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Soybean [Glycine max (L.) Merr.], a member of the Fabaceae family, is an
economically important crop that is widely grown in Japan. The soybean is well known
for its ability to fixed atmospheric nitrogen and beneficial in cropping system. Soybean
plant is contain high crude protein (CP) as higher its seed. Unlike C4 tropical grass, the
soybean is C; legume that has increase its CP concentration as growth developed so that
soybean plant might be used as high nitrogen resource forage. Therefore, the objective of
this study was 1) evaluate the effect of soybean that intercropped with rhodesgrass,
tropical grass that often used as animal feed in Kyushu and Okinawa islands, on dry
matter yield, crude protein concentration and silage characteristic in southwest Japan and
i1) to appreciate the best harvesting time and coincidence with rhodesgrass management
by investigating five soybean cultivar with different growth type that harvested in three
different growth stages status. As rhodesgrass is being harvest two times, thus we initiate
to developed second cutting system for soybean plants. Therefore, the objective of third
studies was iii) to evaluate the regrowth ability of three soybean cultivar as candidate for
cultivation along with rhodesgrass.

Two years studies (2017 and 2018) of intercropped between soybean and
rhodesgrass were developed in Sumiyoshi Livestock Science Station, University of
Miyazaki Japan in southwest Japan. As the results, there were no differences between the
height of monocultured rhodesgrass (MC) and intercropped rhodesgrass (IC). Height of
soybean was less than rhodesgrass. Dry matter yield (DMY) were not significantly
different between MC and IC in both years. For soybean ratio of intercropped total yield,
the two-years-average was 18.3%. The lower soybean ratio of intercropped total yield in
2018 (13.3%) than those in 2017 (30.8%) seems to be caused by the larger rhodesgrass
DMY. Crude protein (CP) content of IC (11.0%) were not significantly higher than that of
MC (10.6%). There was no significant difference of CP yield between MC (28.3 kg/10 a)
and IC (22.3 kg/10 a). All silages produced in this two-year experiment had only trace
amounts of organic acids and volatile basic nitrogen regardless of the presence of
soybean. Conclusion of the first study was the existence of soybean did not affect the
silage quality. Early growth type soybean cultivar, appreciate harvesting time and

fertilizer improvement might be increase DMY and CP with soybean intercropping.
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As mentioned in the first study, cultivar and time to harvest were important to
increase DMY and CP of soybean. Therefore in the second study, we clarify the effect of
different growth stages on biomass weight and forage quality of different growth type
soybean (Glycine max). Determinate growth (DET) soybeans (Fukuyutaka, Norin2),
Indeterminate growth (IND) soybeans (Moshidou Gong 503, Williams 82) and an
unknown growing type soybean (Kohamadaizu) were sowed in the beginning of June
2019 and harvested at three stages (R1, beginning of flowering stage; R2, full flowering
stage; RS, beginning of seed development). Fukuyutaka, Kohamadaizu and Norin2 were
reached flowering stage later than Moshidou Gong 503 and Williams 82. Longer time for
growth stages of Fukuyutaka, Kohamadaizu and Norin2 was resulting in high plant height,
stem diameter, number of branches, number of leaves and dry matter weight. The amount
of fiber content (ADF and NDF) was decreasing as stages developed for Fukuyutaka,
Kohamadaizu and Norin2. In another hand, fiber content of Moshidou Gong 503 and
Williams 82 was increased as stages increasing. The CP weight was increased as
advancing growth stages for all cultivars. Fukuyutaka and Kohamadaizu could be suitable
to utilization of soybean forage for feed livestock in the temperate low warm region in
Japan.

The second study found that Fukuyutaka and Kohamadaizu can be use as forage
crop. However, to establish sustainable soybean production system for feed, soybean plant
need to harvest two times as forage. Unlike forage, soybean rarely harvesting for 2™
cutting and there was no information about regrowth ability of soybean. Therefore, third
study aimed to investigate regrowth ability of soybean and establish a soybean production
system for feed. Three soybean cultivars (Fukuyutaka, Kohamdaizu and Moshidou Gong
503) with 5 replication were cultivated under single seeding condition. Soybeans were cut
into two different cutting height, low level cutting (LC) and high level cutting (HC) which
was cut 7 cm and 12 cm from ground level, respectively. Soybeans were harvested at 50
days after sowing, regarding with the harvesting time of rhodesgrass. As the results, in
both HC and LC plots, Fukuyutaka was achieved a 100% regrowth rate. Meanwhile,
although the regrowth rate for Kohamadaizu was 100% in the HC plot, it was only 20% in
LC plot. No plants exhibited regrowth in either plot for Moshidou Gong 503. For both
Fukuyutaka and Kohama, the number of branching nodes with re-emergent leaves was
significantly higher in the HC plot. In both plots for the Fukuyutaka, soybean plant
continued elongating and exhibited vigorous growth until the time of the second cutting.
Fukuyutaka showed ability to regrowth in both LC and HC, albeit HC produced higher
fresh matter and dry matter weight significantly higher than that of LC. Future studies its
needed whether Fukuyutaka could developed same performance as single cultivation in
intercropping with rhodesgrass, so that soybean production system as forage crop for feed

can be established in southwest Japan.
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This study was aimed to investigate epidemiological relationship among newly emerging Lactococcus
garvireae serotype Il isolated from Japan’s fish farms, and clarify the lincomycin (LCM) resistance
mechanisms in L. garvieae newly serotype II and typical serotype L.

