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We performed functional genomics of lactic acid bacteria, Lactobacillus paracasei strain LC-Ikematsu, using two
next-generation sequencers 454 GS Junior (Roche) and MiSeq (Illumina). The genome sequences were assembled
using a GS De Novo Assembler (Roche), resulting in 87 contigs (>500 bp) and a total contig length of 3,078,383
bp. The assembled genome sequence was predicted to contain many more amino acid metabolism genes than
those of the other Lactobacillus species. Reconstruction of the metabolic pathways using the Kyoto Encyclopedia
of Genes and Genomes database suggested that LC-Ikematsu could potentially biosynthesize nine amino acids.
The amino acid requirements of LC-lkematsu were examined using various modified versions of the complete
chemically defined medium deficient in specific amino acids. Consequently, we elucidated that LC-lkematsu
could synthesize seven amino acids. This study also establishes bioinformatics techniques for the analysis of
bacterial characteristics, which could be effectively applied to other microorganisms.

Keywords: next-generation sequencing; genomics; Lactobacillus paracasei; probiotics.

1. Introduction

Various bioresources currently present in Okinawa, Japan, are thought to have adapted to the peculiar subtropical
climate of this area. Lactic acid bacteria (LAB), an extremely beneficial group of microbes, are one such
bioresource. LAB have traditionally been used in the manufacture of fermented foods such as yogurt. LAB are
probiotic organisms, as the consumption of fermented foods containing LAB is known to improve digestive
function, especially bowel movement. In addition, other attractive health benefits such as improvement in
antioxidant status, immune system regulation, and lowering of blood pressure have also been demonstrated upon
consumption of LAB-containing foods" .

We have previously isolated several strains of LAB from fresh fruits grown in Okinawa, and examined their
metabolites for antioxidant properties and inhibition of tyrosinase activity. In this process, we isolated an
intriguing LAB strain from pineapple (Ananas comosus), which we identified as the Lactobacillus paracasei
strain LC-lkematsu using 16S ribosomal RNA (rRNA) gene sequencing (GenBank accession no. BDIT01000060).
Using pineapple extract fermented with LC-lkematsu, which thus contained the bacterial metabolites, we
observed high antioxidant and tyrosinase inhibition activity. In addition, LC-Ikematsu showed good fermentation
characteristics, and so it could be used for making fermented dairy products such as yogurt (unpublished data).
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In recent years, whole genome sequencing has become easier owing to the development of new sequencing
technologies. In this study, our aim was to identify the functional characteristics of LC-lkematsu using genome
sequencing and bioinformatic analyses. Genome sequencing was performed using two different next-generation
sequencing platforms, 454 GS Junior (Roche Life Sciences, Indianapolis, IN, USA) and MiSeq (Illumina, San
Diego, CA, USA).

2.  Experimental methods

The stock of the LAB strain LC-lkematsu held at our laboratory was used for all experiments. This strain is
predicted to belong to the L. paracasei group based on the results of the 16S rRNA sequence analysis (GenBank
accession no. BDIT01000060).

2.1.  Genome sequencing using next-generation sequencers

We performed LC-lkematsu genome sequencing using two next-generation sequencing platforms, 454 GS Junior
(Roche Life Sciences, Indianapolis, IN, USA) and MiSeq (Illumina, San Diego, CA, USA).

2.1.1.  Analysis using 454 GS Junior

The DNA library was prepared according to the GS Junior Titanium Series Rapid Library (shotgun) Preparation
Method manual. The DNA library concentration was set to 1.93 x 10° molecules/uL. emPCR was carried out
using this library, according to the GS Junior Titanium Series emPCR (Lib-L) manual. This protocol proved to be
effective for obtaining an emPCR product. We obtained ~500,000 DNA beads, which were used for sequencing
according to the GS Junior Titanium Series Sequencing Method manual.

2.1.2.  Analysis using MiSeq

Library preparation was performed using the Nextera DNA Library Preparation kit (Illumina, San Diego, CA,
USA) according to the manufacturer’s protocol. Twenty microliters of DNA at a concentration of 2.5 ng/uL (i.e.,
50 ng DNA) was used as the input for the kit. Qiagen’s EB buffer (Qiagen Inc., Valencia, California, USA) was
used for adjusting sample concentrations. The concentration was set to 4 nM after library preparation. After
mixing with other samples and denaturation with NaOH, the final concentration of the analysis sample was set to
12.5 pM. The data obtained from a single run of MiSeq were analyzed.

2.2.  Sequence assembly

The obtained sequence data was assembled using a GS De Novo Assembler (Newbler 2.7; Roche) using default
settings. We performed three kinds of assemblies simultaneously, using sequences obtained from: (1) 454 GS
Junior, (2) MiSeq, and (3) Mixed-assembly, combining data from both the platforms. The mixed-assembly data
showed the best results among the three assembly approaches, both in terms of the number of contigs (>500 bp)
and the total contig length. Therefore, we used the mixed-assembly results in the following analyses. All the
assembly results were saved in the FASTA format.

Reads per kilobase sequence per million mapped reads (RPKM) was calculated to determine the abundance of
each contig. The highly abundant contigs estimated by RPKM were extracted and a homology search was
performed using the Basic Local Alignment Search Tool (BLAST, version 2.2.28+).

2.3.  Genome annotation

The LC-lkematsu genome was annotated using Microbial Genome Annotation Pipeline version 2.13 (MiGAP)
and DNA Data Bank of Japan (DBJ) Fast Annotation and Submission Tool (DFAST)®. We deposited the genome
sequence in DDBJ/ENA/GenBank using DFAST under the accession number BDIT00000000. The GenBank files
were downloaded from MiIGAP for analysis. The required information was extracted from all the GenBank (.gbk)
files using the statistical program R*, and combined into a single Excel file. In order to determine the functions of
genes in the coding DNA sequences (CDS), we analyzed the distribution of the genes within the COG (Cluster of
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Orthologous Groups) functional categories, and summarized the results for the “metabolism” category
graphically.

2.4. Pathway reconstruction

Pathway reconstruction was performed using KAAS Kyoto Encyclopedia of Genes and Genomes (KEGG)
Automatic Annotation Server), a web-based server for rapid analysis of the KEGG database. When all the contigs
were submitted to the program, only some of the pathways were reconstructed. Therefore, we extracted only the
CDS domains using the statistical program R, and created a FASTA file by considering each extracted domain as
a new arrangement. Finally, this FASTA file was analyzed by the Bi-directional Best Hit (BBH) method of KAAS.
A representative set for prokaryotes was selected. The results were saved as an image file and a KEGG Orthology
(KO) list that was used for the pathway reconstruction. All the obtained pathways were checked visually and the
pathway considered to be functional was selected. Here, by paying attention to the amino acid metabolism
pathway, amino acids that could be synthesized by LC-lkematsu were predicted. This was referred to as the
“predicted amino acid metabolic pathway.”

2.5.  Comparison with other species of the Lactobacillus genera

In order to determine the differences between LC-lkematsu and other species of the Lactobacillus genera, five
candidate strains for which the complete genome sequences are available were selected. Genome sequences of L.
casei W56 (NC_018641.1), L. rhamnosus ATCC 8530 (NC_017491.1), L. sakei subsp. sakei 23K (NC_007576.1),
L. brevis ATCC 367 (NC_008497.1), and L. gasseri ATCC 33323 (NC_008530.1) were obtained from the
GenBank/ENA/DDBJ repository.

2.6.  Amino acid requirements of LC-lkematsu

The composition of the complete chemically defined medium (CDM) is indicated in Table 1°°. We prepared
different culture media with the same composition as the CDM, but each lacking one amino acid out of the nine
amino acids predicted to be synthesized by LC-lkematsu. The amino acid requirements of LC-lkematsu were
determined by culturing it in each amino acid-deficient culture medium and measuring the optical density at 660
nm (OD660nm). LC-Ikematsu cultured in the complete CDM served as positive control. Negative control was
LC-lkematsu cultured in the CDM lacking all amino acids.

Table 1. Composition of the complete chemically defined medium (CDM).

Compound Concentration (g/L) Compound Concentration (g/L)
D-Glucose 10 L-Arginine 0.1
Sodium acetate 6 L-Aspartic Acid 0.2
Ammonium citrate 1 L-Cysteine 0.2
KH,PO, 3 L-Glutamic Acid 0.2
K;HPO, 3 L-Histidine 0.1
MgSQ, + 7H,0 0.5 L-Isoleucine 0.1
MnSQO;, * 5H,0 0.05 L-Leucine 0.1
FeSO, + 7H,0 0.02 L-Lysine 0.1
D-Pantothenic acid 0.001 L-Methionine 0.1
Pyridoxine hydrochloride 0.002 L-Phenylalanine 0.1
Riboflavin 0.001 L-Proline 0.1
Niacinamide 0.001 L-Serine 0.1
Folic Acid 0.0001 L-Threonine 0.1
Tween 80 1 L-Tryptophan 0.1

L-Valine 0.1
L-Tyrosine 0.1
Glycine 0.1
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3.  Results

3.1.  Assembly information

The assembly results obtained by Newbler 2.7 are shown in Table 2. Since the amount of input data determines
the result, by unifying the data obtained from both 454 GS Junior and MiSeq, the total contig length became large.
Thus, we decided to use the assembly result of the “mix” for the following analyses.

3.2.  Contig information

After normalizing the levels of each contig by RPKM, the abundance of contigs 60, 61, 72, 73, and 87 (Accession
numbers: BDIT01000060, BDIT01000061, BDIT01000072, BDIT01000073, and BDIT01000087) were high.
When a homology search for these contigs was carried out, it was predicted that these were rRNA and transposase
genes (Table 3).

Table 2. Details of the sequence assembly results.

454 GS Jr. MiSeq Mix

Type of sequencing Single Paired-end —
Input data

Number of input reads 88,722 1,000,000 1,088,722

Number of input bases (bp) 39,664,487 279,880,823 319,545,310
Peak depth 11 73 86
Number of contigs > 500 bp 150 99 87
Largest contig size (bp) 148,085 293,921 243,104
N50 contig size (bp)~ 46,634 77,957 100,229
Total contig length (bp) 3,073,359 3,069,343 3,078,383

" N50 contig size means that half of the total aligned reads were assembled into contigs of this size or greater.

Table 3. High-abundance contigs estimated by RPKM.

Length Number of reads RPKM* Predicted
Accession no.
(op) GS Jr. MiSeq GS Jr. MiSeq features
BDIT01000060 1708 296 5855 1953 3428 16SrRNA
BDIT01000061 3052 488 10189 1802 3338 23SrRNA
BDIT01000072 1107 105 1495 1069 1350 Transposase
BDIT01000073 1701 187 3347 1239 1968 Transposase
BDIT01000087 593 763 11,435 14,502 19,283 Transposase

“RPKM : Number of reads per kilobase sequence per million mapped reads

3.3.  Annotation results using MiGAP

Based on the analysis of our Excel file summarizing the gbk files, the number of the CDS domains, ribosome
binding site (RBS) domains, rRNA, and tRNA in each LAB strain is shown in Table 4. Among all strains tested,
LC-lkematsu had a comparatively large genome size, with many CDS and RBS domains. However, hardly any
rRNA annotations were observed for LC-lIkematsu. Considering that the sequence was assembled from the results
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of two platforms, the number of contigs were increased this may have led to low numbers of rRNA being

observed.

Table 4. Annotation results of different strains of lactic acid bacteria.

LC-lkematsu - L. sakei - -

casei rhamnosus brevis  gasseri

Genome size (Mb) 3.08 3.08 2.96 1.88 2.34 2.96
CDS 2978 3076 2772 1886 2259 1861

RBS 2639 2948 2716 1834 2210 1831

rRNA 3 15 15 21 15 18
tRNA 58 60 60 63 65 73

3.4.  Metabolism gene comparison by COG function classification

Metabolism genes were systematically discovered by the COG function classification analysis of LC-Ikematsu,
and two closely related strains, L. casei and L. rhamnosus (Fig. 1). The L. sakei and the L. gasseri strains, which
had a small genome size and fewer CDS domains, also contained few domains coding for metabolic proteins. The
Lactobacillus strains did not show significant differences with regard to the genes for the metabolism of
nucleotides and coenzymes, probably because these substances are indispensable for all living organisms. With
regard to the metabolic genes that participate in auxotrophy, such as for the metabolism of carbohydrates and
amino acids, three strains, LC-lkematsu, L. casei, and L. rhamnosus contained almost twice the number of genes

compared to the other three strains.

400
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Fig. 1. Metabolism gene comparison using the COG function classification. The horizontal axis shows the
categories under the COG metabolism function, and the vertical axis shows the number of COGs for each

category, for six Lactobacillus strains.
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3.5. Pathway reconstruction by KEGG

By pathway reconstruction in LC-lkematsu, the pathways for glycolysis, galactose metabolism, pyruvate
metabolism, peptidoglycan biosynthesis, and metabolism of several kinds of amino acids were predicted to be
conserved. In LC-lkematsu, the tricarboxylic acid (TCA) cycle pathway was completely collapsed. Indeed,
LC-lkematsu showed peculiar characteristics compared to other LAB. On the contrary, the metabolic pathways
for amino acid metabolism were conserved among the six strains.

3.6.  Prediction of amino acid synthesis ability

From the results of the pathway reconstruction, it was predicted that LC-lIkematsu would be able to synthesize
amino acids. On the other hand, in the three strains, L. sakei, L. brevis, and L. gasseri, almost all amino acid
synthesis pathways had collapsed. Since their genome size was small, it is likely that the genes for amino acid
biosynthesis were also decreased. Nine amino acids were predicted to be synthesized by LC-Ikematsu: proline
(Pro), glycine (Gly), lysine (Lys), histidine (His), methionine (Met), threonine (Thr), serine (Ser), alanine (Ala),
and aspartate (Asp).

3.7.  Amino acid requirements of LC-lkematsu

The percent changes in the turbidity of the LC-lkematsu culture medium deficient in specific amino acids, with
respect to the turbidity of the complete CDM are indicated in Fig. 2. The turbidities were significantly increased in
seven amino acid-deficient culture media (each lacking Pro, Gly, Lys, His, Met, Ser, or Ala) compared to the
negative control (lacking all amino acids), indicating high growth of LC-lkematsu.
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Fig. 2. The effect of the removal of amino acids from the complete CDM on the growth of LC- Ikematsu. The
vertical axis shows the percent increase in turbidity compared to the positive control for media lacking amino
acids specified on the horizontal axis. N.C. represents negative control and P.C. represents positive control.
Statistically significant differences were calculated by the Mann-Whitney U test between the negative control and
each treatment. *, P < 0.05; **, P < 0.01.
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4. Discussion

4.1. Contig information

Comparison of the de novo assembly results of 454 GS Junior and MiSeq showed that larger total contig length
was obtained from the long-read sequence data of 454 GS Junior. However, the largest contig size (bp) and the
N50 contig size (bp) of MiSeq were longer than those of 454 GS Junior. In de novo sequencing, it is generally
thought that the assembly result of the long-read data is better. However, the short-read data results in a large
contig size, and for bacteria such as LAB that have a small genome, it is thought that much more information is
acquired by annotation of short-read data than long-read data. In this study, we were able to maximize the total
contig length and contig size by mixing the short-read and long-read sequence data.

It was predicted that there existed a lot of 16S rRNA, 23S rRNA, and transposons in the LC-lkematsu genome.
The rRNA adopts an operon structure and we believed that more than one such structure existed in the genome.
The RPKM values of BDIT01000087 in our results were the highest, and it is thought that as many rRNAs are
contained in the genome as reiterated sequences.

4.2.  Comparison with species related to LC-lkematsu

LC-lkematsu was expected to be similar to other L. paracasei strains such as L. casei W56, L. casei ATCC 334,
and L. casei str. Zhang, as 16S rRNA gene sequencing revealed about 99% homology. A homology search using
23S rRNA also yielded similar results. The genome sequences of the three strains of L. casei showed five 16S
rRNAs and five 23S rRNAs, as two or more rRNA operons exist in a genome. Possibly about five rRNA operons
exist in the LC-lIkematsu genome, based on the RPKM values and comparing the results of the closely related
species. The results of the COG function classification suggest that LC-lkematsu has functions similar to L. casei
W56, a closely related species. On the contrary, the metabolism genes decreased significantly in strains distantly
related to LC-Ikematsu. This suggests that L. casei and LC-lkematsu share many metabolism genes. L. casei is a
probiotic used in the manufacture of fermented foods such as yogurt’, and has several beneficial effects such as
the regulation of gastrointestinal function, immunomodulation, and an allergy reduction. LC-lkematsu also has
fermentation ability and can be used to manufacture yogurt. Since it has a high homology with L. casei, it is
expected to exert probiotic effects in the manufactured yogurt.

4.3.  Differences between the amino acid synthesis prediction and measurement results

Out of the nine amino acids predicted to be synthesized by LC-lkematsu based on the genomic analysis, growth of
LC-lkematsu was observed only in culture media lacking seven amino acids (Pro, Gly, Lys, His, Met, Ser, or Ala).
These results suggest that LC-lIkematsu could biosynthesize these seven amino acids. On the contrary, although
the biosynthesis of Thr and Asp was also predicted, a significant increase in turbidity compared to negative
control could not be demonstrated. However, we observed a tendency towards higher turbidity, implying that a
related metabolism gene was manifested at the time of the cultivation of LC-lIkematsu in our experiments. We
believe that amino acid biosynthesis of Thr and Asp could be presumed from the genomic analysis, but further
experiments would be necessary to examine the conditions under which the corresponding genetic group is
expressed.

5.  Conclusion

Our study characterized the L. paracasei strain LC-lkematsu isolated from the natural environment of Okinawa.
We found that the genome size of LC-lIkematsu was about 3.08 Mb(s), and this strain held 2978 CDS domains,
which is large compared to other LAB. Bioinformatic analyses using pathway reconstruction based on the
genomic information predicted that LC-lkematsu could synthesize nine different amino acids. We tested the
amino acid requirements of LC-lkematsu, and found that seven amino acids were not essential for growth,
suggesting that these were synthesized by LC-Ikematsu itself. Our experiments reveal that LC-Ikematsu has a low
nutritional demand for amino acid supplementation in culture media compared to other LAB, and thus the cost of
large-scale cultures might be significantly reduced. LC-lkematsu could thus be a suitable, cost-effective
alternative to existing LAB used as probiotics.



Bulletin of National Institute of Technology, Okinawa College, No.11 (2017)

Acknowledgement

We thank Dr. Akira Iguchi for useful advice in preparing this manuscript.

References

1. Behnsen J, Deriu E, Sassone-Corsi M, Raffatellu M, Probiotics: properties, examples, and specific
applications, Cold Spring Harb Perspect Med, 3, a010074, 2013.

2. Diaz-Ropero MP, Martin R, Sierra S, Lara-Villoslada F, Rodriguez JM, Xaus J, Olivares M, Two
Lactobacillus strains, isolated from breast milk, differently modulate the immune response, J Appl Microbiol,
102, 337-43, 2007.

3. Tanizawa Y, Fujisawa T, Kaminuma E, Nakamura Y, Arita M, DFAST and DAGA: web-based integrated
genome annotation tools and resources, Biosci Microbiota Food Health, 35(4):173-184, 2016.

4. lhaka, R, Gentleman R, R: a language for data analysis and graphics. J Comp Graph Stat, 5:299-314, 1996.

5. Saitoh S, Aoyama H, Akutsu M, Nakano K, Shinzato N, Matsui T, Genomic sequencing-based detection of
large deletions in Rhodococcus rhodochrous strain B-276, J Biosci Bioeng, S1389-1723, 00064-9, 2013.

6. Morishita T, Deguchi Y, Yajima M, Sakurai T, Yura T, Multiple Nutritional Requirements of Lactobacilli:
Genetic Lesions Affecting Amino Acid Biosynthetic Pathways, J Bacteriol, 148, 64-71, 1981.

7. Bandiera NS, Carneiro I, da Silva AS, Honjoya ER, de Santana EH, Aragon-Alegro LC, de Souza CH,

Viability of probiotic Lactobacillus casei in yoghurt: defining the best processing step to its addition., Arch
Latinoam Nutr, 63(1), 58-63, 2013.

