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Japan is one of the largest countries which import GM crops as agricultural commodities.
Under the regulatory framework, GM crops are to be assessed for its safety to human health and
environmental impact prior to importation and distribution in the country under the laws
concerning food safety, feed safety and environmental safety. Environmental Risk Assessment
(ERA) of GM crops is a component of the regulatory framework in many countries and regions,
both in cultivation and import countries. However, the data requirement varies because of
different interests and situations in each country, and unlike food and feed safety assessment,
the potential risks depend on the receiving environment and the purpose of the use. Japan sets
the basic concept of ERA as “familiarity” and “substantial equivalence” and the evaluation
points to 1) competitiveness, 2) productivity of harmful substances, and 3) outcrossing ability
in the prospective of protecting biodiversity in Japan. Japan has unique requirements for the
ERA: productivity of harmful substances and in-country field trial even without an intention of
commercial cultivation. In-country field trial is required in many cultivation countries, but rare
in import purpose only. Cotton is one of the major crops to which GM technology is applied and
large amounts are imported to Japan. However, the knowledge and experience in cotton
cultivation is very limited. Therefore, the purpose of this series of studies is to establish test
methods of Japan-specific data requirements for ERA of GM crops in accordance with the
guidance given by the regulatory bodies.

Seven GM oilseed rape (B. napus L.) lines, T45, Topas19/2, MS1, RF1, RF2, MS1RF1
and MSI1RF2, were tested to evaluate potential productivity of harmful substances, or
allelopathic activities, in comparison with their non-GM comparisons. These lines possess one
or more transgenes, pat/bar/barnase/barstar of which the mode of action and safety had been
well studied. The harmful substances indicate 1) secretions from GM plant roots that affect other
plants, 2) substances in the plant body that affect other plants after the GM plant dies, and 3)
secretions from GM plant roots that affect soil microorganisms, and the succeeding crop test,

the plough-in test and the soil microflora test were conducted, respectively, to detect potential




increase of allelopathy in the GM lines. The soils from pots or plant materials of the GM lines
and the non-GM lines grown in the greenhouse were used for the succeeding crop test and the
plough-in test, respectively. Radish (Raphanus sativusL.) was used as test plant for the bioassay,
and plant height, root length, fresh and dry weights were measured. In the soil microflora test,
the colony-forming unit of bacteria, actinomyces and filamentous fungi in the rhizosphere soils
of each line were measured. As a result, no significant difference was observed in the tested
parameters between the GM and the non-GM lines except a few parameters in the soil microflora
test on MS1RF1 and MS1RF2. These differences did not indicate decrease of the number of
microorganisms on these GM lines. Therefore, it was concluded that these GM lines did not
newly obtain productivity of harmful substances due to transformation.

The field trial was conducted on two insect-resistant and herbicide-tolerant GM cotton
lines, GHB119 and T304-40, in the confined field facility in University of Miyazaki in 2011-
2012. The parameters of growth habit, morphological characteristics, seed dormancy and
allelopathy were investigated, and all of these parameters were compared with the non-GM
varieties which have identical or close genetic background as the GM lines. As a result,
statistical differences were observed in some of the parameters in the morphological
characteristics for both GM lines with their respective comparisons. It was considered that these
were influenced by the damages in the early development phase caused by external factors and
not kind of differences which could affect biodiversity. These results demonstrate that the
behavior of these GM lines is equivalent to non-GM cotton and they do not exhibit unintentional
phenomenon under the environment in Japan.

In the most cases, developers of the GM crops aiming at cultivation in other countries
and importing to Japan as agricultural commodities collect the safety data thoroughly prior to
the application for ERA in Japan. These studies fulfilled the data which were not covered or
could not be collected in other countries as well as established of the test methods. There are
some ongoing discussions and suggestions with regard to the needs of case-by-case basis risk
assessment, for example, by transporting the data from other countries, accumulating and
utilizing the data of reference range of the crop as one of the tools for the evaluation, and
adoption of weed risk assessment (WRA) to ERA of GM crops. This series of studies provides
fundamental knowledge which is expected to leverage and contribute to the further discussion
of ERA of GM crops.
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Soybean (Glycine max) is the most important grain legume crop in the world. Soybean seeds
contain ~40% protein and ~20% lipids, and its crop economic value is dependent on the
concentration of protein and oil, and soybean oil accounts for nearly 60% of the world’s oil seed
production, making it the most dominant vegetable oil by far. Endemic over a wide range of East
Asia, wild soybean (Glycine soja) is the closest relative of cultivated soybeans but both have
distinct differences in many morphological and physiological characters, a phenomenon known
as the domestication syndrome. However, the significant loss of diversity among high yielding
adapted lines ultimately inhibits future genetic gains in productivity, broadens susceptibility to
new pests and diseases, and acts as a threat to food security. The narrowed genetic base in
cultivated soybean limit improvements in yield and quality. In contrast to modern soybean
cultivars, wild soybeans are genetically diverse and have many valuable alleles. Fundamental
study of seed composition of wild soybean accessions collected from throughout Japan is
essential for the utilization of wild soybean as resources for the future development and selection
of new improved soybean varieties with better environmental adaptability amidst global
environmental changes. Therefore, the objectives of this study focusing on the evaluation and
distribution of wild soybean seeds in Japan, were: 1) to analyze seed contents (protein, lipid and
sucrose and fatty acid composition) and their correlations, and 2) to analyze the relationship of
seed contents of wild soybeans according to various environmental factors in Japan.