A total 161 strains that obtained from aquatic (the genus Seriola and striped jack) in eight prefectures
between 2012 to 2017 was used to evaluate the first epidemiological study on L. garvieae serotype 11, by
using agglutination titers against antisera for diagnosis, biased sinusoidal field gel electrophoresis
(BSFGE), and antimicrobial susceptibility test. Almost none of these strains were agglutinated with anti-
Ia serum, expect for two strains agglutinated with both anti-Ia and II sera. Genetic characterization by
BSFGE revealed that two different genotypes were found in clinical L. garvieae serotype II, and the
pathogen resistant to LCM were already found in 2015.

Furthermore, this study clarified that a novel /sa(D)-encoded 497 amino acids ATP-binding cassette
(ABC-F) protein was found in LCM-resistant L. garvieae serotype II, and the minimum inhibitor
concentrations (MICs) of antimicrobials against the [sa(D)-disruption mutant and the Isa(D)-
complementary strain confirmed that the novel /sa(D) gene conferred lincosamides—streptogramins
A—pleuromutilins (LSaP)-resistant phenotype. Amino acid identities of 41.25-54.73% were obtained
between the deduced amino acids from Lsa(D) and other Lsa-type ABC-F proteins. In contrast,
comparative analysis revealed that the allele of /sa(D) with single-point mutation at 233 AA position
(TGG—TAG:; tryptophan—premature termination codon[PTC]) displayed LSaP-sensitive phenotype in
LCM-sensitive L. garvieae serotype 1I. The reversed transcription-polymerase chain reaction could not
detect the noncoding region of /sa(D) allelic variant in the LSAP-sensitive serotype I strains. Additionally,
the single nucleotide substitutions in PTC (TAG) in LCM-sensitive strains were revealed in the laboratory-
induced revertant mutants. Thus, these data indicated that the mutation of novel /sa(D) gene conferred the
LSaP-resistant phenotype in L. garvieae serotype I1.

Moreover, the multiple sequence alignment analysis of two novel /sa(D)-like alleles, encoding ABC-F
proteins were performed from wild LCM-sensitive and wild LCM-resistant L. garvieae serotype I strains.
The two Lsa(D)-like variants from serotype I shared 95% identity with that of the Lsa(D) protein in L.
garvieae serotype II. A new variant of the Isa(D)-like gene, designated Isa(D)**, demonstrated resistance
to LSAP from wild serotype I LCM-resistant strains. However, a single-point mutation (GCC—GAC) led
to an amino acid substitution (p. A36D) in Isa(D)’%? from LCM-sensitive serotype I strains. The single-
nucleotide replacement of Isa(D)-like genetic characteristic was also identified in the laboratory-induced
revertant serotype I mutants. The MICs of antimicrobials against the Isa(D)**4-disruption mutant and
Isa(D)*‘-complementary strain confirmed that Isa(D)** gene conferred the LSAP-resistant phenotype. In
contrast, Isa(D)’°? gene conferring entire susceptibility to LSaP antibiotics has been proved by Isa(D)*%P-
complementary strain. Meanwhile, the Isa(D)**? or Isa(D)*** genes were detected in known EM and LCM
(ML)-resistant erm(B)-carrying serotype I strains, in two strains conferred MLSAP resistance of them
together with /sa(D)’%! and two strains maintained the same ML resistance of them together with Isa(D)?%?,
respectively. Therefore, Isa(D)’°? was an intrinsic gene of LSaP-sensitive L. garvieae serotype I, and its
mutated allelic variant was named sa(D)**! gene that explains the characteristic resistance of this species
to LSAP antibiotics, differs from the erm(B)-carrying strains with high level resistance to ML antibiotics.

These results indicate that this is the first epidemiological study on the newly emerging L. garvieae
serotype II infections in Japan, and the novel Isa(D) homologous genetic mutations confer the LCM
resistance mechanisms in L. garvieae serotype Il and 1.
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Recent mobile devices are equipped with various very-large-scale integration (VLSI) which integrates the analog
circuits such as the reference circuit (REF), power management unit (PMU), analog-to-digital converter (ADC) in a
single chip. These analog circuits in VLSI are strongly required low power (low voltage) operation to extend system
lifetime or battery life. In addition, each analog circuit in VLSI always needs several reference voltages and/or currents
suitable for each circuit. The reference voltages and currents are strongly required low sensitivity to variations in power
supply voltage (VDD), temperature and process variations to maintain performance of each circuit. Hence, the
reference circuit is one of the very important functional block in VLSI, and its important requirement is expandability|
such as multiple voltage and/or current outputs, selectable output value, high accuracy and small area. Bandgap
reference (BGR) circuit is well known and has been widely used as the reference circuit. Generally classifying, the
reference circuits are categorized three architectures which are voltage mode, current mode and resistor-less
architectures. Above all, since the current mode architecture has aforementioned expandability, it is suitable as the
reference circuit in VLSI. However, prior current mode circuits have not enough realized low power, low voltage
operation and small area.

In this thesis, novel current mode reference circuit is proposed and compared to conventional circuits. Chapter 1
presents the background information and general overview of reference circuit along with design requirements,
development history, classification and design issues of circuit architectures. By comparing figure of merit (FoM), it
has revealed that the current mode architecture is not effectively utilized despite it has excellent expandability.

