mmHg.  The mean coronary aortic flow rate was 310 

ml/min and the mean regurgitant flow rate was 340 

ml/min in the result of CCS, on the other hand they are 

220 ml/min and 82 ml/min in numerical simulator 

result.  The both results showed a dominantly flow of 

coronary artery in the diastolic phase, and showed 

regurgitant flow to aorta during the systolic phase.  

These features are typical characteristics of the coronary 

artery flow.  
CoF       DP       Synchronous signal 

 
 

    (a) CCS simulator    (b) Numerical simulator 

Fig.4 CoF and DP 

4. Discussion 
The newly developed mock circulation simulator was 

able to reproduce the coronary flow waveforms.  The 

coronary flow in Fig. 4 is superiority during the diastole 

phase.  Regurgitant flow to aorta, which have been well 

known phenomenon as “translocation” was observed 

during the systolic phase.  The coronary flow was 

synchronized with the differential pressure between 

aorta and left ventricular. The mimic coronary 

circulation system based on “Intramyocardial pump 

model“ in our CCS can simulate  characteristics of 

coronary flow in the physiological.  We compared 

CCS and numerical simulation based on electrical 

network to confirm if the coronary circulation model in 

CCS is corresponded correctly with “intramyocardial 

pump model”.  The result of it was consistent with 

trend of waveform obtained from the CCS, and we 

confirmed that the coronary circulation systems in CCS 

correspond with the electrical model of 

“intramyocardial pump model”.  On the basis of these 

results, we will combine numerical simulation with 

physical model to emulate the physiological response 

which automatically regulated hemodynamic 

parameters.  

5. Conclusion 
The mimic coronary circulation system was newly 

incorporated in our CCS to evaluate the cardiac failure 

treatment method with therapeutic blood pump. The 

coronary circulation system incorporated in CCS 

reproduced target physiological hemodynamics 

characteristics of coronary circulation such as 

"translocation" and "superiority flow in the diastole 

phase".  These results showed similar findings to the 

numerical simulator results.  We will promote 

investigation regarding auto regulation of hemodynamic 

parameters, and combine numerical simulation with 

physical model to improve our CCS to be capable to 

reproduce more accurately. 
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1. Introduction 
Napier's constant is defined as the limit of the 

convergent sequence 

e= lim
n→∞

(1+
1
n

)
n

 
and can be represented in the form of an infinite series  

e=∑
k= 0

∞
1

k !
=

1

0!
+

1

1!
+

1

2!
+

1

3!
+

1

4!
+ ....(1)

 
This infinite series for Napier's constant can be 
modified to converge more faster to Napier's constant. 
This article proposes three new infinite series 
converging to Napier's constant faster than ever and 
describes a possible means of their further 
generalization. 
 

2. Extending Infinite Series 
2.1.  Infinite series compression 

The following two infinite series are already 
known[1]. 

e=∑
k= 0

∞
2k + 2

(2k + 1)!
=

2

1!
+

4

3!
+

6

5!
+

8

7!
+ ....(2)

e=∑
k= 0

∞
9 k

2
+ 1

(3k )!
=

1

0!
+

10

3!
+

37

6!
+

82

9!
+ ....(3)

  
Equality (2) is derived from equality (1) by 

aggregating every two adjacent terms as follows : 
1

n !
+

1

(n+ 1) !
=

n+ 2

(n+ 1) !
.

 
Because this resulting single term represents two terms 
in equality (1), we  obtain equality (2) by replacing n by 
2k. 

Equality (3) is derived from equality (1) by 
aggregating every three adjacent terms as follows : 

1
(n− 2)!

+
1

(n− 1)!
+

1
n!

=
n

2
+ 1

n!
.

 
Because this resulting single term represents three terms 
in equality (1), we  obtain equality (3) by replacing n by 
3k. 
 

2.2.  Extending infinite series 
This article presents three new infinite series, which  

converge faster than (2) and (3), from the algebraic  
point of view as follows : 

e=∑
k = 0

∞
64 k

3
+ 16k

2
+ 4 k+ 2

(4k + 1)!

=
2

1!
+

86

5!
+

586

9!
+

1886

13!
+ …(4)

e =∑
k= 0

∞
625k

4
+ 375 k

3
+ 75 k

2
+ 20 k+ 5

(5 k+ 2) !

=
5

2!
+

1100

7!
+

13345

12!
+ …(5)

 

e =∑
k= 0

∞
117649k 6+ 67228k 5+ 2401 k 4− 1029k 3+ 833k 2+ 203k+ 16

(7k + 3)!

=
16

3!
+

187301

10!
+

9714770

17 !
+ .... (6)

     
Equality (4) is derived form (1) by aggregating 

every four adjacent terms as follows : 

1
(n− 2)!

+ 1
(n− 1)!

+ 1
n!

+ 1
(n+ 1)!

= n
3+ n

2+ n+ 2
(n+ 1) !

.
 

Because this resulting single term represents four terms 
in (1), we  obtain (4) by replacing n by 4k. 

Equality (5) is derived form (1) by aggregating 
every five adjacent terms as follows : 

1

(n− 2)!
+

1

(n− 1)!
+

1

n !
+

1

(n+ 1) !
+

1

(n+ 2)!

=
n4+ 3n3+ 3 n2+ 4 n+ 5

(n+ 2)!
.

 
Because this resulting single term represents five terms 
in (1), we  obtain (5) by replacing n by 5k. 

Equality (6) is derived form (1) by aggregating 
every seven adjacent terms as follows : 

1

(n− 3) !
+

1

(n− 2)!
+

1

(n− 1)!
+

1

n !
+

1

(n+ 1) !
+

1

(n+ 3)!

=
n6+ 4n5+ n4− 3 n3+ 17 n2+ 29n+ 16

(n+ 3) !
.

 
Because this resulting single term represents seven 
terms in (1), we  obtain (7) by replacing n by 7k. 

Table 1 below shows how many terms are required 
to approximate e up to 1, 10, 100, 1000  decimal digits 
by equalities (1)~(6). 

Table 1 

Equality 1 digit 10 digits 100 digits 1000 digits 

(1) 5 terms 15 terms 71 terms 451 terms 

(2) 3 terms 7 terms 36 terms 226 terms 

(3) 3 terms 6 terms 25 terms 151 terms 

(4) 2 terms 4 terms 18 terms 113 terms 

(5) 2 terms 4 terms 15 terms 91 terms 

(6) 2 terms 3 terms 11 terms 65 terms 

 

3. Possibility of Generalization 

3.1.  Sequence of numerator 
Equality (2) aggregates every two adjacent terms. 

By  an  aggregating a different set of two adjacent 
terms by 

1

(n− 1) !
+

1

n!
=

n+ 1

n!
,

 
we have 

e=∑
k= 0

∞
2 k+ 1

(2 k) !
=

1

0!
+

3

2!
+

5

4!
+

7

6!
+ ...(7)

 
by replacing n by 2k. 

Then taking the sum of (7) and (2), we have 

2e=
1

0 !
+

2

1!
+

3

2!
+

4

3!
+

5

4!
+

6

5!
+ ....(8)

 
In the same way, even for aggregation of three terms and 
four terms, we obtain 
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3e=
1

0!
+

2

1!
+

5

2!
+

10

3!
+

17

4!
+

26

5!
+ ... ,(9)

4 e=
1

0!
+

2

1!
+

5

2!
+

16

3!
+

41

4!
+

86

5!
+ ....(10)

 
We analyze the sequence appearing in these 

numerator in the next subsection. 
 

3.2.  General term of the sequence of 
numerator 

Solving for the general term of the sequence of 
numerator in equalities (8), (9), (10) and also others, we 
find their general term of the sequence of numerator as 
listed in Table 2. 

Table 2 

Left side The general term of the sequence of 
numerator 

e 1  

2e k+1  

3e k
2
+1  

4e k
3
-2k

2
+2k+1  

5e k
4
-5k

3
+9k

2
-4k+1  

6e k
5
-9k

4
+30k

3
-41k

2
+20k+1  

7e k
6
-14k

5
+76k

4
-195k

3
+233k

2
-100k+1  

 

3.3.  Possible means of generalization of n×e in 

infinite series 
It is expected that general term in Table 2 can be 

represented as n is the coefficient of e as follows: 

f (n)=∑
i= 1

n
k !

(k− i+ 1) !
....(11)

 
Therefore we can represent natural number multiples of 
e  by the infinite series 

n× e=∑
k= 0

∞
f (n)

k !
,

 
we have the  numerator is given by equation (11). 
 

4. Conclusion 
 We presented more advanced infinite series 
representation of e by extending the known infinite 
series. The new ones converge to e more faster.  

In addition, we presented a possible means of 
further generalization. It is yet to see if this further 
generalization is useful in computation. 
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1. Introduction 
 Dust fall is one of the most complex and 

hazardous pollutants in the atmospheric 

environment [1] due to the presence of trace 

heavy metals. The accumulation of heavy metals 

in dust caused by particulate matter (PM) 

emitted from motor vehicles include complex 

mixtures of metals from tires, brakes and parts 

wear. Both tire treads [2] and tire [3] contain 

significant amounts of Zinc (Zn). Brake housing 

dust and crushed brake pads analyses indicate 

high concentrations of Iron (Fe) and Copper 

(Cu) [3] High levels of metals, such as Cu, lead 

(Pb) and Zn, in urban street dust have been 

reported in many countries and linked to the 

high motor vehicle traffic in these areas [4]. 