Three hundred thirty-four wild accessions of indigenous soybean collected in Japan were
evaluated for seed composition including protein, fat and sucrose contents using by Fourier
Transform - Near Infrared Reflectance (FT - NIR) spectroscopy technology. The distribution of
protein, lipid and sucrose contents and correlations among these three classes of seed components
were determined. Protein, lipid and sucrose levels ranged in accessions from 48.6 to 57.0 %, 9.0
to 14.3 % and 1.24 to 3.53 %, respectively. Average levels of protein, lipid and sucrose in the
accessions were 54%, 11% and 2.5%, respectively. The high inverse correlations were observed
between protein, and lipid and sucrose contents, with R2 values of 0.34 (protein and lipid) and
0.45 (protein and sucrose). The total protein contents of wild soybean accessions in high annual
temperature regions was high; especially, the seed protein content of wild soybean accessions

in [J 1 region was higher than those in regions [1 1, [J 1, and O 3.




However sucrose content in region II1 was lower than in regions U2, 03, 004, OS5, 02, and
[J 3, while lipid content of accessions in region [J 1 was low than those in the other regions. And
phylogenetic classification analysis was used to 334 wild accessions into well-defined clades with
dissimilarity value, thus 4 clusters were identified dependent upon seed composition contents.
These results will be deposited for novel phylogenetic classification and useful contribution and
correlation of wild soybean composition characteristics according to climatic condition.

The fatty acid compositions of seeds from 319 wild soybean accessions collected in Japan were
evaluated using gas chromatography. The distributions of palmitate (16:0), stearate (18:0), oleate
(18:1), linoleate (18:2) and a-linolenate (18:3) in seeds were determined for each accession. The
palmitate content of seeds from wild soybean ranged from 9.79% to 14.06%, and the most
accessions had a palmitate level of 11.5%. The stearate content ranged from 2.29% to 4.00%, and
the most accessions had stearate levels of 3.0%. The oleate content ranged from 7.66% to 15.86%,
and the most accessions had oleate levels of 11.5%. Levels of linoleate and a-linolenate in wild
soybean seeds ranged from 47.7% to 60.6% and from 12.1% to 25.4%, respectively. The majority
of wild soybean accessions had linoleate levels of 56% and a-linolenate levels of 19%. Significant
inverse correlations were observed between the oleate and a-linolenate contents and the linoleate
and o-linolenate contents. Moreover, a weak inverse correlation between the stearate and
a-linolenate content was indicated, and an inverse correlation between the palmitate and linoleate
contents was also found. In regions where the annual mean temperature is high in Japan, the total
palmitate content of wild soybean accessions was high, especially in regions II-1 and III-1 that had
higher palmitate levels than the other regions. Moreover, regions with high annual temperatures
showed high levels of stearate. In contrast, the a-linolenate content in regions with low annual
temperatures was high compared with the palmitate and stearate levels in the same samples.

In this study, results provide information of the diverse and wide-ranged seed chemical
composition of wild soybean resources based on various climatic regions in Japan. The findings
from this investigation will be useful for modifying soybean seed composition in a breeding
program using wild soybean accessions, including the selection of new soybean varieties with
quality traits and good environmental adaptations amidst the global environmental changes. A
major objective of this study was to correlate the effects of climatic conditions on wild soybean
seed composition in order to predict regions and environmental conditions that consistently
produce high quality soybeans. As a direct result of this project, it will be feasible to use the wild
soybean accessions in the future development and selection of new soybean varieties with desired
traits.
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Recently, interest in continuous health care monitoring for quality of life increases and
there have been many researches on personal health care system. Due to the advancement in
integrated circuits and wearable technology, portable body sensors that can continuously
monitor a patient’s biological signals are becoming prevalent. In order to acquire and process
the biological signals which are very weak and low frequency, design of amplifier as the first
block of sensor interface is very important. The acquisition system requires high input
impedance amplifier due to the nature of input signal which is weak differential signal in the
presence of large common-mode noise. As conventional Instrumentation Amplifier (IA)
architecture, three op-amps based IA architecture is a kind of differential amplifiers used to
amplify the biological signals. As key parameter, low common-mode gain (Ac) is necessary|
and the conventional A architecture can achieve it by satisfying well-matched condition of
resistor network. However, in actual fabricated chips, resistor mismatch often happens and
deteriorates the Ac.