Chapter 2 shows the circuit topology, operation principle and simulation results of proposed novel low voltage current
mode reference circuit. The proposed circuit is designed with the subthreshold design technique and has unique
structure that is regarding the proportional to absolute temperature (PTAT) and complementary to absolute
temperature (CTAT) generators as two stage operational amplifier. The design methodology is shown by theoretical
analysis. The proposed circuit is designed and simulated by using 65 nm CMOS process device parameters, and the
low voltage operation performances from 0.6 V power supply voltage are demonstrated. Furthermore, FoM of
proposed circuit is improved more than ten times compared with prior current mode circuits.

Chapter 3 shows the measurement results of the actual silicon chip by using 0.6 um CMOS process. Although the
temperature coefficient and the output voltage value show discrepancy from the simulation result, the characteristics
can be adjusted by trimming function. From this measurement results, the effectiveness of trimming functions is
demonstrated.




In Chapter 4, the performance improvement method by using self-regulator and novel adaptive biasing technique is
proposed, and its effectiveness is demonstrated by simulation with 65 nm CMOS process device parameters. The self-
regulator provides the optimized voltage which is adaptively following process, voltage and temperature (PVT)
conditions of the reference circuit core by adopting the proposed adaptive biasing technique. In the improved circuit,
the line sensitivity, temperature coefficient and power supply rejection ratio are improved with maintaining lower
minimum required supply voltage about 0.8 V. As the result, FoM of improved circuit is improved about ten times
compared with prior proposed current mode circuit.

Finally, Chapter 5 concludes this thesis and future work.
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For proper irrigation planning, a nondestructive method of measuring the water content of plants and
soils is needed. Chapter 1 is the general introduction. First, I review previous studies about nondestruc-
tive methods of measuring water content. Then, I realize that near-infrared (NIR) reflectance technol-
ogy is designed to provide rapid, nondestructive, and accurate measurements of water inside materials,
However, previous studies were conducted with NIR spectroscopy devices that were very large and/or
expensive, which prevents application of the technique in operational conditions. It is unknown
whether the inexpensive handheld NIR spectroscopy device can be used to estimate water content be+
cause the range of wavelength is very narrow compare to expensive NIR spectroscopy devices. The
aim of this study, therefore, is to investigate the feasibility of rapid and nondestructive measurement us-
ing NIR to examine spectral absorption properties and features as indicators of water status in soils and
plants.

Chapter 2 details the first attempt using an inexpensive handheld NIR spectroscopy device for]
nondestructive measuring of the water content of plants and soils. A total of 40 reflectance spectra)
(1550-1950 nm) from different plant and soil samples were measured in the laboratory. The result of
drying experiments confirmed that the absorption of NIR light by the samples’ water was highest
around 1940 nm and lowest at around 1650 nm. The results of log-linear model and linear regression|
analysis showed significant effects to spectrum parameters based on the respective water percentages
of leaves and soil. However, in the case of the NDI1650:1940, the ANCOVA analysis showed a signifi-
cant difference of regression among plant species. Compared to NDI1650:1940, in the case of the 1/R1940,
the ANCOVA analysis showed a non-significant difference of regression among plant species. It is
suggested that the simple index using a single wavelength (1940 nm) can be used as a universal index to
estimate the water content of leaves. These results reveal that an inexpensive handheld NIR sensor can|
be applied to measure the water status of living plants in the field by using single wavelength (1940
nm).

The objective of Chapter 3 is to evaluate the ability of a handheld near-infrared (NIR) sensor and
water absorption index to estimate the water content in intact eggplant leaves using a pot experiment.
The NIR spectroscopy using a single wavelength (1940 nm) has already been used to estimate the water]
content of detached samples in a laboratory (Chapter 2). However, it is not known whether this method
can be used to estimate the water content of intact leaves of living plants. Therefore, I attempted to
compare this method with the destructive method by simulating drought stress and analyzing the rela-
tionship between leaf water content and soil matric potential.
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The water content of intact eggplant leaves was predicted with a calibration model using NIR reflec-
tance. Both the measured and predicted water content of leaves decreased with decreasing soil matric
potential. These results show that both destructive and NIR measurements can be used to estimate the
water stress condition. Based on these findings, a handheld NIR sensor is useful for estimating the water
content of intact leaves of living plants. Chapter 4 contains the general discussions and conclusions.
discuss the results of this  study and conclude that an inexpensive handheld NIR spectroscopy device
can be used to estimate water content of plant instead of expensive NIR spectroscopy devices.
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Escherichia coli are Gram-negative and facultatively anaerobic bacteria, and commonly
colonized in the intestinal tract of mammals and birds. This species comprised diverse clones
including both commensal and pathogenic groups that shared a common genomic backbone. As
a typical comparative example, it is known that the genome size of a pathogenic O157:H7 (a major
type of Shiga toxin-producing E. coli; STEC) strain is 0.9 Mbp larger than that of a laboratory K-
12 strain, which is contributed mainly by the acquisition of exogenous DNA fragments. Through
many studies, our understanding of genomic diversity and variability in E. coli have been
gradually elucidated. However, there are still many unclear points about the diversity in specific
genomic regions. This study focused on two regions encoding O-antigen polysaccharide and
tellurite resistance.