 

Road dust is an increasing problem in 

developed and developing countries and it is a 

source of various diseases. Heavy metals in dust 

can be accumulated in the fatty tissues and 

internal organs of the human body via direct 

inhalation, ingestion and dermal contact 

absorption [5] and pose potentially deleterious 

effects on human health [6] e.g. affecting the 

central nervous system and acting as cofactors, 

initiators, or promoters in other , especially for 

young children who were more sensitive than 

adults [7]. Dust derived from natural sources 

and anthropogenic sources can be carried by the 

wind into sensitive environments [8], e.g. 

kindergarten and elementary school. Therefore 

analyzing the heavy metals in the road dust and 

quantifying them is essential.   

 

2.     Concept 
      

The aim of this study is to assess metals in 

road dust associated with motor vehicle traffic, 

and to determine which metals are associated 

with brake and tire wears and analyze the top 

soil and the roadside dust in urban areas which 

are known to be contaminated with heavy metals 

from atmospheric deposition. Reflux method, 

chemical digestion using a sonicator and 

microwave digester are used to digest the 

samples. Then the analysis is carried out using 

FAAS (flame atomic absorption spectroscopy). 
  

The technique makes use of absorption 

spectrometry to determine the concentration of 

an analyte in a sample. It therefore relies heavily 

on the  Beer-Lambert law. When the metallic 

salt solution is aspirated into the path of the  

flame, metal atoms into gaseous state are 

obtained. Some of the metallic  atoms absorb 

thermal energy and get excited.However, 

majority of the  atoms remains in the ground 

state. These ground state metallic atoms are  

absorbing radiation of their own specific 

wavelength. When radiation from an  external 

source (hollow cathode lamp) emitting a 

spectral line that corresponds that corresponds 

to this characteristic wavelength, is allowed to  

pass through a flame containing free, unexcited 

atoms (Fig 1); part of that radiation is  absorbed, 

depending on the population of the ground state 

the absorption of the  radiation by ground state 

atoms follow Lamberts Beers Law. 

 

A = ε*b*c 
 A        absorbance 

ε      molar absorbtivity with units of L mol-1cm-1 

 b         path length of the sample (cuvette) 

 C        Concentration of the compound in solution, 

expressed in mol L-1 

 

 

 

 
Figure 1 Experiment methodology outline 
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3.     Methodology 
The sample was collected in urban roadside in 

near to the Kelaniya university, Sri Lanka. Then 

sample sieved by using small stainless sieve set 

(<2mm) (Fig 2). The sample was Oven dried 72 

hours at 45 C
0
.Dust (2.0g) sample Digested with 

con. HNO3, HCl and H2O for 1 hour at  95 

C
0
.Then Filtered  Sample Use to determine the 

amount of Heavy Metals (Cr,Cu,Ni,Pb) by using 

AAS(Atomic Absorbance Spectrometry). We 

use a Graph which plotted by using values of 

Concentration and Absorbance of stranded 

samples, to determine the concentration of each 

Metal. 

 

 
Figure 2 Sieving process of the sample 

 

4. Results 

 
The following tables show the experimental 

results obtain from this research; 

 
Table 1 Concentration and Absorbance of Cr 

Sample Concentration  Absorbance 

Sample 01 1.423 0.158 

Sample 02 1.019 0.123 

Sample 03 1.173 0.135 

Sample 04 1.287 0.140 

Sample 05 1.523 0.165 

Sample 06 1.546 0.168 

Sample 07 1.687 0.172 

Sample 08 1.662 0.170 

 
Table 2 Concentration and Absorbance of Cu 

Sample Concentration  Absorbance 

Sample 01 4.096 0.152 

Sample 02 3.968 0.147 

Sample 03 3.758 0.138 

Sample 04 3.652 0.131 

Sample 05 4.652 0.168 

Sample 06 4.068 0.146 

Sample 07 4.224 0.185 

Sample 08 4.158 0.172 

5. Conclusion 
The proposed method successfully can be 

used to determine the heavy metal particles in 

road dust. The same process is planned to carry 

out in various locations including  urban and 

rural areas.  
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1. Introduction 
After the Fukushima Daiichi nuclear accident in 2011, 

measuring the radiation concentration has become an 

important issue in environmental sustainability. The 

concentration of the radiation is higher than normal in a 

wide range not only Fukushima area, but also in the east 

part of Japan. This research proposes a measuring 

method and portable measuring device that can record 

the radiation location, time and mapping them.  

. 

2. Methodology of the system 
Developed system consists of a wireless 

communication device XBEE, GPS sensors, a small 

computer Raspberry Pi and radiation measuring 

instrument. The goal of this study is to measure radiation 

dose reading and location information from a remote 

location by using wireless communication methods. Also 

the retrieved information can be mapped or graphed using 

these readings along with the GPS information. The 

power consumption of this proposed whole system is very 

low, therefore the system is capable long term measuring.  

Raspberry Pi is a small personal computer with low 

power consumption. Also, Raspberry Pi is one-tenth the 

price of a normal PC inexpensive.  Also, it can be 

measured by automatically at the startup of the Raspberry 

Pi and from this feature the video display unit (monitor) 

can be removed from the system which consumes a lot of 

power supply. 

Dose meter TA100 of Techno AP was used for 

measurement. This device can be controlled by USB serial 

Interface 

The proposed system configured in two methods 

according to the intended use. The first one consists a GPS 

sensor and Raspberry Pi (Fig 1) and the next is with 

wireless configuration via XBEE (Fig 2). 

 

 

 
 

Fig. 1. Concept of the system with GPS sensor and 

Raspberry Pi 

 

 

 

 

 

 
 

Fig. 2. Concept of the system with Xbee 

 

 

 
 

Fig. 3. Developed system 

 

The R8C microcontroller unit works as the intermediate 

interface between GPS sensor and the Raspberry Pi. It 

converts signals that receive from GPS sensor into the 

serial communication UART system.  

Raspberry Pi (Linux board) works as the main hub of 

this system. GPS and radiation measurements are 

requested by Raspberry Pi through a Python programming 

interface from the sensors. The flow chart of the Python 

program is shown in figure 4.  The obtained information 

can be viewed via XBEE in the wireless configuration. 

 

3. Experimental data 
To create a map as shown in the figure at the google map 

data that has been acquired. Where map at a glance what 

dose intuition.  

 

  

 

Also, it is possible to manage the dose of each time using 

the wireless communication.  
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Xbee is a short-range wireless communication device. 

We have demonstrated up to 550m and it can 

communicate in the experiment. 

 

 

 
 

Fig. 4. Flowchart of Program 

 

 

 
 

Fig. 5. Mapping by Google Map 

 

4. Conclusion 
 

This research made a device that can be measured in 

radiation data and GPS data through wireless using the 

Raspberry Pi. In future, We want to use this device to 

measure the data actually useful. 
 

Start 

GPS Data recording (SD) 

10 seconds 

Radiation Data recording 

10 seconds (Average of 10 times) 

Transfer data to XBEE 

Sleep (5) 
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1. Introduction 
Complex compounds of gadolinium (Gd) ions have 

been commonly used as a contrast agent for magnetic 

resonance imaging (MRI) because of their excellent 

paramagnetic properties [1].  The Gd has the ability to 

absorb X-ray due to its large atomic number [2].  

Accordingly, the Gd is available as a contrast agent for not 

only MRI but also X-ray computed tomography (CT).  

Gd-diethylene triamine pentaacetic acid (Gd-DTPA), 

which is a typical, commercial Gd-based contrast agent, is 

an aqueous solution of Gd complex molecules.  The 

Gd-DTPA molecules have a short residence time in blood 

tube because of their small size in molecular order, which 

provides difficulty realizing steady imaging of focal sites.  

Immobilization of Gd-DTPA on nanoparticle substrate is 

promising to solve the problem.  Nanoparticles are larger 

than molecules, and receive remarkable fluid resistance in 

blood.  Consequently, their residence time increases, 

which improves the ability for contrast agents.  The 

present study attempts to immobilize Gd-DTPA on SiO2 

particles that are colloidally stable and inert to living 

bodies. 
 

2. Experimental 
2.1. Preparation of SiO2 particles and surface 

modification of them 
Colloid solutions of SiO2 particles were prepared by 

reacting tetraethoxysilane and H2O in EtOH solution 

containing NaOH aq. for 24 h.  After centrifuging the 

SiO2 particle colloid solution and replacing the solvent 

with water, the SiO2 particles were surface-modified with 

amino-groups (amination).  A chemical used for the 

amination was (3-aminopropyl)triethoxysilane.  The 

reaction time was 24 h (SiO2-NH2).  

2.2. Immobilization of Gd-DTPA  
Gd-DTPA used was Magnevist (Bayer, YJ code: 

7290405A4031).  Immobilization of Gd-DTPA on 
particles was performed by mixing the SiO2-NH2 particles 
and Gd-DTPA.  The pH of the solution during the 
immobilization was adjusted to 3 by adding HCl aq.  The 
reaction time was 24 h (SiO2-Gd-DTPA). 

2.3. Characterization 
The obtained particles were observed with transmission 

electron microscope (TEM).  Properties of particle 

surface were investigated by 

electrophoretic-light-scattering (ELS) and X-ray 

photoelectron spectroscopy (XPS).  Their imaging 

ability was studied by an MRI instrument and a CT 

instrument by using laboratory animals. 