In this thesis, low common-mode gain (Ac) IA architectures based on Differential
Difference Amplifier (DDA) insensitive to resistor mismatch for biological signal processing
are proposed and compared to conventional IA architecture. Chapter 2 focuses on|
conventional TA architecture which consists of input buffering and subtractor. Each op-amp
was realized by using 2 stages amplifier. The problem of the conventional IA architecture is
the increasing of Ac when resistor mismatch occurs.

Chapter 3 discusses about improvement of first stage of the conventional IA
architecture using Fully Balanced Differential Difference Amplifier (FBDDA-DA IA
architecture). With same number of resistors, it can decrease Ac theoretically. Unfortunately,
the FBDDA produces some amount of Ac when transistor mismatch occurs. In order to reduce
more Ac, improvement of second stage using DDA makes it become FBDDA-DDA 1A
architecture. Theoretically, the FBDDA-DDA IA architecture can reduce Ac in both stages.
Furthermore, it has smaller number of resistors and low Ac, is more insensitive to resistor
mismatch and is available for higher differential gain on both stages.

Chapter 4 explains that the IA architectures were simulated by using HSPICE with 1P
2M 0.6-pm CMOS process. Applying mismatch rate of 3% within two resistor pairs of second
stage of conventional and FBDDA-DA IA architectures, FFT simulation result confirmed that
the FBDDA-DA TA architecture has 45.6 dBV lower common-mode voltage than the
conventional one. Using +3% deviation of all resistors, Monte Carlo simulation result
confirmed that average Ac of the FBDDA-DA is 45.7 dB lower than that of the conventional
one. Applying mismatch rate of 3% within resistor pairs of FBDDA-DA and FBDDA-DDA
IA architectures, FFT simulation result confirmed that the FBDDA-DDA IA architecture has
38.68 dBV lower common-mode voltage than the FBDDA-DA one. The Monte Carlo
simulation confirmed that average Ac of the FBDDA-DDA is 31.26 dB lower than that of the
FBDDA-DA one. Furthermore, the FBDDA-DDA IA architecture has the lowest Ac and is the
most insensitive to resistor mismatch among the others.




Chapter 5 explains the fabricated chips. FFT measurement result of first fabricated
chips indicated that FBDDA-DA IA architecture has 14 dBV lower common-mode voltage
than the conventional one. Average Ac of the conventional and FBDDA-DA A architectures
are -42.8 dB and -53.64 dB, respectively. Second fabricated chips consist of FBDDA-DDA|
IA architecture which was also embedded by chopper switches circuit in order to cancel offset
voltage. Unfortunately, the designed chopper switches were not matched with the FBDDA
and DDA circuits and cause source resistance imbalance. Finally, the FBDDA-DDA IA
architecture cannot work properly.

Finally, Chapter 6 concludes that the proposed IA architectures have lower Ac than the
conventional one. Furthermore, the proposed IA architectures are more insensitive to resistor
mismatch and suitable for biological signal processing than the conventional one.
goibd Ooobboubodoboobbooboobbouboobooboooboooo
0000 DOODOOOO0DOODOOOoos000b00bDobobDoboobDl2ooodntimesdnDOnd
gobd bOodbbouboobboobboobooboooo
good boobogoogd




googn

00 290 40 11 0

g o0oo0oo0oo0oo0oogg o

U U goooooooo 00 goog oobgd
goof od 26000 40000 Zainul Abidin

Study on High Performance Instrumentation Amplifier for Biological Signal Processing

0 oohn 00000000000000000000000000

oooo oooooo O 0O o 0O ub ao
g 0O oo oo
goo ub ao
g 0O oo oo

o o o 0O
o o o 0O

g 0 ub g

O 00 400 0 bobboobobooo

IR AR OV AT T RERIZ W T, EHRE BEFHT 2N — RO =7 RSB BEERDIENZ VN,
—INBAFO D EMRIE 5 OIRIFIIARD T/NSW D, 15 BB O RNB RS CRARE &R EL 2>, AR(E
HORHREIERT HIEDRDBND, ZOXIZRIEHIZEEL T, [FAFENNEWEHEET 7B UIXULIE NS
D, LInLIeiin, HERD "Bk (ATB B KOV EY) OFHET 71X, T ORI AT 2O IR UHEIC
AHNRAELDE, FFEFIRREFELE LT 2LV ORBER RS TV,

