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 Relationship between confinement and material losses 
and generalized quarter-wave stack condition 

in nonhollow-core Bragg fibers 
 

Yuta Suzuki, Jun-ichi Sakai 

 

 

We show effects of the core index on confinement and material losses in nonhollow-core Bragg fibers.  Various 

propagation properties are computed using a multilayer division method.  Confinement loss is investigated as a function of the 

core index nc under the fixed value of cladding low-index nb. When the cladding high-index na is relatively low, the light wave is 

confined to the core thanks to the photonic bandgap effect.  On the other hand, for the large cladding high-index na, the light 

confinement is governed by a light concentration capability due to nc.  Cladding low-index layer thickness at which the 

confinement loss exhibits the minimum loss, agrees well with that calculated from the generalized quarter-wave stack condition 

even for the nonhollow-core case in the TE01 mode, while the fact does not hold for the TM01 mode.  The nonhollow-core Bragg 

fiber is superior to the hollow –core Bragg fiber for a small number of cladding-pairs from the view point of the confinement loss, 

whereas the situation is opposite to the former for a large number of cladding-pairs.  

 

 

Keywords; Bragg fiber, Photonic crystal fiber, Antiresonant reflecting optical waveguide, Photonic bandgap,  

Quarter -wave stack condition 
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3C-SiC(001)-3×2  

 

Anton Visikovskiy  

 

3C-SiC(001)-3×2 Reconstructed Surface Structure Analysis by High 

-resolution Medium Energy Ion Scattering Combined with the First 

Principles Calculations 
Taishi Matsuda, Hideki Okumura, Masataka Tagami, Kei Mitsuhara, 

Anton Viskovskiy, Yoshiaki Kido 
 

 The atomic structure of 3C-SiC(001)-3 2 reconstructed surface was determined by High-resolution 

Medium Energy Ion Scattering(MEIS) and the first principles calculations using Vienna ab initio Software 

Package(VASP). Present MEIS analysis clearly shows that the (3 2) reconstructed surface consists of 1st Si 

adlayer (1/3 ML) on 2nd Si adlayer (2/3 ML) sitting on the bulk Si terminated surface and this result supports the 

two-adlayer asymmetric dimer model (TAADM). Further precise analysis of the observed MEIS spectra led to 

improvement of this model. The modified version of the TAADM contains long and short dimers in the 2nd 

adlayer which is consistent with the model proposed by glazing incident X-ray diffraction. Interestingly the ab 

initio calculations using VASP preferred symmetric dimers in the 2nd layer in contradiction with the above MEIS 

analysis. This is attributed to the fact that the ab initio calculations performed at 0 K tend to optimize the total 

energy by taking more symmetric structures. 

 

 

Key Words; 3C-SiC(001)-3×2, Surface, Medium Energy Ion Scattering, ab-initio calculation 
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Development of epoxy resin polishing pads for glass polishing 
 

Junji Murata1), Yasuhiro Tani1), Ryoichi Hirokawa2),  
Nobuyuki Nomura2), and Yu Zhang1)  

 

This paper describes newly developed polishing pads for glass finishing that employs an epoxy resin instead of a 
conventional polyurethane resin. The porosity of the polishing pad was controlled by changing the amount of a 
chemical foaming agents mixed with a prepolymer epoxy resin. It was found that the removal rate of glass surface 
using epoxy polishing pad was approximately two times higher than those using urethane polishing pad, which 
means a 50 percent decrease in a usage of CeO2 abrasives. The waviness and edge roll-off of polished glass 
surfaces were markedly improved by utilizing epoxy polishing pads, while the surface roughness of glass surfaces 
finished by epoxy pads was comparable to that finished by urethane pads. The investigation of substitute abrasive 
materials exhibited that the CeO2 abrasives were completely substituted for ZrO2 abrasives. The mechanism of 
higher removal rate of epoxy polishing pads was also investigated using measurement of contact angles, sliding 
angles and dynamic friction coefficient of polishing pads. These measurements indicate that abrasive grains are 
supported more strongly on the epoxy polishing pad than on the urethane polishing pad, namely, higher relative 
velocity between workpiece surface and abrasive grains to be obtained. 
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Table1 Properties of urethane and epoxy polishing pads 
 Urethane Low-foamed epoxy  High-foamed epoxy 

mixing 

ratio 

Resin - 100 100 

Curing agent - 55 55 

Foaming agent - 2 5 

Density (g/cm3) 0.40 0.63 0.40 

Hardness (JIS-A) 78 97 90 

Tensile strength (MPa) 3.9 4.9 1.9 

Young's modulus (MPa) 49 225 78 
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Fig. 1 Appearance of polishing pads ( 200mm) 

 
Fig. 2 Optical microscope images of polishing pad 
surfaces. (a) urethane pad, (b) low-foamed epoxy pad, and 
(c) high-foamed epoxy pad . 

Fig. 3 Relationship between pad hardness and 
ratio of foaming agent 
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Table 2 Polishing condition 

Polishing machine Lapping machine NF-300 
Nano Factor Co.,Ltd 

Workpiece Sodalime glass:  20mm×t10mm 
Surface roughness: Ra 0.4 m

Pressure 20kPa 
Work/Lap rotation 90rpm/90rpm 
Polishing time 30min 

abrasives 1.2 m CeO2 (SHOROX A-10 
Showa Denko K.K.) 

Concentration of slurry 3.0wt% in deionized water 
Supply rate of slurry 25mL/min 

Fig. 4 Polishing performance as a function of pad hardness 

 
Fig. 5 Transition of removal rate as a function of iteration count 

 
Fig. 6 Effect of the dispersant on polishing performance 
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Fig. 9 Cross-sectional profiles of polished glass edges. 

 
Fig. 8 Optical interferometer images of glass surfaces polished using (a) urethane pad (Wa:3.841nm), (b) 
low-foamed epoxy pad (Wa: 1.645nm),and (c) high-foamed epoxy pad (Wa:0.985nm). 

 
 Fig. 7 Power spectral density profiles of polished 
glass surfaces.  
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Table 3 Properties of abrasives 

Abrasives Mean diameter 
( m) 

Product name,  
company

SiO2 0.5 SO-C2,
 Admatechs Co., Ltd.  

Fe2O3 0.5 FE-227101, 
Nilaco Corporation 

Mn2O3 1.1 020-47425, 
Kishida chemical Co., Ltd. 

ZrO2 1.3 ZIROX, K-BC0007,
Universal Photonics, Inc. 

CeO2 1.2 SHOROX A-10, 
Showa Denko K.K.  

Fig. 10 Comparison of removal rates using various abrasives 

 
Fig. 11 Optical interferometer images of glass surfaces polished using (a) CeO2 with urethane pad (Ra:0.676nm), (b) CeO2 with 

epoxy pad (Ra:0.609nm) and (c) ZrO2 with epoxy pad (Ra:0.62 nm) 
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Fig. 13 Contact angles of polishing pads 

 
Fig. 12 Zeta potential of ceria abrasives and polishing 
pads as a function of pH 
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Fig. 14 Result of inclination test of polishing pads  
with CeO2 slurry 

 

Fig. 17 Dynamic friction coefficient of polishing 
pad surfaces as a function of time 

 

Fig. 16 Experimental apparatus for measuring the dynamic 
friction coefficient of polishing pads. (a) overall view, (b) 
detail view of measurement area 

 
Fig. 15 Result of inclination test of polishing pads  
with ZrO2 slurry. 
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Development of Alternative Abrasives of Cerium Oxide for 
Glass Polishing 

SeungBok Lee1), Okiharu Kirino1), Yasuhiro Tani2) and Junji Murata2) 
 

In glass polishing process, cerium oxide (CeO2) abrasives are widely used because both high removal rate and high-quality 

surface finish can be easily obtained by using CeO2 abrasives. The metal component cerium (Ce), however, is one of the rare 

earth elements. Recently, because of the problems of the skyrocketing price increase and the supply risk of the CeO2, the 

development on alternative materials/technologies and reducing consumption of cerium oxide abrasives have been strongly 

requested. In response to the requests, the authors have proposed the zirconium oxide (ZrO2) abrasive as the alternative 

abrasive of the cerium oxide. Even under the low slurry supply rate, a larger number of effective abrasives between the work 

and pad can realize the better polishing characteristics. Two methods have been proposed to increase the number of effective 

abrasives on the polishing pad. The first method is to use the cohesive abrasives during polishing and the second is increasing 

stagnation of the abrasives during processing. Based on these results, it has been confirmed that the zirconium oxide abrasives 

have the possibility as alternative abrasive of the cerium oxide for glass polishing. This paper describes that the results of the 

series of tests proved high polishing characteristics in terms of the surface roughness and removal rate for soda-lime glass. 