RO BRSO HBEL
Lactobacillus paracasei LC-lkematsu £k %/ I fi#HT
LAY, ZEHE OEHES, H PERRS, BTHL M} AW Zo%? AR EEY i Hih?
LRI R BER EA  B AT SE R R S R
2 PR T R R A SR TR, 3 BRER A AT se e v 2 —,
4 PR DA AR A

ikematsu@okinawa-ct.ac.jp

WA — 27 B Y, REFEESEA LT DiRENE 2 FF 3R #  (Lactobacillus paracasei
LC-lkematsu #£) DO —4 v T hiTo72. —7 W, 454 GS junior (Roche) & MiSeq (IHlumina)
Z{E L, GSdenovo assembler (Roche)a W CT7 27U #{To72L 2 A, 87 2T 427 (>5000p)
235 5472, Total contig length 13 3,078,383bp 72V, 7/ 5 —v a v & L7z & 2 A, fthod Lactobacillus
BED LT VEBREEG T NEIRESN TS & FHIE L7z, Kyoto Encyclopedia of Genes and
Genomes (KEGG) (2T /8 AT = A FHEEE L7-KE R, LC-lkematsu FR23 9 FEO T 2/ & LA CTE 5 1]
REMEANVRIE S 417z, LC-Ikematsu BEOD T X/ FRELRMEIZ DWW T, SERG ARG A BYUEIZ AT X/ Bk
e FHCTREBR L7z & 25, LC-lkematsu BRMEE DT 2/ lRZ//EAKRTE 5 2 LA LT -T2,
AAFIENZ Lo C, HlEEFIZIBN TS T MG SIED ORHE & MR IFT T2 31 A A 7
~T A 7 AFTIENL T E T2 ARFRHTEANC X0 RN E IR R O O R A iRl CE -2 &
T, MHROEERBIZEIRCX 2imBRS IR S S.

X —T— R WA — > A, 7 L##, Lactobacillus paracasei, 7' & /31 47 4 7 A,



TR 3 S BT ERAEE 1% ¢ p. 9-24, 2017
ISSN : 1881-722X

BEEMEBTIZBIT D CLIL Eif DREE
— 3D A vy MEEEZBELT—

ARSI

2
o>
»
ik
>

BE

MESDOWDWW 2L 7 r—RIZ Lo T, ROEFED 5T HIBIZI W T, REEEHRE ) & 2 72
MM OERPERO IR EZ T THT b TV 5, FICEEFHEMBEICIE VT, EEICL DR

(English Medium Instruction, EMI) % ZEfii 9~ 2 BN 2 L T\ 5, L L7en b EMIEfEA OPFEH T
FHNNEETH Y | FERICE > THRBUSKE DB 6D <2, T TEMIICEDL DL LT, i
£ TNESEH A E1E] (Content Language Integrated Learning, CLIL) 23/EH 28T\ %, CLIL 3%
BNAELE _SHELADLETFEET IO THY . HIPPEREZR & OB R Ko TR A I
BTXDH20, TORY ANG I ARIZEBWTH SERBERE TEOEMPHALN TS, L
MULERE, ZOZAMNEREREICBIT2FERTH Y, FEMRE COFEMIZD RV, & 2 TRIFFEIC
BWTIL, HARIZE TS CLIL OFME HBE COFEMARRMEABRGET 5720, 2031 vy MR¥EL
IMEN LTz, ZNHD 3D/ A 1y MREORBIZE, BEFROFEEITHT 2ERRSA 2
—IC X DA, FEBE kT 2B S RAERBR O A E 2 T, EFLERE FIZBIT 5, 2o
JE7R B2 0 BB ICE T D CLIL A K OV D rl etk 2 84537 5,

F—U— K ARSEMREHSEE, CLIL, EMI, ESP, T##E

k=10

1. 1XC®IZ

PEENHEROLEE, WbhWwH Y A - 7T E LTHWOIUED TA LYY, ZOMEAIIES OV
D57 — I Lo TRICHRD Hiv, HROKED 5 WITA I8\ T, SEEEMRET) 2 2
T2 N OFERRMNEFZEER & LC{T7ebi % (Ali, 2013a, 2003b; Costa, & Coleman, 2013; Nunan, 2003;
Yang & Gosling, 2014) . FrlZ B S5 BB MBI B\ T, SEEERRES) & 0f 2 7o FEDO B IZIT TlidZe <,
HE - RS & L CENAD S OF T 2557200 b, JEEEIC K Dk (English Medium Instruction,
EMI) #1795 & ZANAEH L TX 7= (Ali,2013a, 2003b; Chapple,2015; Costa, & Coleman, 2013; Nunan, 2003;
Yang & Gosling, 2014), D EXT 5 & 2 AlL, FAORGEERRE O BRI TR W HET 72
HHAEEFHLLOETHZLTHHD (Yang & Gosling, 2014), L72>L7273 5 EMI 1 FE % OPFEH C i
WNEETH Y | EflZE > THRBUSK D L6 H D72 vy, OB E LT, EMNIXT 5B fFED
RELS, 8B T2 —Bor s, REFEmICBIT 28N, fHEHINLH 2 8o 2, FEHED
SARMEGFIED K AN72 832 F HAu TS (Nunan, 2003), 72, EMI X SGEESMERE L L T8 7 % EFL
(English as a Foreign Language) EBREEIZH HEIZISVTIEL, EMIITHESIRES E A LR S 5 AlHetEn
bo, HOLWVEHE-FEPCEEOTAT T AT 4 —EENTOTIERVNEVIBRRICEY, 20iE
ANEB2#E LV (Dearden, 2014)

ZZITEMICEDLDbDE LT, I, TWESERATEE] (Content Language Integrated Learning,
LI CLIL) BNEHAHED TS, CLIL IFHERNELE SHEsALETCEET L5 FEIETHY .
FEEPBRNR R EZFET 522 LT, F_SHLEG L. 0T TEB UL - AR~
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DEMDEHE D OENRFEEETH D, CLIL IZBWTIIE —SHEOEMA bEMIICHE SN TV D
T2, TONTUAORS, B0 ANG S D, 2L OHBEHETEASLEmNHALNTND, AR
IZBWTH, CLIL OB A & FEfaidkkx RBEHBETROND X o122, BRMICITRY: (il - fn
SR e JEED, 2011540 55, 2011 72 &) L @ik (LR, 2016 7 &) . /R (T4, 2013;Yamano, 2013 72 F) . 7=
RMDT o F = 27 — )V TOEBHINRE SN TW5D (Uemura, 2013),

L2 b, BHARBITSD, &0 DT EEHEHE TO CLIL OEEORNIISNEREORFEL LT,
SEHEMICLAFERTHY . Z DR TERMICTBW TR ZES], > 0 BB EICRBT 5, HMEE
IZRDFEMIT DR, SNHEEZNEL, AROEFEHEICBWT CLIL I35 S5EHE Ox HTE
57, EMI O X S IZEBRICEEREMBRNE YT 2B LTOERIXIZEAEHAA LN TV
VW, AU, CLILIZHBARICB W T EMICE DD X5 e hEime LT, @EREMMEEH > BHE IR
WT EDOREEATRETH DD, EAEREORETHOONSIZLTYH, — 17 EFL B H R
JiERLE  (English for Special Purpose, LA ESP) & bbifz LT, SR E O SRS EDO B I 252 E
CEEDL LD, b LEZELSELIOTHNIE., EDOX ) RSB HERICE L ThE DR
NETF LD,

E ZCARMIZIZIB W TIE, EREOERM A D X CLIL O3 vy MEEE 3FORATEmEL -,
ARA vy MZEIX, BROTFAEMETHEEHERECHL TESEHEM TR LT EH) TF
ME SAVTz, FEF I IGEHAT L MR B I TH Y | FEFIIEHICB T o mFFEA L FERRAETH S,
ZD 3OO 1y MZEOHE, BEALTFEHE T 2EMBICLIHMESCA v ¥ a—, £z
FRFIHT DEEDRNERBROMER LI E 2 T, EFLBRE TICRBIT 5. £mEREMEE2H 5 F
HIZH1F 5D CLIL FEhi D Al et &2 LT 5,

2. CLILiZD2WT

2.1. CLIL OH#EE

CLIL /TR AN W D20 55 S EM/IEO—D2Th D | HENE (B 213, BEE) %
BT HERALTEE T LI LICEo T, PR, FEMNICE ZSEOREF LKL E VNI HEOTH
%, CLIL [ZFINE S (EU) O SFEBOR 2 HUSHEAE Uiz, BRINTIE EU 23AIRR S T LAk, i E M
TONDFREAMELE S AV T WA, FFIC 1990 RO HFEIZZ OB X (FFEFITR D . FRICKHETE S
X9 2SR ROANERESCE OB EU IR ENZ RO Siukhsd 7= (Eurydice, 2006), & ICERINGESIE
[ _To EU MiRITREEICMA T, o 2 S5E4EGT &) L3555 BER%Z LTzt (European
Parliament, 2016) , Z DBURKOFEBLD 7=, HEOIRINZ DRI, D ORNEARINEFEHE DK S, <
DOFE R, SNEFEFE 2 ME HSE L AbETITH & W) FIENERH S L v 5 (Hittner, 2013; 7,
2011), A TILCLIL X EU OFFEECRAZHET 526 0 L L TFF S TW% (Eurydice, 2006)

CLIL II%E —SiEEAE L LT (K1), IAFHRITITINAEEGEAZE (Content-based Instruction, CBI)
W S5 (Lightbown, 2014), % @ Jiikam 1%, “dual-focus” (Coyleetal., 2010) . $£7- “counterbalanced
approach” (Lyster,2007) 72 & L RELSND K52, FEHEAEPNELHMRT H 2 L 2@ L T, MBI
L TEEEEZITY> LWV I D THS (Cenoz, 2013; Aguilar & Mufioz, 2014), % 9 W\ o 72 BLEN S |
CLIL IZNAT.LEFEH159% (Content-based Language Teaching, CBLT) oA ~— a VB ICHHLI L.,
SHEPERICE L CUIZcEmiIdH 50D (121 Cenoz et al., 2013 ; Dalton-Puffer et al., 2014; de
Zarobe & Cenoz, 2015), CBI, CBLT, CLIL, A ~— a3 V#E7 E®D “umbrellaterm” & =#1% (Dalton-
Pufferetal,2014), L722L7225 5, CLILIZZ M 6 OFREEFHEIIZRWIIFFOJFH 2 AMEICFf > TR Y

(#hH, 2011; Cenoz 2013) . € D RNUTAEZL < DHHEME THA K OEM S TWH B & b s, U
TIZZENBERBNT D,

1 “One of the objectives of the EU’s language policy is therefore that every European citizen should master two
other languages in addition to their mother tongue.”
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1 B SEEMREDSHE
(Ikeda, 2013 IC4EH DER Z N %2 726 D)

22. T4H2mCJ

CLIL DR ERFFEE LT 45D CIEMTIND LDRHDH, 1420 ClEITNE (Content), Bk -
M3 (Cognition), S &% (Communication), (1t - FE[E{A (Culture/ Community)> Z & T& Y | CLIL 12
o 4 SOEREPHAEDE o7 THfA ) (framework) & FEIEIL D S0 H T34 5 (Coyle, 1999,
2006) (K2), LIF. #HEHD CEHIZHOWTHI LIu,

'd ™

Content

Communication
Nz

=i

Culture
Communi

XAk/3EME

Cognition

BZ /R

o

2 CLIL OFkAA T4 >D C|
Content (N&)

CLIL IXEfEFEH 22 NEIM AN ST, BHROH DL ROFTITH Z &, DEVAREZIMEE L
TATH ZEAHEARFELE LTS, WL, CLILIZSREZW R M7k GERostiEi y) L L
TRV HLTTIEZRL, EMRA 7y FELTEEEICEZSZ LIV FEEOSERE DR
IR END EWVWIHEEREZFF > TV D, F _SEEAHEMICEW T, SEEBOMNESRMEE SN DX
SiA 7y FTHY (Krashen,1985), HIESFEIZEZ <, ELMELININD Z LICX - T, FEHFIX
KR, 55 WIMBRMICSiE2 85 L (Laufer & Hulstijn, 2001) . SREA#CEH ST OSFEHENTH
b sns L EZ BN TS (DeKeyser, 1997; Mufioz, 2015), EFE, ISk L7Z CBI oA v—V 1
VEERE, WERZREMEE LT S EARER. TOFEENNEERES IS L ESTRER I B S
ERL IR EDORITHHIZ LTS (Fortune, 2012) . R ITFEEHFIIIEFICH W EBEMNENIZ L5
TV )RR 2% (Fortune, 2012; Stoller, 2008), F7-. WRZ ML L7-8 _SiEFE L. &L
BT, ERICH BARBRBIIZIIV, Ao (authentic) SrEA > 7 v hEEEEICEZ DI LINTED
7= (Banegas, 2012; Coyle et al., 2010; del Puerto & Gomez, 2009) . HAZ, MM SiEEHRE 1 %

11
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WCHIAHT SELZ LI STV D, B, BERO L2 WIRTEHLEGT L2 13 FHE
S Ef~OEE A m O L L OWEHH D (Coyle, 2006; Lasagabaster, 2011)

Cognition (% - 58#%)

CLILIZBW TR LFRROEE I 2L SHFE L LT “Cognition” [ - 385k 37 515, CLIL
1% Bloom (1956) D8/ EDEER (Andersonetal., 2001) (25T, BECEH A 1K KREE (Lower
Order Thinking Skills, LOTS) & @& (Higher Order Thinking Skills, HOTS) (/338 L (X1 3). HEx 72
LU CRE SR I B 2T 5 2 LIk > TEBEEEMESD & 9% (Mehisto & Marsh,
2011), ZOHEIL, B SEEAERRICB W TTI X A7 HIL S EE#ERYE (Task-based Language Teaching,
TBLT) ., J&< HEFO 5y BT A1LE 2[R AU R 273 (Problem-based Learning, PBL) (Z¥EE17- 5,

Al &

1

CLa ] MRIEE (HOTS)
T

5y #r
T

i M
T

R KRIEE (LOTS)
T

T

3 Bloom OFRE4E (ELEM)

Communication (E&

CLIL IZBWTITHESHEL FEHOMGL T 2720 T ERICFEHOBRIZBWTHERT2 2 L
ZHERET %, Coyle (2007,2010) (X, CLIL (BT 5 FrEOEEZ [F¥EOEFE] (language of learning) |

o780 55 (language for learning) . 52 %18 L T 538 (language through learning) & 3 >
W LT, BRI, T8 0558 SITNAZBMT 570 0F%—U— FNOREBLZ, [FEOZOHD
S TEGR, EHROBHSCERR Y FEADRECBW T ) X AV ICUBERSEEE LY, £72 ¥
BEELTCOFEHE 1IFEEPARBRET 2R MERLE LT, PHETEST L H LVWSEEEW®T
% (Banegas, 2012),

Culture/ Community Gtk « $:FIEK)

CLIL IZBWTHIINOINAERLTEIL, FEHEBFDORET 5 LI FR, & 7o S o [F R~
OBEfE, Wb b a—Hv (glocal) FEMARD HEE L5 TD, D728 CLIL OFE TN T
X, FEENECOME O LFERSSUBICERZ RO L 9 REMOX 27 BELHWLRD, 20
7230l HRE~OFEFRITFEARICE EE 6T, FEFECLYTED LN TS, BEMIZIE, <
TU—=IRITN—T U= %l LT, thF L ERZSNLEV, FREICK L CTHE L Tl Z &2 &
> T, HEDOKEHSLT — LU —JHIIOEREKA 9 &35, Ziuddkib L=k iz, CLIL 2 EU O
1B &% Ot 72 — B D EBLO 7= OIZF R L OSHE SN T E RISk 228, FALL L 7o BN EL
DT a— NI HE U TEX 72729, CLIL TR SbEfERCa I 2= — g VOEEEE L LT
RIS TWD EEZ BN,
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2.3. FOMORE

ERE 45D CJIZCLIL DB LR LBERTH Y | ONAIBROF " SihEGE L KNS DT
LN, CLILIZIFIC S ZD XS WMAD RN H D, TN HELUTICHHT D,

(RN

CLILIZRBWTIE, NACHIESELZ L0 X <SHEMFT 5720, FHEYICTES 20T ) (Scaffolding) & 1Y
ENoFEIZEBMENTND, TR 1L Krashen (1985) @ TERfiF A[§E72 A 7w b

(Comprehensible Input) BGs, 2 F 0 FEBENSELEGT H7002IL, BEAEER A 7y R3]
RTHDHENIEEGRIZESIT LTV 5D, F o #1230k EE (Socio-cultural Theory) (e.g. Lantolf & Thorne,
2006) DfZE 725 TV % Wagotsky (1986) 0 [381ED A T8I (Zone of proximal development, ZPD)
MOEDWBLRENWEEZD, A7y NPERATEETH H7-DIIX, ZXFEH OBE/MfEEIC [T
FILTb O TR ST, NI L TWARWESITIE, B L 702 X 5 TS /A TR
ATRRIC T 5, BRMe TSy & Uik, SRERAEMED GREMEET, S Wiz 70 &) | FEREERB) (<7 -
TN—TT =77 EOWETELR Y WEREfEME) (K, &, 7774y o0 A=AV — &FF B
BoERREY) 7o 23% 5 (Ecchevarria et al., 2004) ,

CLIL 1Ix&7EE FEHEE BN U T, FHICIY ANLHEIGHELTE T2 208 TED

(Bentley, 2010; #iM,2011) (X 4), FEICHWAEASFERLR S, BIESHELIT Tl H 538 (&
FE) OFEALROLNTND, FIZIX. SO EREICELTH, A RL-ULEZFARLTND, &
9 Dt CLILIZEU DFFEBUR DI & 72 - T4 535178 (Plurilingualism) 12353 Tu % 23 (Council
of Europe, 2014) 2, FAULH _SFEDOIL A=Y —  ERBLIND Lo IC, HEOE _S5iE%x., SEbd
HZWVEMEIIE L CGEATE L NERTHOTHY B, BERFETHIVUTRGE L (LG5, F5L
HTHIVUITGE, (LFE, WEELE WD X9 RREN) L THEOE —SiEswelEH T 28N EEL
TWDHD TRV, €5 T CLIL ZFED, WoIXHABEICEALTYH, EFICEHELZFF o Tnd &
EIHIENTED, ZORICBWT, CLIL ZHBEBRSGICZ L > TUIFEFRITZIT ANLTVHEDO L F X 5,

55720 G 722N
Soft Hard
El‘ — = P 23134
N amans s R
- Light Heavy
o S (=]
N Partial Total
o iy EUIN
iR =2 Bilingual Monolingual
S RSO HIES RO

4 CLIL OZ%kk720E (A, 2011)

2 “Plurilingualism refers to the repertoire of varieties of language which many individuals use.”

