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Development of the rocking electric power generator cluster system
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Measurement of the local heat transfer coefficient of in a vessel during filling steam

c
Vs

Ts

Tg

Te

h
A0

A1

q

(Tw1)
(Tw2)

(Tw3)

(Tw4)

(Tw5)

(Tw7) (Tw6)

(Tg2)

(Tg3)

(Tg1)

(Tg4)

ME2206

Ts Tg

ha

D

g

ht

Tg

A0

A1

Ts

r0

r1

r2

q L

Te

r

T

8



1 08

GHP

GHP 10%

!!

[ W/(m K) ][ W/(m K) ]

c

,

t , p

GHP 10

GHP

t1 2 3

=Qp + 

p

K

t GHP 10%

p GHP
.

p

GHP method

!

9



1

Sketch T.NAKAI

fd
L fl

Feathering Rate /

2

L
D
F
Fx
Fy

10



scFLOW pre

4. scFLOW

1

8  

CFD

1( )

.

13 26

15 25

6.

5.
2

2 9 2

10 13

SOLIDWORKS Flow Simulation
scFLOW(Student Edition)

10 03.
SOLIDWORKS

3

4  5  

7  

3 JAXA

4

5

2.

2

2  

2 [4]

2 [4] scFLOW

14000[m]

1.40

287.0[J/kgK]

110.4[K]

1.6(472.1[m/s])

293.15[K]

216.65[K]

754.64[Pa]

3.63[ ]

6

scFLOW solver scFLOW post

0

1

2

3

4

5

6

7

8

0 20 40

L
/D

[deg]

SOLIDWORKS 
Flow Simulation
scFLOW

9

(a) (b)

(a) (b)
11 13

(a) (b)
13 40

(a) (b)
12

6 6
50m 250m 125m

1

10 0

CFD Analysis for Optimum Supersonic Aircraft Search for Wing Surface Geometry

11



12



Changes in Urban Formation Based on the Smart 
City Concept
IB1 Hiroki Abe

Background

Previous Research

Smart City Concept

Super City Initiative in Japan

We all are facing various issues in today
Shopping refugee and vulnerable road users due to aging population,
Increased administrative costs due to aging urban infrastructure,
Depopulation of cities due to unipolar concentration.

In addition, the development of new technologies is more intensified than 
before, and the pursuit of efficiency is greater than ever before.

With the UN setting the SDGs, many people 
have become interested in social issues, and 
many actors in various sectors are taking on a 
global issues.

And , in urban development , new concepts 
have risen in.

Definition :Sustainable cities and regions that continue to create new value
and solve various urban and regional issues through advanced management
(planning, development, management, operation, etc.) while utilizing new
technologies such as ICT, and that are the leading realization of Society 5.0.

This concept tends to focus on the element of digitalization, but its true goal
is well-being, and the city is being developed from the human-centered
perspective of how to make people happy with new technology.

= The ideal is to reduce infrastructure costs to the environment while
providing a high quality of life.

In Japan, due to population concentration in urban areas, 
population in rural areas have decreased.
These trends cause a variety of problems for our civic life in 
both areas.

Therefore, regional transformation is pressingly  needed.

How can urban transformation be promoted to get out of 
that situation?

Tsurushi, Sawamura, Suzuki, and Sakai (2022) conducted a literature
review on the definition of smart cities in various countries.

The survey suggested that countries with advanced technology, such as
Europe and China, use IoT and AI to collect and analyze data as a means
to smart cities, while ASEAN and Africa do not limit the means to
technology, but use a broader definition that includes non-technological
innovation.

However, the study did not examine the definition of a corporate
(private sector)-led smart city or its purpose.

Ishigami, Motohashi, Imai, and Torii (2021) proposed a new concept
proposal for smart cities from a monetization perspective regarding
business models to make smart cities sustainable.
This proposal discusses the effectiveness of smart service provision

that is not confined to "urban boundaries".
However, this proposal is based on economies of scope and scale and

may not provide a return on investment above a certain size.

A Super City is a city that
-interconnects various systems used in everyday 
life,
-implements  cutting-edge technology in practical 
ways, 
-and is informed by the lifestyle of the people 
who live there.

Objective : Compose a society based on a data 
collaboration infrastructure (urban OS) that 
transcends the boundaries of fields and 
organizations

Smart City Concept

The "living environment improvement" tinge is 
strongly pushed, including the use of solutions to 
residents' problems and residents' perspectives.

Source : The National  Strategic Special Zone, Cabinet Office

SSm

Smart City

Super City

Society5.0

Imu (2020) classifies financing methods in smart cities into four
categories and provides a comparative analysis of each method.

This analysis shows that SIBs and BIDs are two methods of financing
that originate from private funds, while the other two are based on
public capital.

It also indicates that although it is a concept in TIF, it has not yet been
introduced in Japan.

One of the reasons why TIF have not been introduced in Japan is that
Japan is a conservative country when it comes to investment in the
future, and it is difficult to gain the understanding of citizens when
introducing TIF as a system.
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Cities
Number 

of 
facilities

Neighbors Landscape Cultural Nature Livestock facilities Heat supply network Access 

Urban area 11a(16) 11a(15) 11a(14)
Conservation

Act 3
11a(11) District heating Natural gas Road (highway) map

500 m 
or 

more

Less 
than 

500 m

Dupli-
cation

500 m 
or 

more

Less 
than 

500 m

Dupli-
cation

500 m 
or 

more

Less 
than 

500 m

Dupli-
cation

500 m 
or 

more

Less 
than 

500 m

Dupli-
cation

500 m 
or 

more

Less 
than 

500 m

Dupli-
cation

Adjacent, 
internal 
standing

Less 
than
5 km

5 km or 
more, less 
than 10 km

10 km 
or 

more

Adjacent, 
internal 
standing

Less 
Than
1 km

1 km 
or 

more

Adjacent, 
internal 
standing

Less 
than 
1 km

1 km 
or 

more

Municipal 
roads

Private 
roads

Access 
roads

Ringkøbing-Skjern 10(2) 10(2) 8(2) 2(0) 8(2) 2(0) 10(2) 1(0) 9(2) 6(2) 4(0) 4(1) 2(1) 1(0) 3(0) 7(1) 3(1)
Hjørring 9(2) 7(0) 1(1) 1(1) 5(1) 4(1) 8(2) 1(0) 6(0) 2(1) 1(1) 1(0) 6(0) 2(2) 3(0) 4(0) 1(1) 1(1) 2(0) 2(2) 4(0) 1(0) 4(2) 2(0) 3(0)

Skive 7(0) 5(0) 2(0) 6(0) 1(0) 6(0) 1(0) 6(0) 1(0) 6(0) 1(0) 4(0) 2(0) 1(0) 2(0) 3(0) 1(0) 1(0) 2(0) 1(0) 4(0)
Vejen 3(3) 2(2) 1(1) 1(1) 1(1) 1(1) 2(2) 1(1) 3(3) 3(3) 3(3) 1(1) 2(2) 3(3)

Esbjerg 2(0) 1(0) 1(0) 1(0) 1(0) 1(0) 1(0) 1(0) 1(0) 2(0) 2(0) 1(0) 1(0) 2(0)
Total 31(7) 25(4) 2(1) 4(2) 21(4) 7(2) 3(1) 25(6) 4(1) 2(0) 23(2) 4(1) 4(4) 2(0) 23(2) 6(5) 6(3) 16(2) 7(1) 2(1) 0(0) 2(0) 10(1) 5(4) 7(0) 7(2) 16(6) 3(0) 12(1)

Ratio(%) 81 6 13 67 23 10 81 13 6 74 13 13 6 75 19 19 52 23 6 0 6 32 16 23 23 52 10 38

R: Neighborhood Impact
H: Minimal damage from accidents
V: Consideration for noise and odor impacts

+

Distance requirement Easing the distance of 500 m(Nature Agency)
R: Secure 300 m perimeter (Possible to reduce by measures)
S: Secure 500 m from urban areas (Others are 300m from individual residences.)
E: At lest 250 m from sensitive areas such as residential areas

R&V: Placement, design with consideration for nature and landscape
H: Landscape-friendly design
S: Consideration for environment