Keywords: Polishing, Abrasive Grain, Polishing Pad, Surface Roughness, Removal Rate, Cerium Oxide, Zirconium Oxide, 

Alternative Material, Tool, Glass 
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Fig.7  Change of polishing characteristics with pH value
using ZrO2 abrasives
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Fig.15 Polishing characteristics with heavy metal oxide 
additives using ZrO2 abrasives
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Fig.16 Polishing characteristics of WO3 as abrasives
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Fig.17 Effect of WO3 concentration on polishing characteristics
using ZrO2 abrasives
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Fig.18  Effect of CuO concentration on polishing characteristics
using ZrO2 abrasives
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Fig.19  Change of polishing characteristics in addition of 
light metal oxides using ZrO2 abrasives
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Fig.19  Change of polishing characteristics in addition of 
light metal oxides using ZrO2 abrasives
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Fig.20  Change of polishing characteristics in addition of 
metal oxides with various specific gravity
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(SOFIX)

1) 1) 1) 1) 1) 2)

3) 4) 1)

Database of Japanese Agricultural Soil analyzed by SOFIX

Sachie Horii1), Toshihide Matsuno1), Kenzo Kubota1), Yuki Hukuhara1), Yoshiki Matsumiya1),

Jun Hirakawa2), Bunyu Matsuda3), Chikayoshi Kitamura4) and Motoki Kubo1)

The evaluation method of soil fertility (Soil Fertile Index; SOFIX) had been developed for the measurement of the
material circulation activity in agricultural soil. Soil bacterial number, Nitrogen circulation activity, phosphorous circulation
activity, and nutritional components (SOFIX) in soil were analyzed for construction of database of the Japanese agricultural
soil. The range of bacterial number was between detection limit (7.8×10 6 cells/g) to 1.9×10 9 cells/g, and the average number
was 6.4×10 8 cells/g. The average value of nitrogen circulation activity and phosphorus circulation activity was 26 points and
43 points, respectively. The average values of all samples suggest that material circulation activity of Japanese agricultural
soil was low level. For the efficient and reproductive organic agricultural system, the total evaluation of agricultural soil
should be needed.

Key words; Environmental DNA, Material circulation, SOFIX, Japanese agricultural soil

E-mail: kubo@sk.ritsumei.ac.jp (M. Kubo)

1) 2)

3) (BKC) 4)

1)Department of Biotechnology, Faculty of life Sciences, Ritsumeikan University,
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3)Research Office (BKC), Division of Research, Ritsumeikan University,
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2

1.
20

( )
(1, 2, 3)

1999 2008 9
23.5% (4)

( 1)

(6)

(Soil
Fertile Index; SOFIX) (7) SOFIX

2.

DNA (environmental DNA; eDNA)
(8, 9) 1g DNA 8 mL 20% 1 mL

(1,500 rpm 20 ) 1.5 mL (8,000 rpm
10 ) 700 L (24:1 (v/v) )

1. ( (5) )
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3

700 L (14,000 rpm 10 ) 500 L
2- (14,000 rpm 20 )

70% (v/v) 1 mL (14,000 rpm 5 )
eDNA 1.0 % eDNA

DNA Smart Ladder (NIPPON GENE
UV DNA KODAK

1D Image Analysis software KODAK DNA
DNA 1.0 ml eDNA

eDNA eDNA- ( cells/g-sample 1.7 × 10 8 ×eDNA g/g-sample
r2 = 0.96

100% 60%
60 g-N/g-soil 25 4

1 4 4 g 1M KCl 40 mL
10

11

(%) = (1 NH4+-N NO2 -N – 4 NH4+-N NO2 -N
) / (1 NH4+-N NO2 -N ) × 100

8.0×10 8 cells/g 100%

0-100 (12)

9.0 mg-P2O5/g-soil
25 4 1 4 1 g 20 mL

(13)

( ) (4 1 )/2.7×100

(14)
(10, 13)

(A-2300 , HITACHI)
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(SSM-5000A, Shimazu) (TOC-V CPH,
Shimazu)

4 g 1M KCl 40 mL
(15) 1 g 20 mL

(13)

pH
10 g 25 mL 1 pH (pH METER F-52, HORIBA)

(14)

Excel
(16) 0 |r| 0.2 ( ) 0.2 |r| 0.4 ( )

0.4 |r| 0.7 ( ) 0.7 |r| 1 ( )

3.
SOFIX

206 eDNA
7.8×10 6 cells /g-soil

1.9×10 9 cells/g-soil
6.4×10 8 cells/g-soil ( 2)

(17)

1.8×10 10 cells/g-soil

2.0×10 8 cells/g-soil
(12) 2.0×10 8 cells/g-soil 30

206 15%

SOFIX
152 0 100 26 (12)

47 46 ( 3)

0 99.5 30.2 0 100
56.7

2.

6.4 cells/g
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5

12 18 19

(12)
5 ( 4)

B (

) 39%
A ( ) 26%

SOFIX
152 0 100 43 ( 5) 4

0 mg-P2O5/g-soil 5.83 mg-P2O5/g-soil 100
2.7 mg-P2O5/g-soil 13%

152 60 6
(r 0.24)

3.

4. 5

A: NOA AOA
B: NOA AOA
C: NOA AOA
D: NOA AOA
E: NOA AOA

26

AOA:
NOA:
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SOFIX
183 5,600

mg/kg 85,600 mg/kg
( 7) 24,000 mg/kg

r=0.33 ( )
6.4×10 8 cells/g-soil

10,000 mg/kg
10,000 mg/kg

6.4×10 8 cells/g-soil

10,000 mg/kg
10,000 mg/kg

(r=0.85) ( 8)
“ ” (20)

C/N

SOFIX
191 390 mg/kg 10,600 mg/kg 2,500 mg/kg

( 9) 170 mg/kg 27,600 mg/kg 4,600 mg/kg ( 10)
90 mg/kg 20,500 mg/kg 6,100 mg/kg ( 11)

r 0.19 -0.11 -0.01

5.

6.

7.

21 411
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SOFIX C/N
183 C/N 2 32 12 C/N

(r -0.1)

4.
1

C/N 10 14 SOFIX
6.4×10 8 cells/g-soil 31

71% 10,000
mg/kg 20,000 mg/kg ( 12)
C/N 9 15

6.4×10 8 cells/g-soil 59
10,000 mg/kg 20,000 mg/kg

44%
C/N

10. 11.

9.8.

12. C/N
C/N 10 10 C/N 14
C/N>14
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C/N 10 14 SOFIX
3.0 10 8 cells/g-soil (r=0.35)

C/N 9 15 (r=0.13
r=-0.08)

C/N

SOFIX

1. SOFIX

1. Widmer F., Rasche F., Hartmann M. and Fliessbach A. 2006. Community structures and substrate utilization of
bacteria in soils from organic and conventional farming systems of the DOK long-term field experiment. Appl. Soil
Ecol. 33:294-307.

2. Rigby D. and Cáceres D. 2001. Organic farming and the sustainability of agricultural systems. Agric. Syst.
68:21-40.

3. Kuroda A., Takiguchi N., Kato J. and Ohtake H. 2005. Development of technologies to save phosphorus resources
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in response to phosphate crisis. Jour. Environ. Biotech. 4:87-94. (In Japanese)
4. Fertilizer supply statistics of International Fertilizer Industry Association (http://www.fertilizer.org/)
5. . 2011.