 

3. Results and Discussion 
3.1. Morphology of particles 

TEM observation revealed production of spherical SiO2 

particles with a size of 101.1±12.3 nm.  Such 

morphology did not change even after the Gd-DTPA 

immobilization, which indicated no damage to SiO2 

particles even with the pH adjustment. 

3.2. Surface-modification 
The ELS revealed that the SiO2 particles had an 

iso-electric point (IEP) of ca. 3.0, which corresponded to 

that reported in the previous work [3].  For efficient 

immobilization of anionic Gd-DTPA on the anionic 

particle surface, the amination was performed for the SiO2 

particle surface.  After the amination, the IEP shifted to 

5.6, which indicated successful amination. N element was 

detected on the SiO2-NH2 particle surface by XPS, which 

supported the presence of amino groups on particle 

surface.  After immobilization of Gd-DTPA, the IEPs 

were 5.6 and 4.0 for the solutions with no and with pH 

adjustment, respectively. The IEP for the pH adjustment 

was lower than that of SiO2-NH2 particles, which 

indicated that the pH adjustment was useful for efficient 

immobilization of Gd-DTPA on particle surface.  The pH 

adjustment decreased the value of negative charge on 

particle surface, which made the Gd-DTPA molecules 

approach the particle surface easily [4]. 

3.3. Imaging ability 
MRI imaging ability is evaluated with r1 value. The r1 

values were ca. 0 and 1.0 mM
-1

/s
 

for SiO2 and 

SiO2-Gd-DTPA particle colloid solutions, respectively. 

Their CT values were 66 and 187 HU, respectively. The 

Gd-DTPA immobilized particle colloid solution had both 

abilities for MRI and CT imaging superior to the SiO2 

particle colloid solution. 

 

4. Conclusion 
In this work, fabrications of various particles such as 

the SiO2, SiO2-NH2 and SiO2-Gd-DTPA were performed. 

Each morphology of particles was spherical and 

monodisperse. The SiO2-Gd-DTPA particle colloid 

solution exerted the MRI and CT abilities.  Accordingly, 

it is expected to be used as a new MRI and CT contrast 

agent with a long residence time in living bodies. 
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1. Introduction 
Thin films have penetrated deeply into our daily life as 

materials that are required to compose various electronic 

devices like semiconductor device.  Alumina, which is a 

representative material for thin film, has excellent thermal 

conductivity and electrical insulation, so that it can be 

applied to an integrated circuit [1].  There are various 

crystal structures in the alumina.  Among the crystal 

structures, a crystal structure of alumina that has the 

excellent properties is α-type.  Because the alumina is 

crystallized to α-type by annealing at high temperature 

(1100
o
C), selection of substrates is limited for production 

of α-alumina films.  Recent years, researches on 

low-temperature crystallization to α-alumina have been 

intensively performed [2-3].   

The present work proposes a method for preparing 

alumina sol from aluminum salt by utilizing a 

homogeneous precipitation method.  Effects of 

hydrothermal treatment and seeding of crystallites on 

crystallinity of alumina were investigated for lowering its 

crystallization temperature. Fabrication of alumina films 

was also performed. 

2. Experimental 
2.1. Fabrication of alumina films 

Alumina sol was prepared with the same method as 

performed in our previous work [4].  Precipitate of 

aluminum hydroxide was prepared by the homogeneous 

precipitation method, or by the following procedure. 

Al(NO3)3 and urea were dissolved in water in a glass 

bottle.  The mixture was stirred at 80
o
C for 8 h, which 

produced white precipitate. The obtained precipitate was 

washed by repeating centrifugation, removal of 

supernatant, addition of the water and sonication over 

three times, and then peptized at 25
o
C (room 

temperature) with the addition of acetic acid. The 

precipitate was transformed to the alumina sol after the 

peptization.  Alumina films were fabricated by 

dip-coating the alumina sol on sodium glass substrates 

and then drying it for gelation. 

2.2. Hydrothermal treatment of alumina sol 
The hydrothermal treatment was carried out in an 

autoclave.  The autoclave containing the alumina sol 

was sealed tightly and heated in dry oven.  Once the 

temperature reached 100
o
C, the temperature was kept for 

1 h. 

2.3. Preparation of alumina gel seeded with 

α-Al2O3 particles 
Commercially-available α-Al2O3 particles were 

dispersed in the alumina sol after the hydrothermal 

treatment.  The sol was casted onto a petri dish. Drying 

in air at room temperature converted the sol into solid 

alumina gel.  The solid gel was pulverized with a mortar 

into powder, and then annealed in air at various 

temperatures of 500-900
o
C. 

2.4. Characterization 
Crystal structures of the alumina gel were 

characterized by X-ray diffractometry (XRD).  A 

section of the alumina thin film was observed with 

scanning electron microscope (SEM).  

3. Results and discussion 
3.1. Alumina gel 

The precipitates composed of fine Al(OH)3 particles, 

which were produced with the homogeneous precipitation 

method, formed alumina sol transparent in visible region 

with the peptization.  An alumina gel obtained by drying 

the sol was amorphous. The alumina was crystalized to 

γ-alumina by annealing at 900
o
C, and not to α-alumina.  

The gel produced from the hydrothermal treated sol was 

transformed to α-alumina by annealing at 900
o
C.  The 

presence of fine and uniform crystalline particles, which 

were produced in the solution during the hydrothermal 

treatment, probably promoted the crystallization.  The 

seeded alumina gel was transformed to α-alumina at 

700
o
C.  Surface of the seed crystallites was considered to 

function as staring points for crystallization of alumina. 

Transformation to α-alumina usually requires annealing at 

ca. 1100
o
C.  In contrast, the α-alumina was produced at 

the temperature as low as 700
o
C in the present work, 

which was 400
o
C lower than the conventional 

crystallization temperature of 1100
o
C.  

3.2. Alumina film 
According to the SEM observation, the alumina film 

was successfully fabricated. A thickness of the film was 

ca. 300 nm.  

4. Conclusion 
The alumina gel treated with hydrothermal treatment 

and seeding of crystallites was crystallized by annealing 

at the temperature lower than that for the non-treated 

alumina gel. The alumina thin film was successfully 

fabricated by the dip-coating technique. Accordingly, thin 

films of the alumina fabricated by the processes of 

hydrothermal treatment and seeding are expected to be 

used as electrically-insulated materials.  
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1. Introduction 
Platinum (Pt) nanoparticles function as catalyst in fuel 

cell electrode and catalyst cleaning exhaust gas produced 

from automobile because of its excellent catalytic 

performance.  Since Pt is one of the rarest metals in rare 

metal, its amount used is desired to be reduced.  And so, 

Pt nanoparticles are expected to increase their catalytic 

activity and decrease amount of Pt.  Nanoparticles tend 

to aggregate, which deteriorates their unique propaties 

derived from the size effect.  Immobilizing of 

nanoparticles on supports such as plates and particle is a 

candidate to prevent the aggregate.  The present work 

draw on method of forming a metal thin film on the 

insulating material, that electroless metal plating 

technique [1-3], and develop technique for producing Pt 

nanoparticles-immobilized support of TiO2 nanoparticles.  

This method was combined with the electroless metal 

plating technique to develop a method for fabricating 

Pt-coated particle. 

 

2. Experimental 
2.1. Preparation of TiO2 

TiO2 particles were prepared by a sol-gel process.  

Titanium tetraisopropoxide (TTIP) (TiO2 soruce) 

dissolved in 2-propanol (2-PrOH) was added to a mixture 

of water (Initiator),  CH3CN (base catalyst), and 

CH3NH2/2-PrOH.  Then the resultant particles were 

annealed at 100℃ and 300℃. 

 

2.2. Pt-Immobilization of TiO2 nanoparticles  
Pt-Immobilization of TiO2 nanoparticles were prepared 

by a electroless metal plating technique.  The annealed 

TiO2 particles were surface-modified with 

polyvinylpyrrolidone (PVP).  Then sensitization and 

activation of TiO2 particles surface were performed to 

add an Sn solution and an Pd solution in turn , respective.  

Pt nano particles supports on TiO2 particle surface to 

order of addition H2PtCl6 and hydrazine hydrate.  

 

2.3. Fabrication of Pt-coated particle  
This method was combined with the electroless metal 

plating technique to develop a method for fabricating 

Pt-coated particles. 

 

2.4. Characterization 
The obtained particles were observed with transmission 

electron microscope (TEM).  In order to analyze 

structural characteristics, X-ray diffraction (XRD) and 

X-ray photoelectron spectroscopy (XPS) were used. 

 

3. Results and Discussion 
3.1. Annealing TiO2 particle 

According to XRD of approach similar to TiO2, 

annealing transformed the crystalline phase of TiO2 to 

amorphous (100℃) and anatase (300℃).  And TEM 

observation, the TiO2 particles were sintered and grown 

by heat-treatment. 

 

3.2. Pt-Immobilization of TiO2 nanoparticles  
According to TEM observation, the TiO2 particles were 

spherical and supported Pt.  For 100℃  and 300℃ 

annealing, the particle size were 196±82 and 190±51 

nm, respectively.  Pt was supported more 100℃ than 

300℃ annealing.  This indicated that hydroxyl groups 

were remained on the TiO2 particles surface.  Therefore, 

each metal ions of adsorbed amount was increased. 