Requests for plantings around the facility and along the road
E: Placement in consideration of the urban district and landscape

Prohibition
H: 

H: Protection of  the value of cultural monuments Abstract expressions only

R&H: Location with livestock facilities and biomass(slurry) sources
S: Proximity to livestock facilities

Distance requirement
V: Distance from livestock 

facilities (15-20 km or less)

R: Adequate accessibility
H: Proper traffic control Consideration of slurry pumps
S: Location with access to major roads in principle

Minimal neighborhood impact
V: Location with major roads
E: Location with safety and logistics in mind

R: Proximity to natural gas supply network
H: Natural gas supply network and pumping of slurry
V: Location with natural gas supply network

National Institute of Technology , Gifu College , Advanced Course     2022Y28 Yuta Funato

Under the new master plan to promote biomass utilization approved by the Cabinet in 2016, the creation of community-driven projects like biogas facilities that increase based on this goal should result in a 
carbon-neutral environment with distributed energy based on regional characteristics. However, in Japan, while studies on the location control of renewable energy-related facilities have only focused on 
photovoltaic power generation facilities, wind power generation facilities, etc., no studies dealing with biogas facilities exist. Therefore, this study created a suitable land use system design for biogas-
producing cities in Denmark to appropriately guide the siting of biogas facilities, focusing on cities currently shifting to renewable energy.

Biogas power generation
... Less sensitive to climate than solar or wind      

power & can save money. 
Assumes an important role in stabilizing 
the production of renewable energy.

"Agreement on Green Growth (2009)"
Reduce barriers to locating communal biogas facilities*.

Proposed amendments to 8 acts and regulations, including the 
Planning Act (2011)

Amendments to the Planning Act (2013)

The Minister of Environment agreed with the National Association 
of Municipalities to plan 50 biogas facilities by 2013 (2010)*There are two types of biogas production systems: the "fa-

rm type," which is installed by individual farmers, and the  
"communal type," which produces biogas by collecting fee-
dstock from multiple livestock farmers.

"Biogas facilities in the municipal plan"
Status, guidelines, etc. regarding biogas facilities in Denmark

Six items to consider.
(A) Neighbors (maintain 500 m from settlements, etc.)
(B) Nature & Landscape
(C) Cultural & Historical sites
(D) Proximity to livestock facilities
(E) Road & Access Conditions
(F) Location with heat supply network

Regarding the guidelines for biogas facilities under the Planning Act, the 2013 amendment mandated the inclusion of co-location provisions for the biogas facilities in municipal plans to lower the hurdles 
faced when siting up these biogas facilities. Accordingly, we observed that the considerations indicated by the conservation groups were covered in the municipal plan, with qualitative criteria emphasizing 
neighborhood, nature, and landscape. Specifically, the quantitative criteria results showed that the distance between the facilities, residences, etc., was 250 300 m, a relaxed measurement from the 500 m one 
indicated by the nature conservation groups. However, a comparison of the designated areas with their existing facilities and guided areas showed that consideration was given not only to the location of the 
livestock facilities and heat supply networks but also to the items related to the surrounding environment.
Therefore, our investigations established that the municipal plan plays a role in harmonizing the surrounding environment while 

Location Control of Biogas Facilities via Danish Spatial Planning: A Focus on the 
Municipal plans of the top five Biogas-Producing Cities in Denmark

National Institute of Technology, Gifu College, Advanced Course     2022Y28 Yuta Funato

Only the top five cities produced more than 1,000TJ of biogas in 2020, and their combined production accounts for 40 % of Denmark's total*.
The basic plan describes basic policies, the attached map describes existing facilities and location guidance areas, and the guideline describes considerations and distance requirements.

Esbjerg

Ringkøbing-Skjern

Vejen

Biogas Production [TJ]

0- 100
100- 250
250- 500
500-1000
>1000

Hjørring

Skive

Neighbors

City boundary
Biogas facilities
Installation sites5 km

Urban area
Summer house area

80 % are over 500 m. There is s-
ome overlap, but no residential   
use.

Landscape & Cultural 

The majority of each is more th-
an 500 m. 

City boundary
Biogas facilities
Installation sites5 km

Landscape worthy of preservation
Coherent landscape

City boundary
Biogas facilities
Installation sites5 km

Large livestock farms

Livestock facilities

All facilities and areas were loca-
ted within the 15 km distance m-
entioned by Vejen city.

City boundary
Biogas facilities
Installation sites5 km

District heating
Natural gas

Heat supply network 

All facilities and areas were loca-
ted within the 15 km distance m-
entioned by Vejen city.

Cities
Biogas production 

in 2020 (TJ)

R: Ringkøbing
-Skjern 2,184

H: Hjørring 1,779

S: Skive 1,666

V: Vejen 1,312

E: Esbjerg 1,284

Average of all cities 217

*

Nature 

Most of the Nature Conservation 
500 m or overla-

pping for scattered lakes etc.

City boundary
Biogas facilities
Installation sites5 km

Nature conservation areas
Areas concerned with nature conservation
Natura2000

Access 

Half of the respondents used mu-
nicipal roads, and 40 % used acc-
ess roads. 

300 m

Grasslands
Marshes and wetlands
Lakes
Common pastures

Municipal roads
Biogas facility

Access roads: 600m
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Design of glycopolymer having sophorose

Nanako Nishida, Tomohiro Fukuda 
National Institute of Technology, Toyama College

BACKGROUND

EXPERIMENTAL

IN THIS STUDY

RESULTS DISCUSSION

CONCLUSION

CO2

Bioethanol production 
from cellulosic biomass

Carbon-neutral

Significant cost of cellulose breakdown

Glucose
CellulaseCellulose

Sophorose

Multivalent effect of glycosylation

CellulaseTrichoderma reesei

Imitation

Glycopolymer

1. Synthesis of azido sophorose

2. Synthesis of sophorose-containing monomer 5. Free radical polymerization of deacetyl-sophorose monomer

sodium methoxide
methanol

r.t. 3 4h

ion exchange 
resin AIBN

70 , 2day

SopAm deAc-SopAm

Free radical polymerization

Homopolymer 100

50

30

10

Copolymerization (deAc-)SopAm AAm

50 50

25 75

10 90

Acts as a recognition signal for cellulase secretion

Facilitates interaction between 
bacteria and sophorose

stevioside sophorose Ac-sophorose Br-sophorose N3-sophorose

yield:30.7% yield:67.4% yield:40.7%

yield:20.7%

5-chliro-1-
-pentyne

N-(4-pentynyl)
phthalimide

yield:82.3% yield:65.4%

DIEA

4-pentynylamine

yield:51.2% yield:48.4%

SopAm
N-(4-pentynyl)
acrylamide N3-sophorose SopAm deAc-SopAm poly(deAc-SopAm)

Tab. 1 Progress of each polymerization reaction

Successful synthesis of sophorose-containing monomer.
10% and 25% copolymer of deacetyl-sophorose
monomer and acrylamide were proceed.Fig. 3 1H NMR(CDCl3) of 10% poly(deAc-sopAm/AAm)

4. Copolymerization of sophorose monomer and acrylamide

SopAm AAm poly(SopAm/AAm)

3. Homopolymerization of sophorose monomer

Influence of steric hindrance by glycan

copolymerization of SopAm and AA

Molecular Size Expansion and Steric Hindrance by 
Ac Group of Glycan

deAc-SopAm

90 , 90 70%, 50%

Fig. 1 1H NMR(CDCl3) of  10 and 100 poly(SopAm)

3. Homopolymer of SopAm

4. Copolymerization of SopAm and AA

Fig. 2 1H NMR(DMSO) of 25% poly(SopAm/AAm)

5. Free radical polymerization and copolymerization 
with acrylamide of deAc-SopAm

Successful synthesis of copolymers (10%, 25%) 
of deAc-SopAm and AAm

10 100

Peak derived from vinyl group of monomer
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5. 

( ) B, G, R
NB, NG, NR

, 

, 1)

2)

, , 

1. 