.
6. Watson C.A., Atkinson D., Gosling P., Jackson L.R. and Rayns F.W. 2002. Managing soil fertility in organic

farming systems. Soil Use Manag. 18: 239-247.
7. 2011-504900
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Stochastic Equation on Pseudo-Sphere 

Hiroshi Kuratsuji1) Masao Matsumoto2)

Abstract. Motivated by an application to quantum optical process, we study the stochastic equation for the pseudo-spin on 

pseudo-sphere accompanying the SU(1,1) coherent states. The pseudo-spin equation of motion turns out to be the Langevin 

equation in the presence of random forces, which is converted to the Fokker-Planck equation by using the functional integral 

technique under the assumption of the Gaussian white noise. 

Keywords; coherent state, pseudo-sphere, Langevin equation, Gaussian white noise, Fokker-Planck equation, functional 

integral 
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Stochastic Equation on Pseudo-Sphere 2

1. Introduction

The study of effect of random forces on equation of motion has been a long subject.

The standard way is carried out by adopting the Langevin equation [1].

In this note we study the stochastic equation for the motion in the pseudo-sphere.

This is inspired by several phenomena; e.g,. the stochastic behavior of the photon

excitation in quantum optics [2, 3] and the particle in strong magnetic field on pseudo-

sphere [4].

In what follows, we consider the equation of motion of pseudo-spin, which stems

from a concrete two-photon process in laser. By adding the random forces, this turns

out to be the Langevin equation, and we get the Fokker-Planck equation by assuming

the Gaussian white noise [5]. Based on the Gaussian noise, the Fokker-Planck equation

is derived by using the functional integral.

2. Equation of motion on Lobachevsky space

2.1. SU(1,1) coherent state

Having mind of application to the optical problem, we consider the pseudo-spin that is

described by the SU(1,1) algebra in terms of a set of bilnear forms of boson creation and

anihilation operators for a single-mode electromagnetic field; (a, a†); with commutation

relation; [a, a†] = 1, that is, we define

K̂+ =
1

2
(â†)2, K̂− =

1

2
â2, K̂0 =

1

4
(ââ† + â†â). (1)

The physical system we take up here is the composed system of cavity mode and

the squeezed state generating interaction. the Hamiltonian for the system is given by,

for example,

Ĥ = �ω0(â
†â +

1

2
) + �[V ∗(â†)

2
+ V â2], (2)

where V is the interaction parameter including the effect of pumping light and can be

controlled.

In order to describe the two photon system, it is suitable to use the quantum state;

called the coherent state[4]. It is well known that the this is constructed from the

irreducible representation is divided into two classes characterized by k = 1
4

or k = 3
4
.

For l = 1
4
, |Φ0〉 coincides with the photon vacuum |Φ0〉 = |0〉 and Φ0 = a†|0〉 does the

state of photon number being one for k = 3
4
. Using this as a starting state, we have the

squeezing state:

S(ζ)|ψ0〉 = exp[ζL̂+ − ζ∗L̂−]|ψ0〉 = exp[
1

2
(ζ(â†)2 − ζ∗â2)]|ψ0〉 (3)

with a squeeze parameter tanh |ζ| and a rotating angle φ/2. By applying the squeezing

operator to the vacuum state, |Φ0〉 ≡ |k,m = 0〉, we have the SU(1,1) CS:

|z〉 = eζL̂+−ζ∗L̂−|0〉 = (1 − |z|2)lezL̂+|0〉, (4)

Hereafter we take the one photon state as Φ0.

Hiroshi Kuratsuji and Masao Matsumoto
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Stochastic Equation on Pseudo-Sphere 3

2.2. Action principle and equation of motion for pseudo-spin

The dynamics of pseudo-spin system is described by the variation equation[6]:

δ

∫
〈z|i� ∂

∂t
− Ĥ|z〉dt ≡ δ

∫
Ldt = 0 (5)

where L is the Lagrangian. The second term is just the expectation of the Hamiltonian

H = 〈z|Ĥ|z〉, while the first term, which is called “canonical term”, is evaluated to be

i�〈z| ∂

∂t
|z〉 = ik�

zż∗ − żz∗

1 − |z|2 (6)

By using the angle representation

z = tanh(
θ

2
) exp[−iφ] (7)

which just corresponds to the stereographic projection of two-dimensional sphere to the

complex plane. The sphere is replaced by the pseudo-sphere( see below). In terms of

the angular variable, the Lagrangian is written as

L(θ, φ) = �k(cosh θ − 1)φ̇ − H(θ, φ) (8)

and the variation equation leads to

φ̇ =
1

�k sinh θ

∂H

∂θ
, θ̇ = − 1

�k sinh θ

∂H

∂φ
. (9)

The equation of motion derived in the above is nothing but the canonical equation

of motion on the pseudo-sphere (which is denoted by PS2; the surface with constant

negative curvature). We here some fact about the pseudo-sphere; the point of the surface

is described by the equation in terms of the rectilinear coordinate; x2 + y2 − z2 = −a2,

which is parametrically expressed as [8]

x = k sinh θ cos φ, y = k sinh θ sin φ, z = k cosh θ

The scalar product and the vector product (which is denoted by ∗) are defined by

a · b = a1b1 + a2b2 − a3b3,

a⊗ b = (a2b3 − a3b2, a3b1 − a2b3,−(a1b2 − a2b1)). (10)

Note that the 3-rd term in the scalar product has a minus sign compared with the

spherical case. As for the vector product, the third component has minus sign. The

triple product is written as

a⊗ (b⊗ c) = (a · b)c− (a · c)b (11)

Now, we introduce the pseudo-spin

K1 = k sinh θ cos φ,K2 = k sinh θ sin φ,K3 = k cosh θ (12)

Then the canonical equation of motion can be rewritten in terms of the pseudo-spin:

dL

dt
= −K⊗ ∂H

∂K
. (13)

Stochastic Equation on Pseudo-Sphere
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Stochastic Equation on Pseudo-Sphere 4

If the dissipation effect is included, Eq.(13) turns out to be

dK

dt
= −K⊗ (

∂H

∂K
+ η

dK

dt
) (14)

Multiplying ⊗K to (14) and noting the vector product formula, we get

K⊗ dK

dt
= −k2∂H

∂K
− ηk2dK

dt
(15)

From (14) and (15), the equation of motion for K is derived as follows [7]:

dK

dt
+ A(K) = 0

A(K) ≡ 1

1 − η2k2
(−K⊗ ∂H

∂K
− ηk2∂H

∂K
) (16)

3. The FP equation on pseudo-sphere

3.1. The Langevin equation and Functional integral

The Langevin equation is thus written

dK

dt
+ A(K) = c

Here the random “torque” c has the norm

c2 = c2
1 + c2

2 − c2
3 (17)

where the minus sign of the third term is a consequence of non-Euclidean metric on the

pseudo-sphere. We adopt the Gaussian white noise for the random torque;

〈ci(t)〉 = 0, 〈ci(t)cj(t + u)〉 = hδi,jδ(u). (18)

This is an analogue of the random magnetic field, namely, the correlation on time-scales

much smaller than the characteristic response time of the spin system. By putting the

variance of c as the form 〈c2〉 = 2h, which means that the probability distribution of c

may be given by

P [c̃(t)] = exp

[
−m

2

∫ t

0

c2(t)dt

]
(19)

with m = 1/h. Using this distribution, the propagator K between two definite spin

states at two different times, is given by the functional integral [5]:

K[K(t)|K(0)] =

∫ ∏
t

δ[F(K(t)) − c(t)]

× exp

[
−m

2

∫
c2(t)dt

]
D[K]D[c(t)] (20)

with δ the Dirac functional. By carrying out the Gaussian integral over the field c(t),

we obtain a reduced form (see Appendix);

K[K(t)|K(0)] =

∫
exp

[
−m

2

∫ t

0

(
dK

dt
+ A

)2

dt

]
D[K] (21)

Hiroshi Kuratsuji and Masao Matsumoto

－76－



Stochastic Equation on Pseudo-Sphere 5

Now expanding the square term inside the exponential term, one can put this

functional integral under the usual form:

K =

∫
exp

[
−m

2

∫
(K̇2 + A · K̇+ V )dt

]
D[K] (22)

with V = A2

2
. The above form is analogous to the path integral for a particle in vector

potential A and the scalar potential V . This functional integral can be transcribed to

the quantum mechanical path integral by putting t = iτ ,

K =

∫
exp

[
i

h

∫
(
1

2
K̇2 + 2iA · K̇+ V )dτ

]
D[K] (23)

Furthermore, this is expressed in terms of the Euclidian form by replacing K by

L; for which L = (iL1, iL2, L3) = (K1, K2, K3); then we have the path integral for a

particle on sphere which satisfies the relation L2
1 + L2

2 + L2
3 = k2:

K =

∫
exp

[
i

h

∫
(
1

2
L̇2 + 2iA · L̇− V )dτ

]
D[L] (24)

4. Derivation of the Fokker-Planck equation

Following the analogous manner with the procedure to obtain the Schroedinger equation

from the path integral expression, we can derive the Fokker-Planck equation for the

pseudo-spon K. Namely, the probability distribution of the vector K; P (L) satisfies the

integral equation:

P (L, t) =

∫
K(L′, t|L′, 0)P (K ′, 0)dL′ (25)

Following the standard procedure of path integral, we find

∂P

∂t
=

[
1

2m

[
∂

∂L
− iA

)2

+ V

]
P (26)

which can also be put in the form:

∂P

∂τ
=

1

2m

∂2P

∂L2
− ∂(A(L)P )

∂L
(27)

which is a usual form of the evolution of probability distribution of a particle moving on

a sphere that is submitted to the potentials (A, V ). The Fokker-PLanck (FP) equation

of this form is essentially identical to the result that had been obtained many years

ago[9]. Finally, we return to the original variable K together with the real time

∂P

∂t
=

1

2m

∂2P

∂K2
− ∂(A(K)P )

∂K
(28)

Using the spherical vortex case, we obtain

∂P

∂t
= − 1

sinh Θ
{ ∂

∂Θ
(sinh θsθ) +

∂sφ

∂Φ
} (29)
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where the current is

sθ = − h
∂P

∂Θ
− P

1 − η2K2

(
ηK2∂H

∂Θ
− 1

sinh Θ

∂H

∂Φ

)

sφ = − h

sinh Θ

∂P

∂Φ
+

P

1 − η2K2

(
∂H

∂Θ
− ηK2

sinh Θ

∂H

∂Φ

)
(30)

The equation (29) is the starting basis to investigate the random behavior of the

pseudo-spin. To carry out this will be discussed elsewhere.

Appendix A. Reduction of functional integral

Here we note that the integration measure D(L(t)) includes the Jacobian factor from

L(t) to F(t). The procedure to obtain the Jacobian factor is seen as follows: First we

use the functional identity:

det [
δF(t)

δK(t)
]F=c

∫ ∏
t

δ[F(S) − c(t)]D[K(t)] = 1 (A.1)

then

K =

∫
det [

δF(t)

δK(t)
]F=c]

∫ ∏
t

δ[F(t) − c(t)]D[K(t)]

× exp[−m

2

∫
c2(t)dt]D[c(t)] (A.2)

Here we can remove the constraint that attaches to the det, namely, F = c. Because,

it can be obtained by the well known the relation for the delta function f(x)δ(x− a) =

f(a)δ(x − a) Thus we have

K =

∫
det [

δF(t′)
δK(t)

]

∫ ∏
t

δ[c(t) − F(K(t))]

× exp[−m

2

∫
c2(t)dt]D[c(t)]D[K(t)] (A.3)

This is a correct form functional integral form including the Jacobian factor. The

determinant factor is generally a functional of L(t), so it does not depends on c(t) any

more. Next we use an integral identity δ[g(x)] =
∫

exp[iλg(x)]dλ, the above is further

rewritten as the functional integration over three variables K, c, λ is shown to be given

as

K =

∫
exp[i

∫
λ(t) · {F(t) − c(t)}dt] exp[−m

2

∫
c2(t)dt]D[λ(t)]

× det [
δF(t)

δK(t)
]D[c(t)]D[K(t)] (A.4)

By accomplishing the two Gaussian functional integrals for c and λ(t) successively, we

get the functional integral (21).
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Maximum Output Operation by Equivalently Field Weakening and 

Optimal Parameters of BLDC Motor 
 

Komatsu Yasuhiro, Syed Abdul Kadir Zawawi, and Yoshihiko Araki 
 

Permanent-magnet brushless direct-current motors excel in maintenance and control, compared with 
direct-current motors. Therefore, they are attracting attention today. In this paper, the authors discuss a 
non-salient pole brushless direct-current motors. Usually, the quadrature armature current which contributes to 
torque generation is supplied in this motor. But, in this case that the source voltage cannot be increased, by 
supplying the direct armature current, that is, equivalently field weakening, a quadrature armature current can 
be increased. Consequently, the motor torque increases. 

In the case that the load characteristics are settled, the motor torque can have a maximum Tm by adjusting a 
direct armature current. At this time the rotational speed and output are maximum also. Tm changes with the 
change of the motor parameters. Consequently, the motor parameters which maximize Tm are optimal. In this 
paper, the authors have clarified an optimal parameter determination method considering of the load 
torque-speed characteristics and armature resistance, and the power factor and efficiency where the motor has 
optimal parameters and generates the maximum output. Further, the authors have verified the obtained theory 
through experiment.   

 
Keywords: Brushless DC (BLDC) motor, Equivalently field weakening, Load characteristic, Maximum output, 
Optimal Constant.  

 
1. Introduction.   
The operation of weakening field control of DC 

motors increases the armature current by 
decreasing the field current when the source 
voltage of the armature circuit cannot be increased; 
it decreases the field system magnetic flux. The 
generation torque is increased by it, and the 
rotational speed increases. However, the operating 
range, whose rate enhancement is possible by this 
method, is limited when the torque-velocity 
characteristic of the load has been determined. This 
method is effective in regions where the field 
system magnetic flux exceeds a threshold value. 
Although the armature current increases due to a 
weakening field, generation torque and rotational 
speed reversely decrease when the field system 
magnetic flux is smaller than this threshold value. 
The permanent-magnetic BLDC motor whose 

maintainability and controllability outperform the 
DC motor is mainly utilized today. By improving 
the characteristic of the permanent magnet 
material, this motor’s characteristic are also 
improved. This motor is mainly used in the factory 
automation field. In the BLDC motor, equivalent 
weakening field control, which closely resembles 
the above DC motor, is also established.  

In this paper, we consider the non-salient BLDC 
motor in which the permanent magnet is located on 
the rotor surface. Since only quadrature axis 
armature current iq contributes to the torque, only 
iq generally flows. However, when the source 
voltage reaches maximum value, the field system is 
equivalently weakened by running direct-axis 
armature current id. When the load’s 
torque-velocity characteristic has been determined, 
the region where the rotational speed increase has 
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been limited as the field system is equivalently 
weakened. If this limit is exceeded by weakening 
field system, iq reversely decreases, the motor 
generation torque and the rotational speed decrease. 
Therefore, the idm of optimum value id, in which iq 
takes maximum value iqm exists. When iq=iqm, 
motor generation torque, T also becomes maximum 
value Tm. Naturally, rotational speed  also takes 
maximum value m at this time. Furthermore, the 
value of Tm varies due to the motor constant value. 
A motor constant that maximizes Tm can be 
considered the optimal constant.  

The equivalently weakening field system is 
operated before the source voltage reaches 
maximum value, in the case of the structure of a 
BLDC motor, where the permanent magnet was 
embedded in the rotor, reluctance torque operates 
effectively and high efficient operation becomes 
possible [1]. 

In the case of equivalently field weakening 
control, the optimal value of the d-axis inductance 
is determined using a different method [2]. In other 
words, when the maximum armature current value 
(rated value) is given, the optimal value of the 
d-axis inductance is determined by this rated value 
and the armature magnetic flux linkage number of 
permanent magnets. The load’s torque-velocity 
characteristics are supposed to be optionally chosen 
in that determination. Furthermore, ra is 
disregarded because the effect of the voltage drop 
by armature resistance ra of the BLDC motor is 
slight in order to examine them in the high speed 
area. 