13
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3. THREEBEICKITAHEBEEREDER

T RBERBIC BT, FMAERCHN 0BG L &b ICRFEERREIOEESE L &L, ST
12— KD ZOMEPEITEIZEE > TV D, KOEICBWTRE L 25 SehENRENIT, v==
TG SLDGERERCEE, FRIZB T A EM O NIRE R ETHD, Wb D 4 HEEITET
VB2 D, ESNE OBR Y b Z DT EREEICB O T, HEEENEMEME L., thEOEME & W
L, BIMIOBEDOIKZTHZ b0 En S (HML2016), D X 5 ICHEFEEHGE ) OB RO MLE
PEIZE WS DD, THRABHE OB PRI L CHEMEE 2 EENICES-OICEHE SN TWbD T
B, AMERESC B SULERO 7D OFE D72 (K5),

0 10 20 30 40
T TN
AN THTTTIIENNNNN N
3 TN
4 (TN
5 1NN N
Al 1IN
A2 1= e

egs SRk = aARy: BHMBR (I%) 2ol
T RO IS (L2190 40) %, HEEhiT AR,
BRI, AR (1~54F), HEE (AL, A2) &7,

5SROI LR PR OBERE

Vo B RE & OREBERITEN TR WA, TERFPAEDOFFEFEHIFR O 70 Z1%, AW
AT T @ HE~OREN LGN 7o T2, 48 157 LB CHEERFROMEEZ LIzt 2 A, %
BIRFREIZOWTOHEED 9 b, [HGEEFRIITED L BN IGEFE IR 2 T T TWE T XL,
67.41%D A0S [ 1 BEBIRGG . 22.06% D224 T 1,2 ) LEIE L TCW5, £7-. [HiE#HzN
THRFEZ EDO LD RMETTE L TWET ) IZX LT, 52.30%DFAEN [42<1TH7%R0 ], 38.23%D
SRAENRIC—JERRE ) LA LTS, M LT, OISR TIIT E A CIESEERE 21T> T
RN LT B,

FlbiRRIZ L9, FESEEEHERBOBANGIX, S8 T2 L CTHEELROIISEA VT Y
FETHY ., WIS HECH SN FEHSCHEETH S, TEROBEHBHREICE O TUXZ 00
RETBHEZATHLN (K6), 29\ ol mEICHMNARBEREICBWTCIEEEYEDO - D DH#R
OEEIMIIREANITEE L,

T, HEARBZB L TCIZORERHOND Z ENRLAHENZ2 L) ICEDNS, 2F 0 CLIL &
MR BRI W TERETIUL, WAL DICSHEOBEBGLAREE 720 . W OFEEIZHENR L 91
BZ2%, LML G CLIL OFEMEICY 2> TIMF T REEEN S 4 H D, HlxiX, @R,
BB o, #hr, ¥R E, FEEARE, REESEEEOSTHERES . HREL BE
SHEOMRBEE R ENFT NS,
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— MBS ot —
= RE
(GE=e - SCB) ATy MR SEEAE - HRED B4
== e
_ S aRixiE STy M AEME - el /| A
aJLU ° Elﬁ <
E T

X6 _SIEEFICED IR

o T, RFZEICEBWTLCLIL Z AW S vy MEELZB L TERERICOWTERL, L¥%%5

HHEIZB T DR IGEEGOH 0 HFEREET 5 E L HIZ, CLIL &) 7iE2S EFL BREE T2 1T

HEAHEFEICBOWTEEIRETH D0, ATRETHIUITED X ) REMERBENEIZOWTHRNT S, =

ZINBARMREOBEIIRO L S b D LD,

1. CLIL X EFL B35 F O ME B THEIMEATRE T H 50,

2. JRETHIE., FDL o708k (B R, G578 E. B, £ -5 (B8 LHE _SHEoHE.
HEROEE 2 &) D,

J.CLILITED L DA (WA, SatEF. FEEERLY) ICBHLT, #EAICEELEZ DD
i

4.CLIL [Z ESP &k LT, SR OE G, P BB RICHRN L ZEZZ T 6T DN,

4.3FDNA vy MZESEH]
41. EH|1:ESPREELT®CLIL

EEOHME

AA oy MZEIZESP BHE (BHHA TREFEINEGE)) o Citbid, #&RiL 4 7F, #1574
DFEITHK L THT O REIXR 15 M Th 0 | JfB AN A B A2 RN BE T 2 WA %2 VT CLIL
DFETCIESNWTIRELITTo 72 (K 7,8), FEEOFRPMLER & & 2RV TIT, BHEITRTHRFETIT
itz BEIZB W TUIFHEIC B EB 72 FE OB HME S22, EBEIZIT S E W EH SN o T,
WBIRECRB T, 2ETAFRBICEDDI X A N5 2 5T, FAORERENT. Af oy MR
DOBEDOE » AFNZZ 5 LTz TOEIC O S% 9 —n v R SiEES M (CEFR) IR L7z &
ZAH, VA=V TRENT A2 25 BL L-ULOR, £V —F 4 U RESNT A2 LV TH o T,

i

42 15 [ OFEIME T Lizth, A L CERRIC L 2HE L FEBERET A M &1fT-o72, BiE
IZDWTIE, AR L 28T, BHEK, REFEOMUINMER EIZo0 T, 521 HE % 5{HET
AT, FERODHICBOTIE, 58425 - - KO 3HICHEN L TITo 72, F7. BB OFEEN
FEICOWTIE, ERRT AN, IA4AT 4V 7E, VB T—2a 2. 6 DOSIERENI KO
B (VA=VT FAT 407, AE—X27 GERE, UL, WEEME) IO WTHIE LT, LT
A ME, BTRETHSATZNENSL, VA=V 10MHE, FBE12EAE., CE12EA ., AEHAE 10 E
HZHBE L7, &0 1~3 SESC, ST 100%ICHE U CRHE Lz, 74 7 « > 73 100 FELL
D/hT A ZHETLHHOT, B, —HM, BEOENS, UEOIEM S OBLE N BFEE 2170,
10 AR T 100%ICHE L=, VBT —v a it ERRTA T 4 VR EE QNI TRETDHH DO T,
WA (. wErh) . JE3ERE) GERE. LR L), [iEEN (RS L) OBLA»SRHMhE1T-
7o 10 ST AT, 100%IZHAE L=, T — % D41 SPSS (Ver.23) A L TIT-7=,

15
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1. Orientation
2. How are CDs made?
(Mechanical engineering/Math)
3. Why do we sleep? (Biology/Chemistry)
4. Who invented the Internet? (IT engineering)
5. How many cells in the human body? (Biology)
6. How old is the earth? (Astronomy)
7. What is genetic engineering? (Biology)
8. Why does a satellite need thermal blanket?
(Mechanical Engineering)
9. Who invented electricity? (IT/Physics)
10. Technical terms of your own specialty
11. The outline of scientific papers and its writing tips
12. How to deliver your research presentation
13. Presentation #1
14. Presentation #2
15. Revision for the final test

X7 RFEITNZA X8 4 A7 D1

THE

#*1 i TRARIC L DFREORREEZR L TS, EHEHDO Y b, HEHIICAEREZOH>T-HHE I, Bk
P, BAEFE, WUME, EPREICT A EmMEER Y b Doz, £9. CLIL#R¥EA4E L To%H
M Bl oW TE:RN, TZOREITE Lo T2 T 16 LT, 58.13% D4R 255 &
FIZE L7z (p<0l), BRBENADOELLNIFEHEREE UTZNEWNWD Z e 2HiET 57D, 2o
EHW L CHFELE~OBRPEEV E L] & TZoREZELT, o2 b Y7 (AR)
WaRiHE Lz ERlicanlzt 2 A, BiE L 36.81%., %A1 47.58%DFEN [ZH -5 L&
L (A7 p<.05, #%#F p<0l), AIREICL-oTHEFELV L, NEDIZ D ICHBRAZ > T2 FER Lo T2
ZEW Gl

71 CLIL#ZZEIZET 2K HEH ~DEZE

S EBE i — . ——

23 ZOEREIE Lo T 0.00 5.45 25.05 58.13"  10.64

BT 24 COREA L THEEEEEA~OET 4= ar () BEEY E LD, 6.33 17.55 31.37 36.81°  7.21
25 ZOREEBELT, ol FE Y7 (NF) ICHREZRFLE Lz, 1.32 11.30 31.23 47.58" 7.09

26 CORERIEL TR L OET R, 5.68 18.87 35.26" 34.26 3.70

27 COREEELC, V—F 1 ZHEAMNEE L EBOET A, 5.56 17.10 40.027 32.26 2.90

28 COREABLCY A=V ZRENNE L EBOET A, 6.32 20.46 37.177 30.94 2.96

BHER 29 IOREEABLTIAT 4 SRANMLE L L BEOE T, 7.75 25.75 26.777 16.78 2.23
30 COREAELTCAE—FL ZHEANEE LR EEOET A, 7.08 29.13 42.29” 17.81 2.96

31 COREAELT, AR L BNET, 4.83 14.84 30.26 43.62"  4.28

32 COR¥EAZELT, SUEREIER R L L EVET D, 6.32 26.23 42.33" 20.76 2.23

33 HEIOMFETOFELHINLE O HVIRTE F L2, 2.05 8.68 26.93 45.44"  13.03

34 Z ORI L B o0 YL BT T Lz, 0.00 6.00 80.16" 9.77 2.05

35 CORECRVTHMOE (BAH BHHRIIEY T LR, 2.81 5.58 85.51" 5.36 0.00

T 37 BN EREOMS T Y 5 T L, 1.38 26.89 62.65: 8.35 0.00
38 CORETIEIGEL W NBICESN Y5 TV D LS IR U E LT, 0.76 13.76 45.95 34.97 2.84

39 ZOERETIINA LY TGEECEAN Yo TN LI I L E L, 0.00 18.23 53.35" 25.52 0.76

36 CoOREIMmOKE Txaé%”‘“ LD KT E LT, 1.4 13.96 27.13 50.36°  5.68

18 T - SA—F T — 7 [ E T, 5.58 15.77 39.97 30.29 7.65

40 HEMOFEIGE T 6.69 14.66 29.85 38617 945

WA 41 EMOREREGECESD LICELEH Y T 11.61  13.30 26.03 36.037  11.61
42 W OREE BGETRR L BEEA N LTS L BNET 8.01 7.89 22.71 47777 12.88

T RE L 2<E5 bRy 2hE0 25 bRy 3, 8bblbnaiy 42585 5 IEMIZE IS (REOTENRR 56 FARTIZEL)
*P <05, *P < .01
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Fo, KHEEE (V—TFT 7, VA=VT FAT 47, AC—F 7 GBFE, XE) 12251 T
BEEEREmREE A, BEEEARS BHBICH LT, EHLEnE 2 TEBEL W07 bE
BULTZENE T2 (V—F 4 7 40.02%, VA= 7 311T%, AT 427 46.77%, A —F
7 42.29%, 3Cik42.33%, p<0l), L2 L7235, GEEICE L CITEE L2 LI L TV A EER LD
7= (IZ5/ 5] 43.62%, p <01), HIESHE () LHREEOHIEIZONT, ERHEMOHSEIZ O
T, AEOHEY) S IOV T :|al, [FHMORFETOFERLHINIEDS HVWERTEE LIh) &
WO RIWIZF LT, TTEWeWBfiE T X 72 (T0%LLE) ) &I L75#41T 46.55% CTh -7 (p <.05),
HIESGE (K55 LHREEOEAIC - WL, [ZoREICBIT 2 BT OFRGEN A &IT#EY T Lz 1
®F L. 80.16%DFAN Y772 LEIZEL (p <05), [ZOFREICBITHHMORNE (HAE) (£
FRITEY T L2 ([ LTiE, 85.51%D A0 M7= ~7=) LRI L7 (p<05), &z, 51
BHIZO W s E Z A, THMORENFETTH) 1Tk L, 38.61%DFAEN Mifx ) LEZEL (p
<01), [BEORELFEFETHESEIGENNM LT 2 EBWET) IZX L TE, 47.77%DF4EN T%
29 LRIZE LK (p<01),

LENEREDORRIIR 20 LB THDH, VA=Y ER, E NERHEM, 947407, A
EP—F D6 ODEHDI L, GAT 47 A —F 0 2B L CiL, #EROHIKIC LY 3HE L=
K0Vl nHBHE RS> TLEY, ZODEHEMESRE (Cronbach D o) BELLIEKLS 2> TLES
72729 (0.3 LLF). #EHODHTH S IERSN LT,

£ 2 FEDRWEDOKR
TA MR Ak - HRRE I ENEE A N HAK (R

2= 58.79 19.21 156 10
Esv—

%%ﬂ?ﬁ%ﬁ nn% 7374 2558 156 12 0693
S 57.29 17.44 156 12
N 65.51 15.80 156 10

g 7{74/{ 79.74 14.72 156 1 0.219
A —F 66.22 18.33 156 1

UA=v 7 GEEE, SQE, WERBMRED 5B Kb IEMRNE N T DITFEHE Th o7z (73.74%) , FHH
T EFE 4 BEH D 9 b THEHERAE LR B KX < (2558%) ., AAEMICEMRDOITSSEXNHDHZ LE2HED
¥5, dEEND I Bl b EMREMENDIILIETH - 72 (57.29%) , FITHHTT D b/ B &17-
7ol 2 A BREIDOIEMRICABEZENRD b (F(5,930)=2.224,p=.00.), = = TLE Lk (Scheffe)
BIT-T- L 2 A, G L WERHEYR, CE L NEBM OB O EMRRICENZENHEENRD b (p<.05),
YA=2 7 L3k, SUEEFEROBOTEMFIZITIS DICRERFEENRO LI (p<01),

EBE

KIMEDOFRERND , FHED CLIL ZESDLUMTAFERTE ST Z &3 note, Ro3A vy MREID
JeBRT CTAT o TR S TR, ARELZ T T FEDITRGEA A L LR E~OWERIEIIH F 0 &
KRWETTH o2, HROICITREICK L TREREMEZ BN TELT, EEBBLZONED
B CE TR, AREEZBLATL LN ZEBRPH LN -7 (68.77%), DL X3 BIREYIZ
NS HTZH SN TWVENTOWTIEER D OBV ETH LN, PERLVW] E W) FREIIFEEOEE
B om EIZ72 0 (Dornyei, 1990) . AREITFAEDFEHEREZFEmD LD TH oL b E I T LN TE
HTCToHAH, ETEBOFTEERINCONTUL, FAEDGIEFEIZOWTOEGIEN L < ZEIT Lz,
FRRFEE DRI EIZB N T H P AEOARRE TR TFBREOEGRITE o To, ZORBRIZ, /1 ~v—Y
a9 VEESL CBIZH MG L TRV (B 213 Laufer & Hulstijn, 2001) . CLIL IZ[R > T & 8 #H O EH#E 15
(X9 D8, hRITZ<HMES N T (Aguilar & Rodriguez, 2012; Catalan, & de Zarobe, 2009; Dalton-
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Puffer, 2008) .

PLbE, AxAgf ey MREOHELEEDONDI R THLN, —HFTELREZETLIHA LD D, TIUIIRFED
NEICEHT 2R TH D, RIRETIEFRHIEGRT S My 7 2HoTon, EEOL Z A, FPANERE
DOHEFARELH THATWDS X9 72, EEICEHMMRNE Tl o 72, Tz, “content-enriched” (lijima,
2012) . 5T “thematic” (Kasper,1997) & \Wbivd L9 R EFLIR¥EL R shdEinbdH b, L
L7eR B, 50%LL EDOFAENZ ORELMOIFERESTFEHENES | LE U TS ENG, CLIL DY
ERIEITR 6Nk ) THY ., ZOHETIZCLIL D31 vy MREL LIRS LZL o 1IcEDb
NoHM, 5% L0 EWEMANEZHR - T-F BIZHIT D CLIL OEMEEBRET DM END D,

4.2. B2 BFME LEFERB OF BB CLIL

EEOME

AR vy MR, eoFEF 1 TR L7z ESP 2 (TRMAHANIEE ) ICB W Tl Sz, AR
Ay NEREFFEF L TR EBRICH DEREE LFROF EH THROIL T D NEZ Y O HE
BB EEOA&E A S TH, BEAREKIR & LT CLIL 41T - 77, MEHEMELA & A ESP £ H I3 ukbk
FTHLHTEILE > TUIBEXNARE THY | FFICEHE SN TV D, FEITHER LR FRHCET
5304 ThY ., FEERRINIIANA vy MZEOBRIGOE r ARNZZER L7 TOEIC O m4aa—na
NEFEHBESEM (CEFR) (TR LIZEZA, VA=V - V=T 4 VIHEDEBITA2 LV TH -
77

BRI g3 E L U Cid. MEEMRE O T8 20V, B A RN S HEMR 2% - =N
B, TOEBHFOESP BHHIZBWTHREEY X )R TH-7- (K9), SN IL, SGEHET S F
ICHPARIBEZET ST b a2 L, FEBICYZEMRBIZSINT 2 Z LIk » TR LTz, Bk
UHHMBHH#BR THOON TV AR EIZE S X | FREHMNFRINADOIGEBRIEERE, 17—
X v hRHEREEBB LU CERLE (K 10), #MOERKICHT--> Tk, HME B BERIICNESLIEZED
WesBE LTh b oln, BRRITEARIIIFEE TITo 1208, SBENHME TH DAL, 3BT BAGEIC
a— R A v FTTHEbboTe, BEIETEITONTZ,

EMAE NAmy MRE
1. 7Imresaoin 1. Orientation
SN ST Analog vs. digital; The components of a
= ZHE A BHZ B4
2. JARMRRL, BEROIPIR, SRR, Bl 2 communication system; Network topology
- e e X . Necessary conditions for communication systems;
3. HUEBHETIE, HIEEE SR, e han 3, ecessary y
Availability
4. ERIRORE, BEES. BBESORFEE, A 4. Telephony signaling; Controlling signaling; Protocols
o S = — g The types of information sources; Sound signals; The
= 2 I —TVIE ., kTS - ; i i
5. WMBMEERBEL BT —TVIRG, #iIE S types of signals for images; Scanning
6 (RIEROEN LG R GEEL & 5 S nEing 6 The frequency of moving images signals; Colour TV
T T — U U B " signals; Bandwitdth compression #1 (Entoropy coding)
Bandwitdth compression #2 (Chroma subsampling;
7 Interframe Predictive Coding and Motion
" Compensation; Discrete Cosine Transformation and
Quantization)

9 HMBHALAAM By MREDTT/NA
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10 #Hht o—1

Fik

BHENR K OFEZEMRH OREN GO 255720, YiZEMRHBANCRELZZBLTHH
VN, RIEEORNRLEBR . e TER EITONT, RIAEN D EHGIR & OBLE 2 .OIERIRE 1
VA a—ZHNWTHERY Z21To7-, EMROMEIYEAIT 20 HH, 5 HETRET 25D TH
D, AV ZEa—X 5 HAIZOWTHK 20 pHITHZELTH b o, FRRIZFEAICK L TH EFROBA
WZHADWTZ 24 THBEIZOWTHERBRIC K > THE I 217572, £72, 5 RIOREDR KD ST & AT
EENRIMEZITV, D2 5 ARRICZEDBIET A N 21TV, BEROEEEZRE LT,

FEREEBE

FHESORE R FERENFEDFEREDOERIT T TH D720, RinTIETHEMFEH ZHEh~DH =
B0 REOFERZ PO 5,

FF EHAE L WO BLED D ATREARICOVTIH Y THEIZOWT, BRI TZoRETHIHE
FINBENE L b Tz, [ZoREFEMANEOREICE X2, [ ZOREITFHEANFOBRIC
A EWHHEICH LT, MBI EHENIRES O [FEFICEI RS ] LEIZE L, Zo0b, A
HITHEMB AN S AT, HEARENEOREL L TRMENTZLEERD, £, BEIROH -7
HoL LT, 355 MRS THMRNEOBRM) Iox LT BEFICZEIE S ) ERZELTEY, FHjl
1 TOELELFRRICEREGE~ODEENAZEIZOWVTHET S, EE, BESHRAE BT
FAEORBEOEEGRILE -T2 (76.08%) (£ 3&M), Frlc, FERH 2N IHFEMFEREOESICBE LT
DREK L TEBY | PAPHMRE THOBELEFETILIZOLIICE D LW IHIBE N FAELF &
FT=DTIEARW D E ST LT,

#£3 FEDRUEOKR (WA LFEFEOBGHRMLL)

Mk - THE TME FRYERE N HHEE  (EEERK

N 85.44 8.14 30 40
0.884
REHE 76.08 15.50 30 20

T ARS vy MRETIE ARFEEORERED — > Th HREH O, 370 HEMRLH Zb,
SRR E DO EL ORRMIC CLILIREEZITZDNEWV) ZELHET L7720, [ ZOREITHEMRA
HEMDAT ST D DRI TH D), [ ZOREITFEHAEND T T21E ) AR TH D] EWHHEHE D
GOTN, OIS U TEMBIAZINIRE 3 0 [EHE5E2 6220 LEZELTWS, LoT.
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ED L OHARMNCHEIMEN S DD Z EITHREICIIR & MR- 7208, WICE ZITHEMAFICONT

SAEHETSEYNCEME L, FFE L CWDARYIZE W T, MEOEF RV EEZ 2 L, EEHEMEE
HEMbHZEDEL IS LT D,

Hiz, FAR BRSO SFEICOWT, MR EIX, BEELEGETITHY O & Tk, FEEOHRIZER
DAETLS], THMABEITRFEETHRELZIZ I DV EWSTHE THRZEZA, MFICKHLT £
%t%%i&wje@ﬁbfwéo_®ﬁﬁﬁ6 FMEELE _SELOEL L] ﬁ@m&é#ewo_