The O-antigen is a part of the lipopolysaccharides (LPS) expressed in the outer membrane of]
Gram-negative bacteria. The chemical composition and structure of O-antigens exhibit high levels
of variation even in a single species, and the serotyping of strains with O-antigens is used in
epidemiological studies of pathogenic bacteria. In E. coli, O-serogroups from O1 to O188 have
been designated so far. However, a part of isolated strains that cannot be determined serologically
has been reported. Analysis of the O-antigen biosynthesis gene cluster (O-AGC) containing 10 to
20 genes revealed that O-serogroup diversification shows a strong association with the genetic
diversity of the O-AGC and that not only the designated O-serogroups but also O-serogroups that
have not yet been defined serologically can be mostly determined by DNA-based methods.
Tellurite (TeO3?"), the oxyanion of tellurium which is a rare element on Earth, is highly toxic to
most bacteria owing to its strong oxidative ability. However, some bacteria including STEC
O157:H7 and some serotypes demonstrate tellurite resistance. Tellurite-containing media are
frequently applied to isolate clinical STEC strains. The resistance is related to the fer operon that
consists of six genes (terZABCDE), usually located on the chromosome.

The first chapter described the genetic features of 366 STEC strains isolated from healthy

cattle, including the O-AGC. STEC constitute one of the most important groups of food-borne




pathogens, as they can cause diarrhea, hemorrhagic colitis, and hemolytic-uremic syndrome in
humans. O157:H7 and other six serotypes (O26:H11, 0103:H3, O111:H8, O121:H19, O145:H28,
and O45:H2) of STEC frequently associated with human disease. In addition, more than 100
serotypes and untypeable STEC have been isolated from patients. The main carrier of STEC is
thought to be cattle, and the pathogen they excrete contaminates food and beverages and infects
humans. However, detailed information on the serotype of STEC carried by cattle was limited.
By using comprehensive multiplex PCR kits containing 195 primer pairs targeted typical and
novel O-serogroups, 366 STEC strains were subtyped into 60 O-serogroup genotypes (Og-type).
Interestingly, 94 (25.7%) of these strains could be classified into 13 novel Og-types. Genomic
analysis revealed that the in silico serotyping results of novel Og-type strains were perfectly
consistent with those of the PCR experiment. In addition, genome sequence showed a dual
Og8+0gSB17-type strain carried two types of O-AGCs from E. coli O8 and Shigella boydii type
17 tandemly inserted at the locus, with both antigens expressed on the cell surface. The results of]
this comprehensive analysis of cattle-derived STEC strains may help improve our understanding
of the strains circulating in the environment. Additionally, the DNA-based serotyping systems
used in this study could be used in future epidemiological studies and risk assessments of other
STEC strains.

The second chapter described the diversity of the ter operon in E. coli. The characteristics of]
the ter operon have been investigated mainly by genome analysis of major clinical STEC
serotypes; however, the distribution and structural characteristics of the ter operon in other E. coli
are almost unknown. To clarify these points, 106 E. coli strains carrying the ter operon from
various animals were used. The draft genomes of 34 representative strains revealed that ter
operons were clearly classified into four subtypes, fer-type 1-4, at the nucleotide sequence level.
Complete genomic sequences revealed that operons belonging to three fer-types (1, 3, and 4) were
located on the prophage-like elements on the chromosome, whereas the fer-type 2 operon was
located on the IncHI2 plasmid. The positions of the tRNAS®, tRNAM® and tRNAP™ indicated the
insertion sites of elements carrying the fer operons. Using the PCR method developed in this
study, 106 strains were classified as type 1 (n = 66),2 (n=13), 3 (n=_8), and 4 (n = 17), and two
strains carried both types 1 and 2. Furthermore, significant differences in the minimum inhibitory
concentration (MIC) with tellurite were observed between strains carrying fer-type 4 and the
others (p < 0.05). The ter-type was also closely related to the isolation source, with types 2 and 4
associated with chickens and deer, respectively. This study provided new insights related not only
to genetic characteristics of the fer operons but also to phenotypic and ecological characteristics

that may be related to the diversity of the operon.

(FE1) R LOEET, [HE, AFEE] OMICIIEEEZZT2HEOLEFTLA L, AFEEOFTLA
IIRELET 5,

(JE2) 742 MNIFXOHE 105 R4 FOWFR, HESXLOHE 12 KA > FO times % &35,

(1£3) “Ahrsm CEBMNEFEOBSIZIAAE MG THZ L,

(FE4)  FsggsEg 45,



MR 7

(PHIER) 20214 7H 29H

i A MR 0O HEF

L BHEERERY o K ,
N . K 4 Nguyen Thi Thu Huong
NP (P9 20184FE (10H) N+

Study on the diversity of the O antigen—encoding region and the tellurite resistance operon in

Fscherichia coli

3O A
UEET | comics g mosR = — R LOWT A VBRI A< 2 DS ERIEZBIT BT

= e I

H,

mom oD o m

FHEEE Wi OB
Hixz i
itz WA RN
R FE RS
ez R B

=l Bl E

il

oA MR o B (800FLN)

I (Escherichia coli) ISR OMEEIDIALS FAET DME TH D23, —Hice Mo
T RHiE R & DA 5 & E Z IR AMEET D, RRIERCIIER e K127 5305 KGR OERBALT
SRR, BRI DACHRIEIC £ 0 815 LI-DNADSKE < BT D, ZHETOS ) MIFFETIE, FRT
IR ZB83 DREIR 2OV N T ORBHIZR LSRN AED DI T E T2, L L, s FARED M AR
BAVTU VR I B <AHET D,