(Canon EOS 5D Mark II)

2017.05.02 2017.06.04 2017.07.08

2017.07.22 2017.08.02 2017.09.01

2017.10.01 2017.11.01 2017.11.21

12

12

12

12

12

12

12

12

12

3. 
1) B, G, R
2) , AmRGB = (B + G + R) / 3 
3) AmRGB

4)

NB = B / AmRGB , NG = G / AmRGB , NR = R / AmRGB

4) 5
VIgreen = (G R) / (G + R)  4),   2G_RBi = 2G (R + B) 5)

: [1] Lenoir, J., J.C. Gegout, P.A. Marquet, P. de Ruffray, H. Brisse, 2008. A significant upward shift in plant species optimum elevation during the 20th century, Nature, 416, 389-395.
[2] Inouye, D. W., 2008. Effects of climate change on phenology, frost damage, and floral abundance of montane wildflowers. Ecology, 89, 353-362.
[3] ,  , 2014. , , Vol. 19, No. 1, pp. 79-86.
[4] Gitelson,A.A.,Kaufman,E.T.,Stark,R.,Rundquist, D., 2002.Novel algorithms for remote estimation of vegetation fraction, Remote Sensing of Environment, 80(1), pp.76-87.
[5] Richardson, A.D., Jenkins, J.P., Braswell, B.H., Hollinger,D.Y.,Ollinger,S.V.,Smith,M-L.,2007. Use of digital webcam images to track spring green-up in a deciduous broadleaf forest, Oecologia, 152: 323-334.

B, G, R, NB, NG, NR, VIgreen, 2G_RBi 
8 , 

5 ,
(P), (D), (S),

(F), (B)

2010, 2017, 2018, 2020

4. 
- -

2017/08/02 (P)

( ) 

= / 

B: 122 36 ( : 0.295)
G: 118 29 ( : 0.242)
R: 95 27 ( : 0.288)

NB: 0.361 0.023 ( : 0.063)
NG: 0.356 0.014 ( : 0.039)
NR : 0.283 0.023 ( : 0.080)

11-13

( ) 

,
NB, VIgreen, 2G_RBi:

, ,

VIgreen 2GR_Bi

5
(P),  (D),  (S),  (F),  (B)

(D) > (F) > (P) 
> (B) > (S)

(P), (S) 

B G R

NB NG NR

(F) > (D) > (S)
> (B) > (P)

(S) > (P) > (B)
> (F) > (D)

(P)

4 (2010, 2017, 2018, 2020 )
VIgreen 2G_RBi

(D)

(S)

(F) 

(B)

3)

2. 

VIgreen, 2G_RBi: ,

(10 5 )

(10 3 )

, 

2020 ,

, , ( ) , NB, NG, NR , ( ) B, G, R 
, , , , VIgreen 

, ( )
, , ,

, 

: 
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VITS[1]

VITS

2
TextEncoder

FastSpeech2[2]
VarianceAdaptor

PitchPredictor
TextEncoder

PitchPredictor
MSELoss TextEncoder

Decoder

VITS(Conditional Variational Autoencoder with Adversarial Learning for End-
to-End Text-to-Speech)[1]

( 1) VITS

ELBO VAE

VITS

(a) (b) [1] Figure 1

ESPnet[3] VITS
JUST JUST

10 7,696
16bit PCM

48kHz 44.1kHz
ESPnet

1 RTX 3080 Ti GPU
150epoch

(a) (b)VarianceAdaptor [2] Figure 1

(a) (b)VarianceAdaptor [2] Figure 1 (b)

( 2)
VITS

(a) 

(b) (a)

(a) 
(b) (a)

29



2
Frequent Pattern Analysis of Code Review Using Gaze Transition Data

Caller-Callee[2],Code-Design

IDE AI

Caller-Callee

hoge();
hoge(){

print(“A”);
}

A
B

[1] , . . , Vol. 2015-01-ET, pp. 1 6, 2015.
[2] , , , . (FOSE2011), pp.163 168, 2011

2022 3

[1] 14
Java 2

cSPADE

xx

Caller-Callee
Up-Down

Up-Down

(A)
[ ] [ ]

(B)
[ ]

Code-Design

hoge(); hoge():
“A”

A

RE

ER

CD

DC

UP

DW

OT

(A)

(B)
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Background / Purpose
Background

Learning the principles of computers, which form the core of information processing
technology, is indispensable for the development of high-quality, high-level information and
communication engineers. However, the current CPUs have advanced circuit integration
technology, which makes the internal structure more complex and the mechanism of the CPU
a black box. In today's information society, it is important to understand the basic principles on
which computers operate, as well as their concepts and operating principles.

Therefore, we develop a simulator that allows students to design a simple CPU and execute
assembler programs with the aim of understanding the principle of computer operation. The
architecture used for the simulator is based on COMET-II, a microprocessor for educational
use.

Issues in Prior Research
In a previous study, a simulator was developed using Microsoft Excel as the operating

environment and VBA, a programming language provided by Microsoft. In this study, a
problem arose in which VBA could not be used on some students' PCs.

Purpose
In this study, we develop a CPU design simulator using only Excel functions without using

Microsoft VBA.

Target / Design specification
Target
31 students attended in the elective course "Computer Architecture" in the 5th year of Gifu
National College of Technology's Department of Electronic Control Engineering in 2022.

CPU Specifications
opcode 8bits (Max. 255 types)
operand 8bits
input 8bits
output 8bits
ALU 8-bit add/subtract circuit

Summary
Changes in CPU Simulator

In the CPU simulator architecture developed this time, the flag register was changed to a
three-bit structure consisting of the sine flag (SF), the zero flag (ZF), and the overflow flag
(OF). The addition of the sine flag enables the design of new conditional branch instructions.
In addition, an error indication function using the flag register has been implemented.

Evaluation
31 students who used a CPU simulator as an in-class assignment in "Computer

Architecture" were asked to answer "Did the Excel file help you understand CPUs? The results
showed that 84% of the students answered that the simulator was useful for their
understanding of CPUs, indicating that the CPU simulator is useful for understanding the
principle of computer operation. The table 1 below summarizes the most common feedbacks
from the students obtained through the questionnaire.

Outlook for the Future
We will improve the simulator based on feedback from students. In order to make it easier

for students to understand how to proceed with the tasks, we will use visual aids, such as the
error display, to help students proceed with the tasks in an efficient manner.

About CPU Simulator
Instruction Set

The "Instruction Set" tab of the CPU simulator is shown in Figure 2. This tab defines the assembler specifications. The blue areas are entered by the student to complete the instruction set. The
instruction set is designed by referring to the operation table of each component shown in Figure 3.

The ability to create programs using an 
instruction set of your own design.

Where instructions are colored and visualized 
in memory to show how they are working

Difficult to understand because there is no 
diagram.

I don't know how to use the software.

Table 1 Feedback from students

Total no. of 
people 31 Grade 5

58%

Grade 4
26%

Grade 3
10%

Grade1
6%

Fig. 1 Student Evaluations

Changes in CPU Simulator
Flag Registers

In conventional CPU simulators, the flag register has only 1 bit, the zero flag (ZF). However, in general educational microprocessors, the flag register consists of 3 bits: the zero flag, the sine
flag (SF), and the overflow flag (OF). Therefore, we implemented SF and OF in the CPU simulator as well and extended the flag register. The modified CPU architecture is shown in Figure 6.
The increased number of flag registers allows the design of new conditional branch instructions, such as positive, negative, and overflow branches. This allows for a greater degree of freedom in
programming.

Error Indication
By using the extended flag register, we added a function to generate an error when a student makes a mistake when creating a program. Figures 7 and 8 show examples of error indication. The

target cell turns red when the destination of a conditional branch instruction is not found or when an instruction that does not exist in the instruction set is programmed. If a calculation is
performed that exceeds the arithmetic range of the CPU, the first column of the "Calculation" tab is displayed in red. To prevent students from being disturbed by the error display while designing
the CPU, an item has been added that allows the user to select whether or not to hide the error display. The error display is designed to make it easier for students to detect errors.

Program and Calculation Results
The "Program and Execution Results" tab is shown in Figure 4. In this tab, the assembler designed with the instruction set is checked for correct

execution. The blue areas are entered by the student to determine the assembler program and input values. The assembler program has labels,
instruction codes, and operands, and students input what is required for each instruction. The output values change accordingly as the assembler
program is input.