In this paper, we adopt a non-salient type BLDC 
motor and examine the determination method of an 
optimal motor constant value that maximizes the 
output in equivalent weak field control. However, in 
the case of the acceleration and deceleration’s 
operation, we can run the armature current over 
the rated value for a short time, without setting the 
maximum armature current value which is 
generally done. In reality, there are many cases in 

which the load’s torque-velocity characteristic has 
been determined; hence in this paper, we can 
assume it has been determined. Since most BLDC 
motors are small type less than dozens of kW, there 
are cases where ra is comparatively big. Therefore, 
ra cannot always be disregarded. Consequently, ra is 
analyzed and not disregarded. In addition, the 
condition in which load’s characteristic does not 
influence the optimum constant value is clarified.  
Furthermore, when generating maximum output, 
the value of armature currents, the power factor, 
and efficiency can be calculated. Finally, this theory 
is verified by experiments.  

 
2. Locus of current vector.  

 For fan and pump loads, the load torque 
becomes a function of the rotational speed in the 
steady state. These are the loads of BLDC motors. 
In this section, we consider the locus of the current 
vector during rotational speed increases: in other 
words, the locus drawn by the current vector’s tip.  

The load torque is given as a sum of the unrelated 
term Tl at the rotational speed and term D  in 
proportion to the rotational speed.  
Equation (1) is established since the motor’s 

generation torque and load torque are equal in the 
steady state. The positive direction of the magnetic 
flux and current uses the right-hand rule, Eqs. 
(2)~(5) show the fundamental equations of the 
per-unit system when we assume that the q-axis is 
90 further than the d-axis. However, we assumed 
that the non-salient pole machine is at a steady 
state.    

)5.(........................................

)4........(..........
)3.....(....................

)2.........(....................

)1..(..............................TDT
222

l

q

qadq

daqd

qd

iT
irLiv

irLiv
vvv

 

Here, v is the terminal voltage, vd is the direct-axis 
component of v, vq is the quadrature-axis 
component of v, L is the synchronous inductance, 
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and  is the number of armature magnetic flux 
linkages due to the permanent magnet.   
The following equation is obtained by substituting 

Eqs. (3) and (4) into Eq. (2): 

)6.(..............................

2

222

2

222

2

222

2

a

a

a
q

a
d

rL

v

rL
r

i
rL

Li

 

Figure 1 shows the circle Eq. (6) in the id-iq plane. 
(a,b) is the circle center coordinate, and c is the 
circle’s radius. The locus of the center coordinate 
becomes (d,0) when  changes. Now, the origin 
point is the central point when  is 0, and it 
becomes (e,0) when  is infinite. However, a~e of 
the superscription is given in the following 
equation. 
 

L
-
2L
-d

)(

)(

)(
a

222

222

222

2

e

rL

vc

rL
rb

rL
L

a

a

a

a

 

 
Fig. 1. Circle shown by Eq. (6) 

 

 
Fig. 2. Relation between  and iq

 
The following equation is obtained from Eqs. (1) 

and (5):   

(7)……………............../)(iq lTD   

From Eq. (7), the relation between  and iq is shown 
(Fig. 2). In the same figure, the operating point of 

=0 and iq=iq0 is determined by P0 and so on. The 
maximum rotational speed in this load is 
determined by m of point Pm. Therefore, P0~Pm 
becomes the operable region.  
When point P0 extends to point Pm in Fig. 2, the 

locus of current vector at the id-iq plane (Fig. 3) can 
be determined. Since the load torque is small at 
region =0~ 1, an equivalently field weakening 
method is unnecessary; we can assume id=0. 
Therefore, in Fig. 3, the operating point of A0 and A1 
in the id-iq plane consists in proportion to point P0 
and P1. Operating point A0 is the intersection point 
between the circle made by Eq. (6) and the iq-axis. v 
may be increased to move the operating point from 
A0 to A1. Assume v becomes maximum value Vm at 
operating point A1. In other words, circle C1 is the 
figure made when v=Vm, = 1 in Eq. (6).  
iq must be increased from iq1 to iq2 to increase  

from 1 to 2 in Fig. 2. The intersection point 
between straight line iq=iq2 and circle C2 from Eq. 
(8) becomes the operating point A2 in Fig. 3.  
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Fig. 3. Current vector locus when load characteristics are 

settled. 
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Two values of│id│which are small and big, exist 
as an intersection point. Between these two 
intersection points, small│ id│ is more efficient; 
hence it becomes operating point A2. iq can be 
increased by generating negative id. Consequently, 
rotational speed increases. The operating point A3 
from Fig. 3 can be determined using the same 
method.  
iq must be increased to iqm to move operating point 

P3 to Pm in Fig. 2. Straight line iq=iqm meets circle 
Cm from Eq. (9) at operating point Am in Fig. 3.  
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Operating point Am has a maximum point of iq in 
circle Cm. Coordinate (idm, iqm) of operating point Am 
can be determined from Eq. (9). They become the 
following equation:   

)10......(....................i 222

2

dm
am

m

rL
L

)11.......(222

222

am

amamm
qm rL

rrLV
i   

The following equations are obtained from Eqs. 
(10) and (11) when ra=0:   

)12.....(............................../ Lidm  

)13.(............................../ LVi mmqm  

The next fact is proven from Eqs. (12) and (13). 
When ra is small, idm is almost determined by motor 
constant, and iqm is determined by the motor 
c

chine constant and the load 
characteristic. 
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q. W

onstant and load characteristics. 
Equation (14), which is the 6th algebraic equation 

of maximum rotational speed m given from Eqs. (7) 
and (11) may be solved to obtain the value of m 
from the ma

)14...(..........0)( mala VrTr

As stated above, if the load characteristic is 
determined, the locus of the current vector reaches 
maximum speed operating point Am after passing 
points A1, A2, and A3 from point A0. Operating point 
Am is also the maximum output operating point. 
d /did is 0, since gradient diq/did in operating point 
Am is 0. The gradient (absolute value) of the circular 
locus of the current vector during a field weakening 
system is small. Therefore, a large absolute value of 
id is required to slightly increase i e must adopt 

armature current, 22
dmi qmi , which is 

determined from Eqs. (10) and (11), as a short-time 
rated current of a BLDC motor.  

 and 2 becomes the maximum values of iqm and m  
 

3. The optimal constant. 
  As shown in Section 2, points Am and Pm in Figs. 
3
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Fig. 4. Variation of m caused by change of motor 

parameters. 

 
of the motor when idm in Eq. (10) flows. These 
maximum values vary by the motor’s constant 
value. In this paper, such motor’s constant value is 
called the optimal constant.  
As ra changes, the change of m can be determined 

from Eq. (14) and is shown in Fig. 4(a).  As ra 
increases, m decreases, and finally becomes 0. The 
relationship between m and L is shown in Fig. 4(b) 
using the same method. As L increases, m also 
increases; after it becomes a maximum value, it will 
decrease. This tendency is more remarkable, as is 
smaller. 
In this section, we examine the L value that 

maximizes m (the optimal value of L). The 
following equation, which shows L’s optimal value 
L0 by differentiating both sides in Eq. (11) by L, is 
substituted for d m/dL=diqm/dL=0, and maximizes 

m of L.   

)15.......(....................
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4
L 22

222
2

0
mmqmm

aqmmm
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However, mm is m at L=L0. iqmm is iqm at L=L0.  

In Eq. (11), the following equation is established 
when L becomes L0 in Eq. (15): 

)16....(..............................
4

2

qmma

m
mm ir

V
  

The following equation is obtained from Eqs. (7) 
and (16):
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(a) ra- m characteristic

The following equation is obtained from Eqs. 
(15)~(17): 
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 L0 can be determined by substituting various 
constants in Eq. (18).  