ElFRHB ISRV, BIOAENGH DO UL, B _SECEMAEZERO D WVITFEETHZ LI
> T, HIRAEOENHE SN & wo_&ﬁﬁw:&ﬂﬁbﬂé LrL., Y %Wﬂaﬁ%
HNERH OF _SETOFERCEIRIL., T ENEREETEMETH 2 &%wﬁk#ékwohﬁ%
Ebfwéo_Mim@ BRZT 7 #i1C & % EFL [E TO CLIL ¥ DR RIS T 58 D TH

LR FE OB, SENZAEMNER SN ET, HAVITREEEZANCHNWD Z LT, CLIL O%)
%#%ﬁﬁéﬂé L L T35 (Lin, 2006; Tavares, 2015)

43 BRI 3 EBIEICBITAT 4 —LT 4 —F 7 CLIL

EBEOHE

ARA vy MZEITEMREHENHY L, BRMOKEEICOWTELET H7-O0EMBLHOF CTITh
MKDXﬂawaﬁimn AR EE T 2 & Al U T, B AR SCAr ZE et A ﬁ¢6 ETH
b, B TH DM T%if%@ RSO SC DS I < WREZEMFEST 5720126072
0 O FGk & 8 %ﬁ%%ﬁéo% IRy ZIC bﬁt%@%lﬁ@@@ﬁﬁ%é%bfﬁmfw<
RT P N—F T — 7%%wrﬁﬁéﬁwfm<%ﬁfbw AR L UCHEIZ CLIL DFEFE & % (lyobe
& Lia, 2013),

RA oy MREZFERNCEMBEZA LITTHADLEE LTGS2, BARN 72 S [ B0 3k 3,
B2 TIThND Z Ll olz, AXA vy MEED ERLOBHFEEED HHO T TITbil, 0
MNHEEOZNAZMIEL, ZM LBEFRECTCHOD LDOEHAWES, X A7, BERECBNT
B AN STV BRESURNTIZNZ, FEEOBWRE MR T 24 A7 0, AR LS D 1207 v
N7y NEATEIMAT (F5), /N4 vy MEEIIEME A 1 4 & RGEHE 2 A 0OF 3412857
A4 =L T 4 —F 7 HTITh, REOIARSIEX, G55 & HAREEZ HW -,

#5 CLILHEF NS R7-RET T 3K

Abstract analysis #1 The types of enzyme Parsing (grammar)
- finding aims of the The mechanism of

research detoxification

2. Abstract analysis #2 Various technical terms Fake abstract creation
- Understanding the which relate to carcinogens (writing & speaking)
structure of the abstract and protective enzyme Vocabulary matching

against them

3. Abstract analysis #3 Quinone Reeducates (QR)  Parsing (grammar)
Figures & graphs #1 QR assay

4, Figures & graphs #2 QR assay: type Aand B Parsing (grammar)

-Explaining the method
and results of the research

5. Revision Rapid detection of enzymes Paraphrasing the results
(writing & speaking)

3 Prochaska, H. J., Santamaria, A. B., & Talalay, P. (1992). Rapid detection of inducers of enzymes that protect
against carcinogens. Proceedings of the National Academy of Sciences, 89(6), 2394-2398.
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FEREEBE

BENKD ST, WHRE TH 5 P4, T ARMZEE DR B i & 5528 200 & 21T - 72,
RAEIXRFICEE B 230 2 W IEEER X Th 5,

A B L BT T DIXEEED BB HONWT Th o7, FENDIT, NAZEMRT X4 L
T, PBEBEEMESNIZ E WY BAENS L HIF bhiz, FEEE, RECBWT, AL DITEELS T2 H

ENHLRGENE A= R AL o F T L TNAZENHY B, TRNBAME] % carcinogen, &
YL| % contamination 72 &), T O W BN D FATLLNEEEZEME L TR, TREEHRTES
LU > TWD Z EDMabind, FAERT Tl BEEHIN S L, FEOEEEEMES N &
B LWy ENET bz, TOHA, ELITGEEEEEE S VD L0, BEEE~DRE DR
EINIRETHA D, AIRET, FEOEECHM OIFEE R 2 HEME R LICiTEE 2, 20
7o, FERMNCFED FGEEEEARYGICEHME LEE L eV 23BN LT, BBEDA 7w K
B, ThE2EESE2REZ2OK DI ENTE L LWV ZENKTENLHL T R> T2, AT
BB CTH DFENDVIRL, BT —Z 02T 9 ToDIIFEB A+ ThoTolz, 7 A MEIZX
LREEEAREIIITO R 5T, o T, BBEOEFHFIIHOVTULH ETHOHMETH Y | KRN Y
DTHLNE LIRS, FBEEBICONWTHE, HIOBMENLEZ OFEEBH -T2 H T &I,
Dia EUARREICB VT, FERICOWVWTOHIZRNEN -T2\ ) Z L3N TH S,

F7o, ARIOAS vy MREICOWT, HMREHEMNOE -ICELINT-0EF, TNEOHLE ] ~D
el o, TWEOHL) L1, — DR, &2 —DIXENREBERES W LIS LD, REFR &
WODIE, BERELVLSEXAINEZ 120, 205, WRICET 22 27 BREIZIENED
IR, FAEONBFRICE CHEEBRMNED L2 & Th ., £72, BLE W) DX, SEHNN
AR LESEA AN, NEESEZZbD &3V 2, HFERZRHIC & - TUTERRBLENOWE D
RER, ELTEHERA L POTNARLEEZK L SELI LD bEZLND,

PLEDORER EBLRIZESDNTANRS By MZEZRIETHEUT ERD, FICHMBIEICE TS
CLIL #3EDNFIMER NSFEEEFIZ OV TIL, EEEECRETE ~om#m FIC R e WfFcx 5
AREMER B D, FI2H T, A% FEBIC CLIL R4 EROHFEMBEOTTITH & Lz & O8I
WL, CLIL (2 < 8 B EDFEHNEDOWBHERRFHIM A T, CLILDT45D CIOT7 L—AT
— 7 DRI B R EME Y OMBMEN BT BN D, B L. FOFERMIYET- > TiL, 1T UONSEEREA
ITBLZEE U CIIARAEE T, BEEMN, Wb 2550 CLIL O SEfav#EY) & bbb, 0 X 5 7
TEETIUL, BIZHET T TNEOHE | ~DOBELIRAIZEOEBLERBONENI LT/ | EEE
2. HH—2oDHEMEBHIZBWTIZEDERD CLIL NEYTh 5 Dh, BED B 55581213 Fhn
MR T D DO, Bl 213 B ONBEOMWE 72 D), $23EH ORREITFECHE SiEERR I ORI O,
BB OREZRMEHIEO RMOMBEZR ORI SN EBbh b,

5. %%

ARIFGETIT o7 3FED /A 1y MMz, B, B, BB O3, 7 — % OIURIES AT ICRA O
HHHLOTHY, FERAIC CLIL ZEMRIE THEMT 2720034 0y MREDTDD /A 1 v MR
IrElpote, LLARNG, 3 5OFEMZ@ LT, CLIL @ EFL BEE FICB 1T 5 HFHRCR A ToxE
FEDFIREVESN R E LV IZ72 o7, Fhdme LTI, Bix e qtb 2B E 2 XL inTie Th v . FEhElIc L -
TEL DFEADOBEBNENYRHEEND Z NS hoT-, F—I2, 3 5D 1y FEFICHE L TV
DR E LT, EOBRKD CLIL BEICHOWTH R FICEEEEZET I ENHALIC -T2,
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An Investigation on Implementing CLIL in Tertiary Education: Possible Effects and
Implications from Three Pilot Courses

Yoshie lijima

Integrated Arts and Science, National Institute of Technology, Okinawa College

Content Language Integrated Learning (CLIL) is gaining the attention from both language teachers and
researchers as an innovative pedagogy which helps learners acquire various skills for adapting to a globalising
world. In Japan, CLIL is introduced and practiced at various levels of educational institution, but there are still
few cases where CLIL is practiced in content courses by content lecturers at tertiary level. The present study
investigates the possibility for implementing CLIL by content lecturers in Japanese tertiary education. The three
types of pilot courses were conducted at a Japanese engineering college. The observation of the lectures, the
questionnaires and interviews for lecturers and participants and the achievement tests which were administered for
the participants suggested that CLIL approach was effective in learning vocabulary especially technical lexis and
motivated participants to learn both content and language. However, it also suggested that learners’ linguistic and
cognitive readiness and the appropriate selection of courses and materials play an import role for successful CLIL
lectures at tertiary level.

Keywords: Content Language Integrated Learning, CLIL, EMI, ESP, curriculum design, engineering education
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Geomorphological development of Oh-ura river delta and it's related event
deposits, Okinawa, Japan

KIMURA, Kazuo
Department of Integrated Arts and Sciences
Abstract

Oh-ura river has a small drainage basin of 6 km long and 5.6km? wide, which is located in the northeastern
part of Okinawa Island. The study clarified geomorphological development in the around the mouth of Oh-ura
river that is faced on rias-like Oh-ura Bay. In 18th century or older, the study area was an estuary. C-14 age of the
lowest bottomset bed shows that the study area had been change to delta plain in AD1770-1830. The fluvial plain
with mangrove habitat expanded for a while, then, they began to recession. In the last half of 20th century, the
delta topset with mangrove habitat has been restarted to expand. Global sea level rise is generally handicap for
delta growth, especially for small rivers. Oh-ura river, however, formed and expanded the delta plain against the
ocean behavior during the last 200 years. The author also recognized tsunami deposits, which were formed just
before the formation of the delta and the rejuvenation of its topset flat. It implies that tsunami events prepare

geomorphological setting for delta development against sea level rise.

keywords : estuary micro-relief sea-level rise tsunami mangrove-habitat
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The role of workshops to promote utilization of electronic information systems

- In the Case of Papers, Graduation Research and Graduation Thesis -

*Atsuko AMITANIY, Maki SHINZATO? Chogo MIYARA?®, Yui MATAYOSHI?

! Department of integrated Arts and Science
2General Affairs Division, Dormitory Affairs Section

$General Affairs Division, Library Section

This paper is a continuation of the report “The Actual Situation and the Challenges of Information Retrieval and
Data Collection — In the Case of Papers, Graduation Research and Graduation Thesis” in “Bulletin of National
Institute of Technology, Okinawa College volume 10.” This paper adds to the discussion about the role of lecture
class that promotes “information search and resource acquisition” of electronic information system, that is based
on the questionnaire result after the lecture classes. From the end of September 2015 through the beginning of
October 2015, we carried out “Questionnaire about the search system for research paper and reporting
assignment” on all fifth grade students at our school. According to the questionnaire result, regarding to utilization
of the library, it has been clarified that 61% of the students don’t use the library often. With regards to “the
electronic information system” that is introduced to our college such as “WebcatPlus”, “MathSciNet”,
“JapanKnowledge” and “Chronological Scientific Table Premium”, it was clarified that they were “Rarely used”
or “Never used”. Also, more than half of the students provided an answer “Never used” for the system such as
“CiNii Books”, “CiNii Articles” and “ScienceDirect”.

In accord with the discussion of the result, we conducted the lecture classes in 2016 in order to promote the
utilization of our library and “the electronic information system”. Closely examined the result, it is assumed that it
is appropriate to enhance the contents of the lecture class to use the electronic information system for graduation
research and graduation thesis, and also conduct the lecture class during the second semester in fourth grade rather
than fifth grade.
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Study on an Injection-Locked Magnetron

Satoshi Fujiil,2, Maitani Masatol, Eichi Suzukil, Satoshi Chonan3, Miho Fukui3, and Yuji Wadal

1Tokyo Institute of Technology, Tokyo, Japan
2National Institute of Technology, Okinawa College, Okinawa, Japan
30ricon Energy, Tokyo Japan

INTRODUCTION

We study magnesium metal production using microwave Pidgeon process to reduce energy consumption
and carbon dioxide. We have successfully obtained small amount of magnesium metal using a microwave oven
with 1 kW. The microwave power supply output is expected to be over 10 kW for commercial production. In this
report, an injection-locked magnetron with an external oscillator was investigated to obtain the parameters of the
equivalent circuit model in order to obtain such a large output microwave power by combination of several
magnetrons. The magnetron had the resonance characteristics of a parallel LCR circuit when the magnetron was
locked.

EXPERIMENTAL SETUP

Fig. 1 shows a block diagram of the injection-locked continuous-wave (CW) magnetron measurement
system. As the magnetron, the model 2M137A-01BTM made by Panasonic was used. The magnetron oscillates at
2.4524 GHz with an output power of 470 W, and the filament current is turned off after oscillation than when the
specified filament current flows in the thermal emission filament in order to stabilize the oscillation frequency
with a narrowband spectrum [1].

RESULTS AND DISCUSSION
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Figure 1. Block diagram of the injection-locked CW magnetron and
measurement system.
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Figure 2. Forward input power of the injection signal as a function of the
freauencyv of the external oscillator.

Fig. 2 shows the forward input power of the injection signal as a function of the frequency of the external
oscillator. The magnetron could be locked within the peak-to-peak from the lowest input power to the highest.
The magnetron could be locked over the forward input power of the injection signal, 0.97 W and the ratio of the
forward input power of the injection signal to the output power of the magnetron, -26 dB. Increasing the input
power widened the lock range. Fig. 3 shows the resonance characteristics of the injection-locked magnetron
converted from the reflection characteristics of the input signal vector measurement as a function of input
frequency of the external oscillator and depended on the input power of the injection signal. These measurements
showed that the locked magnetron has the characteristics of a parallel resonance (LCR) circuit for the injection
signal [2]. The parameters of the LCR circuit model were determined. Table I presents the results. The loaded Q
value of Q. can be derived from (1). Q_ and locking range [ L] can be expressed as follows:

S 1 PJN

= @

Wy QL+ Pour

where BIQL[RW, and Poyr are the locking range and frequency of the free magnetron, loaded Q, input
power of the injection signal, and output power of the magnetron, respectively [3].



MRS 11y (2017)

Based on these results, increasing the input power of the injection signal causes the anti-resonance
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Figure 3. Resonance characteristics of the locked magnetron for input power 3.91 W

frequency, F., to be close to that of the unlocked magnetron at 2.4524 GHz. In addition, the resistance in the
equivalent parallel circuit model of the magnetron becomes smaller. This means that the unloaded Q for the
injection signal becomes smaller, which widens the locking range.

CONCLUSION

An injection-locked magnetron with an external oscillator was investigated to obtain the parameters of the
equivalent circuit model as a function of the input power. The magnetron was locked over the ratio of the input
power to the output power of -26 dB and had the resonance characteristics of a parallel LCR circuit model. Based
on the derivation of these parameters, increasing the input power causes the anti-resonance frequency to become
the original frequency of the magnetron, and the range of the locking frequency becomes wider because of the
lower Q value.
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Chemical and aroma profiles of Citrus junos (yuzu) peel oils produced in
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Eisuke Kuraya"”, Akiko Touyama®, Shina Nakada®, Toshio Hasegawa® and Shigeru Itoh®

! National Institute of Technology, Okinawa College, 905 Henoko Nago City, Okinawa, JAPAN
2 Graduate School of Science and Engineering, Saitama University, 255 Shimo-Ohkubo, Sakura-ku Saitama,
Saitama, JAPAN
" Corresponding author:kuraya@okinawa-ct.ac.jp
Keywords: Citrus junos (yuzu), peel oils, principal component analysis.

Citrus fruits, some of the most important commercial crops, are widely cultivated in the regions between the
tropical and temperate zones. Citrus junos Tanaka (yuzu) has a strong characteristic aroma and yuzu juice is used
in Japanese foods. Yuzu produced in Rikuzentakata (Iwate prefecture) is called “Northern Limit Yuzu (NLY)” and
was transplanted from the temperate area approximately 70-300 years ago. We have previously demonstrated that
the aroma profile of NLY is significantly different from that of yuzu from other producing districts [1]. In addition
to revealing the differences between NLY and other yuzu samples, principal component analysis (PCA) has also
suggested that the NLY aroma profile varies between individual trees grown within the Rikuzentakata area. In the
present study, we have evaluated the chemical and aroma profiles of essential oils extracted from yuzu peel to
understand how these characteristics differ between individual plants using multivariate analysis of gas
chromatography/mass spectrometry (GC/MS) data.

All yuzu fruits were provided by producers in Rikuzentakata (NLY, 15 samples), Kochi (yuzu cultivars were
‘Kumon’ and ‘Nagano’), and Saitama (2 samples, yuzu cultivar was unnamed), respectively. The yuzu peel oils
were extracted using hexane and the volatile compounds were analyzed by GC/MS. Prior to statistical data
analysis, an ion matrix generated using the Profiling Solution software (version 1.1; Shimadzu Corp.) was
extracted and the intensity of all the significant ions plotted against m/z values at the particular retention time.
PCA was performed using the SIMCA software (version 13.01; UMETRICS) to determine whether the differences
in the chemical composition of peel oils could be correlated to the district of their production and to individual
plants. The NLY profiles were different from those of other districts, and some clusters were identified among the
approximately 3,000 ions corresponding to NLY individual trees. These results confirm that the aroma profile of
NLY is clearly different from that of yuzu grown in other districts and that it significantly varies between
individual trees.

Acknowledgements: This research was conducted based on "A Scheme to Revitalize Agriculture and Fisheries in
Disaster Area through Deploying Highly Advanced Technology" by the Ministry of Agriculture, Forestry and
Fisheries.
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The aromatic perennial plant Alpinia zerumbet (Pers.) Burtt & Smith (Zingiberaceae) is widely distributed,
occurring in both tropical and sub-tropical regions; in Japan, it grows from southern Kyushu to the Ryukyu
Islands. The essential oil of A. zerumbet has a distinct aroma and exhibits antioxidant activity. Recently,
interspecific hybridization of Alpinia spp. has been reported in Taiwan [1], and it may also occur in Japan; this
type of hybridization may produce detectable differences in essential oil characteristics. Previously, we
demonstrated the contribution of A. zerumbet essential oil to differences in fragrance and antioxidant activity
among individuals [2]. Here, we evaluated the yields, antioxidant activity, and volatile compound composition of
essential oils extracted from the leaves of A. zerumbet to better understand how these characteristics may differ
between growth areas and among individual plants.

Leaves of A. zerumbet were collected from Okinawa and le (8 and 5 samples, respectively) in the Ryukyu
Islands from February 2015 to April 2016. The leaves were oven-dried at 40-50 °C to a moisture content of 10%-—
15%, and steam-distilled to obtain their essential oils, which were analyzed by gas chromatography/mass
spectrometry (GC/MS). Antioxidant activities were measured by free radical scavenging assays using 1,1-
diphenyl-2-picrylhydrazyl.

The Trolox equivalent (TE) antioxidant capacities ranged from 1.5 to 8.8 umol TE/g oil. The yields of
essential oil ranged from 0.32 to 3.64 g/kg leaf dry weight and decreased with increasing antioxidant activity (r* =
0.831). Although the antioxidant activity and yield of these essential oils differed significantly between
individuals and collecting seasons, there was an inverse correlation between the yields of essential oils and their
antioxidant activity.

The GC/MS and antioxidant activity assays revealed that highly polar compounds were responsible for the
antioxidant effects detected in the essential oils. The GC/MS analysis also revealed significant variation in the
chromatographic profiles of volatile oils extracted from different individuals. These results suggest that the
essential oils from different individuals possess different antioxidants, and that the yield of essential oil may
depend on the amount of terpenes produced in the leaves. Moreover, these results are in close agreement with
those of our previous study [2]. Lastly, the chemical composition within individual plants was not influenced by
the season or the growth area.