 

3.3. Fabrication of Pt-coated particle  
TEM observation revealed that the amount of Pt 

immobilized on the particles increased with the Pt-coating 

process compared to the Pt-immobilized particles.  Pt 

was considered to be immobilized on the Pt particle 

surface on the Pt-immobilized particles by an 

autocatalytic reaction in the electroless plating method.   

 

4. Conclusion 
The present work performed the preparation of 

Pt-supported particles by electroless metal plating method.  

Pt shell thickness was increased to repeat several times 

electroless plating process.  Pt-supported particles 

possessing a small particle size, acid resistance, heat 

resistance and catalytic activity are required to be studied 

to realize fuel cell electrode. 
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１． Introduction 

Currently, the world faces unprecedented challenges in 

water environmental monitoring. Therefore, the target is to 

collect and analyze water environment data in order to 

avoid any water pollution risk. In that case, water color is 

essential parameter to evaluate turbidity or phytoplankton. 

Commercially available water monitoring system is big in 

size as well as very expensive. Therefore, we developed a 

simple and inexpensive instrument for water color 

monitoring. 

2. Content of research 
2.1 Experimental Design 

 

Figure.１Water color monitoring system . 

In this study, we used the Arduino (Atmega 328), three 

color LED (Red, Blue and Green), phototransistor and 

liquid crystal (LCD). Here we fixed the phototransistor 

and three color LED beside the plastic tube and keep the 

20cm distance between LED and Phototransistor. The 

Bluetooth device is also connected to microcomputer. 

Figure.1 shows the system design. 

Three color LED illuminates in short time.  The 

voltage of phototransistor corresponds to the intensity of 

three color lights. These values depend on the absorption 

between the LED and the phototransistor. In addition, it is 

capable of sending data to the PC or wireless Tablets via 

Bluetooth communication.  

 

Figure.2 Test Circuit device 

 

Fidure.3 Phototransistor measuring device circuit 

3. Experiment Result 

Colored liquids (L1, L2 and L3) were prepared for the 

fundamental test. L1, L2 and L3 are Blue, Green and Red 

waters. The absorption of these liquids measured by 

spectrometer (SP-300) is shown in Fig. 4. The RGB values 

measured by developed system is also shown in the figure.  

 

 

 

wavelenght(nm) 
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Figure.4  Absorption spectrum of test liquids (Red, Green and 

Blue) data. 

4．Conclusion 
The proposed color monitoring system can be applied to 

the measurement of turbidity and phytoplankton in the 

water environment. In addition, we are planning to 

conduct monitoring actual water environment in the next 

experiment stage. 
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1. Introduction 

The use of hydrogen energy is demanded to solve the 
problem of the global warming, but a phenomenon called 
hydrogen embrittlement must be taken into account when 
we use hydrogen. Hydrogen embrittlement causes a drop 
of strength and elongation of metallic materials arising 
from invasion of hydrogen. This phenomenon is easy to 
occur in high-strength materials. Therefore, in the case of 
use of high-strength steel, elucidation of the hydrogen 
embrittlement mechanism is very important. However, 
the mechanism of the embrittlement and the behavior of 
hydrogen in steels have not been clarified yet. 

Hydrogen in metals is classified into two types 
introduced in the material either during the service or in 
the course of production process. The former type is 
referred to as environmental hydrogen and acts a major 
role in the hydrogen embrittlement. 

In this study, the behavior of hydrogen in a stress- 
loaded SPFC (Steel Plate Formability Cold) steels was 
investigated in stress loading by mean of the hydrogen 
microprint technique (HMPT). 
 
2. Specimens and Procedure 
2.1. Cathodic electrolytic charging 
 The principle of cathodic electrolytic charging is 
schematically shown in Fig.1. The metal specimen and a 
platinum foil are placed in the cathode and anode, 
respectively. The following reactions (1) and (2), i.e., 
electrolysis reactions of water, occur concurrently. 
Anode(+) : 4OH-→2H2O+O2+4e- 

Cathode(-) : 4H++4e-→2H2           (1) 
  If hydrogen recombination poison such as NH4SCN is 
added to the electrolysis solution, a recombination 
reaction at the cathode can be inhibited and some of 
hydrogen can invasion the metal in the atomic state. 
 

 
Fig.1. Schematic for cathodic electrolytic charging technique.  
 
2.2. Principle HMPT 

The HMPT is a way to visualize the hydrogen emitted 
from a metallic material using photographic emulsion.  
Fig.2 shows the schematic diagram of the principle of 
HMPT.  First, the surface of the specimen is covered 

with photographic emulsion by the wire loop method. 
Then, when hydrogen atoms with strong reducing power 
are emitted from the interior of the specimen, silver 
bromide contained in the emulsion changes into metallic 
silver.  

Ag＋+ H →Ag + H+	 	 	 	 	 (3) 
Here, unreacted silver bromide is dissolved and removed 
by the fixing treatment.  On the other hand, metallic 
silver produced is retained in the gelatin layer of the 
emulsion, so that position of the hydrogen emission is 
the position of the metallic silver. After rising and drying, 
the location of the hydrogen emission can be observed 
together with the microstructure of the specimen using a 
scanning electron microscope (SEM). 

The amount of emitted hydrogen can be assessed from 
the amount of metallic silver. 

Fig.2. Principle of hydrogen microprint technique (HMPT). 
 
2.3. Specimens 
 The specimen used in this study is a 1.0mm thick sheet 
of SPFC steel. Table 1 shows its chemical composition. 
Samples of 50mm×10mm were cut from the sheets, 
wet-ground with #2000 abrasive paper, and then 
mirror-finished with alumina and silica particles. To 
investigate the effect of the stress loading, we compared 
the sample which gave 20% of tensile deformation and 
didn’t give. 
 
Table 1. Compositions of the specimen in mass%. 

C Si Mn P S 

0.15 0.02 0.97 0.013 0.004 
 
 
2.3. Experimental Procedures 
 To investigate the effect of stress loading as well as 
cathodic hydrogen charging, four kinds of specimens 
were prepared: (A) without electrolytic hydrogen 
charging without stress loading, (B) without electrolytic 
hydrogen charging with  stress loading, (C) with 
electrolytic hydrogen charging without stress loading, 
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(D) with electrolytic hydrogen charging with stress 
loading. 
 The cathodic electrolytic charging was performed from 
one side of the sample. In a sulfuric acid aqueous 
solution pH=2.5 with 0.1mass% NH4SCH at a current 
density and voltage of 10mA/cm2 10V, respectively for 
30min at room temperature. After the sample was rinsed 
with water and then acetone, either the same or the 
opposite side of the sample was covered with the 
photographic emulsion (Ilford Scientific Product diluted 
to 4 times with distilled water) by the wire loop method. 
The sample with the emulsion layer was dried, held at 
24h in a darkroom to allow the hydrogen to be emitted, 
fixed in an aqua solution with 15% of sodium thiosulfate 
for 15min, immersed in an aqua solution with 10% of 
sodium nitrite for 30 minutes dried naturally, and finally 
observed with an SEM together with energy dispersive 
X-ray spectroscopic (EDXS) analysis to confirm whether 
the particle observed was silver. 
 
3. Results and Discussion 

An example of HMPT/SEM images of the SPFC steel is 
shown in Fig. 3 where observation was made on the 
hydrogen-charged side. Hydrogen is not detected in the 
sample without hydrogen charging, Figs. 3 (A) and (B), 
which means that there is no effect of the hydrogen 
introduced during the production process of material. In 
contrast, hydrogen is detected in the samples with 
hydrogen charging, Figs. 3 (C) and (D).In the sample 
with hydrogen charging without stress loading, Fig. 3 (C), 
the silver particles exist inside the grain, grain boundary 
and pearlite, while in the sample both with hydrogen 
charging and stress loading, Fig.3 (D), major portion of 
silver particles are on the grain boundary with minor 
portion on the slip line. Thus, grain boundary, slip line 
and pearlite were the diffusion paths for hydrogen.  
Although the applied stress in the present study is under 
the yield stress, local plastic deformation is known to 
occur resulting in the dislocation motion forming the slip 
line. 

In the sample both with hydrogen charging and stress 
loading, hydrogen charging time was decreased to 10min. 
The resultant HMPT/SEM images are shown in Fig. 4. 
Silver particles on the grain boundary especially at the 
triple points are still observed, while there is no particle 
on the slip line.  

To investigate the diffusion behavior of hydrogen more 
in detail, permeation side (the other side than the 
hydrogen-charged side) was observed. An example of 
resultant HMPT/SEM images is shown in Fig. 5. 
Hydrogen is detected only from the grain boundary in the 
sample without stress loading.  On the other hand, 
hydrogen is also detected inside the grain especially on 
the slip line. The latter type of hydrogen can be attributed 
to the transport of hydrogen by the moving dislocations, 
inside the grains. 

 
Fig. 3. HMPT/SEM images of the SPFC samples 

(A) without hydrogen charging without stress loading, 
(B) without hydrogen charging with stress loading, 
(C) with 30min hydrogen charging without stress loading, 
(D) with 30min hydrogen charging with stress loading. 
 

 
Fig. 4. HMPT/SEM images of the SPFC samples 

hydrogen-charged for 10min. 
(A) without stress loading, 
(B) with stress loading. 
 