AATFRSCTIE, INBE YR o535 [0hUR=— RfEE (O-antigen biosynthesis gene cluster :
0-AGC) | BEON [T /WUSEA =T v (terdu ) | (TER LIEEEEE L=, £9° v X0 /o
L7 e tRm MG EE366 K4 VT, O IiGHE (195F880) ZPCRIAICE WIS L7-, FEOfREH, 60FREEDIMIH
(OISR DSHER S I G b 70 o T IEERINIE RS AR D25. 1% (I3 2 5wl SbIZ,
MiSeqs AT LA =4 ) DT ATV, 2FBEEOO0-ACCZ YLttt - Z[RIRH A3 5 BERROIMIEY & s 178,
DESRIR EZLNT LT, KIT, terA < AZEH LIt E To7o, B b, U, 7%, =U M7 87
DAYEE LT T L U2 AV YT, nanopore S AT A% ) BERTAA TV, terd a2 B I UVED
TR OO 7 R L T 2T o T, FORER, terA 2 AHS>OFRNJFESND Z & 2D H HOFRE
TR BIC, TR 7 A REYEE L TS 2 EDIALNE ST, IBIZ, ZA X - TiHRED
D BB MNEIR ST,

PLEDRGIZ XY, ZiE THRATH > 7= RIGEICIsIT AR OMiEh: & di7 /L UETME) O L )
J DREEDBIEMD A G E TpoT, S BIRFERERODBIS ok & BB D8 i A 157,

NS CORERL LOVERHVE DY Th Y | AREZ BRI TSGR L OGO Lz L HIET
Do

(E1) FoCEAINEREOS S I AAEEIRLT D 2 L,

(E2) Ff&l TS TORER LOERIVE bR Th 1) | AFAZESITECEEDS ORI ok
LIZEHESTD) W) Ezm L GoRd D2 &,

(E3) %%;@i@%m [Ri%, NP OB 22T DHEOHAETLA L, NFFEEOFLAL
RELT D,



FNIDIELE

FUURSTRE

FNRSHBIHF

bR

g W

HEI-R

FmEE

Yol
E=2)])

&
mE%
Y

KPR fF
ETIRIEPE1945

BT (T%)
SH3E9IF248
FNRBIF4RFNEZY  (BR28FXIESFEIS)
EFXTXHRSHAR

NB- BRI FBW

MR -TFHEI—X

OB SV IMRS Rt ) LRISICELIZY )LV EE/N
D LDRITTERICEE I DA

B #IER BRU=s
Bl #IE BH A
BlE #W® BL B
Bl HEHE HLHS
Bl EHER MxEd

TR BEU=SSB




HIHEAR 3

A DAL A=
7 U HF 7Ha/n  hEERH
K 4 By #r
IR AR S LS S e B 5 B AR R
% g B . o
pe WE - TEH IR
- (FEFE) 2018 4 (10 1) A%
PR [0 b AREE T Ly 2 PR & A L D 3 S

i H U D LOUIMTTHR BT D AF5E

GRXoZE] (XA 1,200 FRE, HLOHA 800 FEFLE)
T, Y 2L v a BN v A(BaZrosY0205.5) 08 7 1 N ARENME (VLR EZE
a2 BT 2B LTHERZIBONTW 2D, BEEIZEBWTY / — RIZHWH LD Ni
EROG LT BaYaNiOs #2475 2 ERHMLNTEY . 29 LI-EAIR bl ic
B2 D5 HONWT, FRC TEMN R R CRPERTRE/REPE Y 1 & R T A FIHED & 9 DMIT
DN THESBFT SN TW e o te, AFETIE Y 1 b AR EE T 2 v 7 PREHEHL(PCFC)
EEMMETH2ZEZHEL. 3MOILEME R—7 LicTa Uil 7 A (BaZr.MyOs.
5) WCHEH L. ZOMEMSME L v VRGE T LR AR Lz,
AGw T 4 FETHER SN TV D, 5 1 3Tl PCFC BIR Y it & & 12, PCFC O/EBhFEE
BRI L L CORBIZ OV TR D,
F2ETIEIn ZIRNM LTV @B 7 A~ Ni BEEDSRIET 7 v b oAREE, 7
1 N RIREASORE L RIEHEEIZOWTIERD  In &E NI 2N L7z v a U@y ok
DT N AZEE L EALREEE A =X U AGHIC I VML, & HICKFI R A BE
BN X VIBBICRHMET 2 Z & C Ni BEIEICL D 7' b gt Rk~ D8 % B 5 )8C
L7ze SHICHHARBIEC T ZEM LYV a g o LB ERE L Lz PCFC %1%
oL TR MR M A SR A L 72
%5 3 B CIE NI & BaZr . MOs5 & DEEE TR 5 72 BaZr) xMxO3.5(M=Sc,In,Lu,Yb,Y,Gd)
IZNiO ZiEA . 1773K THERK L7265, BaMaNiOs i3 M=Y,Gd TRk L, M=Sc,In,Lu,Yb T
AR LRNZ EEMER L, SHICTRTOERMITHE M TFa b ARERNK 30%K T
L. ZOJRKD NiO DEEIZ L D AKFKDBANZAE D AR THL Z LR LNE -
oo Flo, BLFE TR FERATICTHE LE-2EXEERE L EICEH L2 1 by
R EBRE AN TR AF =R & F RN EEZFHR L2 R, NiO OFEIC XL -
TENLI10%E T5%DIRT &7 Z E I LTc, FEERIZ Yb 2N L7 L2 g
U oAz, v— ML TEAAER A R AR, 873K IZH1T 5BV O KN 1EE
X 0.50Wem? Th o7z, 728, M=Y OEAIZ1E BaYaNiOs DAKICENT 580D 7 T v
7 ERIC LY, BREMEM L L CEMERRER B LERIN TE 22 v o 7o, HFIC BaZrosYbo20s.
s 1. BaZrosY 02035 CHA STV DK NICILEIL TW 5805 H, PCFC OFEA1EIZ
KT HDELBRMEICHDZ L EFEH LT,
%5 4 FETIX PCFC O & 72 ZPEREM RIZHNT T, NilZ X 285 ERT 25 2 & & B
AR T D Z ERHT i EThH 2 M L ARFmOftE & LT, BBE & L ToMrkEe L1k
FRZEMICNZ CTEEMEZZET S & M=Yb N UL g8 ) o AW T 22 N
LR THDHEWV) JEMmICE LD,
(E1) Xl HR AFPFRE] OMICITFEEEL 2T 5HEZOHBETAL,
NFEEDFLAFAEL T 5,