To summarize, the essential oil of A. zerumbet differed significantly among individuals with respect to its
yield, volatile compounds, and odor. This pronounced variation among individuals in the yield, composition, and
antioxidant activities of A. zerumbet essential oil may be related to interspecific hybridization of Alpinia spp. in
the Ryukyu Islands.
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Development of High Voltage Pulse Power Device Using Compact Marx
Generator for Food Processing

Osamu Higa®, Kazuki Tokeshi', Shoichi Tanifuji', Kazuyuki Hokamoto?, Shigeru Itoh*

! National Institute of Technology, Okinawa College
2 Kumamoto University

We have been researching generating technology of underwater shock wave using high voltage discharge in water.
Additionally, we aim to apply the underwater shock wave to a food processing. However, our device has
disadvantage such as a slow generation cycle, excessive discharge energy. Therefore, purpose of this reserch is to
develop the shock wave generating device such as lower charging energy and faster operating cycle. We
developed the device based on Cockcroft-Walton circuit and Marx generator. The device has capacity of charging
energy of 0.3kJ, operating cycle is 30 shot/minutes. In experiment, the voltage current characteristics was
measured, and the underwater shock wave visualized by schlieren method using a high speed camera for the
purpose of to estimate the peak power and the shock wave. As a results, the peak power of 3.2MW was rapidly
applied to the underwater electrode, the shock wave was observed such as that the propagation velocity of
1490m/s and the shock pressure of several MPa. It was shown that the device is benefit to the food processing.

International Workshop on Explosion, Shock-wave and High Velocity Phenomena 2016, PaperlD:051, 25-28
September 2016, Beijin
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Production of Rice Powder Milling Flour Device and Characterization by
Numerical Simulation

Osamu Higa®, Ken Shimojima®, Yoshikazu Higa®, Hirofumi lyama?, Atsushi Yasuda®,
Ayumi Takemoto® Toshiaki Watanabe* and Shigeru Itoh*

! National Institute of Technology, Okinawa College
2 National Institute of Technology, Kumamoto College
¥ Kumamoto University
* National Fisheries University

Rice powder is interest in Japan, because it can be processed into various foods. However, conventional methods
of manufacturing rice-powder generate heat when crushing the rice. National Institute of Technology, Okinawa
College (ONCT) has been developing a device for producing rice powder using underwater shock waves. The
merits of this process are the dry condition and the lack of heating, and a decrease in the manufacturing cost can
be expected, using this method. A power supply for generating the shock waves, a pressure vessel for crushing and,
a device for the transportation of the rice were developed. The amount of flour that could be milled by the first
prototype device was approximately 450g per hour. Then, the device was improved to increase the rate of milling.
Toward achieving this target, the characteristics of rice processing using shock waves were evaluated. First, a
shock wave crushed the rice, which was trapped in transparent acrylic blocks. At the same time, the transmitted
shock wave was observed using a high speed camera. From the result of the observation, the speeds of the wave
passing through the acrylic blocks and rice was calculated. A linear relationship between the shock wave velocity
(Us) and particle velocity (Up) in the rice has been experimentally found. Moreover, a cylindrical pressure vessel
with an internal diameter of 150mm was developed. Silicone hoses are installed in the pressure vessel, and the rice
passes through in the hoses. The shock wave is generated by the electrical collapse induced by supplying a high
voltage to the gap between electrodes in the center of the vessel. The rice is milled into flour by these phenomena,
and rice is continuously supplied to the pressure vessel by a classification device and the transport device. The
amount of flour milled per hour was verified experimentally.

Proceedings of 2016 ASME Pressure Vessels & Piping Division Conference, ASME PVP 2016, PVP2016-63588,
July 17-21 2016, Vancouver, BC, Canada
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K EREZ AW R EITTERBDORIE
Development of Prototype Machine for Food Processing
by Underwater Shock Wave

Ken Shimojima'*, Yoshikazu Higa', Osamu Higa', Atsushi Yasuda®,
Ayumi Takemoto®, Shigeru Itoh®, Hirofumi lyama®, Toshiaki Watanabe*

Abstract

National Institute of Technology, Okinawa College (ONCT) has developed the food processing device by the underwater
shock wave. The processing method by spalling phenomena was developed, which is different from a past crushing
method is developed. By prototype device newly developed, various foods are crushed experimentally with this
mechanism, and the effects of softening and sterilization, etc. are achieved. This device is composed of the circuit for the
shock wave generation, the disintegrator (pressure vessel), and the clean circulation device of water. In this presentation,
the function of these devices are shown. The circuit and the crushing unit are mounted to one rack. Foods are packed in a
silicone hose,and crushed without any contact by water. Results of the food crushed by this device are shown.

Keywords : Under water shock wave , Food processing , Machine production, Design

The 2na International Conference on Engineering Science and Innovative Technology (ESIT 2016), Phuket, Thailand,
April 21 - 23 2016, Paper ID 12

KRB 2 AWK OB ERE OBEFE
Computational Simulation for Milling Flour of Rice Powder
Using Under Water Shock Wave

Ken Shimojima, Osamu Higa, Yoshikazu Higa, Hirofumi lyama, Atsushi Yasuda and Shigeru Itoh

Abstract

The National Institute of Technology, Okinawa College has developed a milling flour machine of rice
using the underwater shock wave. The rice flour by this method was high quality compared to the general
milling method[1].The rice flour production machine is composed by the pressure vessels for milling,
and the high voltage generator, the circulation and filtration device of the water. In this report, in order to
realize a highly efficient milling, the propagation of the shock wave in the pressure vessel was analyzed
by computer simulation. The experiment and the results of the particle velocity of rice for analysis is
shown. The results of numerical analysis based on the particle velocity is shown.

Fifth International Symposium on Explosion, Shock Wave and High-strain-rate Phenomena 25-28 September 2016,
Beijing, China,p.57,1D034
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KRR & VT2 R OBR{E O 72 3 D S S I 28R
Experimental Study for the Optimal Conditions for the Softening of Pork
Using Underwater Shock Wave

Ken Shimojima, Osamu Higa, Yoshikazu Higa, Hirofumi lyama, Atsushi Yasuda and
Shigeru Itoh

Abstract

The National Institute of Technology, Okinawa College has developed the food processing machine
using the underwater shock wave by wire discharge. Those effect were sterilization, milling flour,
softening, extraction, and so on[1-4] .In this report, we examined the conditions for the food of softening
experimentally. The pork was been selected for target of experiment. Figure 1 shows an overview of the
experimental apparatus for the grinding of pork.

[ Pressure Vessel |
Meet (Pork)
GAP Switch | [Water | | Meet (Pork) |

High Voltage 9.8 -

X

L Power Supply
=3 )Q\/ :I;Ig;(ALambda _} T T T T@ I \[,\ wl\\ .
=
[—

Fig.1 Experimental equipment using underwater shock wave

The pork was been selected for target of experiment. The relationship between the results of soften and
the distance of shock wave generation point, and a number of shockwave is revealed.

Fifth International Symposium on Explosion, Shock Wave and High-strain-rate Phenomena 25-28 September 2016,
Beijing, China
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K 2 AW e BN TEREIC X 2 B mik{b OBER &
Computational simulation of soften of food by food processing machine using
under shock wave

Ken Shimojima, Yoshikazu Higa,Hirofumi lyama, Ryou Henzan, Toshiaki Watanabe,
Shigeru Itoh

Department of Mechanical Systems Engineering,National Institute of Technology, Okinawa College

Abstracts

In National Institute of Technology, Okinawa College, the food processing device by the underwater shock wave
has been developed. The effects of the improvement of the extraction, softening, sterilization, and emulsification.
An apple has been selected as the target of softening. First, the Us / Up of apple is calculated experimentally. The
interior of the pressure vessel is modeled, the propagation of the shock wave was calculated by computational
simulation. On the other hand , food processing machine using electrical energy is developed .We crashed an apple
experimentally, and evaluated the softening quantitatively. Numerical calculations and experimental results are
compared.

Key words Underwater shock wave,pressure vessel,Simulation,Food processing

The International Conference of Multiphysics 2016, 8-9 December 2016, Zirich, Switzerland, P.58

3 IR RN B T BE A D pRHe
— 3WRITEF T REANENT ORISR 5B 1% —
Forming Characteristics in Three-dimensional Hot Bending and Direct Quench
Process
— Development of Three-dimensional Hot Bending and Direct Quench
Technology (1) —

i IE REOE, W KW, MEEZ R =T, S E T

In order to improve fuel economy and crash safety in automotive industry, three-dimensional hot bending and direct
quench (3DQ) technology, which enables the formation of automotive hollow parts with a tensile strength of 1470
MPa or more, has been developed. In this paper, forming characteristics in 3DQ are investigated by experiments
and FEM analysis. Main results are as follows, (1) Measured and calculated bending force and twisting torque are
low level within load capacity of general robots. (2) Constraint condition at tube top by robot in 3DQ can increase
accuracy of products even in inhomogeneous coiling. (3) Narrow deformation area width suppress the dimension
change of the product cross section, and it is made clear that calculated maximum value of the c6/c( is closer to 0.5
in narrow deformation area width, where o0 is circumferential stress, o( is longitudinal stress. (4) Influences of
maximum heating temperature and feeding speed on deformation area width are small.

A AYAMEIN T2 2556, %5 56 25 5F 658 5-(2015),pp961-966
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Development of Three-Dimensional Hot Bending and Direct Quench Using
Robots

Kazuo Uematsul), Atsushi Tomizawa2), Naoaki Shimadal), Hiroshi Mori3)

1) Nippon Steel & Sumitomo Metal Corporation
2) Okinawa National College of Technology
3) Nippon Steel & Sumikin TEXENG Corp.

To achieve both weight reduction and crash safety improvement in automobile bodies, we have developed
Three-Dimensional Hot Bending and Direct Quench (3DQ) technology, the first in the world. In this paper, we
describe the overview and the effect of 3DQ with robot.

Proceedings of ICIIBMS 2015, Trackl: Signal Processing, Computer Networks and Telecommunications
(2015)

[EpaEEsE (&EHA)] (Best Paper Award)

Computational Simulation of Shock Wave Propagation Characteristics in Foods

YYoshikazu HIGA, *Hirofumi IYAMA, Ken SHIMOJIMA, *Atsushi YASUDA,
*Osamu HIGA, *Ayumi TAKEMOTO and °Shigeru ITOH

1 Dept. Mech. Sys. Engng., Nat. Inst. Tech., Okinawa College
2 Dept. Mech. Intell. Sys. Engng., Nat. Inst. Tech., Okinawa College
3 Osaka Sanitary Co., Itd.
4 Sci. & Tech. Division, Nat. Inst. Tech., Okinawa College
5 Dept. Bioresources Engng., Nat. Inst. Tech., Okinawa College
6 Emeritus Prof., Kumamoto Univ. & Nat. Inst. Tech., Okinawa College

A shock wave induced by an underwater pulse electrical gap discharge and wire explosion can generate
momentary, very high pressures that can be used for non-heating processing. Therefore, shock waves are expected
to be used as a novel food processing technology. However, it is necessary to optimize numerous design parameters,
such as the vessel shape, the power, the energy of the electric discharge, and the distance between the source of the
shock wave and the food medium. To verify shock wave propagation characteristics in foods such as meats, apples,
and yuzu citrus fruits, computational models of these foods, the surrounding water, and the high pressure source
were developed based on the finite element code HyperWorks and the structural analysis solver Altair®
RADIOSS®. By conducting a series of numerical simulations, the shock wave propagation behavior, which
depends on the inner shape of the vessel, was confirmed. Additionally, the pressure distribution in an apple with
regions containing different microstructures was also observed.

The 2nd International Conference on Engineering Science and Innovative Technology (ESIT2016), (2016.04),
pp.366-371., Phuket, Thailand
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Development of Prototype Machine for Food Processing
by Underwater Shock Wave

'Ken SHIMOJIMA, “Yoshikazu HIGA, 0Osamu HIGA, *Atsushi YASUDA, *Ayumi TAKEMOTO,
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5  Emeritus Prof., Kumamoto Univ. & Nat. Inst. Tech., Okinawa College
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National Institute of Technology, Okinawa College (ONCT) has developed the food processing device by the
underwater shock wave. The processing method by spalling phenomena was developed, which is different from a
past crushing method is developed. By prototype device newly developed, various foods are crushed
experimentally with this mechanism, and the effects of softening and sterilization, etc. are achieved. This device is
composed of the circuit for the shock wave generation, the disintegrator (pressure vessel), and the clean circulation
device of water. In this presentation, the function of these devices are shown. The circuit and the crushing unit are
mounted to one rack. Foods are packed in a silicone hose, and crushed without any contact by water. Results of the
food crushed by this device are shown.

The 2nd International Conference on Engineering Science and Innovative Technology (ESIT2016), (2016.04),
pp.360-365., Phuket, Thailand
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Visualization of Shock Wave Propagation Behavior of the General-Purpose Batch
Processing for Pressure Vessel by Numerical Simulation

'Ken SHIMOJIMA, “Yoshikazu HIGA, 0Osamu HIGA, *Atsushi YASUDA, ‘Ayumi TAKEMOTO,
>Toshiaki WATANABE, °Hirofumi IYAMA and "Shigeru ITOH

1 Dept. Mech. Sys. Engng., Nat. Inst. Tech., Okinawa College
2 Sci. & Tech. Division, Nat. Inst. Tech., Okinawa College
3 Osaka Sanitary Co., Itd.
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Recently, National Institute of Technology, Okinawa College (ONCT) has been developing a new food
processing method using underwater shock wave. The continuous-operation device was manufactured for the
production of rice flour, the amount of milling flour per hour and the quality of the rice powder were evaluated. In
the case of Yuzu (Citrus junos), an improved fragrance was obtained using this methods compared with other
general processing method. The authors have also developed a batch-type crushing device (pressure vessel) for
various food processing. However, the mechanism by which is processed using shock waves has not been clarified.
Therefore, in this study, the propagation characteristics of a shock wave in the developed pressure vessel were
evaluated by numerical simulation. The characteristics of processing is evaluated using shock wave and, the
pressure resistance of the vessel was analyzed. In addition, food processing experiments using the developed device
were performed. In which, in which “Yuzu” were crushed. Yuzu before-and-after crushing were compared, and the
effect of shock wave were clarified.

ASME 2016 Pressure Vessels & Piping Division Conference PVVP2016, PVP2016-63510, (2016), VVancouver, BC,
CANADA
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Computational Simulation for Evaluation of Food Softening Treatment Vessel
using Underwater Shockwave
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To clarify the characteristics of the shock wave propagation in food and treatment food vessel, the finite
element models of the food, surrounding water, source of high-pressure and its vessel were developed using
commercial finite element software HyperWorks (Altair® ) RADIOSS®. By conducting a series of numerical
simulations, the pressure distribution in the foods has been observed. From a comparison between computational
results and experimental ones corresponding to food hardness using creep meter, it is also revealed that the food
softening treatment is highly dependent on the incident shockwave and the reflected one.

ASME 2016 Pressure Vessels & Piping Division Conference PVP2016, PVP2016-63530, (2016), Vancouver, BC,
CANADA
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Production of Rice Powder Milling Flour Device and Characterization
by Numerical Simulation

1Ken SHIMOJIMA, “Yoshikazu HIGA, 2Hirofumi IYAMA, *Atsushi YASUDA, “Osamu HIGA,
*Ayumi TAKEMOTO, °Shigeru ITOH and "Toshiaki WATANABE

1 Dept. Mech. Sys. Engng., Nat. Inst. Tech., Okinawa College
2 Dept. Mech. Intell. Sys. Engng., Nat. Inst. Tech., Okinawa College
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Rice powder is of interest in Japan, because it can be processed into various foods. However, conventional
methods of manufacturing rice-powder generate heat when crushing the rice. National Institute of Technology,
Okinawa College (ONCT) has been developing a pressure vessel for producing rice powder using underwater
shock waves. The merits of this process are the dry condition and the lack of heating, and a decrease in the
manufacturing cost can be expected, using this method. A power supply for generating the shock waves, a pressure
vessel for crushing and, a device for the transportation of the rice were developed. The amount of flour that could
be milled by the first prototype device was approximately 450g per hour. Then, the pressure vessel was improved to
increase the rate of milling. Toward achieving this target, the characteristics of rice processing using shock waves
were evaluated. First, a shock wave crushed the rice, which was trapped in transparent acrylic blocks. At the same
time, the transmitted shock wave was observed using a high speed camera. From the result of the observation, the
speeds of the wave passing through the acrylic blocks and rice was calculated. A linear relationship between the
shock wave velocity (Us) and particle velocity (Up) in a material has been empirically found. The propagation of a
shock wave in the pressure vessel was calculated by computer simulation. Moreover, a cylindrical pressure vessel
with an internal diameter of 150mm was developed. Silicone hoses are installed in the pressure vessel, and the rice
passes through in the hoses .The shock wave is generated by the electrical collapse induced by supplying a high
voltage to the gap between electrodes in the center of the vessel. The rice is milled into flour by these phenomena,
and rice is continuously supplied to the pressure vessel by a classification device and the transport device. The
amount of flour milled per hour was verified experimentally.
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Numerical Simulation on Manufacturing of Pressure Vessel
for Shock Food Processing Using Explosive Forming
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The explosive forming is a characteristic forming method. An underwater shock wave is generated by
underwater explosion of the explosive. A metal plate is affected high strain rate by the shock loading and is formed
along a metal die. Although this method has the advantage of mirroring the shape of the die, a free forming was
used in this paper. An expensive metal die is not necessary for this free forming. It is possible that a metal plate is
formed with simple supporting parts. However, the forming shape is depend on the shock pressure distribution act
on the metal plate. This pressure distribution is able to change by the shape of explosive, a mass of explosive and a
shape of pressure vessel. On the other hand, we need the pressure vessel for food processing by the underwater
shock wave. Therefore, we propose making the pressure vessel by the explosive forming. One design suggestion of
pressure vessel made of stainless steel was considered. However, we cannot decide suitable conditions, the mass of
the explosive and the distance between the explosive and the metal plate to make the pressure vessel. In order to
decide these conditions, we have tried the numerical simulation of this explosive forming. The basic simulation
method was ALE (Arbitrary Laglangian Eulerian) method. Mie-Griimeisen EOS (equation of state), JWL EQOS,
Johnson-Cook constitutive equation for a material model were applied in the numerical simulation. In this paper,
the underwater pressure contours to clear the propagations of the underwater shock wave, forming processes and
deformation velocity of the metal plate is shown and it will be discussed about those results.

ASME 2016 Pressure Vessels & Piping Division Conference PVVP2016, PVP2016-64020, (2016), Vancouver, BC,
CANADA
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Injection-Locked Magnetron Using a Cross-Domain Analyze

Satoshi Fujii?, Member, IEEE, Masato M. Maitani®, Eichi Suzuki', Satoshi Chonan®, Miho Fukui®, and Yuji*
Wada

'Department of Applied Chemistry, Tokyo Institute of Technology, Tokyo 152-8522, Japan
’Department of Information and Communication System Engineering, National Institute of
Technology, Okinawa College, Nago, Okinawa 905-2192, Japan

30ricon Energy Inc., Tokyo 152-8550

Abstract—An injection-locked magnetron with an external oscillator was investigated to obtain the
parameters of the equivalent circuit model. The magnetron was locked over the ratio of the input power to
output power of -26 dB and had the resonance characteristics of a parallel LCR circuit model. Increasing
the input power caused the anti-resonance frequency to become the original frequency of the magnetron;
the range of the locking frequency was wider because of the lower Q value. The phase noise of the locked
magnetron of -70 dBc at a 40-kHz offset was improved in comparison with an unlocked magnetron. The
results show that an injection-locked magnetron with an external oscillator has great potential for obtaining
a high power output.

IEEE Microwave and Wireless Components Letters, vol. 26, No.11l, pp. 966-968, 2016 (Impact
factor :1.703)
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1Department of Applied Chemistry, Graduate School of Science and Engineering, Tokyo Institute of
Technology. 2Research Fellow of Japan Society for the Promotion of Science,
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Various microwave effects on chemical reactions have been observed, reported and compared to those
carried out under conventional heating. These effects are classified into thermal effects, which arise from
the temperature rise caused by microwaves, and non-thermal effects, which are attributed to interactions
between substances and the oscillating electromagnetic fields of microwaves. However, there have been no
direct or intrinsic demonstrations of the non-thermal effects based on physical insights. Here we
demonstrate the microwave enhancement of oxidation current of water to generate dioxygen with using an
a-Fe,O3 electrode induced by pulsed microwave irradiation under constantly applied potential. The
rectangular waves of current density under pulsed microwave irradiation were observed, in other words the
oxidation current of water was increased instantaneously at the moment of the introduction of microwaves,
and stayed stably at the plateau under continuous microwave irradiation. The microwave enhancement was
observed only for the a-Fe,O; electrode with the specific surface electronic structure evaluated by
electrochemical impedance spectroscopy. This discovery provides a firm evidence of the microwave
special non-thermal effect on the electron transfer reactions caused by interaction of oscillating microwaves
and irradiated samples.