(b) L- m characteristic

The ra-L0 characteristic, which is determined 
using Eq. (18), is shown in Fig. 5(a). Eq. (18) is 
justified since Fig. 5(a) and the result from Fig. 4(b) 
match. L0 strongly receives the effect of ra. 
Generally, ra’s value is approximately 0.2. If ra has 
such a value, L0 is approximately proportional to ra. 
If ra is larger than 0.964, L0 and mm cannot exist 
because m at Fig. 4(b) becomes a monotonically 
decreasing function in L if ra increases. In that case, 

m becomes maximum at L=0. However, in reality, 
ra cannot exceed 0.964 (pu). 
 The -L0 characteristic, which is determined 

using Eq. (18), is shown in Fig. 5(b). Generally, ’s 
value is approximately 1. Therefore, L0 is 
approximately proportional to . The D-L0 
characteristic, where the parameters are ra and , 
is shown in Fig. 5(c). Similarly, the Tl-L0 
characteristic is shown in Fig. 5(d). The next fact is 
proven from both figures.  
In case the load has small D, T1, L0 is large, and 

the decrease of L0 is so slight that even D, T1 
increases. L0 = L00 when D and T1 is 0. L00 can be 
shown by the following equation, when Eq. (18) is 
used.  

70  

Fig. 4. Variation of m caused by change of motor 

parameters. 

(b) L- m characteristic 

70  

(a) ra- m characteristic 
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 )1900 ma Vr .(............................../2L   

The condition in which L0 L00 is established, 
even if D and T1 increases, is that ra is small and   

4

kening method when L takes the optimal value 
L

 

is large.  
. Examination of power factor and efficiency.   
In this section, we examine the armature currents, 

the power factor, and the efficiency during the 
maximum output operation of an equivalently field 
wea

0. 

 

Fig. 5. Variation of L0 caused by change of parameters. 
When L=L0, armature current imm during the 

maximum output operation is determined. iqmm at 
this time can be derived from Eq. (16) and is shown 
by the following equation:    

)20.......(....................
4

i
2

qmm
mmar

Direct-axis armature current i

mV
 

d (20), can be 
shown by the following equation:    

dmm, which is 
determined from Eqs. (10), (15), an

)21......(
4 mmar

4
i

222

dmm
mmmm VV

   

1), can be shown by the 
following equation:    
 

mm at Eqs. (20) and (21) is calculated from Eq. 
(17). imm(= (idmm2+iqmm2)), which is determined 
from Eqs. (20) and (2

)22......(....................).........2/( ammm rVi   

 
Eq. (22) can be transformed like the following 

equation using Eq. (19). 
 

)23.........(............................../ 00Limm   

Next, the power factor is calculated for carrying 
out the maximum output operation at L=L0. This 
time vd, vq is respectively made to be vdmm, vqmm. 
The following equation is calculated from E . (3) 
and (4):    

0 qmmadmmmmmmqmm

dmma

ir
  

The following equation is calculated from Eqs. (15), 
(20), (21) and (24):    

qs

)24.........(
v 0dmm qmmmm

iLv
iriL
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222
mmm
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The following equation is calculated from Eqs. (20) 
and (21).    
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ra-L0 characteristic

-L0 characteristic

D-L0 characteristic

Tl-L0 characteristic
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 The phase of the voltage and current vectors 
corresponds to each other by understanding Eq. 
(25), and (26). The power factor becomes 1. The 
following equation on vqmm is calculated from Eqs. 
(2) and (25): 

cal loss, 
etc. are ignored: only the copper loss is considered. 

mm is given by the following equation:   

)27.........().........2/(2
mmmqmm Vv  

Next, motor efficiency mm is calculated for 
carrying out the maximum output operation at 
L=L0. For simplicity, core losses, mechani

 

)28..(..........2
qmmmmmma

qmmmm
mm iir

i
 

The following equation is determined by 
substituting Eqs. (20), and (22) into Eq. (28):    

 

)29......(..............................5.0mm  

 
Therefore, motor efficiency falls to 50% for the 

following reasons. The increase of the armature 
current is getting larger when equivalently 
weakening field control is executed. However, the 
increase of the motor output does not increase very 
much. The output of operating point Am in Fig. 3 
and the output of the maximum output operating 
point A1 without equivalently weakening field 
control does not change very much. However, the 
absolute value of direct-axis current idmm of 
operating point Am, which does not contribute to the 
torque, greatly increases. As a result, the copper 

mm increases, and lowers 

 2.89 [A], and the 
r

ency is 2 [kHz]. A separately 
e

e 
i

he 
calculation and measurement results 
a
e

utput operation is carried 
out as L set to 
0. 8), L0=0.334 [pu]: the value 
of

sted machine 

loss of armature current i
mm.  
 

5. Experimental result 
  A ferrite magnet and four poles of a non-salient 
BLDC motor were used in the experiment. The 
rated capacity was 500 [W], the rated line voltage 
was 100 [V], the rated current was
ated motor speed was 2000 [rpm]. The measured 

values of the various parameters of the tested 
machine are shown in Table 1.   
The command voltage signal is generated from a 

PC to a place voltage vector in an optional angle 
with regards to the d-axis of the rotor. A PWM 
signal is made by comparing this and the triangular 
wave. The motor is driven by a transistor inverter. 
The carrier frequ
xcited DC generator is used as the motor load. The 

measured load constants are D=0.319 [pu] and 
Tl=0.295 [pu].    
The synchronous inductance of the BLDC motor, 

which was 0.334 [pu] (Table 1) can equivalently b
ncreased by connecting the reactor to each phase of 

the motor in a series. By doing this, the L of the 
identical motor can be increased by 0.334 [pu].    
With regards to value L, the size of voltage vector 

was fixed at (Vm=0.600), and the angle between the 
d-axis and the voltage vector was changed. vd, vq, id, 
iq, and  change due to this angle’s change. By 
doing this, the operating point was determined at 
which rotational speed  became the highest. This 

 is m. The value of each m is obtained in the 
same way with regards to several L’s value, and Fig. 
6 is determined. The solid line in the same figure is 
the calculation result obtained from Eq. (14). T

pproximately agree and m of maximum value mm 
xists. From Eq. (18), L0 becomes 0.457 (Fig. 6). 

Next, we examined various characteristics 
when the maximum o

 takes optimum value L0. Vm is 
807 [pu]. From Eq. (1
 L in a single motor. 

Table 1.  Parameters of te

Armature resistance ra 0.169 

Number of armature magnetic flux 

linkages of permanent magnets  

0.876 

Synchronous inductance L 0.334 

Then, the maximum output operating point when 
the reactor is not connected in the motor is searched. 
In this case, the waveforms of the command voltage 
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and the motor current are recorded in Fig. 7. From 
this figure, the phase difference of the voltage and 
the current is approximately 0, and hence the 
experiment and theory approximately agree. imm 
changes to 2.37 [pu] from the current waveform 
shown in this figure. imm, which is calculated from 
Eq. (22), is 2.39 [pu], and both values are almost the 
same. mm is 1.12 [pu], since the frequency in Fig. 7 
is 74.8 [Hz]. iqmm becomes 0.981, if such measured 
values as Vm and mm are substituted in Eq. (20). If 
hese values are substituted in Eq. (28), mm 

and it almost agrees with 0.5 of the 

ore, the maximum value is changed by 
the motor constant value, and the motor constant 
value that maximized it is called the optimum 
value.  

t
becomes 0.487, 
theoretical value. 
 
6. Postscript. 
   When the torque-velocity characteristic of the 
load does not change in the BLDC motor, the output 
can be maximized by equivalent weak field control. 
Furtherm

 
Fig. 6. Measurement results of L- m characteristics 

 
Fig. 7. Relation between voltage and current when  

m = mm

In this paper, we analyzed the characteristics of 
synchronous inductance optimum value and 

non
sum
(1)

ning control. The motor output also 

(2)

m value L0. Equations 

(3) t L00 (=2ra Vm) without 

(4)

field weakening at L=L0. 

 
 considered.  