(FE2) 74+ ¥ MIFXOEGA 10.5 K4 NOWER, #3XOHE 12 KA > MO times
RET D,

(F£3) i CEEMNEFEOGSIIBAGEE NG T D2 &,

(FE4) RSO ET D,




M7

(JHE) 202 14F7H26H

i A MR 0O HEF

H K WE - fERTY B O K %
AR () 201 845 (10H) A% By Bz
7a N MREY T Iy 7 RBFEMAE L B ARG ICE L a R T A
B oW I T AT

I VT
R
g Ak %
= R,
Mg Bk Rkt

H,

mom oD o m

HTEEA W KOV

=l Bl E

il

#® A MR o B E (800N

VAR, A4 v M T ANX)EBIM L= 3 U8 7 (BaZrosYo20ss) 23710 b U ARENME L AL2ERY
REM A BAf T 2B B O BMREMEL S LTHER ST Tnd, Ll ZOEMEMECIZT 7 —F
ICHWHILD = v 7 /V(Ni) & Bt L TBaYoNiOsZ AT 25 Z E R BNTEY . 2 5 LIZEAIRILmN
B VBIEIZ G 2 5 R TR A CRPE FIRE 7R AR E 7 1 AT A ATREN & D 22 BT A RE
RIFFRIFAT O TVRY, ABFETIL, 7'r b AziBEt T X v 7 REEMPCFC) D EMMbZ 577
o mWhmam%b T LU a i) v A (BaZn.MOss) (ZH B L, T OMEMEE, Nikod
BOGHE, BV BLEIZE UM TN EIURE LT, NiORBEZ TR 5729, BaZr..MO35lINIO % IR
A 1TI3KCRERR L7255, #AEREY CH H2BaMoNiOsIIM=Y, Gd (' RV =7 &) THRL L, M=Sc
(ABPTL) In (AP L) ,Lu OLFF7L) Yb (v TAETL) TERLRNT & 2T
LI, EHICWTHOBRIIIEHE THNIBEE I BN T 7 N AREERBKIB0%E T L, £ DJREANIOD
FEAS K BARFIKDOPANTE D RKFEILTHD Z ENALNE o Te, o, ZRLF—2h= &R
NEEZFHE LR, NIODERIZ L T, ZNZEN10%E T5% DK TR bz, S HIZM=YD
A ITEAB D OERICER T2 L0 7 T v 7 REIIC LY BIERTEER B AAERIN TE 720
77o LAL., M=InB X OM=YbZ T W TR L 7= 37 T v 7 RENITR NS, FORKH %
FEIX, 873KIZEB W TENEN0.14Wem2 L 0.50Wem2 & 7o 7=, DL b, BPKIE, M=YbE L7z vz
fe/N U 7 A (BaZrosYboaOss) 25, ERD GO ERIREDR KN IZRE L, 1»ov— MBI LD 7
7 v 7 OIRVPCFCORIEN TEMIZAEETH D Z L 2 W 5T L, AA TORER LOEEINE
LY TH Y, AFEEZBRITHRCFEEL JORERBRICEH Lz L HET 5,

(E1) FCEAINEREOS AT AAGEEIRCT 5 2 &,

(E2) HEIZ TS TORFEI LOERIVE LE Th Y | AFAZE X TG GRS J ORI Z 6
LIZEHET D) WO EEm - L Gold 0 2 &,

(ESf?§§§®%é@\Tgﬁ\ﬂiﬁﬁj®%Km%E%§U6%W®H%ﬁAL\ﬂ$$§®ﬁﬁﬁ
~ Do



FNIDIELE

FUURSTRE

FNRSHBIHF

bR

FmEE

/]

PN —IEREFE

RILIRIEPFE196S

B (IT%)

SF3F9I[248

FNRBIEARFIBZE  (BA28FENEETFIS)

R TFIRSHRR

NE-BRIFEN

FETFHEI-R

Image processing-based weight estimation for automatic pig sorting
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At pig farms, a small number of workers have to deal with hundreds of pigs, which make
their work hard. Shipping pigs at the proper weight (about 115 kg) is essential for pig farmers, but
choosing pigs that are grown to the proper weight for shipping can be labor intensive and time
consuming. The declining population of young workers in farms exacerbates the problem.
Recently, automatic weight sorting systems have been introduced at pig farms overseas. In such
systems, load cells are typically used for weighing. However, sawdust is often used for bedding
in Japanese pig farms, and dusty and muddy conditions can often cause mechanical trouble with
those systems. In addition, it takes at least 20 seconds to stabilize the movement of the pig on the
load cell to get proper results. For these reasons, we set out to develop a maintenance-free pig
sorting system. In order to realize this system, in this study, an image processing-based pig weight
estimation method has been adopted without using a load cell.