Calculation
The "Calculation" tab is shown in Figure 5. In this tab, changes in the values of the CPU's internal registers, etc., can be checked as they change 

with the assembler program. In addition, the tab also shows where data is read from the CPU's memory in colors, so that the movement of memory 
addresses can also be confirmed.

Fig. 2 Instruction Set Fig. 3 Operation Table Fig. 4 Program and Calculation 
Results

Fig. 5 Movement of Registers 
and Memory

Fig. 6 CPU Architecture
Fig. 7 Examples of Error Indication 

(program)
Fig. 8 Examples of Error Indication

(Calculation)

CPU design and simulator development using Excel
Atsuya Ikeno , National Institute of Technology, Gifu college,

Advanced Course, Course of Interdisciplinary Technology Development
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BLEU

DHAP 47.8 (0.6) 47.8 (0.8) 89.9 ms 10 94.2%

GPT with 43.2 (3.4) 43.9 (4.6) 58.9 ms 118 64.9%

GPT with 33.1 (4.9) 34.3 (6.9) 33.6 ms 219 47.3%

GPT with 31.0 (5.0) 32.4 (7.0) 56.2 ms 364 44.5%

GPT 32.5 (2.1) 33.7 (3.1) 30.7 ms 179 48.9%

GRU 46.5 (0.7) 47.3 (1.2) 113.7 ms 17 85.6%

- - - 713 49.5%

DHAP( )
GPT with 
GPT with 
GPT with 

GPT
GRU Seq2Seq

GPT

+
GPT with 

BLEU

<sp> <sp> <sp> <pause>    

( )
( )

DHAP GRU

GPT with 

17

BLEU
N-gram

4 54 5

10

2376
212,157

297
24,255

297
17,281

30 9
11

2970

Use of Utterance Histories in Generating Responsive Utterances to Show Attentive Listening to Narrative
3

1
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LSI

A Scan Design for 2-input 2-output Sequential Mutual Exclusion

LSI [1,2]

C

Scan Scan
SI SO

ME

[1] H. Hulgaard, S.M. Burns, and G. Borriello 131, 1995.
[2] S. Zeidler and M. Krsti c 4, 2015
[3]
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A Ransomware Detection System Based on Deep Learning 
that Considers Differences in Storage and Memory Access Speeds

1

[1] , 2021-CSEC-92, 2021.
[2] , 2021, pp. 1145-1150.
[3] M. Hirano and R. Kobayashi, Machine Learning-based Ransomware Detection Using Low-level Memory Access Patterns Obtained from Live-forensic Hypervisor, Proc. of IEEE International Conference on Cyber Security and Resilience 
(CSR), 2022, pp. 323-330.
[4] M. Hirano, R. Hodota, and R. Kobayashi. RanSAP: An open dataset of ransomware storage access patterns for training machine learning models. Forensic Science International: Digital Investigation, 40, 2022, 301314.

PC

1:
2:

(12 ) (4 ) 10
480

3

CNN

2

12

2

12

2

12

1
F

twindow 1s 10

twindow 0.1s 100
1

2

1. CNN

2.

2

2 8.1%
7.0%

12 15.0%
17.7%

2

Windows10 OS

BitVisor

SSD RAM

or BitVisor

[3][4]

Python CNN

[1][2]
SSD/HDD /

SSD/HDD RAM

(SATA SSD)

500MB/s

CPU Intel Celeron

34.1GB/s
68.2
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Acquisition of Cooperative Behavior for Disaster Relief Robots Using Nash Q-Learning
Q

Soshi Nakamura1 and Mengchun Xie2

1Mechatronics Engineering Course, Advanced Engineering Faculty, National Institute of Technology(KOSEN), Wakayama College
2Department of Electrical and Computer Engineering

Research Background and Objective
Background
• Natural disasters caused catastrophic damage over a wide area. Saving lives quickly after a disaster strikes is an

important issue
• There is a need for autonomous disaster relief robots, which can learn from the conditions they encounter and then

take independent actions
A system consisting of multiple disaster relief robots as agents can be treated as a Multi-Agent System (MAS)

Objective
• In this study, we apply Nash-Q learning, which combines Q learning and Nash equilibrium strategies, to a disaster relief

problem
• We will evaluate how the acquisition of cooperative behavior by Nash-Q learning can improve the efficiency of relief

operations.

Experiments and Results

• In the present study, we proposed the acquisition of cooperative behavior by Nash Q-learning for 
disaster relief problem and compared it with Q-learning

• Two experimental results show the effectiveness of Nash Q learning
• Tasks were accomplished with higher performance than Q-learning, even with more agents and in 

unknown environments

ResultQ-learning and Nash Q-learning for the disaster relief problem

Experimental Conditions
field size m×n = 10×10 injured individuals 4
agent N = 2 , 4 blocks 18
episode M = 2000 reward 10 , -10
learning rate = 0.1 discount rate = 0.9

0.1 (10%)

Action Selection Algorithm
• Using the -greedy algorithm
• -

that has a high Q-value
• Obtain appropriate Q values for various actions

Experiment
The following two experiments will validate the results
I. Comparison of the number of steps for different learning
II. Verification of the effect of pre-study on unknown environments

Conclusions Future Research

Number of natural disasters and amount of 
damage in Japan

Disaster Relief Problem
• In the disaster relief problem, the

injured are placed on a field of
fixed size and agents must rescue
the injured as quickly and
efficiently as possible

• Four types of objects are placed on
the field: an agent ( ), injured
individuals ( ), blocks ( ), and
the transport destination of injured
individuals ( ) Example of a disaster field

• Assuming that the four actions an agent can take are to move forward,
back, left and right, the combination of the actions of the two agents is
the direct product of the action sets

• The Nash equilibrium in this situation is a combination of actions where
agent i goes forward and agent j goes to the right

An example of a reward for a combination of actions

An example of action in 
a disaster relief problem

Acquiring Cooperative Behavior Using Nash Q-learning in Disaster Relief Problem

Research Methods
Nash Q-Learning
• Nash Q-Learning is a multi-agent reinforcement learning approach
• Each agent chooses a combination of actions when both are best for the other

agent and for self
This is expected to result in higher rewards for the agents

Action value function

Derivation of agent pairs
• Nash Q-learning requires multiple agents’ Q-values to train one agent

Learning with Q-values of two agents in consideration of computational
complexity

• Add field objects to reflect realistic situations
• Identifying the cause of the fluctuating number of

steps that occurs when increasing the number of
agents

Calculate by Euclidean distance between agents and 
pair them with the agent with the shortest distance

For agent , find the distance of all other agents ~
is paired with with the shortest distance ( , )

Similarly, each agent is paired with ( , ), ( , ), ( , ) for 
learning

Results when applied in an unknown environment

Steps Comparison N=4

Steps Comparison N=2

• Comparison of the number of steps shows
that Nash Q-learning results in fewer steps
and less variability than Q learning

• From the verification in an unknown
environment, about 90% similarity of the
environmental patterns is required to
accomplish the task with the actual
number of steps learned
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Development of communication systems 
using facial expression recognition and voice analysis

LightGBM
OpenSmile INTERSPEECH2009 EmotionChallenge

MLPClassifier
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3. 

Improving the Accuracy of the tourist visited spot prediction Using Collaborative Filtering

4. 
20

1.
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A Study of the Indirect Haptic Feedback Device Using Magnetic Force

Fumiya Sakaguchi1 and Mengchun Xie2

1Mechatronics Engineering Course,  Advanced Engineering Faculty, National Institute of Technology(KOSEN), Wakayama College
2Department of Electrical and Computer Engineering

Background and Objective
BACKGROUND
• Haptic Feedback Devices (HFD) that simulate touch are used in Extended Reality (XR) technology, allowing users to visually experience

virtual environments.
• Many conventional feedback devices directly touch the hand or are attached to the body

Causing issues such as the sensation of wearing a device and, Interference with finger movements
These problems make the experience feel uncomfortable and unnatural for the user.