 
 
 
 
 
 
 
 
 
Fig. 5. HMPT/SEM images on the permeation side 

without(A) and with(B) stress loading. 
 
4. Conclusion 

The behavior of hydrogen in SPFC steel was 
investigated, and the following results were obtained. 

1. Grain boundary, slip line and pearlite were the paths 
where hydrogen is easy to diffuse.  

2. Diffusivity can be thought to be largest along the 
triple point of grain boundary and next along grain 
boundary. 

3. It is considered that hydrogen detected inside the 
grain especially along the slip line is transported by the 
dislocations. 
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1. Abstract 
Monitoring of inclination of land is important to 

prevent damage from landslide. Low cost and stable 
system is necessary for this purpose. This paper presents 
a new inclination measurement system and its 
application to sensor network of disaster prevention. 
This system has a cylindrical bubble tube and a USB 
web camera. The angle and direction of inclination is 
measured from the photo of bubble tube with radius of 
curvature 20000mm. A GNL18/M model THORLABS 
goniometer was used to record the inclination. 
 

2. Introduction 
According to the report of the Ministry of Land, 

Infrastructure and Transport, during the 10 years period 
(2013-2012), average number of natural disasters like 
earthquakes, torrential rain, snow melting, and typhoons, 
landslides, and landslides amount to 1180 cases in Japan. 
It was also revealed that the number of deaths and 
people missing by such accidents are about 30 people 
every year.  

Landslides cause extensive property damage, injury, 
death and adversely affect a variety of resources like 
water supplies, fisheries, sewage disposal systems, 
forests, dams and roadways. Recently, the Kedarnath 
land slide on 16 June 2013 caused the death of 5,700 
people in India. 

Landslide hazard monitoring and analysis can provide 
useful information for catastrophic loss reduction and 
assist in the development of guidelines for sustainable 
land use planning 

In order to minimize the damage caused by landslides, 
monitoring measures in advance and rapid response 
after the earthquake is essential. Development of the 
inexpensive and reliable equipment has become a major 
social requirement.  

 

3. System description and Principle of 
measurement 

This system has a JPEG camera, Renesas R8C 
microcontroller (M11A), a calibrated cylindrical bubble 
tube with 20000mm radius of curvature and a wireless 
module for real time monitoring.  

 
 
 
 
 
 
 
 
 

 
Fig. 1. Experimental setup 

 
 
 

 
Fig. 2. Circuit of experimental system 

 

3. Experiment 

 
Fig. 3.Example of measured data 

 
Figure 3 shows an example of measured data. The 

microcontroller takes photo every 10 min and JPEG 
data is sent via Bluetooth to a windows PC. A 
processing program on the PC stores data as JPEG file. 
The movement of bubble and the diameter are shown 
in Fig. 3.  

 

4. conclusion 
Test system for inclination monitoring using bubble 

tube was developed. The system works using wireless 
communication. Class 1 Bluetooth module was used. 
The range of communication is 100m in the open air.  
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Abstract—Employing discrete B-splines instead 

of the Gaussian distribution, we construct an 

algorithm for the analysis of ion-mobility 
spectrometry profiles. The algorithm is suitable for 
hardware implementation because the discrete 

B-splines are supported by a simple digital filter to 
compute their weighted sum and their correlations 
with a given signal. Minutely shifted discrete 
B-splines are deployed of which weighted sum is to 

approximate a given profile with non-negative 
weights. Closely neighboring discrete B-splines are 
almost linearly dependent so that they may cause 

numerical instability in the approximation process. 
But numerical experiments deny this anxiety at 
least for the final results. Varying the width of 
discrete B-splines, we obtain a number of different 

approximations. Out of sufficiently precise 
approximations, we choose the sparse one in the 
sense that it comprises few discrete B-splines with 

large weights. 
 

1.  INTRODUCTION 

 Ion-mobility spectrometry [1] is a method of 
discriminating chemical molecules in the atmosphere. 
Its capability of identifying tiny amounts of various 
chemicals has made it possible to analyze odor and 
flavor and to detect poisons, drugs and explosives. The 
analysis is mainly composed of physical and 
computational processes. 

The physical process proceeds in this way: (i) 
Chemical molecules are ionized and injected near the 
cathode as shown in Fig.1 (a). (ii) The ions move 
toward the anode with the acceleration proportional to 
their charge-mass-ratio as illustrated in Fig. 1(b). Light 
ions reach the anode earlier than the heavier ones on 
the average. The ions bump and bounce against air and 
other molecules during their travel so that even ions of 
the same kind arrive at the anode in different traveling 
times. (iii) The ions give their charges to the anode 
which constitute the electric current called profile like 
the curve in Fig. 2(a). The profile is modeled as a 
weighted sum of several distributions as schematized 
in Fig. 2(b). Each distribution is traditionally supposed 
to be Gaussian because any random displacements of 
ions by their collision with other molecules amount to 
a Gaussian distribution if they happen infinitely many 
times. 

The computational process identifies each different 
distribution in a given profile. Its weight and average 
tell, respectively, how much and what kind of ions are 
present. The standard algorithm employs the steepest 
descent method to search for locally optimal values of 
unknown parameters such as average, variance and 
weight of an unknown number of Gaussian 
distributions. This search has to be conducted 
sequentially so that it consumes much time even on the 
latest fast CPUs. 

While a tiny chip from Owlstone Nanotech [2] and a 
system solution from ATONARP [3] have already 

made it possible to complete the physical process in a 
few milliseconds, the computational algorithm is still 
sequentially searching for local optima at much 
computational cost. In this paper, we shall approach a  

new algorithm which matches up to the compact and 
fast physical system. This approach is characterized by 
the following four features: 

(i) Instead of the Gaussian distribution, we use the 
B-spline [4] of order m that is defined as the m-fold 
convolution integral of a uniform distribution and 
represents the distribution of ion position after m 
collisions if one causes a uniformly random 
displacement. The B-spline is a good substitute since it 
tends to the Gaussian at the limit m → ∞. We can even 
say that the Gaussian was not the perfect choice 
because it has infinitely long tails that never exist in 
reality. We had better take a large m but do not have to 
make it infinity. 

(ii) For the sake of simpler computation, the 
B-splines are further replaced by their discrete version1 
defined as the m fold discrete convolution of the 
uniform discrete distribution. The discrete B-splines 
can be generated by only additions and subtractions [6]. 
There is also a fast digital filter to compute their 
correlations with a given signal [7]. 

 
 
 
 
 
 
  
  (a)Initial state           (b)Analyzing process 
 
 
 
 
 
(a)Profile(ion current)       (b)Composite model 
 
 
(iii) We dare to deploy the discrete B-splines shifted 

by a minute interval as analyzing components of which 
weighted sum is to approximate a given profile even 
though we risk numerical instability in the 
approximation process due to the almost linear 
dependency among the overcrowding components. 
Otherwise, the algorithm would fall back to the slow 
sequential search for an unknown number of arrival 
times. The weights are constrained to be non-negative 
since ion counts cannot be negative numbers. 
  
 
 
 
 

 
 

Fig.1 Schematics of the ion-mobility spectrometry 
 

Fig.2 Ion-mobility spectrometry profile 
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2.  ALGORITHM 

The B-spline of order m is composed of 

bm[k ]=
1
2

(bm− 1 [k ]+ bm− 1[k− 1]) ,(m= 2,3,4…)
 

which on the basis of the discrete B-spline on the first 
order  

b1[k ]={1/2 k= 0,1

0 otherwise . 
{bm [・ − j ]}j= 0

N − 1(m= 1,2,3,4,⋯ , M )
 

The set of functions are composed by shifting  (1) and  
they are referred to as the dictionary. 
Then the problem  is to find   
Ci≥ 0 ,  ji  and mi (i= 1,2,⋯ , I ) ,so that 

E2=∑
k = 0

N− 1

(P [k ]−∑
i= 1

I

ci bmi
[k − ji])

2

. 
 is minimized for the given profile p[k].  
We employ the orthogonal matching pursuit [8] to solve 
this problem with the nonnegative least squares 
approximation algorithm [9]. 
We also have to determine an optimal I somehow 
because approximation error E2 is always smaller is 
larger. 
It holds good that 

 
∑

k= − ∞

∞

ci bm i
[k− ji]=∑

i= 1

I

ci

. 

because 
bmi

[k ]≥ 0
, ci≥ 0 and

∑
k= −∞

∞

bm i
[k ]= 1

. 
In addition, (4) becomes constant : 

∑
i= 1

I

ci

    
∑
k= 0

N − 1

p [k ]= constant
. 

when E2 is small enough Therefore, a criterion for the 
sparsity of the approximation is evaluated by 

E1= log

(∑
i = 0

I

C
i
)
2

∑
i= 0

I

C i

2

 . 

We take   I that minimizes E1+ E2 . 
 