R

n Industry Application, IA-22, 738 (1986) 

[2] S. Morimoto, Y. Yuge, Y. Takeda, T. Hirasa : “Motor Parameters 

and Operating Limits of PM Motor,” IEEJ D, vol. 110, No. 11, 

1990 (Japan) 

maximum output operation in terms of a 

-salient pole BLDC motor. The results are 
marized below.  
When the torque-velocity characteristic of the 
load is constant, it gives idm, iqm value from id, iq 
of maximum rotating speed m. The value of idm 
is always negative. Therefore, the rotating 
speed is always maximum due to equivalent 
field weake
becomes maximum when the rotating speed is 
maximum. Equations idm and iqm can be 
deduced.  
When the armature current becomes optimum 
value idm, iqm while the load’s torque-velocity 
characteristic is constant, maximum value 
rotating speed m changes due to the values of 
the motor constant value. m increases when ra 
is small. m becomes maximum value mm, 
when L becomes optimu

mm and L0 can be deduced. mm is determined 
by Vm, ra and the load constant. mm does not 
receive the effect of . 
L0 becomes almos
receiving the effect of the load characteristic, 
when is big and ra is small. L0 is almost 
proportional to ra. 
The armature current becomes Vm/(2ra) when 
the maximum output operation is conducted 
due to equivalent 
Moreover, the power factor becomes 1, and the 
efficiency becomes 50% when only the copper
loss is

(5) An experiment was conducted based on the 
above theory, and both approximately agree.   
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Coulometric analysis of ethanol oxidation reactions 
catalyzed by acetic acid bacteria 
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     Gluconobacter oxydans has a characteristically active respiratory chain oxidizing ethanol to accumulate 

acetic acid in the culture medium. Acetic acid fermentation from ethanol by acetic acid bacteria is accomplished 

by two sequential catalytic reactions of membrane-bound dehydrogenases. The function of G. oxydans cells was 

combined with electrode process by immobilizing G. oxydans cells on the carbon fiber electrode surface, where 

Fe(CN)6
3  was used as an electron transfer mediator. We also discuss unsolved issues and future prospects related 

to this bioelectrochemical system. 
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(1) Lydia Anggraini  “Study on Microstructure and Mechanical Properties of Ceramic Composites 
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1 The use of muscle near-infrared spectroscopy in sport,health and medical sciences: recent developments. 

Takafumi Hamaoka, Kevin K. McCully, Masatsugu Niwayama, Britton Chance. Phil. Trans. R. Soc. A. 

369, pp.4591-4604. 2011. Oct.  

2 Relationship between reduced lower abdominal blood flows and heart rate in recovery following cycling 

exercise. T.Osada, H.Iwane, T.Katsumura, N.Murase, H.Higuchi, A.Sakamoto, T.Hamaoka, 

T.Shimomitsu. Acta Physiol(Oxf). 204(3), pp.344-353. 2011.Sep. 

3 Attenuation of Muscle Deoxygenation Precedes EMG Threshold in Normoxia and Hypoxia. Takuya

Osawa, Ryotaro Kime, Takafumi Hamaoka, Toshihito Katsumura, Masayoshi Yamamoto. Med Sci Sports 

Exerc. pp.1406-1413. 2011. Aug. 

4 Increased muscular dehydroepiandrosterone levels are associated with improved hyperglycemia in obese 

rats. Sato K, Iemitsu M, Aizawa K, Mesaki N, Fujita S. Am J Physiol Endocrinol Metab. 301/2,  

pp.274-280. 2011. Aug. 

5 Unperceivable noise to active light touch effects on fast postural sway. Tetsuya Kimura, Motoki Kouzaki, 

Kei Masani, Toshio Moritani. Neuroscience Letters. 506/1, pp.100-103. 2012. Jan. 
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MEMS

Micro Electro Mechanical Systems MEMS
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1) M. Kiso, M. Okada, A. Tamano, H. Fujiura, H. Miyauchi, K. Niki, H. Tanigawa, and K. 
Suzuki, “MEMS Resonator Utilizing Torsional-to-Transverse Vibration Conversion,” Japanese 
Journal of Applied Physics, Vol. 50, pp. 06GM03: 1-7, 2011.
2) K. Hashimoto, K. Ito, H. Tanigawa, and K. Suzuki, “Evaluation of a Single-Crystal-Silicon 
Microelectromechanical Systems Resonator Utilizing a Narrow Gap Process,” Japanese Journal 
of Applied Physics, Vol. 50, No.6, pp. 067201: 1-8, 2011. 
3) M. Kiso, M. Okada, H. Fujiura, H. Miyauchi, K. Niki, H. Tanigawa, and K. Suzuki, “High Q-factor 80 

MHz Resonator Utilizing Torsional-to-Transverse Vibration Conversion,” Digest of 2011 International 

Microprocesses and Nanotechnology Conference, Kyoto, The Japan Society of Applied Physics, 25B-3-2, 

2011. 

4) T. Okamoto, H. Tanigawa, and K. Suzuki, “Lame-Mode Octagonal MEMS Resonator Utilizing Sliding 

Driving Electrodes,” Digest of 2011 International Microprocesses and Nanotechnology Conference, Kyoto, 

The Japan Society of Applied Physics, 27P-11-151L, 2011. 

5) K. Suzuki, “MEMS Resonator: What is the challenge?” Digest of 2011 International Microprocesses and 

Nanotechnology Conference, Kyoto, The Japan Society of Applied Physics, 25B-3-1, 2011 (invited). 
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24 3D Division, I-Net Corporation
3

25
25 26 15

12 46
12

25
24 26 17

”Haptic and Audio 
Interaction Design” , LNCS 6851, Springer (2011)
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2004

International Symposium on Ubiquitous Healthcare (uHealthcare)

8 9 20 22
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9 21

2011 5

10 16

20 21 15

291

uHelathcare2012 2012 10 Gyeongju

Kwang Suk Park
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11

24

222
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291

Tuesday September 20 

1U1  13:10 - 14:50

Bioinstrumentation I 

Chair: Toshiyo Tamura (Chiba University)

Chair: Keun Ho Ryu (Chungbuk National University) 

1U1-1

Forehead EOG Signal Measurement for Cap-based Human-Computer
Interface

Jeong Heo (Seoul National University
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Hyun Jae Baek Seoul National University
Min Hye Chang Seoul National University
Kwang Suk Park Soeul National University

1U1-2 

Automatic Detection of Anthropometric Parameters usoing 2D Images 
Fozia Rajabdad Kyung Hee University Global Capmus South Korea
Fakhira Anwar Kyung Hee University Global Capmus South Korea
Seung Hun Park Kyung Hee University Global Capmus South Korea

1U1-3 

Measurement method of pulmonary blood flow using eIectrical impedance 
tomography

Satoru Nebuya School of Allied Health Sciences Kitasato University
Kei Ebihara School of Allied Health Sciences Kitasato University
Makoto Noshiro School of Allied Health Sciences Kitasato University

1U1-4 

Development of A New Fitness Index Based on Non-invasive Assessment of 
Cardiac Reserve Using Electrical Admittance Cardiography 

Shinobu Tanaka Graduate School of Natural Science and Technology
Kanazawa University

Tempei Ohkanemasa Graduate School of Natural Science and 
Technology Kanazawa University

Masamichi Nogawa Graduate School of Natural Science and Technology
Kanazawa University

Mitsuhiro Ogawa Graduate School of Natural Science and Technology
Kanazawa University

Ken-ichi Yamakoshi Graduate School of Natural Science and 
Technology Kanazawa University

1U2 15:40-17:20 

Signal Processing 

Chair: Kazuki Nakajima (University of Toyama) 

1U2-1 

Development of a New Personal Identification Method During 
Door-Opening Operations Using a WII Balance Board 

Kazuki Nakjima Division of Bioinformation Faculty of Engineering
University of Toyama

Kiyoshi Sakai Division of Bioinformation Faculty of Engineering
University of Toyama
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Kazuo Sasaki Division of Bioinformation Faculty of Engineering
University of Toyama

1U2 2

Development of the Time and Frequency Domain Analysis Framework for 
the Heart Rate Variability Analysis 

Dae-Geun Jang Korea Advanced lnstitute of Science and Technology
Umar Farooq Kyunghee University
Jae-Keun Jang Kyunghee University
Seung-Hun Park Kyunghee University
Minsoo Hahn Korea Advanced lnstitute of Science and Technology

1U2-3 

A Study on the Software Validation Guideline for Smart u-Healthcare 
Applications 

Jae-Keun Jang Kyunghee University
Dae-Geun Jang Korea Advanced lnstitute of Science and Technology
Seung-Hun Park Kyunghee University

1U2-4 

Automated System for Exercise Prescription using Evolutionary 
Computation and Data Mining Technologies 