OBJECTIVE
• We propose an Indirect Haptic Feedback Device (I-HFD) using magnetic force to solve the sensory discomfort caused by D-HFD.
• This study constructs an I-HFD system that reproduces the weight of fried rice, which does not originally exist.
• The usefulness of the I-HFD will be verified by administering a questionnaire to the subjects.(https://dl.acm.org/doi/abs/10.1145/3313831.3376470)

Conclusion
• We created I-HFD combining the CDPR with Adjustment Mechanism and Magnet.

• Analysis by MCP from questionnaire results using the MOS method.

• I-HFD can make the haptic sensation of "soft", “big", and “small", the texture of rice grains in a wok, felt 

in the fingertips.

• I-HFD was found to provide a less discomfort haptic sensation than D-HFD.

Future Research
• I-HFD has potential applications beyond just the wok.

• We will explore the use of other tools for tactile presentation 

• It can be expected to be applied to medical training for haptic 

presentation as a therapeutic tool such as a scalpel.

Indirect Haptic Feedback Device of Magnet
Magnets that generate haptic sensations

• Four permanent magnets are placed under the wok and on the stage.
• By generating a magnetic force, a repulsive force is applied to the wok.
• By moderately adjusting the distance between the magnets, a tactile feedback 

of pseudo "weight" is generated.

I-HFD control system
• Raspi were used to control CDPR.
• Meta Quest 2 will be used as the device to show VR images.
• The application will be created in Unity and run on PC1.
• Overall CDPR control is performed on a dedicated PC2.

Maintains magnet angle “ Adjustment Mechanism”
• adjustment mechanism is used to magnetize the magnet vertically to the 

ground.
• Permanent magnets fixed by single bar. And, Stage and bar are fixed by 

spherical bearing
This spherical bearing allows the magnet to tilt with base  to the stage.

• Cylinder shape magnet on stage. Piston shape magnet on wok.

Maintains magnet position “Cable-Driven Parallel Robots (CDPR)”

• CDPR is used to maintain the position of the two upper and lower magnets.

• CDPR is a robot that can move and rotate in three axes simultaneously using 

eight cables and can move heavy objects.

Experiment and Results
• Testee is 15 students  from Wakayama KOSEN

• I-HFD and D-HFD, have the subjects experience them, 
and ask them to perform Mean Opinion Score (MOS)

• Analyze this data by One-way analysis of variance
(ANOVA) and multiple comparisons (MCP)

Verify haptic differences for I-HFD and D-HFD

• Score is expressed as a number between 1 and 5

• Set 22 questions (3 item groups) and 3 Patterns

One-way Analysis of Variance(ANOVA)

• Test the difference between the means of data consisting of three or more groups

• Based on the variance of the data per group, test carries out by the F-distribution.

• Determine to significance based on "means of each group are equal"

Multiple Comparisons (MCP)

• The method of testing which "between groups" have a significant difference in 

the comparison of the mean of the data.

• Perform if the ANOVA results are significant (means of each group are not equal).

• The fewer pairs (combinations between groups) that are significant

The smaller the variation.

Questionnaire content by MOS method

domain

Group B The haptic sensation of the subjects' fingertips
The highest mean for group B is Pattern 1 And, This has one significant pair of 
questions

Proposed  I-HFD of Pattern 1 gave sense of rice being in the Chinese wok 
compared to conventional D-HFD.

Group C The discomfort of the subjects
The highest mean for group C is Pattern 2 And, This has one significant pair of 
questions

D-HFD of Pattern 2 was more uncomfortable than I-HFD
Proposed I-HFD of Pattern 1  was less discomfort than conventional D-HFD

Group A The atmosphere of the haptic sensation felt by the Subjects
The questions with fewer significant pairs and larger means were Q2, Q3, and Q4.

Proposed  I-HFD makes the wok seem "soft" and "big" and “small" than it is.

Mean value of each item group

Results using the MCP in Pattern 2

Results using the MCP in Pattern 1 Results using the MCP in Pattern 3

Average of each question
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Based on Relay Control
Advanced Course, Maritime System Engineering Course, National Institute of Technology, Toyama College

Haruki Ikeda and Toshihiko Nakatani

Main Function
Course Keeping Course Altering

Reduce the task to maneuver
Keep sharp look out

Enhance the safety of vessel

Construction

Tr

T & K

Time constant of rudderBasic controller PID Theory
Require tuning gains

Ziegler and Nichols 
method

The simplest PID tuning method

1. Occur the 
self-oscillation

The experiments push the system to the stability limit 

Put the critical gain into P
Disconnected the I and D

2. Measure the 
critical period 

The system is stability limit

Find the period of self-oscillation
The critical period 

Tc

3. Decide the gain

Calculate the gains according to 
following table

Gain of P
Kp

Gain of I
Ti

Gain of D
Td

P control 0.5Kc
PI control 0.45Kc 0.83Tc

PID control 0.6Kc 0.5Tc 0.125Tc

Formidable risk
Error of parameters T, K, Tr Error of Kc

Unstable system

Amplitude of heading or rudder

Unpredictable until experiment

Relay control 
method

Purpose
Describing safe and simple method about the PID tuning

Comparing this method and conventional method through a simulation

Describing Function
Input Relay Output 

(Fourier series expansion) 

The feedback signal Sinusoidal
Input into relay Sinusoidal

Characteristic Equation  of relay

Characteristic Equation  in stability limit

Relay Output 
(Fourier series expansion) 

Describing function Quasi-linear

Simulation & Comparison

Relay rudder M Set in advance
Amplitude of heading small
Experiment is safe conducted 

Tc

M X

Relay control method is safer and easier

Adjustable to safe rudder angle
Relay control method

Suppressible amplitude
of the heading 

Ziegler and Nichols method

Rudder and Heading
Unknown until experiment 

Needless parameters T, K, Tr 
Need parameters T, K, Tr 
(But the parameters may be incorrect)

Fig.2 Linear feedback control system Fig.3 Self-oscillation

Table.1 PID gains by Ziegler and Nichols method

Fig.4 Relay feedback control system

Fig.5 Limit cycle

Contact: Haruki Ikeda, Maritime System Engineering Course ( ikedahalki@gmail.com ) 
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1 Background 2 Purpose

fig - Serving robot 
BellaBot

3 Contents

3-1 Configuration of cart robot

The 3D model of the trolley robot used in the 
simulation expresses the overall outline with a 
simple figure.
If only one wheel unit is lifted, the whole is tilted.

It is necessary to move the center of gravity of  
the cart robot

3-2 Simulation using ROS

fig - Security robot 
REBORG-Z

BellaBot -
https://www.elmo.co.jp/product/robot/bellabot/

REBORG-Z Z -
https://robotstart.info/robot-database/reborg-z

It is impossible to move through stairs and some steps
Limited range of motion

If these can get over stairs and steps, 
they can play an active part in more places!

Development of a cart robot that has 
mobility on flat ground 

and 
climbing system for stairs and steps

Mobility on flat ground

Mecanum wheel

Climbing system 
for stairs and steps

fig - Overall view fig - Wheel unit

fig - Lifting and lowering of wheel unit

Wheel parts
Motor Mabuchi motor

RS555VC-5524

Gear head planetary gearbox
IG32-027

Lifting parts
Motor AO-8042 

540 motor for gearhead

Gear head AO-8052 
Tamiya gear head K150

table - Details of cart robot

Manufactured through simulation using ROS

Each wheel unit can be controlled independently
It can lift up to 60kg.

4 Future prospects

fig - Model for simulation of cart robot

fig - Steps to climb over obstacles

Equipped with a device that moves the center of gravity of the cart robot.
The motor control of the cart robot is performed by communication using ROS according to the motion of the simulation.

A
B

C
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2. 0
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3. -10 -20
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80s : 0
350s : -20
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1
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A
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B = 3( - 0 )/ 2 0 )

/ 0 

[B +1- ]

[B +1- ]
B +1-

(1)
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(2)
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(4)
530<t

(3)
360<t<530

1wt
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1Vpp

2

(1)

(2)
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* J.O.Moody, Supervisory Control of Discrete Event Systems Using Petri Nets, Kluwer
Academic Publishers, 1998.