3.  CONCLUSIONS 
This paper developed a fast algorithm of discrete 
B-splines approximation for the ion-mobility 
spectrometry. We are yet to verify the performance by 
applying it to many data. 
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1. Introduction 
In recent years, advanced technological innovation in 

the areas of telecommunications, optics, and electronics 

has led to the emergence of high performance, highly 

functional, and lightweight products. In addition to 

sophisticated functions, added values such as aesthetic 

qualities are also sought, which requires the further 

improvement in the precision of the various optical parts 

making up these products. Generally, the finishing of 

such parts is often carried out by hand using loose 

abrasives. However, various problems are faced in this 

aspect such as lack of experienced technicians. To 

respond to such social needs, the authors have been 

developing ELID grinding techniques applying 

conductive rubber-bonded grinding wheels
 1)

. Results of 

investigations to date have confirmed that ELID grinding 

using conductive rubber-bonded grinding wheels 

improves ground surface roughness compared to the 

commonly used cast iron-bonded grinding wheel and 

metal resin-bonded grinding wheel. Effects of ELID for 

maintaining grinding performance seen in other grinding 

wheels have also been confirmed. However, conductive 

rubber-bonded grinding wheels have drawbacks such as 

poorer electrolytic dressing characteristics and stability 

during grinding compared to generally used ELID 

grinding wheels. In the aim to resolve these problems 

and put the conductive rubber-bonded grinding wheel to 

practical application, we are currently developing a 

grinding wheel containing conductive rubber balls. This 

report reviews the application of the developed grinding 

wheel to mold materials, and reports the results of 

investigations conducted on this. 

2. Development of grinding wheel 

containing conductive rubber balls 
The metal resin-bonded grinding wheel containing 

conductive rubber balls is a grinding wheel containing 

0.5 to 1 mm conductive rubber balls filled with WA＃
1200 abrasives, which are held together using metal resin 

bond. This grinding wheel is able to improve the ground 

surface roughness, which is a characteristic of rubber 

bond, and at the same time maintain the removal 

performance by ELID of the metal resin bond, in the aim 

to realize stable high quality ground surfaces. Figure 2 

shows the external view of the developed conductive 

rubber ball and the surface composition. 
[2]

 It can be seen 

that the ball contains WA abrasives. Figure 3 shows the 

external view of the metal resin-bonded grinding wheel 

containing the conductive rubber balls. Observation of 

the composition confirmed that rubber ball grinding 

wheel and the metal resin bond (metal 7: resin 3) are 

adhered closely to each other. In this study, copper was 

used as the metal. 

3. Experimental Method  
In the experiments, an ELID rotary suraface grinder 

and the FUJI ELIDER 910 power supply were used. The 

grinding wheels employed were WA1200 metal 

resin-bonded grinding wheel and metal resin-bonded 

grinding wheel containing WA1200 conductive rubber 

balls (conductive rubber ball content rate of 20%，40%，

55%） to investigate the effects of the conductive rubber 

balls and the content rate on  the finish of the 

workpieces. Cup-shape grinding wheels with a diameter 

of φ143×width t3.5 were used. To determine the grinding 

characteristics for mold materials, SUS420J2 was used as 

the workpiece. The grinding conditions and ELID 

conditions set in grinding experiments were work axis 

rotational speed 300min-1，grinding wheel axis rotational 

speed 2000min-1，feed rate 1μm/min，depth of cut 20μm，

non-load voltage 60V，peak current 5A，and pulse 0n/0ff 

2/2μs. The experiments were carried out by first truing 

the grinding wheel used, then initial electrolytical 

dressing, followed by the investigation of the grinding 

characteristics. The grinding characteristics reviewed 

were changes in spindle load during grinding, surface 

roughness of the workpiece, and three-dimensional 

surface properties. 
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4. Experimental Results  
4.1. Initial Electrolytical Dressing 

Characteristics 
Figure 4 shows the change in current with time during 

initial dressing. In all four grinding wheels used in the 

experiments, the actual current decreased with the elapse 

of the electrolytical dressing time. This confirms that the 

metal resin-bonded grinding wheel containing conductive 

rubber balls can be electrolytically dressed without 

problems. 

4.2. Grinding Axial Load 
Figure 5 shows the changes in the axial load during 

grinding. Although slight changes in the axial load were 

seen, it did not rise in all the grinding wheels, confirming 

that stable grinding is realized. 

4.3. Grinding Characteristics of Mold 

Material  
Figure 6 shows the results of measuring the surface 

roughness of the workpieces. It can be seen that when the 

surface roughness improves when the content rate of the 

conductive rubber balls is above 40%．With metal resin 

bonded grinding wheel containing conductive rubber 

balls, the metal part is etched by the dressing, causing the 

rubber bond to protrude out. In grinding wheels with 

rubber ball content rate of 20%, the low abrasive rate is 

thought to aggravate the surface roughness due to the 

bond material. Figure 7 shows the three-dimensional 

surface properties of the workpieces ground using the 

four grinding wheels. It can be seen that metal 

resin-bonded grinding wheels, containing 40%, 55% 

rubber balls produce smoother surfaces than normal 

metal resin-bonded grinding wheels. Figure 8 shows the 

surfaces of the workpieces after grinding.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

5. Conclusion 
A study was conducted on the grinding characteristics 

of a grinding wheel containing conductive rubber balls 

for mold materials, and the following results were 

obtained.  
1) Metal-resin bonded grinding wheels containing 

conductive rubber balls could be electrolytically dressed 
without any problems. 

2）Grinding wheels containing conductive rubber balls 
were able to stably grinding mold materials without 
increase in the axial load.  

3) Better ground surfaces were obtained when ground 
with the grinding wheel containing conductive rubber 
balls compared to the metal-resin bonded grinding 
wheel.. 
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Investigation of Conductive Rubber Ball Containing 

Metal-Resin bonded wheel” Proceedings of the Japan 

society for Precision Engineering. 
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1. Introduction 
At 14:46 JST(Japan Standard Time)on Friday, 11 

March 2011, a magnitude 9.0 (Mw) undersea mega thrust 

earthquake hit Japan and devastated northeastern region 

of the country, which is called the Great East Japan 

Earthquake. It is the worst disaster in the recorded history 

of Japan, causing 15,560 people dead, 5689 people 

injured, and 5329 people missing (as of July 13,according 

to the National Police of Agency) due to the quake and 

resultant tsunami [1]. 

In the Hitachi district, earthquake registered an 

intensity of 6 more on the Japanese scale, also the most 

powerful earthquake in this area. Electricity, gas and 

water were disconnected in many days. Roads, railways, 

airports, and other infrastructure were also severely 

damaged. In the first three days from 11 March to 13th 

March, over 13,000 people toke shelter in the 69 

evacuation shelters every day. And there was a big lack of 

food, water, blanket and gasoline in those days. 

 

2. Background of Study 
Fortunately, the dead were not reported in Hitachi, but 

there were a lot of problems constantly arose such as 

stockpile shortage, dearth of information, confusion and 

environment deterioration in the shelters, etc. Such a 

catastrophic disaster was not consider to occur and it was 

not fully prepared to give the citizens a fair and sufficient 

support and protect them from a catastrophic disaster.
1) 

The College of Engineering, Ibaraki University, which 

is a large-sized public educational establishment in 

Hitachi, has many students in the school when the 

earthquake occurred. Many of them could not back home 

or stay at home safely. Immediately after the earthquake, 

they went to the nearby shelter to take a short-term 

refuge. But actually, some of them could not get food to 

eat or get clothing to protect against the cold, even some 

of them were refused by being crowed. On the other hand, 

there was no maintenance of food and refuge space 

provided for students on the university side, and it can be 

said that the measure against refuge was insufficient.  

 

3. Purpose of the study 
A lot of problems about the refuge life and the 

measure against refuge were arisen on this earthquake. 

Then, in order to build a safe city to against catastrophic 

disasters, it is considered to be an important subject to 

take in the measure against refuge by grasping the refuge 

situation of the earthquake correctly and predicting the 

numbers of refugee and requirements for reserve. 

In this research, situation in the College of Engineering 

of Ibaraki University in Hitachi was focused, where the 

reality of evacuation life about the students was tried to be 

grasped. The purpose of this study was to predict the 

numbers of refugee and requirements for reserve and 

provide scientific data for help to find the way to deal 

with the evacuation in university. 

 

4. Investigation 
In order to grasp the reality of evacuation life about the 

students, we pay attention to the three days from March 

11 to the 13th immediately after the earthquake, when the 

lifeline could not be used at all. 

 

Table. 1. The investigation to the college of Engineering, 

Ibaraki University. 

Object of 

investigation 

1901 students who were on the register 

in the College of Engineering, Ibaraki 

University, in case of the earthquake 

disaster 

Time of 

investigation 
June, 2011 ---November,2011 

Recovery rate 62.2% (1182 votes were collected) 

Method of 

investigation 

Hearing investigation &Questionnaire 

(Questionnaire votes and the answer 

sheets for replying are distributed and 

collected.) 

Survey 

content of 

investigation 

・Individual basic information: 

(Belonging, sex distinction, means of 

transportation, resident status, etc.) 

・The situation at the time of the 

earthquake(From the earthquake 

occurrence to the 13th: The refuge 

situation, The time and situation about 

Moving to an evacuation area, etc.) 

・Evacuation behavior and refuge 

consciousness(What kind of place did 

you take refuge, The reason that you 

did not take refuge in a shelter, etc.) 

・The situation of getting food and 

drinking water 

・Trouble, opinion, proposal, request, 

etc. 
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From June to November of 2011, a hearing 

investigation and a questionnaire research were 

performed to the students who were on the register of the 

College of Engineering, Ibaraki University, in case of the 

Great East Japan Earthquake (Table. 1.). 

According the hearing investigation, we knew that 

there were only a refuge drill and a safety check as the 

measure against refuge of the College of Engineering, 

Ibaraki University, before the Great East Japan 

Earthquake. Maintenance of reserve, such as drinking 

water and food, or a short-term evacuation area was in the 

situation which is not carried out. 