KEENLFRSCTIE, YA EORBEE ¢ 5% B, Fi-/e R OFHET 7 O IE AR R LI, H2
BETIL, WEROFHET 7 ORI L ORI SIS O W THERANSRIAL -, #3mTIRE T, A e
WS VER AR A S EHET 7 (FRRRERD 242 R LT, SRR T DML, PUEO AR B3 AEL T8
HITBWTH, AIEICBWTHIE FABRETEDEVIFRERA AL TWD, RIC, RTEEBLIOMLEIZ, 58487
B 75 53 IR 2 30 L OVETN 22 /0 IR 8 A 2 A2 R W o i (BR B RIBRID A2 R LT, AREREIY, RiBtA:
HERR ™2 58 R 22T 22 55 W IR 25 O A FRIFIFAFIAS I K FR B LT [FARAE 5 2 142 BAZ B\ TR £ -2 Bl AR R 5
ThY, FRERRKILVSSOIZFEHEFGORBN AR CH LI LA BGRIITR LTz, AT T, 2R L2
HDFHET AN L TRTOW|PUT E3%6DIELDE L G- R BT Ialb—ia ZTo 1o i RITD
WCIRARTRY, 6K, FRR R IR L O R RO YRGS E i, -44.9dB, -85.5dBE &
O-116.8dBE72 52 LR L, $REMIEOEA AR LT, 55 TlL, 2R R IAZ EEEOERERE L TR
VE-FHIL 724 AT DWW TR R TIY, (KRR & g U R RFEF 3 1L dBS ES A Z LA BN L
7

NS TORBENESE RIS T2I0ELHY THY, KAEFEEZBER, M OFEBLOEKRBRICA
L2 HIET D,

gbobobobobobobobobobobobon



FDEFR

FURSFRB

NSO

bR

TUTI FIRYIL  SHY

Angger Abdul Razak
ANE ST
RTHRIEPE130S

BT (T%)

F 2937248
FNFRBISE 4R FBIEHZS
EFTZRSHAR
NE-BRIFBN

HBB/WIFHABE I

Study on Transmission Properties of Fiber Bragg Grating with GPU

(GPUERNZDPT/N—=T w0 T —F 7T DiEBRFIHCRET B

Support

®)

FE #H B &0
gEa # B KEF
gEa #H ' A=
BE EHE KB
gE B ZNIN

o B @l XL




JlfARC 3

R LOEE

TUYHF | T TIESIL SHH
K 4 Angger Abdul Razak
B | BRRFRFLET LR a e fiE L2 HERE e - Gl L FREK
NS . .

Tl kR 26 4FEE UH) A
o e 2 Study on Transmission Properties of Fiber Bragg Grating with GPU
%{\ IJH:HjC Support
i H

(GPU Z W=7 7 A N—T T v T 7 L—T 4 > 7 OiFHBFEICEET 2 5F9E)

[GAsCDEEE] ey, 2007F2E, S4B 8 0 075

The optical fiber has made a big revolution in the landlines telecommunication
systems. One of a key component in the optical telecommunication is fiber Bragg
grating (FBG). FBG here is act as a band reject filter to flatten the output gain of
erbium doped fiber amplifier (EDFA). In the optical communication, FBG also could
be used as dispersion compensator to reduce the noise in the data after traveling a long
trip in the fiber optic systems. In other systems, FBG could be applied in the sensor
region called as optical fiber sensor (OFS). One of the most widely used functions of
the OFS is to measure temperature and strain. Other OFS are including measurement
of vibration and seismic activity, hazardous gas concentration, index refractive, and so
on.

With the important function of the FBG, we try to analyses it numerically both in
two-dimensional and three-dimensional approach and evaluate its output characteristic
by using FDTD method. Furthermore, these FDTD programs are also targeted to be
able to analyses future structures of FBG that is not proposed or not exist yet. For
three-dimensional analysis, general CPU calculation is too slow to simulate the FDTD
program. Thus, higher computation process is needed. Many of method or systems
could be used to get faster simulation time. In this research, GPU calculation is chosen
to substitute CPU computation. Before providing the results for three-dimensional
case, performance and properness of GPU computing will be conducted also to see
whether this calculation is suitable in this research.