N

L
Dc
D
m N

: 1

: -1

D= t1 t2 t3 t17 t18

p1

p2

p3

p17

p18

L=

Dc=
t1 t2 t3 t17 t18

p1 p2 p3 p17 p18

Dc

e.g.

Fig.1 Petri Net Model (A two-story elevator)

Fig.2 Conversion from Petri net model to ladder diagram

* https://blog.csdn.net/azl397985856/article/details/121782249

Fig.3 Editor Specifications

**
2021, Vol.44, p34-36.

Research on theoretical design of sequence control systems

51



52



53



54



murayama@wakayama-nct.ac.jp
Toki Hiasa

Experimental verification of connectivity control method 
for networked multi-robot system

Natl. Inst. of Tech., Wakayama College,  Dept. of Intelligent Mechanical Engineering

2023/02/24 (Fri.)
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CsI
Robot movement control using radiation detector with CsI scintillator

2011
10

HP
https://www.tepco.co.jp/decommision/principles/technology/robot/robot_upper/index-j.html

, 
.

2 1

,
, .

1 1

CsI

CsI

, X
, 550nm

,
. 

.
10mm 10mm 10mm

.

CsI

https://www.tepco.co.jp/decommision/principles/technology/robot/robot_upper/index-j.html

SD
G

A K
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Advanced Engineering Course, National Institute of Technology, Fukui College

Bulk photovoltaic effect by terrestrial radiation

k

E

Eg

Conduction
band

Valence
band

Eg [eV] V [mV] PA [ /m2]
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F-2

LaF3-LaOF:Yb/Ho の固相反応法による合成と光学特性の解析 

豊田高専  天野 翔太 

公開は当日限り 
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Camera

Box

Agar medium

There is a hole 
under the camera

Agar medium picture

Colonies

Advanced Engineering Course, National Institute of Technology, Fukui College
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Impact of coastal on water quality by the river effects for phoshours in the middle and southern parts of Wakayama Prefecture

T-P -P

Q=vA

Q , v , A

2021 6 2022 11 1 2022 1

1 HP https://www.pref.wakayama.lg.jp/prefg/020
300/kids/wakadata/suisan.html 2022 7 7
2 20
16.
3 /
https://www.pref.osaka.lg.jp/kankyohozen/osaka-wan/regulatorystandard8.html

2021 6 24

80,445t 1986 13,752t 2019 66693t

a

T-P PO -P

a

ProDSS-01
a
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100 nm

AuNP

1

40 nm

100 60

100 160
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MR
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Introduction

Reference
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2

1 DAY PAVE

1 DAY PAVE 35
45

50

2.91g/cm3 0.37%

2.55g/cm3 1.76%

2.67g/cm3 0.58%

( ) ( )
(kg/m³)

JIS R 5201

JIS A 1123

JIS A 1108)

JIS A 1113

JIS A 1150

H50

H0 H50 1 7%
H0 H100 1 21%

T0 T50 1 1% T0 T100
1 4%

45% 50%

H0 H50 1 9%
H0 H100 1 26%

T0 T50 1 4% T0 T100
1 13%

45% 50%
3.5N/mm²

66



1

1 Advanced Course Architecture and Civil Engineering, National Institute of Technology, Akashi College, Japan
2 Department of Civil Engineering, National Institute of Technology, Akashi College, Japan

Kent FUKUI 1 and Tadaomi EGUCHI 2

Electrostatic Charging Characteristics of 

Soil and Metal Plate

Relationship between wear and electrostatic charge have 

commonalities with wear on generating factor

Elucidation of the mechanism of wear

- lunar environment -
A vacuum atmosphere

Introduction

Being applicable to a lunar environment 
Saving energy through highly precise 
wear predictions and shortened 
construction periods

Elucidation of the mechanism of wear

The work performance of construction machinery is 
closely related to the wear of the working parts at 
engineering works. Furthermore, engineering works are
assumed in component technology researches for lunar 
resources exploitation, which activated in recent years.

Elucidation of the mechanism of wear on the basis of
electrostatic charging characteristics by contacting lunar 
soil simulants and metal plates

Aim

2Materials
Sample soil

lunar soil simulant

standard sand

Metal plates

Fig. Schematic of the experimental apparatus

The sample soil was flowed from the hopper to contact the

metal plate for a certain period of time.

Collect the sample soil to a Faraday cage after contact.

Stop the contact and stand for a certain period of time.

Stainless

(SUS430)

Aluminum

(A1050)

3Experimental method

4Results

Charge status of the metal plate

(a) Using stainless (SUS430) (b) Using aluminum (A1050)

(a) Using stainless (SUS430) (b) Using aluminum (A1050)

Charge status of lunar soil simulants

(a) The charging behavior of metal plates (b) The charging behavior of the sample soil

Change in the peak value

5Conclusions
The metal plate was positively charged. By contrast, lunar soil simulants (the sample soil) was negatively charged.

Transfer of the electrons occurred between the sample soil and the metal plate.
The peak value of charged voltage decreased behavior with the increasing number of contacts.

A correlation may exist between severe-mild wear and the charging behavior.
The peak value of charged voltage occurred at the stage where a small amount of the sample soil was in contact with the plate.

We expected to contact with the sample soil and the metal plate by observing the peak value and charging behavior.
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D 0.097 22.575 -0.068 -0.090
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H 0.268 30.236 -0.255 -0.057

1 1
1

3

0.135m/s
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4 5
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D 1.8 77 23.765 20 0.54
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DLC SUS304 Ti

Advanced Engineering Course, National Institute of Technology, Fukui College

-Side view-

-Top view-

800 nm

1.0 W

1 kHz

180 fs

XYZ NC stage

Femtosecond laser

Concave mirror

E

2 m

Nanostructure on DLC film at F=0.14J/cm2 , N=525

(b) AFM image(a) SEM image

200
[nm]

0

2

4
2

4

0

[ m]

E

Interspaces:
100-200nm

Average Depth:
120nm

.
.

PE Film

2[h] 24[h]

42%

61%

58%
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In order for Bi2212 superconductors to exhibit good transport properties, they must be sintered at a high temperature, usually around 860 . If the sintering
temperature is too high, the performance of the superconductor will be deteriorated by the diffusion of the substrate components into the sample when the
superconductor is applied to electronic devices. Therefore, we investigated the effect of calcination conditions on the transport properties of low-temperature sintered
Pr-doped Bi2212 superconductor, aiming to prepare samples at a lower temperature (700 ) by controlling the number of sintering cycles.
In this study, the composition of Bi2.05Sr1.89Ca1.06Cu2Li0.15Oy were added as additives, and the samples were sintered at 700 for one, two, and three times of
calcination, respectively, and the resistivity temperature characteristics, crystal structure, and carbon concentration of the samples were measured.
As a result, the sample calcinated one time showed no zero resistance, and the critical temperatures of the samples calcinated two and three times were 56K and 68K,
respectively. The crystal structure of the sample sintered at 700 showed peaks similar to those of basic composition Bi2212. Furthermore, the amount of carbon in
the samples decreased as the number of times of calcination was increased.