Scientific Reports 6, Article number 35554, 2016 (Impact factor:5.578)

77



78

Bulletin of National Institute of Technology, Okinawa College, No.11 (2017)

[EpRE=]
Study on Metal Refining Process of Sc metal using by Microwave
Irradiation

Satoshi Fujii?, Shuntaro Tsubaki’, Eichi Suzuki®, Satoshi Chonan® Miho Fukui®, and Yuji Wada®

Graduate School of Science and Engineering, Tokyo Institute of Technology, Japan
Department of Information and Communication System Engineering, National Institute of Technology, Okinawa
College, Japan
*Oricon Energy Co. Ltd., Japan

Abstract:

High-Sc-content ScAIN thin films have attracted significant attention because of their strong piezoelectricity. Akiyama
et al. found that the piezoelectricity of SCAIN thin films increases monotonically with increasing Sc concentration, r. The
piezoelectricity reaches a maximum at r = 43 at%, at which point the piezoelectric coefficient, das, is five times that of
pure AIN. Hashimoto et al. reported that a surface acoustic wave (SAW) resonator based on the SCAIN/6H-SiC structure
exhibited resonance Q, anti-resonance Q, and K, values of 340, 240, and 4.5%, respectively, at 3.8 GHz. These values
suggest that a SCAIN thin film on a hard substrate should be a suitable SAW wideband filter substrate for next-generation
wireless communication systems.

However, it is difficult to widely use the ScAIN thin film in MEMS devices including acoustic devices, because of the
extremely high price of Sc metal, which is due to the difficulties in the metal refining process. On the other hand, we
already have successfully obtained small amount of magnesium metal using a microwave irradiation with high yield of
71%, and also showed quarter of energy consumption in comparison with conventional process, which is called Pidgeon
process. So, we study on metal refining process of Sc metal using by microwave irradiation. The chemical reactions are
expressed as follows:

Sc,05 + CaH, + Al - microwave irradiation ->  Al-Sc alloy metal + CaO + H, (€3]
In this process the starting material, Sc,0s, is convert to Al-Sc alloy metal. The process was done for one-hours under
microwave irradiation with 180W and vacuum condition.

In this conference, we will report the details and result of metal refining process of Sc metal using by microwave
irradiation.

2016 Progress in Electromagnetic Research Symposium (PIERS), pp. 4216-4216
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Summary form only given. Polyoxometalates (POMSs) is a unique metallic cluster that exhibit very
strong acidic and oxidative catalysis with less corrodibility. In this paper, we report two examples of POM
reaction systems under microwave irradiation based on the microwave absorption mechanisms of
POM-based catalysts. The microwave-susceptive solid catalyst exhibits non-equilibrium local heating in
the vicinity of the catalyst and facilitates heterogeneous chemical reactions at milder condition than
conventional heating. The POMs (phosphotungstic and silicotungstic acids) were, therefore, supported on
activated carbons as microwave susceptors to enhance microwave absorption of the solid catalyst. Then,
the POM based solid catalysts were applied for hydrolysis of biomass under microwave irradiation. The
carbon-supported POMs exhibited higher activity on hydrolysis of cellobiose and green seaweeds than
conventional heating. The dielectric loss of carbon-supported POMs exhibited positive correlation with
saccharification rate indicating that direct microwave absorption by the solid catalyst was important to
enhance the reactions. In the case of homogeneous system, oxidation of benzyl alcohols in DMSO was
conducted by using POM (phosphomolybdic acid) under three microwave frequencies in ISM bands (915
MHz, 2.45 GHz and 5.8 GHz). We found that the selectivity to benzaldehyde was enhanced at 915MHz
and 5.8 GHz rather than 2.45 GHz by 18.6% and 31.8%, respectively. The dielectric measurement using
the coaxial probe method revealed that absorption of POM-DMSO system at 915MHz and 5.8 GHz were
due to ionic conduction of POMs and dipolar dielectric loss of DMSO, respectively. The results suggested
that different microwave-absorption mechanism of POM-DMSO system have led to different oxidation
catalysis.

2016 Progress in Electromagnetic Research Symposium (PIERS), pp. 4203-4203
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Accelerating Techniques for Sequence Alignment based on an Extended NW
Algorithm
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The NW (Needleman-Wunsch) algorithm is a method of sequence alignment in bioinformatics. The NW
algorithm can be applied for global sequence alignment, which is a way of arranging the sequences of DNA to
identify regions of similarity. However, the NW algorithm requires a huge number of calculations compared with
the SW (Smith-Waterman) algorithm. Many studies have focused on analyzing the output of multiple sequences
quickly in three dimensions. However, such methods cannot obtain similarities for whole sequences. In this article,
we extend the NW algorithm to three dimensions. The proposed method is expected to provide a fast analysis of
high precision data sequences.

¥—U— K @7 Z A4 A2, Needleman-Wunsch 7 /L= U X A
Keywords: sequence alignment, Needleman-Wunsch algorithm
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Improvement in Look-ahead Matching Hardware for Regular Expression
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IDS is used to detect virus patterns by packets in the network. The virus patterns are generally expressed as
regular expression. The matching hardware for regular expressions has been extensively studied. However, the
look-ahead and back reference approaches have not been studied very much. By using the matching method for the
look-ahead pattern that has been already suggested, the matching result is added to memory. Therefore, the memory
increases as look-ahead patterns increases. Moreover, the operating frequency becomes lower than that of
conventional matching hardware. In this article, we propose an improved method of regular expression matching
hardware for the look-ahead pattern. Using the proposed method, we show a decrease in memory and an
improvement in the operating frequency.

F—TU—R: Xy NT—IRARAML AT A, EREB~ v T 7, EHn
Keywords: network intrusion detection system, regular expression matching, look-ahead

0

RPN CEE D, Vol.136, No.10, pp.692-697 (2016)
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Security Analysis of Quantum Key Distribution Protocol

PREERRA, IR, e, 2 )1 —
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Recently, the Y-00 protocol has been developed as a defense against cryptanalysis. The Y-00 protocol has a high
affinity with existing public communication networks and has also been shown to achieve a large-capacity
transmission. In this article, we aim to improve Key DSR, which is part of the functionality of Y-00. We propose a
new model of Key DSR, and a discussion of the efficiency of the new model is presented. Finally, we show that the
proposed method can contribute to the composition of a safety design approach for Y-00 encryption.

F—TU— R Y00, 3= L—%, MELH BIHS
Keywords: Y-00, simulator, intensity modulation, quantum cryptography
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Using SPIN to Check Simulink Stateflow Models

Chikatoshi Yamada, >D. Michael Miller

1 Department of Information Communication Systems Engineering, National Institute of Technology, Okinawa
College, Japan
2 Department of Computer Science, University of Victoria, Canada

Verification is critical to the design of large and complex systems. SPIN is a well-known and extensively used
verification tool. In this paper, we consider two tool chains, one existing, WSAT, and one introduced here, that
support using SPIN to model check systems specified as Simulink Stateflow models. We present algorithms for
doing the necessary translations and present empirical results that show the chain using tools introduced in this
paper performs better than the one using the existing WSAT tool. We also show that these tools allow SPIN to be
used for model checking nondeterministic Stateflow models in addition to deterministic ones.

Keywords: Model checking, Simulink Stateflow, SPIN, tool chains.

International Journal of Networked and Distributed Computing, Vol.4, Issue 1, pp.65—74 (2016)
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In order for the Okinawan economy to grow independently, creating new businesses is essential. This will require
the cultivation of technologies to form the seeds of those businesses, as well as the training of technicians and
researchers.

To promote the creation of new businesses and innovations that are “unique to Okinawa”, the Institute of
Electrical Engineers of Japan set up a cooperative research committee for Okinawa-style
robot-embedded/sustainable systems.

We proposed the concept of Okinawa-style robot-embedded systems. To realize this concept, we organized
technical meetings and promoted research on this topic. At present, our research is focused on the development of
@ integrated drone navigation and autonomous flight systems for aerial inspection and surveillance of
infrastructure objects, @ K-Skill, (3 the applications to the agricultural sector of the Internet of Things (loT),
and @ Okinawa-style applications of renewable energy. Our promotions are presently ongoing.

EH
l

SRR SCas D, EE S A P95, Vol.136,N0.10,pp.666-671(2016 4= 10 H)
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This paper describes the successful development of an integrated drone navigation system for aerial inspection and
surveillance of infrastructure objects that features outbound and inbound GPS-based autonomous flight, machine
learning of starting point and end point images of the destination structure, and a surface image gyro that detects
images between the starting point and the end point. Traditional drone navigation research has focused on discrete
autonomous flight technologies such as GPS navigation and non-GPS video SLAM. Thinking in terms of actual
autonomous flights of drones, this study adopts a comprehensive approach that encompasses the entire trip to a
destination from the departure of the drone up to its return.

EH
l

SR im CaE D, EZE S Y EE, Vol .136,N0.10,pp.753-759(2016 4F- 10 H)
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The purpose of this research is to develop the basic concepts needed to develop an experimental “human-friendly”
drone enabling flexible flight and supporting tourism, health monitoring of infrastructure such as power lines and
bridges. The development concept is to design a drone capable of autonomous transfer and intelligent operation by
performing operations as instructed, in response to a call from an operator. The drone learns a safe basic path by
following a human teacher, then plays back the learned information while autonomously flying along the learned
path - a system we have named “playback navigation”. While systems for mobile robots have used odometry for
robot position detection, our research uses a newly proposed method called ‘air-odometry’ which detects the
drone’s position by calculating it from acceleration sensors. Air-odometry is also used to obtain the result of the
process by which the drone learns a safe basic path by following a human teacher. A linear approximation of this
result is calculated and used as the path during autonomous playback navigation.

BRI PERE > AT AHFFE2,11S-15-078,pp.67-70(2015 4 9 H)
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In our laboratory, we are aiming to realize a “dynamic monitoring system with multiple in cooperation UAV”. In
this paper, as part of system implementation, equipped with a RTK-GPS system to the mobile performs a running
experiment, signals with high precision is indicated that can be received.

AR IR RPESE A 7 A BF9E43,11S-15-079,pp. 71-74(2015 4= 9 H)
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Sandy beaches of Okinawa are an important resource for the tourism industry. There is a need for constant
cleaning to keep the white sandy beach clean. However, time and effort is required for cleaning. To solve this
problem, in this paper, we propose a beach-cleaning system using drone and ground robot combination. However,
in this paper, we mainly decided to report about using RTK-GPS to control the ground robot or Drone for moving
specified position.

BRI MRPERE 2 T AFSE43,11S-15-080,pp.75-78(2015 4F 9 H)
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This paper describes the development of junior high school English learning system using web voice search. By
this system, the junior high school can use this system to practice their English speaking.

BRI R MRPESE v A 7 AF4E43,11S-15-081,pp.79-80(2015 4= 9 H)
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This paper describes the development of English learning system by using subtitle real-time recognition of
internet video content. By this system, it is possible for users to learn English in a wide range of age groups from
kids to adults. Users can hear the sound of the original Japanese and then hear the sound of English subtitles of
videos alternately. As a result, users can learn English while they are watching internet video contents.

BRI R MRPESE v A T AF4E43,11S-15-082,pp.81-84(2015 4= 9 H)
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We will do the autonomous flying robot contest. In this paper, we describe the rules for this contest.

BRI MREERE 2T LFSE43,11S-15-085,pp.97-98(2015 47 9 H)
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This study aims to develop an autonomous charging system for drone. In order to perform the exact landing
operation to the charging station, a RTK-GPS system that can be retrieved the location information with a high
degree of accuracy is mounted on the drone. This system proposed the method to control the drone by using the
position information of the drone and the charging station. As the result of experiment, it is shown that the proposed
method is effective.

RS IRMEREERE T 2 T LFSE4S, 11S-16-019,pp.1-6(2016 4 3 H)
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To study the automatic inspection by flying robot, to avoid the danger. In this laboratory in order to realize the
automatic inspection aims to develop a "GPS-non-GPS integrated navigation”, in the present study aimed at the
development of non-GPS autonomous flight in the system. In this study as a way of non-GPS autonomous flight
was devised a method called “ground image gyro”. In order to realize is essential is a valid feature point detection
in the natural image, we devised a condition for effective feature points detected in this paper. The results of the
experiment for validation of the conditions, but effective feature points can be detected, seen of again conditions

repair was deemed necessary. In addition, it resulted in a number of research issues because it was not done to
develop until the autonomous flight remains.

R IR MRPERE > 2 T AFSE 4, 11S-16-020,pp.7-10(2016 4F 3 1)
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In this study, it is an object of the development of the inspection system of the power transmission line facilities by
Drone. In developing the power transmission line inspection system by Drone, in this laboratory control of the
control of the Drone in the GPS area, control of a non-GPS area, were divided into three control between the GPS |
non-GPS. In this study, we control between the GPS / non-GPS. By using the PnP problem, obtain the coordinates
of the current position and the target position of the Drone, | considered trying to implement the function by
obtaining the difference.

Result, the current position of the Drone using PnP problem has been able to determine the coordinates of the target
position, the coordinates determined that there is an error occurs, such as inability to implement the program of
feature point detection problems were raised.

Fe—r#%sFresr—a vy AT A0%KOG P S BHHTST
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RS RMEERE T 2T AFSE4, 11S-16-021,pp.11-14(2016 47 3 H)

In this study, as the power transmission line inspection alternative to the hands of the people, and proposed the
development of autonomous flight system for the transmission line inspection using a drone. Inspection of
transmission lines that are currently carried out, such as that and manned helicopter to climb tower people directly,
but by the hand of man is common, inspection by human hands, with the risk of accidents. The drone integrated
navigation system, are intended to reduce the risk due to the transmission line inspection. In this system, three main
technology was considered necessary. First, autonomous flight using a GPS, then positioning by landmarks, and is
a position correction by the lower image. In the present study, which is one of the technologies required to drone
integrated navigation system, to develop a system for the transmission line inspection of the flight using the GPS.
Among them, and to define the control rules at the time of take-off and landing, I think it is necessary to perform a
collision avoidance of the drone to each other, were system development for the control and collision avoidance of
multiple drone.

BRI PERE T AT AHFFEE, 11S-16-022,pp.15-18(2016 4= 3 A)
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This paper describes the successful development of an integrated drone navigation system for aerial inspection and
surveillance of infrastructure objects that features outbound and inbound GPS-based autonomous flight, machine
learning of starting point and end point images of the destination structure, and a surface image gyro that detects
images between the starting point and the end point. Traditional drone navigation research has focused on discrete
autonomous flight technologies such as GPS navigation and non-GPS video SLAM. Thinking in terms of actual
autonomous flights of drones, this study adopts a comprehensive approach that encompasses the entire trip to a
destination from the departure of the drone up to its return.

R R MAPERE T 2T AFSE4, 11S-16-094,pp.1-4(2016 4 9 H)
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This paper describes the case of aerial inspection of power line by using the camera "Zenmuse X3".

BRER KR ESE S AT AHF5E4, 11S-16-095,pp.5-6(2016 4 9 H)
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To study the automatic inspection by flying robot, to avoid the danger. In this laboratory in order to realize the
automatic inspection aims to develop a "GPS- non-GPS integrated navigation”, in the present study aimed at the
development of non-GPS autonomous flight in the system. In this study as a way of non-GPS autonomous flight
was devised a method called "ground image gyro”. In order to realize is essential is a valid feature point detection
in the natural image, we devised a condition for effective feature points detected in this paper. The results of the
experiment for validation of the conditions, but effective feature points can be detected, seen of again conditions
Repair was deemed necessary. In addition, it resulted in a number of research issues because it was not done to
develop until the autonomous flight remains.

B R MRPERE S 2T AFSEL, 11S-16-098,pp.7-10(2016 47 9 )
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Ken Shimojima, Osamu Higa, Yoshikazu Higa,
Hirofumi lyama, Atsushi Yasuda and Shigeru
Itoh

Atsushi Yasuda, Osamu Higa, Yoshikazu
Higa,Ken Shimojima, Kazuyuki Hokamoto, and
Shigeru Itoh

Experimental Study for the Optimal Conditions
for the Softening of Pork Using Underwater
Shock Wave

Application of Underwater Shock Waves for
Food Processing Devices

Fifth International Symposium on Explosion,
Shock Wave and High-strain-rate Phenomena
25-28 September 2016, Beijing, China

Fifth International Symposium on Explosion,
Shock Wave and High-strain-rate Phenomena
25-28 September 2016, Beijing, China,p184
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Yoshikazu Higa, Hirofumi lyama, Ken
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Ken Shimojima, Osamu Higa, Yoshikazu Higa,
Hirofumi lyama, Atsushi Yasuda and Shigeru
Itoh

Ken Shimojima, Osamu Higa, Yoshikazu Higa,
Hirofumi lyama, Atsushi Yasuda and Shigeru
Itoh

Yoshikazu HIGA, Hirofumi IYAMA, Ken
SHIMOJIMA and Shigeru ITOH

Ken Shimojima,Y oshikazu Higa,Osamu
Higa,Atsushi Yasuda,Ayumi Takemoto,Shigeru
Itoh,Hirofumi lyama, Toshiaki Watanabe

0. Higa, A. Yasuda, Y. Higa, K. Shimojima, K.
Hokamoto , S. Itoh

Ken SHIMOJIMA, Yoshikazu HIGA, Osamu
HIGA, Ayumi TAKEMOTO, Hirofumi
IYAMA, Atsushi YASUDA, Toshiaki
WATANABE and Shigeru ITOH

Yoshikazu HIGA, Hirofumi IYAMA, Ken
SHIMOJIMA, Atsushi YASUDA, Osamu
HIGA, Ayumi TAKEMOTO and Shigeru

T4

ken SHIMOJIMA, Osamu HIGA, Yoshikazu
HIGA, Ayumi TAKEMOTO, Hirofumi
IYAMA, Atsushi YASUDA, Toshiaki
WATANABE and Shigeru ITOH

Hirofumi IYAMA, Yoshikazu HIGA,
Masatoshi NISHI, Ken SHIMOJIMA, Osamu
HIGA and Shigeru ITOH

Numerical Simulation of Electrical Discharge
Characteristics Induced by Underwater Wire
Explosion

Experimental Study and Computational
Simulation for Shock Characteristics Estimation
of Okinawa’s Soils “Jahgaru”

Computational Simulation for Milling Flour of
Rice Powder Using Under Water Shock Wave

Experimental Study of the softening of the pork
meat using the underwater

Computational Prediction of Underwater
Shock Wave Propagation and Reflection
Behavior at the Interface for Various Acoustic
Impedance Materials

Development of Prototype Machine for Food
Processing by Underwater Shock Wave

An Optical Observation of Shockwave
Propagation Induced by an Underwater Wire
Explosion

Visualization of Shock Wave Propagation
Behavior of the General-Purpose Batch
Processing for Pressure VVessel by Numerical
Simulation

Computational Simulation for Evaluation of
Food Softening Treatment Vessel using
Underwater Shockwave

Production of Rice Powder Milling Flour
Device and Characterization by Numerical
Simulation

Numerical Simulation on Manufacturing of
Pressure Vessel for Shock Food Processing
Using Explosive Forming

Fifth International Symposium on Explosion,
Shock Wave and High-strain-rate Phenomena
25-28 September 2016, Beijing, China,,p.154,
ID091

,Fifth International Symposium on Explosion,
Shock Wave and High-strain-rate Phenomena
25-28 September 2016, Beijing,
China,p.153,1D090

Fifth International Symposium on Explosion,
Shock Wave and High-strain-rate Phenomena
25-28 September 2016, Beijing,
China,p.57,1D034

Yellow Sea Rim Workshop on Explosion,
Combusion and other Energetic Phenomena for
Various Environmental Issues (YSR2016)

Yellow Sea Rim Workshop on Explosion,
Combusion and other Energetic Phenomena for
Various Environmental Issues (YSR2016)

The 2nd International Conference on
Engineering Science and Innovative(ESIT
2016)

The International Journal of Multiphysics.