About the correspondence after the earthquake, a 

direction from the school side was issued immediately 

after the earthquake that all the students should evacuate 

to the ground. And after carrying out the safety check and 

checking all the members' safety, a going-home direction 

was issued.  

According the questionnaire research, it was shown 

that 63% of students (741 in 1182 respondents) were in 

Hitachi at the time of the earthquake occurrence. For the 

three days (3.11-3.13), 404-447 persons had taken refuge 

in the house or the parents' home in Hitachi, who have 

accounted for the biggest rate. There were 180-207   

persons who had taken refuge in a friend's house or a 

relative's house. At the night on March 11, the students 

who had taken refuge in the city appointed shelter were 

93 persons, which was the most within for the three days. 

Also, there were 9 persons who had taken refuge in the 

College of Engineering, Ibaraki University.Among the 

persons who did not take refuge in a shelter, about twenty 

percent of people had the request to take refuge in a 

shelter. It can be guessed that refuge in a shelter was 

stopped owing to the ignorance of an evacuation area, 

crowded refuge space, and bad refuge environment. 

 

5. Data analysis and Refugee prediction 
In order to extract the factor which affected evacuation 

behavior and refuge consciousness, a simple totaling, 

cross tabulation analysis, and a chi-squared test were 

performed in consideration of sex distinction, place of 

residence, resident status, and means of transportation 

and so on.  

As a consequence, a place of residence (In Hitachi or 

outside of Hitachi) and resident statuses (living alone or   

living with family) are considered to be the main factors. 

So, in this research, refuge consciousness and 

evacuation behavior are performed using the method of a 

part stage focusing on "153 of the students who were 

living alone in Hitachi and in the campus of the College 

of Engineering, Ibaraki University at the time of the 

earthquake occurrence (Table. 2.) " . It is divided into 

three steps, "Group A", " Group B ", and " Group C", 

As a result of analyzing the refuge actual condition, 

18% of the students who were in the campus of the 

College of Engineering, Ibaraki University at the time of 

the earthquake occurrence had taken refuge in the shelter. 

When the students with the hope to take refuge in a 

shelter and the students refused by the shelter were taken 

into consideration, the students' short-term refugee rate 

will become to 31% -47%. It is divided into three steps, 

"Level1", "Level2", and "Level3", and the refugee rate 

by refuge request is displayed in Table. 3. 

Table. 2. The view and result of refugee rate calculation by a 

part stage. 

 Refuge request 

 

Evacuation 

area 

no 

shelter 

refuge 

request 

weak 

shelter 

refuge 

request 

strong 

shelter 

refuge 

request 

In the house or the 

parents' home 
○ 

  

In the car 
 

Group C: 

16% 

Group B: 

13% 

In a friend's house 

or a relative's house 
○ 

  
 

In the city 

appointed shelter or 

the College of 

Engineering, Ibaraki 

University 

Group A: 

18% 

 
Table. 3. Calculation of each refugee rate of a part stage. 

Level Refugee Rate 

Level 1 Group A 18% 

Level 2 Group A + Group B 18％+13％＝31% 

Level 3 
Group A + Group B 

+ Group C 
18％+13％+16％＝47% 

 

Maintenance of a stockpile is also divided into three 

steps: "basic maintenance", "strengthening maintenance", 

and "full maintenance" (Fig.1.).  

Maintenance for corresponding to "Level1" was 

considered as "basic maintenance", maintenance for 

corresponding to "Level2"" was considered as 

"strengthening maintenance", and maintenance for 

corresponding to "Level3" was considered as "full 

maintenance." 

 
Fig. 1. Refugee prediction and maintenance prediction 

(three steps) . 

 

6. Result 
It showed that about 18-47% members need refuge for a 

three-day short-term.  It means that 560～1460 of 3100 

students in the College of Engineering, Ibaraki University 

need reserve for about three days, and requirements for 

reserve were about 1120～2920 people per day. 

Using this result, several proposals can be suggested 

for the evacuation related to university and cooperation 

with the local community. 
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1. Introduction 
In recently years, environmental problems such as 

global warming and exhaustion of fossil and air pollution 

have been growing into serious problems. This is caused 

by the fact that energy sources depended on fossil fuel 

such as the gasoline. Therefore, an energy source to 

become the substitute is necessary, and using hydrogen 

as clean energy has been paid attention to. And, the 

chance of metallic material such as stainless steels is 

used in hydrogen environment increase. 

However, hydrogen energy using have a problem 

called the hydrogen embrittlement. Hydrogen 

embrittlement is a phenomenon to reduce strength and 

ductility because hydrogen invades it in materials. The 

materials used for a hydrogen-related apparatus for this 

phenomenon are limited. A6061 and sus316L with 

superior hydrogen properties-resistant are domestic 

safety levels, and use is accepted now. Of these, in 

SUS316L, the use in more extreme strong processing 

materials is hoped for the purpose of the light weighting 

of the apparatus and spacing-saving, reduction of the cost. 

However, as for the hydrogen behavior of processing 

materials, a lot of any questions do not yet lead to 

elucidation. Therefore a solution of the SUS316L steel 

performed hydrogen micro print technique (HMPT) and 

Thermal Desorption Spectrometry (TDS) about 

solution-treated materials and cold-rolled by 60% 

materials in this study and investigated visualization of 

the-releasing behavior of hydrogen and the hydrogen 

quantity in materials. 

 

2. Specimens and Procedure 
2-1. Cathodic electrolytic charging 

Cathode places the specimen and anode places the 

platinum. The chemical reaction of each side was shown 

expression(1). 

Anode(+) : 4OH
-→2H2O+O2+4e

-
 

Cathode(-) : 4H
+
+4e

-→2H2           (1) 

  However, many of occurring atomic hydrogen causes 

the recombination reaction, and do not invade into a 

specimen. Then, by adding NH4SCN called hydrogen 

recombination poison to an electrolysis solution, a 

recombination reaction can be inhibited and hydrogen 

invasion can be promoted remarkably. 

 
Fig.1  Schematic for cathodic electrolytic charging 

 

2-2. Principle of HMPT 
The principle of HMPT is schematically shown in Fig. 2. 

In HMPT, a hydrogen atom evolved at the specimen 

surface is visualized as a silver particle using 

photographic emulsion layer containing silver bromide. 

Following the oxidation-reduction reaction indicated in 

Eq. 2, the metallic silver atom will be produced by a 

strong reduction power of the hydrogen atom at the site 

where the hydrogen atom is emitted. 

Ag
+
 + H → Ag + H

+
   (2) 

The silver bromide particles that have not been reacted 

with hydrogen will dissolve out into the fixer, and finally 

only the metallic silver particles will remain on the 

specimen surface in gelatin film of the emulsion. Hence, it 

is possible to visualize the emission site of hydrogen. 

 

 
Fig. 2 Schematic drawing showing the principle of the 

hydrogen microprint technique (HMPT) 

 

2-3. Specimens 
 Specimen used in this study is SUS316L. Table 1 shows 

their chemical composition. The specimen was 

cold-rolled by 60% into 0.2mm, and a part of specimen 

was solution-treated at 1050 oC for 1 hour. One side of the 

specimen surface was polished using #400 paper and 

electropolished to mirror-like finish.  

Mirror like surface was electrolytic-etched in 10 mass% 

H2C2O4 solution. Fig.3 shows their optical micrographs.  

Table. 1 Compositions of the specimens in mass%. 

 

 

Ag 

Specimen Hydrogen 

Photographic 

Emulsion(AgBr) 
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Fig. 3 Optical micrographs of the SUS316L 

(a) solution-treated and (b) cold-rolled by 60% 

 

2-3. Experimental Procedures 
 In this study, two kinds of specimens were prepared. 

One of specimens was cold- rolled by 60%, the other was 

solution-treated. Hydrogen was charged cathodically for 

mirror side of specimens in 0.1 mass% NH4SCN solution 

(ph=2.5) consisting of H2SO4 at a current density of 

0.01A/cm
2
 for 3 hour from the backside of the one 

surface covered with the protective film. The protective 

film was removed and, specimens surface were covered 

with collodion. After this process, the specimen surfaces 

were covered with a photographic emulsion (Ilford L-4, 

diluted by pure water, 4 times) composed of gelatin and 

silver bromide crystals using a wire loop method. The 

emulsion layer was dried and at 24hour in the dark room 

and hydrogen was made to emit. Then, the specimens 

were dipped into formalin (35 mass% HCHO water 

solution) for 5 seconds to harden the gelatin layer, and 

immersed in a fixing solution (15 mass% Na2S2O3 water 

solution) for 8 minutes to remove the remaining silver 

bromide particles that had not reacted with hydrogen. 

The specimens were washed with water for 15 minutes. 

Arrangement of the silver particles was observed with a 

scanning electron microscope (SEM) equipped with 

energy dispersive X-ray spectrometer (EDXS). The 

amount of hydrogen contained in the specimen after 

hydrogen charging was also measured by the thermal 

deposition Spectrometry (TDS) using gas 

chromatography with a heating rate of 10
o
C min

-1
 until 

the temperature reached 600
o
C. 

 

3. Results and Discussion 
HMPT/SEM images of the hydrogen-charged specimens 

solution-treated and cold-rolled by 60% were shown Fig. 