The sorting system in this study was installed on the path from the rest area to the feeding
area, where pigs will be weighed as they cross this path. The shipping schedule of a pig depends
on its weight. In this sorting system, the exit gate uses a rotating mechanism to smoothly guide
the pig to the correct direction. Entrance gate control, exit gate control, and inspection of the
presence of pigs in the system are all performed with a single camera. The structure and robustness
of the sorting system was discussed in Chapter 2.

The weighing system consists of a camera, multiple lines and a random dot pattern
projector, which is set to the top of the sorting system. Random dot patterns are used to detect the
location of pig in the system, and multiple lines are used to analyze the 3D growth conditions of]
pigs. A camera with a bandpass filter captures images of pigs without being affected by external
light emission. In this study, there are three basic steps in weight estimation: 1) extraction of pigs

using the Discrete Fourier Transform (DFT), 2) extraction of 2D and 3D pig body specifications,

and 3) weight estimation using random forest algorithm. Because of the pig farms use fermented




sawdust, sawdust tends to adhere to the pig's body, causing unstable pig body brightness in each
captured image. Considering that the projected pattern has periodicity, DFT was applied. This
made it possible to realize robust extraction even if the surface of the pig is messy.

As only 2D body specification was insufficient to provide accurate estimates of weight,
in this system, the use of 3D body specification was also preferable to observe the more accurate
weight estimation. The experimental results can verify that feeding both 2D and 3D specifications
to machine learning algorithm can provide more accurate results compared to only 2D or 3D
specification on the extracted pig image. The weighting system and the flexibility of our 2D and
3D body specifications extraction for weight estimation were explained in Chapter 3.

Thousands of pig weight data were collected because machine learning algorithms
require a sufficient amount of data to process. In this study, the load cell data were assumed as
ground truth weights. I then certified several machine learning algorithms by applying them to the
same pig weight dataset and chose the most appropriate algorithm for the weight estimation
system. Among them, Random Forest can support the best results compared to others, and the
Random Forest algorithm was used for weight estimation in this study. The reliability of random
forest algorithm in our system was examined from various perspectives, as described in Chapter
4.

In conclusion, for obedient pigs that follow the system procedure, the sorting process can
be completed within a few seconds, and for disobedient pigs, there are no mechanical problems.
The estimated weight error was approximately 4 kg - 5 kg from the ground truth weight. Based
on experimental results, this image processing-based weight estimation can be effectively used in

actual pig farms to reduce manual labor.
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Software quality is the degree to which a program meets established requirements. Software
testing is one of the quality approaches to control the program before its delivery or
installation at the user with an acceptable level of quality. Various software testing
approaches are used to test the program such as functional testing and structural testing.
Functional testing knows as black-box testing is to test the program based on the functional
requirement. Structural testing known as white-box testing is to test the program based on
the internal structures and its behavior that implemented the user requirement.

Various software quality attributes have been used on software quality models to define the
degree of quality. Software quality attributes are multipurpose attributes that mean any area
of software development process can use the attributes. Examining code programs by using
the test suite is one of the methods to assure their quality. As an important asset in software
testing, the test suite uses to ensure the program working correctly and created with a high
level of quality. Test suite defines as a set of test scripts or test procedures to be executed in
a specific test run. The big problem with test suite quality measurement is uncertainty
attributes for test suite quality measurement. Currently, measuring the quality of the test suite
is one of the interesting problems in software testing. The aim of test suite quality attributes
measurement to provide useful information about the degree of test suite quality.

The thesis proposes the test suite quality measurement for white-box testing. Test suite
quality measurement required the attributes to measuring the quality of the test suite. The
thesis adopts several attributes that frequently in use in software quality model. The
attributes are usability, efficiency, reliability, functionality, portability, and maintainability
that selected from 28 attributes. Validation of the result of test suite quality attributes and
expert assessment uses reliability analysis by using Cohen’s kappa coefficient approach to
confirm the real condition. The questionnaire is distributed to the expert and its result
measure the level of agreement to the test suite quality measurement. The result of reliability
analysis is used to develop formula for test suite quality by considering to weight of selected
attributes.

This thesis is organized as follows. Chapter 1 provides a research background, objectives,
scopes, findings, and contributions. Chapter 2 explains software engineering, software
testing, software quality, test suite quality attributes, and analytic hierarchy process. This
chapter also discusses related works, which are studies related to this thesis. Chapter 3
introduces the proposed method for test suite quality attributes measurement and the dataset.
Activity in reliability analysis explains in this chapter. The experiment process and the result
are presented in Chapter 4. The reliability analysis, test suite quality attributes measurement,
and test suite quality measurement are all discussed in Chapter 5. The conclusion and future
research are in Chapter 6.