Pr Bi2212
Effect of Calcination Conditions on the Transport Properties 

of Pr-doped Bi2212 Bulk Superconductors Sintered at Low Temperature

Bi2212 860

700

Fig.2

Bi2.05Sr1.89Ca1.06Cu2Li0.15Oy

Pr2O3 0.5mass%)

950 100h 1 2 3

700 100h

Fig.4

X
Rigaku Ultima

X
Rigaku ZSX Primus +

Fig.1 Temperature dependence of the normalized resistance 
R(T)/R(290K) for basic composition Bi2212

Fig.2 Schematic diagram of 
sample preparation and 
measurement method

Fig.4 Schematic diagram of DC four-probe methodFig.3 Image of sample

Sintering 
temperature

Critical 
temperature 

Calcination 1
81[K]

Calcination 1
Not showing 

superconductivity

Calcination 2
56[K]

Calcination 3
68[K]

Fig.5 Relationship between calcination conditions and resistance temperature characteristics

Table 1 Change in critical temperature 
due to multiple calcinations

Fig.6 X-ray diffraction pattern of a sample sintered at 700 for 2 times of calcinations

2 700

Bi:Sr:Ca:Cu=2.05:1.89:0.95:2:02

Number of 
calcination

Carbon content 
(mass%)

1 4.71

2 4.15

3 3.79

Table 2 Relative evaluation of carbon 
content by number of calcinations

Pr
700 Bi2212

700
Bi2212 700

Bi2212

Lattice parameters

Abstract
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Synthesis and characterizations of phosphoric acid fuel cell ceramics for 
medium-temperature operation

1

1

100 200

PEFC

(NEDO) 2035 120

1 150
Hibino 150

300 10-2S/cm SnP2O7

[2] SnP2O7 2

100 190

SnP2O7 10-2S/cm
P5+

50 150 M2-xM xP2O7 (M = Mg , Zn and 
Ni)

4

1

150 Zn2P2O7

6

Zn2P2O7 ZnO

20g 450 2
900 1100 2

Hioki IM3570
50

50 150

5 [4]
: |

2 SnP2O7 [2]1 [1]

Zn2P2O7 [3]
2 VESTA
3D 3

Zn2 O2

P5 O2

2 Zn2P2O7 [3]

3 Zn2P2O7

M2-xM

xP2O7 (M = Mg , Zn and Ni) 50 150

6

[1] T. Norby .Solid State Ion., 125 (1999) 1 11 [2] M.Nagano et al.,  J.Electrochm.Soc. 153 (8) A1604-A1609 (2006)Temperatures
[3] The Open Quantum Materials Database https://oqmd.org/materials/entry/1444191 [4] | 74



Effect of a magnetic and electric field on fabrication of Si protrusions by local 
surface melting of a narrow current path on a Si wafer via resistive heating

2
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Without annealing Blue-Violet laser laser Blue laser

Turns purple Turns reddish purple
Many laser scratches

Turns reddish purple
Fewer laser scratches

Introduction

Filter Fabrication Process

We aim to improve the photosensitivity of Schottky photodiodes using surface plasmon resonance (SPR).

Laser Annealing

Thermal Annealing

Conclusion

No. Process

Organic cleaning of glass substrates (18 mm 9 mm)

Sputtering of Au thin firm (Approx. 10 nm )

Annealing 

Thermal annealing (electric furnace) 

Laser annealing (various lasers)

+ +

- -

Incident light

Biased free electron

Electron vibration

ultrasonic cleaner

sputtering equipment
quick coater

In this study, a prototype surface plasmon filter was fabricated using a laser annealing method, and from the results of apparent changes, SPM considerations, and transmission
characteristics. It was found that a blue laser (450 nm, 3.5 W) is the most suitable for Au particle. 
Comparison of the SPM results shows that the shape of the laser and thermal annealing Au particle is similar. Because the laser has a long wavelength, it is thought that
the laser light was absorbed by the glass substrate and generated heat, similar to thermal annealing.
In the future, we plan to fabricate actual devices and improve the photosensitivity of Schottky photodiodes using a laser annealing method.

1) 
2) 

Blue-Violet laser laser Blue laser
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Changes of Filter Color 

Surface Morphology (SPM)
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Transmittance Characteristics

CO laser
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Without annealing
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In the apparent change, the color changes to purple, and in the change in surface 
state, the Au particles become spherical and their size increases. The transmission 
characteristics show a decrease in wavelength around 550 nm after annealing.
This indicates absorption of light due to surface plasmon resonance.

The SPR filter fabricated with the Blue laser shows the largest decrease in 
transmittance around the wavelength of 550 nm. This indicates that light is 
absorbed by the resonance and surface plasmon resonance is generated.

Blue-Violet laser laser Blue laser

Transmittance of 
dip [%] 8.5 12.5 17.0

SPR peak position
[nm] 559 545 540

The SPR dip position and width depend mainly on the type of the metal, the size of the metal particles, the
particle shape, and the surrounding environment. Au particles can be fabricated from Au thin films by a thermal
annealing method and can function as SPR filters1). However, this method is very damaging to devices, so in this
study, we attempted to fabricate SPR filters by laser annealing. The effect of laser annealing is investigated by
evaluating the apparent changes and the transmittance characteristics of the fabricated SPR filters and
comparing them with SPR filters by thermal annealing. 1) T. Eko, A. Utsumi, "Evaluation of the Schottky photodiode with the surface plasmon filter ," Optical Review Vol. 26, pp. 442-446 (2019).

Fabrication of Surface Plasmon Filter using Laser Annealing
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Research on an Evaluation Benchmark for Driving Methods of 
Omnidirectional Vehicles

1Shun MOTOHASHI, 2Noboru MOMOSE
1Advanced Corse, ECO design Engineering Program, National Institute of Technology, Toyama college

2Professor, National Institute of Technology, Toyama college

This time, we used a 3 axis joystick as the interface.
A single 3 axis joystick provides three analog inputs.

Human wrists have pronation and supination, flexion
and dorsiflexion, ulnar flexion and radial flexion.
Range of movable angles are different, so the

mounting position and angle of the joystick affects the
operability.

3 axsis joystick

We created 20 simple courses to become benchmarks.

We need more people to drive the platform, more trials, and
more driving data.

Introduction

Purpose

Platform

Interface

Benchmark

The Plan

Omnidirectional Vehicle
Omnidirectional vehicles can move parallel in addition to
forward, backward and turn like some forklifts.

steering wheel

Rinova ALL WAY made by TOYOTA L&F
Interfaces are steering wheel, mode select switch and cross

lever.

Q�mo made by NTN
The Interface is a 3 axis joystick.

3 axis joystick

There is no established general driving method for
omnidirectional vehicle.

We develop an evaluation benchmark that can compare and
evaluate various driving methods to explore a better driving
method for omnidirectional vehicles.

3 axis joystickplatform

We created a platform for omnidirectional vehicles.

Brief description of this platform
The platform is an omnidirectional vehicle with 4 Wheel

Drive 4 Wheel Steering.
The interface is a 3 axis joystick.
The platform can move in all directions given a turning

center and angular velocity.

courses

We came up with two different ways to operate the 3 axis
joystick.

Driving Method

Driving Method

Driver A

Driver B

Those courses were run in two driving methos. The lower left
graph shows the time it took to reach each target for all courses
for the two driving methods. The graph shows that for all courses,
driving method took longer to reach the target. When driving
course 19 with driving method , it took a very long time to
reach the target, but this was due to an operational error.

The lower right graph shows the time taken by the two drivers
to reach the target on each of the courses after driving all the
courses with driving method 1. The graph shows that the time it
takes to reach the goal varies from person to person. In addition,
there are courses with large differences in operation time, but
these courses require a large number of turning movements.
More turning movements are considered to be more difficult and
require higher skill.
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Research background

Previous research

Results and Discussion

Regeneration of degraded water-based cleaning agents 
using ceramic membranes

National Institute of Technology(KOSEN), Nara College

Conclusion

Organic cleaning agents Water-based cleaning agents
Cleaning of oil stains

High cost
Danger

Low cost
Safety

Emulsions are formed

Can be reused by removing 
emulsion

Deteriorated cleaning agents are 
not reusable because they contain 
formed emulsions.

Zeolite membrane
Permeable only to water

Porous titania membrane
Increased membrane permeability

Permeable to water and surfactant

Pore size : 200 nmPore size : 0.74~0.4 nm

This work
Further increase permeation rate

Increased pore size
of membrane

Low permeation rate

Emulsion

Surfactant : 1.0 wt%
Machining oil :0.5 wt%

1 hour of ultrasonic 
irradiation

Ceramic membrane
Length : 40 cm
Outer diameter : 12 mm
Thickness : 3 mm

Pore size : 1.85 µm(2Y05-2), 
3.1 (GP30)

Relationship between permeation time and permeation rate Relationship between operating pressure and permeation rate

Relationship between emulsion concentration and permeation rate Relationship between temperature and permeation rate

Membrane pore size: 1.85, 3.1 
Supply temperature: 25 

Emulsion concentration: 1.5 wt%
Operating pressure: 100 kPa
Permeation time: 0 ~ 60 min

Permeation rate is stable after 20 min.
Experiment duration is 20 minutes

Membrane pore size: 1.85, 3.1 
Supply temperature: 25 

Emulsion concentration: 1.5 wt%
Operating pressure: 100 ~ 200 kPa

Experimental time: 20 min

Ratio of  permeation rate between 
water and emulsion solution is constant.