3. A particle of the white was confirmed in 

solution-treated, both SEM images of cold-rolled. The 

white particles observed were identified as silver by an 

EDXS analysis. From this, it is thought that AgBr 

particle included in photographic emulsion became the 

silver particle by released hydrogen. In addition, a silver 

particle was confirmed in the solution-treated mainly on 

a grain boundary. On the other hand, a silver particle was 

confirmed in the cold-rolled from the processing 

structure. As a result of TDS was shown Table 2. As for 

the quantity of hydrogen, the charged solution-treated 

became big in order of the uncharged one, charged 

cold-rolled and the uncharged cold-rolled solution. In 

addition, the peak of the hydrogen release boiled around 

200 
o
C with both specimens. When it compares the result 

between the uncharged specimens, it is confirmed   

solution-treated specimens that there is more quantity of 

immanence hydrogen cold-rolled specimens. In addition, 

solution-treated was 0.4molppm in 0.2molppm, rolling 

specimens in cold-rolled specimens, and, as for the 

difference of the hydrogen total release quantity per unit 

of each uncharged specimens and charged one mass to 

100
o
C to 600

o
C, as for the hydrogenation quantity by the 

cathodically charging, cold-rolled specimens were bigger. 

It is thought that increase of the transposition density by 

the processing increased a trap site of hydrogen as for 

this. Again a solution-treated in comparison with 

immanence hydrogen of the cold-rolled. It is thought that 

there was little influence on materials by the cathodically 

charging because the quantity of hydrogen   charged 

cold-rolled was remarkably small, and it is thought that 

hydrogen was added in only materials surface around 

without being scattered enough by the specimens inside. 

Thus, it is thought that a position of a silver particle 

observed in Fig.1 is a trap site at the specimen surface or 

a-releasing course of hydrogen which scattered specimen 

surface around. Because hydrogen immanence quantity 

of the cold-rolled specimens grew big the 

solution-treated one than hydrogen added in processing 

materials by a cathode charge by this experiment, it is 

thought that it is necessary to perform HMPT in 

uncharged specimens of each sample in future. 

 
Fig.3 Fig.1 HMPT/SEM images of the hydrogen-charged 

SUS316L (a)solution-treated  (b)cold-rolled by 

60% 

 
Table. 3 Hydrogen desorption profiles 

 
4. Conclusion 

Release of hydrogen was confirmed solution-treated 

and cold-rolled specimens. The old-rolled specimens had 

more immanence quantity of water than solution-treated, 

but the quantity of hydrogenation by the cathodically 

charged had a bigger cold-rolled specimens. In the 

hydrogen charged for 3 hours, hydrogen to the specimens 

inside cannot spread enough. The release of hydrogen 

was confirmed on processing structure in cold-rolled on a 

grain boundary in solution-treated. 

(b) 

L 

LT 

(b) 

(a) 

(a) 
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1. Introduction 
In recent years, competition in the manufacturing 

industry is growing increasingly intense every year on a 

global-scale. For this reason, the reduction of 

manufacturing costs and shortening of manufacturing 

time are important challenges to companies. As one 

solution, the use of 3D printers is being reviewed. The 

authors are developing a technique for fabricating 

grinding wheels by combining the use of a 3D printer 

and liquid droplet ejection technique PELID[1] to cut 

manufacturing costs and shorten manufacturing time, 

aiming at an on-demand manufacturing approach which 

can fabricate only the required grinding wheel at the 

required time.   

This report discusses the fabrication of a grinding 

wheel for ELID[2] using the hybrid system combining 

the 3D printer and PELID, and the results of fundamental 

grinding experiments conducted using the fabricated 

grinding wheel. 

 

2. Principle 
2.1. 3D printer 

The 3D printer is a device which can fabricate 

three-dimensional objects based on 3DCG data created 

using 3D CAD. In this study, we used the 3D printer 

based on the fused deposition modeling method. (Fig.1.) 

shows the principle of the fused deposition modeling 

method. With this method, a filament-shaped resin is fed 

into the nozzle, then the resin is heated and melted, and 

then extruded and laminated to build the 

three-dimensional objects. 

2.2. PELID technology 
(Fig.2.) shows the principle of PELID. PELID stands 

for Patterning with Electrostatically Injected Droplet. By 

applying pressure to the liquid needle electrode whose 

nozzle is filled with liquid, liquid droplets are ejected out 

to the plane electrode by static electricity. As shown in 

(Fig.3.), the ejection method of the liquid droplets can 

broadly be divided into three types: Mode I where the 

droplets accumulate at the nozzle tip and are ejected, 

Mode II where the droplets are ejected continuously to 

form a line shape, and Mode III where the droplets are 

dispersed by static repulsion and sprayed out. The 

ejection method of the droplets can be varied according 

to the electrode distance, nozzle diameter, pressure 

applied, and properties of the liquid. (Fig.4.) shows the 

line drawn by the suspension of alumina abrasives and 

ethanol in Mode II, and (Fig.5.) shows the ejection 

method by spraying in Mode III. By dispersing abrasives 

in ethanol in this way and ejecting the abrasives by 

PELID, abrasive dispersion cab be controlled.[3]  

 

2.3. Hybrid system for fabricating grinding 

wheel using 3D printer and PELID 
(Fig.6.) shows the overview of the hybrid system 

combining a 3D printer and PELID for fabricating 

grinding wheels. The PELID liquid needle electrode is 

positioned at the same. Axis as the 3D printer nozzle, and 

a plane electrode is used for the stage. 

 

 

 

 

 

Fig.1. Principle of fused deposition modeling method using 

3D printer. 

 

 

 

 

 

 

Fig.2. PELID principle.   Fig.3. Ejection of liquid droplet 

 

 

 

 

 

Fig.4. Drawing of line           Fig.5. Spray ejection 

(ModeⅡ)                     (ModeⅢ) 

 

 

 

 

 

 

 

 

 

Fig.6. Overview of grinding wheel fabrication system 
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3. Fabrication of grinding wheel using 

hybrid system 
In this experiment, electrically-conductive ABS resin 

(with resistance of about 3kΩ), which is the bond material 

of the grinding wheel, was laminated using the 3D printer. 

Next, a suspension of alumina abrasives (WA#3000) and 

ethanol was sprayed by PELID to disperse the abrasives 

while fabricating the grinding wheel. Electrically 

-conductive ABS resin was used as the electro-conductive 

material of the 3D printer’s filament so that the product 

made by the 3D printer can serve as an electrode in PELID. 

Another reason is to enable the product to be ground by 

ELID. With PELID, alumina abrasives are suspended in 

ethanol to enable the abrasives to be sprayed. After 

spraying the ethanol, only the volatilized abrasives can be 

dispersed. (Table.1.) shows the conditions for fabricating 

the grinding wheel. (Fig.7.) shows the fabrication state. 

The fabrication time of the grinding wheel under these 

conditions is about 40 minutes.  

(Fig.8.) shows the external view of the fabricated 

grinding wheel. The wheel made using the hybrid system 

is given a metal shaft. The X-X in (Fig.8.) was cut to 

check the state of the abrasives. (Fig.9.)(a) shows the 

SEM observation images while (b) shows the distributed 

state of the abrasives obtained by EDX analysis. It can be 

confirmed that white alumina abrasives (WA#3000) of 

about 5μm are held in place between the electrically 

-conductive ABS resin (black part) of the parent material. 

The abrasive layer is held in place as if sandwiched by the 

resin. This demonstrates that grinding wheels can 

successfully be fabricated using the developed hybrid 

system. 
Table.1. Grinding wheel fabrication conditions 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig.7. Fabrication of grinding     Fig.8. Appearance of  

wheel using hybrid system        grinding wheel  

 

 

 

 

 

Fig.9. Results of observing cross-sectional (X-X) structure 

 

4. Grinding experiments 
Using the mounted grinding wheel fabricated using the 

hybrid system combining the 3D printer and PELID. The 

work piece used for grinding was the COP resin 

(ZEONEX) whose surface has been ground with a #400 

grinding wheel. (Fig.10.) shows the photo of the hybrid 

grinding system and the grinding state. (Fig.11.) (a) and 

(b) show the optical microscope image of the work 

surface before and after the ion shot dressing. (Fig.12.) 

shows the surface roughness of the work before and after 

the dressing. It can be seen in (Fig.11.) that there are 

large grinding marks before the dressing, which 

disappear after the dressing. In (Fig.12.), given that the 

surface roughness has improved after the dressing, this 

confirms that the mounted grinding wheel made using 

the hybrid system combining the 3D printer and PELID 

has good removal capability.  

  

 

 

 

 

Fig.10. Grinding of COP resin 

 

 

 

  

Fig.11. Surface properties before and after grinding of COP 

resin  

 

 

 

 

 

Fig.12. Difference in surface roughness before and after  
COP resin grinding 

5. Conclusion 
This report discusses the attempts by the authors to 

fabricate a hybrid system combining a 3D printer and 

PELID in the aim to realize on-demand manufacturing, 

then fabricate a grinding wheel using this system, and 

conduct grinding experiments using the fabricated 

grinding wheel. We succeeded in fabricating the grinding 

wheel by forming the bond material using the 3D printer 

and scattering the abrasives by PELID. In the grinding 

experiments using the grinding wheel, improved surface 

roughness of the workpieces was confirmed. These 

results demonstrate that the developed system is able to 

fabricate grinding wheels. 
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