ASME 2016 Pressure Vessels & Piping
Division Conference PVP2016

ASME 2016 Pressure Vessels & Piping
Division Conference PVP2016

ASME 2016 Pressure Vessels & Piping
Division Conference PVP2016

ASME 2016 Pressure Vessels & Piping
Division Conference PVP2016
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Fumiaki Takemura, Natsuki Uechi, Kazuma
Noha, Norimitsu Sakagami, Kuniaki Kawabata,
Satoru Takahashi, Shinichi Sagara, Rintaro
Ono, Chiaki Katagiri, Yumiko Nakanishi, Yuji
Yamamoto,

AKkihito Ono, Satoru Takahashi, Kuniaki
Kawabata, Shun'ichi Kaneko, Tsuyoshi Suzuki,
Fumiaki Takemura, Hidenori Ishihara,

Kazuma Noha, Fumiaki Takemura, Kuniaki
Kawabata, Satoru Takahashi, Norimitsu
Sakagami, Shinichi Sagara,

Norimitsu Sakagami, Fumiaki Takemura,
Rintaro Ono, Chiaki Katagiri, Yumiko
Nakanishi, Yuji Yamamoto,

Ryutaro Ozeki, Tsuyoshi Suzuki, Kei Sawali,
Fumiaki Takemura, Kuniaki Kawabata,
Hideyuki Yamashiro, Kei Ogasawara,

Kohei Ikeda, Tsuyoshi Suzuki, Kei Sawai,
Fumiaki Takemura, Kuniaki Kawabata,
Hideyuki Yamashiro, Kei Ogasawara,

Ryo Taba, Keita Hirayama, Fumiaki Takemura,
Suriyon Tansuriyavong, Kuniaki Kawabata,
Shinichi Sagara, Kei Ogasawara,

Asahi Matsuda, Satoru Takahashi, Kuniaki
Kawabata, Fumiaki Takemura, Kei Ogasawara,

Norimitsu Sakagami, Fumiaki Takemura,
Hironobu Kan and Masayuki Nagao,

MBS ERE 115 (2017)
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"A Basic Experiment for Image-Based Position
Measurement of Objects at Sea",

"An attitude correction method for underwater
image captured by stationary sensor node",

"Accuracy Verification of the Image-Based an
Underwater Object Position Measurement",

"Observation Support System of an ROV for
Underwater Archaeology",

"Study of Functions for Stationary Underwater
Sensor Node and Information Browser in
Underwater Monitoring Sensor Network
System",

"Study of Wireless Sensor Node Functions with
Attached Algae Removal Ability for Under-
water Monitoring Sensor Network",

"Development of an altitude maintenance
system for underwater robots using laser
beams",

"Extraction method texture features on
monitoring image of coral reef",

"Underwater archaeological survey using
robotic systems and a broadband multibeam
echo sounder system",

AABMEE R RT 47 A« 2B hn=7
AR 2> 20165 i SCER, BRIE,
2016, 64, 1A1-17a2(DVD)

AABMEER R RT 47 A« 2B hn=7
AFB R 22 20165 i SCER, BRIE,
2016, 6H, 1A1-17b3(DVD)

AABMEERE R RT 47 A« Ah b=
AFB R 2> 20165 H i SO AR, BRIE,
2016, 64, 1P1-16b4(DVD)

AABMEE R RT 47 A« 2B hn=7
AFB R 22 20165 i SCER, BRIE,
2016, 64, 1P1-16b7(DVD)
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A PR R TE 22 20165 T A SR, R,
2016, 6/, 1P1-17a7(DVD)
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The 41th Annual Conference of the IEEE
Industrial Electronics Society, (IECON2015),
pp.1394 - 1399, Yokohama, November, 2015

The 41th Annual Conference of the IEEE
Industrial Electronics Society, (IECON2015),
pp.2047 - 2052, Yokohama, November, 2015

The International Conference on Intelligent
Informatics and Biomedical Sciences,
(IC1IBMS2015), Okinawa, November, pp. 457
- 462, 2015

The International Conference on Intelligent
Informatics and Biomedical Sciences,
(IC1IBMS2015), Okinawa, November, pp. 192
- 196, 2015

Proceedings of the 6th International Conference
on Advanced Mechatronics (ICAM2015), pp.
33 - 34, Tokyo, Japan, December 5-8, 2015

Proceedings of the 6th International Conference
on Advanced Mechatronics (ICAM2015), pp.
144 - 145, Tokyo, Japan, December 5-8, 2015

The Twenty-First International Symposium on
Artificial Life and Robotics 2016 (AROB 21st
2016), Beppu, Oita, January, pp. 395 - 399,
2016

IEEJ International workshop on sensing,
actuation, motion control, and
optimization(SAMCON2016), VV-17, Tokyo,
March, 2016

The Eighth World Archaeological Congress,
Kyoto, August, 2016
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Fumiaki Takemura, Shuta Kobashigawa, Keita
Hirayama, Kuniaki Kawabata, Shinichi Sagara,
Hideyuki Yamashiro and Eisuke Kuraya,

Rintaro Ono, Chiaki Katagiri, Hironobu Kan,
Masayuki Nagao, Yumiko Nakanishi, Yuji
Yamamoto, Fumiaki Takemura, Norimitsu
Sakagami,

"Development of an Acetic Acid Injection
Device for Crown-of-Thorns Starfish
Controlled by a Remotely Operated Underwater
Robot",

"Discovery of Iron Grapnel Anchors in Early
Modern Ryukyu and Management of
Underwater Cultural Heritage in Okinawa,
Japan”,

Journal of Robotics and Mechatronics, Vol.27,
No.5, pp. 571 - 578, October, 2015.

The International Journal of Nautical
Archaeology, Vol. 45, Issue 1, pp. 77 - 93,
March, 2016.

H.Kubota, A.Tomizawa, K.Yamamoto,
N.Okada, T.Hama and H.Takuda

A. Tomizawa
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Finite Element Analysis of Three-Dimensional
Hot Bending and Direct Quench Process
Considering Phase Transformation and
Temperature Distribution by Induction Heating

e TR O FRAA N LRI (3
DQ) , LZRe/hToRvy  BkEfE#

Tube forming and Hydroforming, “Advanced
Sheet and Tube Forming Technology” By
Department of Tool and Materials Engineering
and Center of Excellent Metal Forming and
Materials Design King Mongkut's University of
Technology Thonburi (KMUTT)and Research
into Artifacts, Center for Engineering (RACE)
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The University of Tokyo , 21 November 2015,
Bangkok (H274F11H)

MPE LN, 57-667, (2016) . P714-718
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Atsushi YASUDA, Osamu HIGA, Yoshikazu
HIGA, Ken SHIMOJIMA, Kazuyuki
HOKAMOTO and Shigeru ITOH

Ryo HENZAN, Yoshikazu HIGA, Osamu
HIGA, Ken SHIMOJIMA and Shigeru ITOH

Yoshikazu HIGA, Hirofumi IYAMA, Ken
SHIMOJIMA, Masatoshi NISHI and Shigeru
ITOH

Application of Underwater Shock Waves for
Food Processing Devices

Numerical Simulation of Electrical Discharge
Characteristics induced by Underwater Wire
Explosion

Experimental Study and Computational
Simulation for Shock Characteristics Estimation
of Okinawa's Soils "Jahgaru"

International Symposium on Explosion, Shock
wave and High-energy reaction Phenomena
2016 (ESHP2016), (2016.09), pp.184-185.,
Beijing Friendship Hotel, Beijing, China.

International Symposium on Explosion, Shock
wave and High-energy reaction Phenomena
2016 (ESHP2016), (2016.09), pp.154., Beijing
Friendship Hotel, Beijing, China.

International Symposium on Explosion, Shock
wave and High-energy reaction Phenomena
2016 (ESHP2016), (2016.09), pp.153., Beijing
Friendship Hotel, Beijing, China.




Ken SHIMOJIMA, Osamu HIGA, Yoshikazu
HIGA, Hirofumi IYAMA, Atsushi YASUDA

and Shigeru ITOH

Ken SHIMOJIMA, Osamu HIGA, Yoshikazu
HIGA, Hirofumi IYAMA, Atsushi YASUDA

and Shigeru ITOH

Hirofumi IYAMA, Yoshikazu HIGA,
Masatoshi NISHI and Shigeru ITOH

Yoshikazu HIGA, Hirofumi IYAMA, Ken
SHIMOJIMA and Shigeru ITOH

Ken SHIMOJIMA, Osamu HIGA, Yoshikazu
HIGA, Hirofumi IYAMA, Atsushi YASUDA
and Shigeru ITOH

Ken SHIMOJIMA, Osamu HIGA, Atsushi
YASUDA, Yoshikazu HIGA and Shigeru
ITOH

Atsushi YASUDA, Osamu HIGA, Yoshikazu
HIGA, Kazuyuki HOKAMOTO and Shigeru
ITOH

Yoshikazu HIGA, Asahi GENKA, Ken
SHIMOJIMA, Hirofumi I'Y AMA and Shigeru
ITOH

Osamu HIGA, Yoshikazu HIGA, Ken
SHIMOJIMA, Atsushi YASUDA, Kazuyuki
HOKAMOTO and Shigeru ITOH

Ken SHIMOJIMA, Yoshikazu HIGA, Hirofumi
IYAMA, Ryo HENZAN and Shigeru ITOH

Yoshikazu HIGA, Hirofumi IYAMA,
Masatoshi NISHI and Shigeru ITOH

Hirofumi IYAMA, Yoshikazu HIGA, Ken
SHIMOJIMA, Masatoshi NISHI and Shigeru
ITOH

Ken SHIMOJIMA, Ayumi TAKEMOTO,
Matej VESENJAK, Yoshikazu HIGA, Zoran
REN and Shigeru ITOH

Atsushi YASUDA, Osamu HIGA, Yoshikazu
HIGA, Eisuke KURAYA, Ken SHIMOJIMA,
Kazuyuki HOKAMOTO and Shigeru ITOH

MBS ERE 115 (2017)

Computational Simulation for Milling Flour of
Rice Powder using Underwater Shock Wave

Experimental Study for the Optimal Conditions
for the Softening of Pork using Underwater
Shock Wave

Numerical Simulation of Explosive Forming
Using Detonation Fuse

Computational Prediction of Underwater Shock
Wave Propagation and Reflection Behavior at
the Interface for VVarious Acoustic Impedance
Materials

Experimental Study of the Softening of the Pork
Meat using the Underwater Shock Wave

Improvement for Test Crushing of Food by
Underwater Shock Wave

On Economical Food Processing Devices using
Underwater Shock Wave for Producing Carrots
Juice

A Computational Simulation for Soil Surface
Explosion Problem - the effect of different soil
characteristics on a fragments behavior -

An optical observation of shockwave
propagation induced by underwater wire
explosion

Design of pressure vessel for food processing
machine by under shock wave

A Computational Simulation for Soil Surface
and Underground Explosion -the effect of
different soil characteristics on a fragments
behavior-

Making of pressure vessel for food processing
by explosive forming

The effect of improving the oil extraction of
Slovenia production seed by underwater shock
wave

Application of Food Processing Device using
Underwater Shock Wave

International Symposium on Explosion, Shock
wave and High-energy reaction Phenomena
2016 (ESHP2016), (2016.09), pp.57., Beijing
Friendship Hotel, Beijing, China.

International Symposium on Explosion, Shock
wave and High-energy reaction Phenomena
2016 (ESHP2016), (2016.09), pp.55-56.,
Beijing Friendship Hotel, Beijing, China.

International Symposium on Explosion, Shock
wave and High-energy reaction Phenomena
2016 (ESHP2016), (2016.09), pp.32-33.,
Beijing Friendship Hotel, Beijing, China.

Yellow Sea Rim Workshop on Explosion,
Combusion and other Energetic Phenomena for
Various Environmental Issues (YSR2016),
Kumamoto Meeting, (2016.07), Kumamoto
Univ., Kumamoto (Invited talk)

Yellow Sea Rim Workshop on Explosion,
Combusion and other Energetic Phenomena for
Various Environmental Issues (YSR2016),
Kumamoto Meeting, (2016.07), Kumamoto
Univ., Kumamoto

Yellow Sea Rim Workshop on Explosion,
Combusion and other Energetic Phenomena for
Various Environmental Issues (YSR2016),
(2016.02), pp.27, KAIST, Daejeon, Korea

Yellow Sea Rim Workshop on Explosion,
Combusion and other Energetic Phenomena for
Various Environmental Issues (YSR2016),
(2016.02), KAIST, Daejeon, Korea

Yellow Sea Rim Workshop on Explosion,
Combusion and other Energetic Phenomena for
Various Environmental Issues (YSR2016),
(2016.02), pp.10, KAIST, Daejeon, Korea
(Invited talk)

MULTIPHYSICS 2015, (2015.12), pp.52,
Lodon, UK

MULTIPHYSICS 2015, (2015.12), pp.51,
Lodon, UK

MULTIPHYSICS 2015, (2015.12), pp.50,
Lodon, UK

MULTIPHYSICS 2015, (2015.12), pp.40,
Lodon, UK

MULTIPHYSICS 2015, (2015.12), pp.35,
Lodon, UK

International Workshop on Explosion, Shock-
wave and High-velocity Phenomena 2015
(ESHP2015), (2015.09), pp.34, Kumamoto
Univ., Kumamoto
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Osamu HIGA, Atsushi YASUDA, Ken
SHIMOJIMA, Yoshikazu HIGA, Kazuyuki
HOKAMOTO and Shigeru ITOH

Yoshikazu HIGA, Asahi GENKA, Ken
SHIMOJIMA, Hirofumi I'YAMA, Masatoshi
NISHI and Shigeru ITOH
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Generalizing of Food Processing Machine by
Underwater Shock Wave

Optical Observation of Underwater Shock
Wave generated by Wire Explosion

A Computational Simulation for Unexploded
Bomb Disposal - A study of fragments
controlling effect using liner plate application -
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International Workshop on Explosion, Shock-
wave and High-velocity Phenomena 2015
(ESHP2015), (2015.09), pp.22, Kumamoto
Univ., Kumamoto

International Workshop on Explosion, Shock-
wave and High-velocity Phenomena 2015
(ESHP2015), (2015.09), pp.21, Kumamoto
Univ., Kumamoto

International Workshop on Explosion, Shock-
wave and High-velocity Phenomena 2015
(ESHP2015), (2015.09), pp.15, Kumamoto
Univ., Kumamoto, (Invited talk)
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Kyosuke ONAGA and Chianami KANESHIRO

Taisei SAKALI and Chinami KANESHIRO

MOSFET Characteristics with Ge Gate Control
Layer for Industry Equipment Application”
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Characteristics of UNCD/a-C:H Film Diodes
for the Device Application

Propagation Characteristics of SAW with
Various Periodic Arrays

6th International Symposium on Technology for
Sustainability, no.41(industry / oral) (pp.1-6)
(2016)

SER2TAR FE TS UM S TR 2 T A
4. 5Ea-4, p.94 (2015)
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£ 5Ea-5, p.95(2015)
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OKI-2015-01 pp.1-4 (2015)
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OKI-2015-02 pp.5-6 (2015)

Proceedings of the HANU-Kosen Joint

Conference on global network in a cross-

cultural environment 2015, pp.84-87
(2015)

Proceedings of the HANU-Kosen Joint

Conference on global network in a cross-

cultural environment 2015, pp.88-91
(2015)
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Masafumi Koga, Mitsuki Moroi, and Hidehiko
Takara
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Optical diversity transmission using WDM
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A Sparsity Managed Adaptive MIMO
Equalization for Few-Mode Fiber Transmission
With Various Differential Mode Delays (Z 7t
)

120.7-Th/s MCF-ROPA Unrepeatered
Transmission of PDM-32QAM Channels Over
204 km (& HEfT)

Crosstalk-Managed High Capacity Long Haul
Multicore Fiber Transmission With
Propagation-Direction Interleaving (Z#Hift)

409-Th/s + 409-Th/s crosstalk suppressed
bidirectional MCF transmission over 450 km
using propagation-direction interleaving (&7t
1)
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Pump Light Source for Distributed Raman
Amplification in MCFs With LD Sharing
Circuit (& #if))

3-dB signal-ASE beat noise reduction of
coherent multi-carrier signal utilizing phase
sensitive amplification (& FifT)

Multiflow optical transponder for efficient
multilayer optical networking (##ifT)

1000-km 7-core fiber transmission of 10 times
96-Gb/s PDM-16QAM using Raman
amplification with 6.5 W per fiber (& #ift)

Light scattering characteristics of hole formed
by fibre fuse (& FHif)

T-shaped mode coupler for two-mode mode
division multiplexing (£ #tft)

Generation of 120-fs laser pulses at 1-GHz
repetition rate derived from continuous wave
laser diode (& #ift)

Distance-Adaptive Path Allocation in Elastic
Optical Path Networks (& #tft)

Bandwidth Squeezed Restoration in Spectrum-
Sliced Elastic Optical Path Networks (SLICE)

Intermodal group velocity dispersion of few-
mode fiber (&)

Experimental demonstration of spectrum-sliced
elastic optical path network (SLICE) (##t
)
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Octave-spanning frequency comb generated by
250 fs pulse train emitted from 25 GHz
externally phase-modulated laser diode for
carrier-envelope-offset-locking (£ #ifT)

Optical Path Aggregation For 1-Th/s
Transmission In Spectrum-Sliced Elastic
Optical Path Network (#5#ift)

Distance-adaptive Spectrum Resource
Allocation In Spectrum-sliced Elastic Optical
Path Network (1)

Virtualized Optical Network (VON) for Future
Internet and Applications (Z7¢fT)

Influence of intrachannel crosstalk with
frequency dependence on signal degradation in
optical switch network (ZE#A7)

Spectrum-efficient and scalable elastic optical
path network: architecture, benefits, and
enabling technologies (#:#tft)

Optical Performance Monitoring of Phase-
Modulated Signals Using Asynchronous
Amplitude Histogram Analysis (£ #efT)

Electro-optically multiplexed 110 Gbit/s optical
OFDM signal transmission over 80 km SMF
without dispersion compensation

Highly stable 160-Gb/s OTDM technologies
based on integrated MUX/DEMUX and drift-
free PLL-type clock recovery (Z#ift)

Low-crosstalk 103 channel x 10 Gb/s (1.03
Th/s) wavelength conversion with a quasi-

phase-matched LiNbO 3 waveguide (Z 7t
s

Over-1000-channel ultradense WDM
transmission with supercontinuum multicarrier
source

Over-10000-channel 2.5 GHz-spaced ultra-
dense WDM light source
(&)
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All-optical flip-flop circuit composed of
coupled two-port resonant tunneling filter in

two-dimensional photonic crystal slab (£t
s

Field demonstration of over 1000-channel
DWDM transmission with supercontinuum
multi-carrier source (£ #Hif])

160-Gbit/s full channel optical time-division
demultiplexer based on SOA-array integrated
PLC and its application to OTDM transmission
experiment (& Fif})

160-Gb/s all-optical limiter based on spectrally
filtered optical solitons (A F¢()

Simple measurement of eye diagram and BER
using high-speed asynchronous sampling (£
#ef)
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WDM signal monitoring utilizing
asynchronous sampling and wavelength

selection based on thermo-optic switch and
AN (ASEZE AN
160 Ghit/s adaptive dispersion equaliser using

asynchronous chirp monitor with balanced
dispersion configuration (##¢fT)

160-Gb/s OTDM transmission using integrated
all-optical MUX/DEMUX with all-channel
modulation and demultiplexing (& #FefT)

Subpicosecond timing control using optical
double-pulses correlation measurement (£ 7¢

)

Chromatic dispersion dependence of
asynchronous amplitude histogram evaluation
of NRZ signal (#£#if))

Simultaneous 25 GHz-spaced DWDM

wavelength conversion of 1.03 Thit/s

(103times10 Ghit/s) signals in PPLN waveguide
(A HeA)

Over 1000 km DWDM transmission with
supercontinuum multi-carrier source (#:7Hi

)

40-Gb/s times 4-channel all-optical
multichannel limiter utilizing spectrally filtered
optical solitons (&5 f)

Simple Q factor monitoring for BER estimation
using opened eye diagrams captured by high-
speed asynchronous electrooptical sampling

Supercontinuum lightwave source generating 50
GHz spaced optical ITU grid seamlessly over S-
, C-and L-bands (£ #if))

124 nm seamless bandwidth, 313x10 Gbit/s
DWDM transmission (#Z%4)