Predictable permeation rate with 
increasing pressure

Membrane pore size: 1.85, 3.1 
Supply temperature: 25 

Emulsion concentration: 0 ~ 4.0 wt%
Operating pressure: 100 kPa
Experimental time: 20 min

Concentration changes of 0.5 
~4 % have little effect on 
permeation rate

Fouling does not change

Membrane pore size: 1.85, 3.1 
Supply temperature: 25 ~ 50 

Emulsion concentration: 1.5 wt%
Operating pressure: 100 kPa
Experimental time: 20 min

High temperature Permeation rate increases

Permeation rate could be changed by varying operating conditions
Increase pressure
Temperature rise

Future research

HydrophilizationBackwashing

(NIT Nara) Shotaro DEI, Keita HAYASHI, Hidemi NAKAMURA*

Department of Chemical Engineering, National Institute of Technology(KOSEN), Nara College, 22 Yata-cho, Yamatokoriyama, Nara 639-1080, Japan
*Tel.+81-(0)743-55-6156; Fax .+81-(0)743-55-6156; E-mail.nakamura@chem.nara-k.ac.jp
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1.85 membrane removed 90% of the emulsion

Permeation rate of 1.85 µm membrane is about 200 times greater    
than in previous studies

Membrane separatorsWhen changing emulsion concentration
Surfactant : Machining = 2:1
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TOF
A method of measuring the velocity by the distance and 
output time difference between two detectors installed along the plasma flow.

Development and Operational Demonstration 
of a Pulsed Plasma Thruster for 2U-CubeSAT

Introduction

Natsumi Hirota,  Yoshihiro Kajimura (NIT, Akashi College)

Pulsed Plasma Thruster (PPT)

Future Work

Design

Experiments

In recent years, a number of CubeSATs have been developed and launched all over the world.

A Micro-Satellite composed of multiple units by the standard of 10 cm 10 cm 10 cm as one unit (1U) . Because of their low 
cost of launch, they are often developed for the demonstration of advanced technologies and for educational purposes.

Fig.1: 2U-CubeSAT -

-

Simple mechanism with solid propellant and no tanks or tubes.
High reliability due to small number of components.
Precise attitude and position control with micro generated by 
pulsed operation.

The PPT is electric propulsion system suitable for CubeSATs.

Operation Procedure
1. Pulsed high voltage applied to 

the ignitor and plasmaizes a small 
amount of propellant.

2. Plasma spreading between electrodes 
causes short-circuit and charges in 
the capacitor flow instantaneously to form the main discharge.

3. Joule heating by the main discharge current further sublimates 
and plasmaizes the propellant, which is emitted from the 
cathode under gas dynamics acceleration due to expansion.

Fig.3: Electrothermal type PPT 

Research Purpose

Develop a compact, low power Pulsed Plasma Thruster (PPT) for 2U-CubeSAT.

Expanding space business by extended the lifespan of the CubeSAT.

Determine the PPT specifications with reference to the KOSEN-1.

Functional Design

In the case of those specifications, 
48,900 continuous operations (13.5 hours) 
are required to change the orbital altitude.

Fig.4: Altitude control
(Hohmann transfer orbit)

Technical Design
Create the PPT for experiment including thruster head and 
electrical circuit.

Operation Test

Thrust Measurement

Measurement of Plasma Parameters
Measured the velocity of plasma by TOF, temperature and density
by Double Probes respectively.

Measuring the thrust
(Impulse bit) of PPT 

used thrust stand.

Tested the thruster and circuit for operating normally in vacuum.

Conducted in a vacuum environment that simulates space.

Fig.7: Structure of the PPT system Fig.8: Plasma emitted from the PPT

Fig.12: Output waveform

Fig.10: Position of 
Probes (TOF)

Downsize, Low Power

Fit within 1U size. 
Operate within power 
generated by satellite.

Thruster Head
Outline dimension: 25 mm 25 mm 20 mm
Discharge room dimension: 1 mm 10 mm
Electrodes material: Brass
Ignitor materials: Tungsten Rod and insulated pipe

Fig.11: PPT and thrust stand

Increase ThrustContinuous Operation

Operate the number of 
times required to raise 
the orbital altitude.

Optimize the propellant 
and electrodes. Install 
magnetic nozzle.

-

60 ~ 70 µNs
(Main discharge 
voltage: 1400 V

Velocity: 50 km/s
Temperature: 3.04 eV
Density: 2.81 1021 m-3

Double Probes
A method of determining temperature and density from the voltage-current 
characteristics obtained by placing two electrodes in a plasma and applying 
a voltage to the electrodes.Available power, voltage: 2.5 W, 5 V

Performance Requirements: 3 km rising
Main Discharge Parameter: 2 , 1.5 kV, 2.25 J
Thruster number, frequency: one 1 Hz

Fig.9: Double Probes

Electrical Circuit
Discharge operation by wireless communication 
using Raspberry Pi and MONOSTICK.
Main discharge and ignition circuits are designed 
and manufactured to fit into 1U size. Fig.5: PPT Experimental Setup

Problems of CubeSATs
Its lifespan is short due to loss of altitude caused by atmospheric drag. (KOSEN-1 lost 3 km in 250 days.
For their smallness, it is difficult to be equipped a propulsion system to maintain altitude, and it has not 
been demonstrated.

The PPT in this study has been selected as a 
-generation CubeSat 

Demonstration Satellite (KOSEN-
Innovative Satellite Demonstration Program. 
The satellite is going to launch after 2026.

Fig.6 Thruster Head
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Figure 2 shows the twisting tension T1 and 
untwisting tension T2 of FDY (Fully Draw Yarn) 
and POY (Partially Oriented Yarn) with the 
change in draw ratio Vd/Vf. The FDY yarn tension 
was consistently maintained at T2 > T1 as the draw 
ratio Vd / Vf increased. In the FDY, surging was 
not confirmed, and frequent yarn breaks occurred.
As the FDY was not easily stretched, almost no 
stretching occurred by twisting which implies 
that tension relaxation rarely occurred. Therefore, 
the yarn tension had excessively increased by the 
twisting effect, when there was a low draw ratio. 
The POY yarn tension held the relationship T2 > 
T1 up to a draw ratio of Vd/Vf = 1.07. In addition, 
the POY yarn tension was lower than that of the 
FDY, and surging occurred. When the draw ratio 
Vd/Vf  1.08, the yarn tension was T1 > T2 and 
surging did not occur. POY is easier to 
elongate than the FDY. Additionally, tension 

relaxation occurred for stretching in the helical 
direction by twisting. Therefore, the POY is 
suitable for observing and evaluating surging 
while freely changing the yarn tension without 
using a heater.  

Figure 3 shows the relationship between yarn 
speed and twisting tension T1 before surging at 
the draw ratios of Vd/Vf = 1.0 to 1.3. Here, point 

 denotes the draw ratio Vd/Vf immediately 
prior to surging. Additionally, the draw ratio error 
bars indicate maximum and minimum limits of 
1.00 and 1.30. This demonstrates that surging 
occurs when feed roller speed is approximately 
430 m/min and twisting tension is T1 < 55 cN. 
Therefore, yarn speed and yarn tension cause 
surging. We posit that machine configuration 
such as disc shape and twist length, which impart 
these factors, affect the occurrence of surging. 
 

 
Fig. 2 Each of yarn tension without heater. 

D = 800 m/min D/Vd =1.50  

 
Fig. 3 Relationship between yarn speed and yarn 

tension before surging. 
Vd/Vf = 1.0 to 1.3  
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Using PC Super Computers to Dramatically Improve 
Manufacturing DX Development 
through High-Speed Numerical Calculations

058-320-1410 Email ryos@gifu-nct.ac.jp

1: 
2: 
3: 

NEC SX-Aurora TSUBASA

CentOS 

Linux 

CalculiX

113

SPOOLES (Xeon

SBLAS+CG

5.38

NEC

CalculiX

IntelMKL
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