The test suite quality attributes measurement is related to the characteristic itself. The test




suite usability measurement is related to the capability of test suite to successfully examine
the program to guarantee all statements have been exercised at least once and validate the
internal data structure with effectiveness and efficiency. Other attributes are test suite
efficiency that measures by calculating the degree of test case redundancy on test suite. The
capability of the test suite to kill the mutants to ensure quality of test cases is related to test
suite reliability. The test suite functionality considers the capability of test cases on the test
suite to examine the method of the program. The test suite portability is related to capability
of test cases in the test suite to examine several or all paths of method in diverse objects. The
last is maintainability that considers a degree of test suite capability that suitable to test
another program with less effort to maintain by avoiding redundant test cases.

The test suite quality attributes measurement formula is validated with observe the result
to the real condition based on the expert assessment. The expert assessment uses the
questionnaire which contains the introduction and aims of the test suite quality attribute
measurement, dataset, result of the test suites execution, and summary of the test suites
examination. The validation is related to the consistency of test suite quality attributes
measurement and expert assessment by using Cohen’s kappa coefficient approach. The value
of test suite quality attributes with the percentage of agreement is greater than or equal to
50% then uses for the test suite quality measurement. The percentage of agreement result
shows that reliability is the highest value and then functionality and usability. The result of
weight measurement shows that the highest is reliability and then usability and functionality.
These results confirm that the test suite quality attributes such as reliability, functionality,
and usability are considerable in test suite quality measurement.
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Inductive Wireless Power Transfer (WPT) is one of the common methods to deliver power
wirelessly. This technology is based on the usage of pair of coils in the primary and secondary
circuits. Since research also wants to increase the power delivery, the inductive WPT circuit
can be compensated using additional electronics elements such as capacitors in symmetric
WPT circuits. Further, many researchers use a resonance calculation to obtain the optimal
operating frequency for a voltage source. However, there might be situations whether the idea
of resonance calculation is violated. This situation happens when the WPT circuit is
asymmetric, such as in indeterministic parameters or in a multi-receiver WPT system. Since
the calculation of the resonance frequency cannot be used, methods regarding finding the
optimal frequency to obtain optimal power need to be addressed.

The WPT system modeling is essential to find the optimal parameters from the stimulus-
response. The WPT system model obtained using the circuit analysis continued by defining
the state-space variables. The transfer function of the WPT system can be used to get the
stimulus-response or transient analysis. Although it is theoretically possible to determine the
optimal frequency by a wide range frequency sweep, it is practically important to spot it in a
few trials of frequency. Therefore, this study proposes a frequency spotting strategy using a
square wave input power signal. The method avoids a long time-consuming sweeping process
with knowledge of response by square wave input. The Automatic Multiscale-based Peak
Detection (AMPD) algorithm is applied to select the initial peak finding on every data sample
increment iteration to further enhanced to find the set of peak patterns by calculating error
parameters.

It should be noticed that an additional component compensation on the symmetric WPT circuit
increases the equivalent series resistance and affect the power absorbed by the load receivers.
The complexity of the system will increase along with the increasing number of receivers.
Thus, this study explore the WPT circuit that only compensated with the primary side capacitor
in transferring high power to dual receivers. Using a single capacitor on the primary side makes
the circuit lacks symmetry, so it cannot use the idea of resonance. Therefore, to discover high
power operating points, we propose a multi-receivers WPT model and use an optimization

approach to obtain the optimal parameters. This study challenges several design variables




optimization to obtain high power operating point. The NSGA-II (Non-dominated Sorting
Genetic Algorithm II) is used to optimize the mathematical system model design variables.
The results show that the proposed system can obtain high power even though using only a
single capacitor compensation without the idea of resonance.

This study finding highlight is the contribution of presenting an approach to obtain the high
power from an asymmetric situation that cannot use the idea of resonance. A fast-spotting
strategy to find optimal frequency has been proposed in the single receivers with
indeterministic parameters. The wireless high-power transfer can be achieved in the multi-
receiver WPT system even if the circuits lack symmetry. Therefore, the capacitor on the
receiver side can be neglected so it can reduce the complexity of the receiver circuit.

This dissertation consists of 5 chapters. Chapter 1 introduction explains the background
regarding the current situation of WPT research and the explanation of resonant (symmetry)
and non-resonant (Asymmetry) situations. This chapter also presents the objective of the study,
followed by the scope, contributions, and findings. Chapter 2 Theory of Resonance and
Symmetric Circuit explains the common symmetric WPT circuit and the idea of resonance.
This study observed the behavior of the symmetric WPT system by obtaining the circuit model
through transfer function calculation. Afterward, the situation of the WPT system is presented
in the form of frequency response and transient analysis. Chapter 3 A Fast-Spotting Strategy
of Optimal Frequency in Wireless Power Transfer presenting a method to obtain the high-
power delivery without using the idea of resonance using a fast frequency spotting strategy
using a square wave input power signal. Chapter 4 A Design Approach to Wireless High-
Power Transfer to Multiple Receivers with Asymmetric Circuit presents methods to obtain
high-power in the asymmetric circuit. This study investigates a method to deliver high power
in a circuit whether the idea of resonance is cannot be used. This section is presenting an
optimization approach to obtain the optimal parameters in several design challenges. Chapter
5 Summary gives a summarization of studies. It concludes the results regarding the
investigation of the idea of resonance and symmetric circuits continue by presenting

approaches to obtain high-power without the idea of resonance or in an asymmetric circuit.

Moreover, this chapter explains the future works based on the current study.
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