160-Gb/s optical-time-division multiplexing
with PPLN hybrid integrated planar lightwave
circuit (& Hift)
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160 Ghit/s all-optical time-division
demultiplexing utilising modified multiple-
output OTDM demultiplexer (MOXIC) (&7
)

Averaged Q-factor method using amplitude
histogram evaluation for transparent monitoring
of optical signal-to-noise ratio degradation in
optical transmission system (- Fif})

270-360 GHz tunable beat signal light generator
for photonic local oscillator (#=#Ef})
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Dispersion tolerant 80 Gbit/s carrier-suppressed
return-to-zero (CS-RZ) format generated by
using phase- and duty-controlled optical time
division multiplexing (OTDM) technique (%
Fefd)

160 Gbit/s full optical time-division
demultiplexing using FWM of SOA-array
integrated on PLC (& 5% 4+))

Analysis and design of supercontinuum pulse
generation in a single-mode optical fiber (# i

)

106 channel times 10 Gbit/s, 640 km DWDM
transmission with 25 GHz spacing with
supercontinuum multi-carrier source (#:7Hi

)

Quality monitoring of optical signals influenced
by chromatic dispersion in a transmission fiber
using averaged Q-factor evaluation (#=7ef))

150 channel supercontinuum CW optical source
with high SNR and precise 25 GHz spacing for
10 Gbit/s DWDM systems (£ #if])

More than 1000 channel optical frequency
chain generation from single supercontinuum
source with 12.5 GHz channel spacing (&%t

)

Bit rate flexible quality monitoring of 10 to 160
Gbit/s optical signals based on optical sampling
technique (& HEfT)

Vibration-insensitive nonlinear optical loop
mirror utilizing reflective scheme (#:Fif)

Integrated optical time division multiplexer
based on planar lightwave circuit (£ 3if)

3 Thit/s (160 Gbit/s times 19 channel) optical
TDM and WDM transmission experiment (#:
weft)

62. Dispersion slope equalizer for dispersion
shifted fiber using a lattice-form programmable
optical filter on a planar lightwave circuit (&

Fif)

63. Influence of inter-bit four-wave mixing in
optical TDM transmission (A8 Fif)

High-repetition-rate optical pulse generation by
using chirped optical pulses (& #ift)

Highly stable, actively mode-locked Er-doped
fiber laser utilizing relaxation oscillation as
detuning monitor (& #if)

Flatly broadened supercontinuum spectrum
generated in a dispersion decreasing fibre with
convex dispersion profile (#Fif)
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1.4 Thit/s (200 Ghit/s times 7 ch) 50 km optical
transmission experiment (&)

Nearly transform-limited 1.4 picosecond pulse

generation by supercontinuum and pulse

amplification in Tm-doped optical amplifier
(&)

All-optical time-division-multiplexing of 100

Gbit/s signal based on four-wave mixing in a

travelling-wave semiconductor laser amplifier
(&)

Wavelength interchange with an optical
parametric loop mirror (#FFEf1)

Signal-to-noise ratio analysis of 100 Gh/s
demultiplexing using nonlinear optical loop
mirror (£ FEf)

100 Ghit/s optical signal eye-diagram
measurement with optical sampling using
organic nonlinear optical crystal (£ #ifT)

Dispersion slope equalising experiment using
planar lightwave circuit for 200 Gbit/s time-
division-multiplexed transmission (&£ FifT)

100 Ghit/s multiple-channel output all-optical

demultiplexing based on TDM-WDM

conversion in a nonlinear optical loop mirror
(&)

1 Thit/s (100 Gbit/s x 10 channel)
OTDM/WDM transmission using a single
supercontinuum WDM source (##efT)

Single channel 400 Gbit/s time-division-
multiplexed transmission of 0.98 ps pulses over
40 km employing dispersion slope
compensation (£ FifT)

Higher order dispersion equaliser of dispersion
shifted fibre using a lattice-form programmable
optical filter (& Fef)

Polarisation-independent all-optical
demultiplexing up to 200 Gbit/s using four-
wave mixing in a semiconductor laser amplifier

(AFefT)

Error-free 500 Gbit/s all-optical demultiplexing
using low-noise, low-jitter supercontinuum
short pulses (£ FEf))

100 Gbit/s x 4 ch 100 km repeaterless TDM-
WDM transmission using a single
supercontinuum source (ZLFif)

Optical signal eye diagram measurement with
subpicosecond resolution using optical sampling

(#EFEfT)

200 Ghit/s, 100 km time-division-multiplexed
optical transmission using supercontinuum
pulses with prescaled PLL timing extraction and
all-optical demultiplexing (& F¢f))
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100 Ghit/s, 500 km optical transmission
experiment (& Fif})

Actively modelocked ring laser using Er-doped
silica-based planar waveguide amplifier (#7¢

)

Stabilisation of a modelocked Er-doped fibre
laser by suppressing the relaxation oscillation
frequency component (ZE#ift)

100 Ghit/s, 560 km optical transmission
experiment with 80 km amplifier spacing
employing dispersion management (& #ift)

Penalty-free, 100 Gbit/s optical transmission of
<2ps supercontinuum transform-limited pulses
over 40 km (#Fift)

100 Gbit/s optical waveform measurement with
0.6 ps resolution optical sampling using
subpicosecond supercontinuum pulses (£ 7Hi

)

Multiple-output, 100 Gbit/s all-optical
demultiplexer based on multichannel four-wave
mixing pumped by a linearly-chirped square
pulse (ZE#HefT)

Multiple-frequency modulation of an actively
modelocked laser used to control optical pulse
width and repetition frequency

100 Ghit/s all-optical demultiplexing using
four-wave mixing in a travelling wave laser
diode amplifier (& &if)

100 Ghit/s to 6.3 Ghit/s demultiplexing
experiment using polarisation-independent
nonlinear optical loop mirror (Z&¢ ()

100 Gbit/s, 200 km optical transmission
experiment using extremely low jitter PLL
timing extraction and all-optical demultiplexing
based on polarisation insensitive four-wave
mixing (& #Hif)

Fully time-division-multiplexed 100 Gbit/s
optical transmission experiment (& FifT)

Ultrahigh-speed phaselocked-loop-type clock
recovery circuit using a travelling-wave laser
diode amplifier as a 50 GHz phase detector (7
weft)

100 Ghit/s all-optical demultiplexing using
nonlinear optical loop mirror with gating-width
control (A #EfT)

Effects of control-signal pulse walk-off on BER
performance of nonlinear optical loop mirror
demultiplexer (Z#EfT)

100 Ghit/s, 50 km, and nonrepeated optical

transmission employing all-optical

multi/demultiplexing and PLL timing extraction
(&)
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20-GHz transform-limited optical pulse
generation and bit-error-free operation using a
tunable, actively modelocked Er-doped fibre
ring laser (& #ift)

Polarisation-independent 100 Gbit/s all-optical
demultiplexer using four-wave mixing in a
polarisation-maintaining fibre loop

Ultrafast reflective optical Kerr demultiplexer
using polarisation rotation mirror (& #eft)

64 to 8 Gbit/s all-optical demultiplexing
experiment with clock recovery using new
phase lock loop technique (##ifT)

Multiwavelength birefringent-cavity mode-
locked fibre laser (& Fift)

Ultrafast polarisation-independent all-optical
switching using a polarisation diversity scheme
in the nonlinear optical loop mirror (Z &)

Generation of highly stable 20 GHz transform-
limited optical pulses from actively mode-
locked Er 3+-doped fibre lasers with an all-
polarisation maintaining ring cavity (Z#Hift)

BT AEZ AN 7 U vk
LHEEEELEIENEE (AR

A highly efficient two-stage Er 3+-doped
optical fiber amplifier employing an optical gate
to effectively reduce ASE (&5 ()

2 Gb/s operation of an optical-clock-driven
monolithically integrated GaAs D-flip-flop with
metal-semiconductor-metal photodetectors for
high-speed synchronous circuits (#=7¢1)

Fast dynamic-response measurement technique
for electrooptic devices based on modified
optical sampling (& &ef))

Noncollinearly phase-matched second harmonic
generation in stilbene-dye-attached polymer thin
films (&FEfT)

FEE T AEZ AN 7 U vk
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(435 50)
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JeFEAET BT D HFTE
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Dense SDM (12-core x 3-mode) Transmission
over 527 km with 33.2-ns Mode-Dispersion
Employing Low-Complexity Parallel MIMO
Frequency-Domain Equalization(#£#: & 0 )

Optical Diversity Transmission with Signal and
its Phase-conjugate Lights through Multi-core
Fiber (&FHEH V)
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High-count Multi-Core Fibers for Space-
Division Multiplexing with Propagation-
Direction Interleaving (£ #t 1)

120.7-Th/s (7 SDM/180 WDM/95.8 Gb/s)
MCF-ROPA Unrepeatered Transmission of
PDM-32QAM Channels over 204 km (%7
)

1.28 Thaud Nyquist OTDM Transmission over
a 7-Core Fiber Using an On-Chip SDM Coupler
(L)

Q-value Improvement by Electrical Maximum
Ratio Combining in Optical Diversity
Transmission through Multi-core Fiber (#%¢

)

Single Source 5-dimensional (Space-,
Wavelength-, Time-, Polarization-, Quadrature-
) Data Transmission of 6 SDM x 6 WDM x 1.2
Thit/s Nyquist-OTDM-PDM-QPSK Signals

(A @)

12-core

Multiplexed Transmission over 40 km
Employing Multi-carrier Signals with Parallel
MIMO Equalization (& #ift)

[ 3-mq

Modal Crosstalk Measurement Based on
Intensity Tone for Few-Mode Fiber
Transmission System (& #¢4+))

2 x 344 Tbls Propagation-direction Interleaved
Transmission over 1500-km MCF Enhanced
by Multicarrier Full Electric-field Digital
Back-propagation  (##ift)

Remotely pumped multicore erbium-doped
fiber amplifier system with high pumping
efficiency (& #ifh)

First demonstration of multi-span transmission
using phase and amplitude regeneration in
PPLN-based PSA (£ #if))

1.01-Pb/s (12 SDM/222 WDM/456 Ghb/s)
Crosstalk-managed Transmission with 91.4-

b/s/Hz Aggregate Spectral Efficiency (£t
)

Experimental demonstration of 400 Gb/s multi-
flow, multi-rate, multi-reach optical transmitter
for efficient elastic spectral routing (£ Fif)

Demonstration of translucent elastic optical
network based on virtualized elastic regenerator

(AFefT)

Phase sensitive amplification of coherent multi-
carrier pair with 3-dB signal-ASE beat noise
reduction (AEFEfT)

Monitoring of orthogonal polarization power
ratio due to PDL using intensity tones in
polarization multiplexed signals (A= #if)

Elastic optical path networking: Enhancing
network capacity and disaster survivability
toward 1 Thps era (i)
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Efficient elastic optical path network for
transmission beyond 100G (##EfT)

Distance-adaptive Super-wavelength Routing in
Elastic Optical Path Networks (SLICE) with
Optical OFDM  (##ift)

New Approach to Achieving a Carrier-
Envelope Phase-Locked Frequency Comb with
25-GHz Mode Spacing (% 5¢f)

Evaluation of fiber fuse characteristics of hole-
assisted fiber for high power optical
transmission systems (& #efT)

Bit-rate-flexible all-optical OFDM transceiver
using variable multi-carrier source and
DQPSK/DPSK mixed multiplexing (£ 5¢()

Highly survivable restoration scheme
employing optical bandwidth squeezing in
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network (#£FEft)

Filtering characteristics of highly-spectrum
efficient spectrum-sliced elastic optical path
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The CCR4-NOT deadenylase activity
contributes to generation of induced pluripotent
stem cells

Inhibition of the growth factor midkine in
neuroblastoma by an Okinawan agricultural
product
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Efficacy of urinary midkine as a biomarker in
patients with acute kidney injury
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Evaluation of a sustained release carrier
containing an anticancer drug which is
generated by electrospinning

RIKEN Center for Integrative Medical
Sciences, IMS SEMINAR, February 17 (2016)
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Biochemical and Biophysical Research
Communications, 474 (2016), pp.233-239

Advances in Neuroblastoma Research 2016,
pp.235,June 21, 2016 ( CAIRNS, Queensland,
Australia )
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of print]
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Shinya Ikematsu, Makoto Miyagi, Ipputa Tada

Evaluating immune related function and
characteristic analysis of the Okinawan lactic
acid bacteria

CBI#£320164F K% CBI Annual Meeting
2016
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Yuta Katano, Tetsuro Hisayoshi, Ikumi Kuze,
Hiroyuki Okano, Masaaki Ito, Koichi
Nishigaki, Teisuke Takita, Kiyoshi Yasukawa
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Expression of moloney murine leukemia virus
reverse transcriptase in a cell-free expression
system
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Miyazato, H., Taira, J., Ueda, K.

Roy, K., Ashimine, R., Miyazato, H., Taira, J.,
Ueda, K.

Roy, PK., Ashimine, R., Miyazato, H., Taira
J., Ueda, K.

Nacachi, S., Tokeshi, I., Takamatsu, R.,
Arakaki, K., Uehara, M., Iguchi, A., Taira, J.,
Yoshimi, N.
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Hydrogen peroxide derived from marine peroxy
sesquiterpenoids induces apoptosis in HCT116
human colon cancer cells.

Endoperoxy and hydroperoxy cadinane-type
sesquiterpenoids from an Okinawan soft coral,
Sinularia sp.

New Cashane and Cembrane Diterpenoids from
an Okinawan Soft Coral, Lobophytum sp.

The modifying effect of the extract from
Okinawan sweet potato leaves in mouse colon
carcinogenesis

(PR S E ) D> < 0 72 IR
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Bioorganic & Medicinal Chemistry Letters, 26
(2016) 4641-4644 (EFEAHY)

Archives of Pharmacal Research. 39 (2016) 778
-784
(EFAY)

Molecules, 21 (2016) 679-687 (& FHA V)

Proceedings: America Association for Cancer
research,

April 16-20, 2016, New Orleans, Louisiana,
USA (#58H D)
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S. Yodkeaw, H. Tanaka, N. Isomura, To.
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A marine Lactobacillus strain with bacteriocin-
like activity
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The Treatment of High Concentration Nitrogen
by Phytoremediation Process Using Water
Hyacinth (Eichnornia crassipes Mart.Solms.)
and Coontail (Ceratophyllum demersum L.)

ESCANBER Symposium, Hanoi, Vietnum
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Inhibitory effects of the extracts from
Kaempferia parviflora on cell adhesion and
cellar ROS production in human endothelial
cells

A LEARNING METHOD OF GLOBAL
CAREER EDUCATION THROUGH A
SERIES OF INTERACTIVE LECTURES

Identification and evaluation of anti-
inflammatory compounds from Kaempferia
parviflora
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12th Asian Congress of Nutrition (2015.05)
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International Symposium on Advances in
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Biochemistry(2014)vol.78,No.5,pp.851-860
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Application of Shock Wave for Food
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International symposium on explosion, shoch
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Y. Ogata Linear conserved quantities for surfaces in COE Lecture Note Vol.41, Institute of
Moebius geometry Mathematics for Industry, pp76 (October,
2012)
fH BXK DPW method for constant mean curvature Hokkaido University technical report series in
surfaces in 3-dimensional Lorentzian mathematics, Hokkaido University, pp217-220
spaceforms (March, 2014)
V=D N Smyth surfaces in Lorentz Minkowski space  [#61[AI8(iTF > R O 0 A TR, H A
and their singularities FF R4S, ppl81-184 (August, 2014)
e BK 3 YR TELorentzZ [t P 0> Z2 [ ) 752 il % - ¥ th | Hokkaido University technical report series in
HR—E M DAERLIZ DN T mathematics, Hokkaido University, pp151-154
(March, 2015)
Y. Ogata Spacelike constant mean curvature and maximal|Tsukuba J. Math., vol. 39, No. 2, pp259-284
surfaces in 3-dimensional de Sitter space via (December, 2015)
Iwasawa splitting
e B Singularities of maximal Bonnet-type surfaces |£563[AI8&(iIF > R U 0 A TR, H A
in Lorentz space FA RS, ppl73-177 (August, 2016)
fH B Duality between cuspidal butterflies and H A$ 523 20164 FERK R & o0 Bk 23, 4

cuspidal S1 singularities on maxfaces
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Gauss maps of cuspidal edges in hyperbolic 3-
space, with application to flat fronts

Deformation of minimal surfaces with planar
curvature lines

Linear conserved quantities for surfaces in
Moebius geometry

MinkowskiZ i PN C o il i 12 %19 5 SRR
e

The transformation theory of surfaces in Lie
geometry

Construction of spacelike CMC surfaces in 3-
dimensional Lorentzian spaceforms

DPW method in 3-dimensional Lorentzian
spaceforms

DPW method for constant mean curvature
surfaces in 3-dimensional Lorentzian
spaceforms

DPW method for CMC surfaces in 3-
dimensional Lorentzian spaceform

ey =R A o AR IR RIS D>V T

Smyth surfaces in Lorentz Minkowski space
and their singularities

Smyth surfaces in Lorentz-Minkowski space
and their singularities
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The DPW method for discrete constant mean
curvature surfaces in Riemannian spaceforms

Criteria for singularities of spacelike constant
mean curvature surfaces in Lorentzian
spaceforms
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D4-singularities and the parallel transformation
of constant mean curvature surfaces

TR i L TR

Maximal Smyth-type surfaces in de Sitter 3-
space

Math. J. Okayama Univ. , vol. 59, 93-
111(2016)

J. Geom.,
DOI:10.10007/s00022-016-0352-0 (2016)

Forum “Math For Industry”2012
(Math For IndustryFET) (October, 2012)
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The 5th KOOK-TAPU Joint Seminar on Knot
Theory and Related Topics
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The Second Japanese-Spanish Workshop on
Differential Geometry
(T2 K 52)(February, 2014)
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Topics in Differential Geometry and its
Discretizations
(AIMRHFZEFT) (January, 2015)

The 9th OCAMI-KNUHGRG Joint Differential
Geometry Workshop
(KRBT 37 K 5) (February, 2015)
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(Ab#EiE K 5)(March, 2015)

Singularities in Generic Geometry and its
Applications
(PR« BUELR ) (June, 2015)
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Transformations and Singularities
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Co-occurrence  of  ecologically
cryptic species of spider wasps.

equivalent

Incompatibility and pollination of distylous
Psychotria serpens (Rubiaceae) in the Ryukyu
Islands, Japan.

Development of SSR markers for Psychotria
homalosperma (Rubiaceae) and cross-
amplification in four other species.

Is heterostyly rare on oceanic islands?

Distyly and floral morphology of Psychotria
cephalophora (Rubiaceae) on the oceanic
Lanyu (Orchid) Island, Taiwan.
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Evolution of the breeding systems and floral
traits in Hawaiian Psychotria and
Gynochthodes trimera (Rubiaceae).

Dioecism and Monoecism in two Psychotria
species (Rubiaceae) in the Ryukyu Islands,
Japan.

Breeding systems of genus Psychotria (kopiko,
Rubiaceae) on the Ryukyu, Bonin and
Hawaiian Islands.
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University of Hawaii at Manoa, Occasional
talk. Honolulu, Hawaii, USA. (2016. 8)
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biology and conservation. Honolulu, Hawaii,
USA. (2015. 7)

EECB Evolunch session, University of Hawaii
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Optical Examination of Shockwave Propagation
Induced by an Underwater Wire Explosion

Effects of Improving Current Characteristics of
Spark Discharge on Underwater Shock Waves

Improvement effect of Discharge Circuit for the
Underwater Shock Wave

Mechanism of the Shock Wave Generation and
Energy Efficiency by Underwater Discharge

Development of High Voltage Pulse Power
Device Using Compact Marx Generator for
Food Processing

Production of rice powder milling flour device
and characterization by numerical simulation

An optical observation of Shockwave
propagation induced by Underwater Wire
explosion

Optical observation of underwater shock wave
generated by wire explosion

Effects to Underwater shock wave by
Improvement of Current characteristics of
Spark discharge
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Effect of Improving Impedance of Discharge
circuit on the Underwater Shock Wave

The International Journal of Multiphysics,
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Mechanism of the shock wave generation and
energy efficiency by underwater discharge

Development of the Underwater Electric
Discharge Visualization Device
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