Fakhira Anwar Kyung Hee University Global Capmus South Korea
Fozia Rajabdad Kyung Hee University Global Capmus South Korea
Seung Hun Park Kyung Hee University GlobalCapmus South Korea

Wednesday September 21 

2U1 9:05-12:00 

Bioinstrumentation II 

Chair: Yong Gyu Lim (Sangji University) 

Chair: Masayuki Nambu (Osaka Electro-Communication University) 

2U1 1

Evaluation of Thermal Noise Level in Indirect-contact ECG 
Yong Gyu Lim Sangji University

2U1-2 

Behavior Momitoring System on WWW Using Flash 
Hiroki Takeuchi OsakaElectro-Communication University
Masayuki Nambu Osaka Electro-Communication University

2U1-3 

12-lead ECG Derivation using Four Capacitive EASI-lead Electrodes 
Hyun Jae Baek Seoul National University
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Jeong Heo Seoul National University
Yong Gye Lim Sangji University
Kwang Suk Park Seoul National University

2U1-4 

The Effects of Light Source on Wearable Photoplethysmograph Sensors 
during Walking 

Yuka Maeda Graduate School of Engineering Chiba University Chiba
Japan

Masaki Sekine Graduate School of Engineering Chiba University
Chiba Japan

Toshiyo Tamura Graduate School of Engineering Chiba University
Chiba Japan

2U1-5 

Sleep Posture Estimation from Capacitively Measured 12-Channel ECG 
Hong Ji Lee Seoul National University Republic of Korea
Seung Min Lee Seoul NationalUniversity Republic of Korea
Su Hwan Hwang Seoul National University Republic of Korea
Hee Nam Yoon Seoul National University Republic of Korea
Kwang Suk Park Seoul National University Republic of Korea

2U1-6 

Deep and Light Sleep Estimation with BCG Signal HRV Using Support 
Vector Machine 

Heenam Yoon Seoul National University
Gihsung Chung Seoul National University
Suhwan Hwang Seoul National University
Sojin Lee Seoul National University Hospital
Do-un Jeong Seoul National University Hospital
Kwang Suk Park Seoul National University

2U1-7 

Assessment of Mental Stress by Incoherent Oscillations of Respiratory 
Sinus Arrhythmia 

Kyuichi Niizeki Depanment of Bio-system Engineering Graduate School 
of Science and Engineering Yamagata University

Whkana lmano Depanment of Bio-system Engineering Graduate School 
of Science and Engineering Yhmagata University

Naoki Harada Department of Bio-system Engineering Graduate School 
of Science and Engineering Yamagata University
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Tadashi Saitoh Depanment of Bio-system Engineering Graduate School 
of Science and Engineering Yamagata University

2U2 13:00 - 14:00 

Poster Session 

Chair: Shinobu Tanaka (Kanazawa University) 

2U2-1 

A Bio-Textmining System for Protein-Protein Interaction Extraction 
Meijing Li Database and Bioinfbrmatics Laboratory in Chungbuk 
National University

Tsendsuren Munkhdalai Database and Bioinformatics Laboratory in 
Chungbuk National University

Taewook Kim Database and Bioinformatics Laboratory in Chungbuk 
National University

Peipie Li Database and Bioinformatics Laboratory in Chungbuk 
National University

Keun Ho Ryu Database and Bioinfbrmatics Laboratory in Chungbuk 
National University

2U2-2 

Risk Factors of Major Adverse Cardiac Events after Percutaneous Coronary 
Interventionin Non ST Elevation Myocardial Infarction 

Ho Sun Shon Database  Bioinformatics laboratory Chungbuk 
National University

Kwang Sun Ryu Database  Bioinformatics laboratory Chungbuk 
National University

Soo Ho Park Database  Bioinformatics laboratory Chungbuk 
National University

Keun Ho Ryu Database  Bioinformatics laboratory Chungbuk
National University

Eun Jong Cha Department of Mechanical Engineering Chungbuk
National University School of Medicine

Jang Whan Bae Department of lnternal Medicine Chungbuk National 
University School of Medicine

2U2-3 

Comparison of the Center of Gravity Unrest by Having Visual Suggest or 
Not

Nobuko Shichiri Bukkyo University
Shima Okada Ritsumeikan University
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Masaaki Makikawa Ritsumeikan University
SpeciaLIecture  15 00 18 30

"Ubiquitous Healthcare Technologies of ASIA" 

Chair: Toshiyo Tamura (Chiba University) 

“Nonintrusive Sleep Monitoring for and Ubiquitous Healthcare” 
Prof. Kwang Suk Park Seoul University

“Clinical Trial Using Ubiquitous Healthcare System in Korea: Smart Care 
Project for Metabolic Syndrome & Obesity” 

Prof. BeLong Cho Seoul University
“Cardiovascular Health Informatics: Wearable Sensing and Medical 
Imaging Techniques for the Non-Invasive Identification and Monitoring of 
Vulnerable Patients” 

Prof. Yuan-Ting Zhang Chinese University of Hong Kong
“Research on Ubiquitous Healthcare: Our Experience” 

Prof. Toshiyo Tamura Chiba University
Thursday September 22 

3U1 9:45-11:15 

Clinical Application 

Chair: Kwangsuk Park (Seoul National University) 

Chair: Shima Okada (Ritsumeikan University) 

3u1-1 

Non-restrictive Monitoring of Swallowing Frequency Using a Throat 
Microphone

Hajime Tsujimura Graduate School of BioMedical Engineering Osaka
Electro-Communication University

Hideaki Doi Graduate School of BioMedical Engineering Osaka
Electro-Communication University

Masafumi Matsumura Graduate School of BioMedical Engineering
Osaka Electro-Communication University

3U1-2 

Developing Technology of Remote Consultation Based on Mobile and 
Evaluation of the Usefulness for Chronic Wound Pressure Ulcer

Chan Young Heo Seoul National University Bundang Hospital
Ji Eun Kim Seoul National University Bundang Hospital

3U1-3 

Oxygen Saturation Monitoring Without Direct Skin Contact Preliminary 
Study 
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Jongmin Lee Seoul Nationaln University
Hyunjae Baek Seoul National University
Kwangsuk Park Seoul National University

3U1-4 

Aspects of the Gross Movement Monitoring by Video Analysis for Clinical 
Applications 

Shima Okada Ritsumeikan University
Masaaki Makikawa Ritsumeikan University
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43 SSS’11

2011 10 28 29

10 28 ,
10 29 BKC 21

43 
SSS'11 The 43rd 

ISCIE International Symposium on Stochastic Systems Theory and Its 
Applications 

25

(BKC) 
,

101 64 
37 2 69

Proceedings 2012 5
Proceedings paper 

Peer Review 2012 11
2013 2

2 2
BKC 3

Banks N. C. State
University Propagation of Uncertainty in Dynamical Systems

Kappel  (University of Graz) Methods of 
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Parameter Subset Selections 

28 80
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2 2
50

R-GIRO

JST

50
10 :11 :18 PD:11

12:00-12:10 
12:10-12:40
12:40-13:10

13:10-13:30

13:30-13:50 The structure of metallic glasses and its behavioral 
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characteristic
Prof. Chaoli Ma 

14:00-14:20  Numerical prediction of deformed microstructure subjected 
to plastic forming and its macroscopic strength ( )

NIMS
14:20-14:40 Atomistic simulation on strength of bulk nanostructured 
metals

Dr. Guo-Jie J. Gao
14:40-15:00 Cavity sintering behavior during the hot isostatic pressing 
rejuvenation of turbine blades Dr. Zhao 
Zihua
15:10-15:30 Creep mechanism transition in nanocrystalline metals

Dr. Yunjiang Wang 
15:30-15:50 Fabrication of Tool Steel / Carbon Steel Complex Harmonic 
Structured Material
15:50-16:10 Fracture path analysis for metallic materials by means of 
FRASTA technique

16:20-16:50
16:50-17:40 
17:40-17:55
18:00-20:00 BKC
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BKC 3

2011 12 17 12 30 17 55

CC101

3
9 4 11

33 53

4

7

ABC

3
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2011 12 9 15 00 17 00
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