Chapter 1 consist of the background and the purpose of this research. The
importance of the FBG and its various application in some areas are mentioned here.
Several methods to get faster simulation time for the three-dimensional case will be
described also, including advantages and disadvantages of each method.

Chapter 2 explains about the general introduction of FBG, FDTD. and GPU
calculation. A rough idea about how GPU calculation works and comparison to CPU
language programming structure also described here.

Chapter 3 contains simulation and analysis of FBG structure in the
two-dimensional case. Electrical source type, initial condition, absolute boundary
condition, and another parameter setting for the simulation also expressed in the
beginning of this chapter. Simulation results from different FBG parameter changes
are conducted. Calculation for temperature changes also included in the equation to
calculate FBS as a sensor. Results show that higher grating refractive index value
affects to a smaller value of transmission in a specific wavelength, and the center of
wavelength drop is shifted to a higher value. Increasing grating period will affect to
the center of wavelength drop shifted to higher wavelength value, with a linear




correlation between them. Longer grating length will reduce the transmission value
with a linear correlation between them. Chirped FBG (CFBG) show a weaker
reflectance, but with wider broadband wavelength reflected due to more grating period
variations contained in the FBG. Higher temperature will result in wavelength shift to
the higher wavelength value, with a linear correlation between them.

Chapter 4 described three-dimensional case analysis with GPU support.
Comparison and performance evaluation between GPU and CPU computing is
explained in the first part of this chapter. Simulation parameter and setting for
three-dimensional analysis also described here. Simulation result from different
parameter changes as well as different temperature condition is applied to the
calculation. For the results, in term of memory usage, CPU calculation only use PC
RAM with the similar amount used both single and multi-thread calculation, while
GPU calculation uses PC RAM and GPU memory with higher usage on both of them.
Comparison of CPU and GPU results show a very similar characteristic between them,
with median error only around 0.007%. Furthermore, GPU calculation could reach
more than 100 times compared to single thread calculation in 1% PC system. This
means that GPU calculation could substitute CPU calculation based on result’s
similarity with much faster execution time. The performance gain of GPU calculation
is affected by several factors, mainly by the specification of the GPU and others PC
systems components. Results from FBG parameter changes in three-dimensional
calculation have a similar property compared to two-dimensional case. Even the center
of reflected wavelength is a bit shifted and the reflection power is different, both
systems have a similar property when the parameter of the FBG changes, and reflect
real FBG characteristics.

Chapter 5 summarizes and combine the result obtained from the previous chapter.
List of the problem that faced in the simulation also mentioned here. Additionally,
some plans for the future research also explained in the last part of this chapter.
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This thesis discusses different techniques used to improve the performance of
concentrator photovoltaic (CPV) systems and solar cells.

The first chapter discusses solar radiation and different technologies used to utilize solar]
energy like solar cells, CPV systems and thermal solar energy systems. It also gives a brief
history of CPV technology and spectral splitting techniques used to improve concentrator
performance.

The second chapter describes the technique used to decrease the operation temperature
of the multijunction solar cell by cutting the solar spectrum that is not utilized in the solar
cell using a thin-film filter on the surface of the homogenizer. This study was conducted for|
two concentrator systems. The first system used InGaP/InGaAs/Ge triple junction solar cell
with high spectral response in the range of 400 - 1700 nm. The second system used
InGaP/GaAs/InGaAs triple junction solar cell with high spectral response in the range of
400 - 1100 nm. Thermal simulation showed that the highest temperature was observed for
the system without the thin-film (118.7°C), while the temperature dropped to 114.5°C in the
case of using 1700 nm cutoff wavelength thin-film. The best thermal performance was
achieved by the 1100 nm cutoff wavelength thin-film filter case where the temperature
decreased by 18.2°C to reach 100.5°C.

The third chapter pursued a more detailed study for the system with
InGaP/GaAs/InGaAs triple junction solar cell. The same optical structure was used because
the solar cell showed better performance under spectrum in the range of 400 - 1300 nm, a
new design for the thin-film was carried out and a new structure with 97 layers was
designed. We improved COMSOL Multiphysics thermal model by adding three heat sources
for different spectral ranges compared to one source using the total direct radiation in the
second chapter of this thesis. An electrical characteristics analysis for the CPV multijunction
solar cell was conducted and we also introduced an average Arrhenius—Weibull model to
calculate the unreliability and to estimate the lifetime of the multijunction solar cell. The
simulation results showed that the cell temperature dropped from a maximum of 121°C
(without the thin-film filter) to 95.7°C (with the thin-film filter). This drop represents a total
decrease of 25.3°C. Electrical simulation results showed that the open-circuit voltage (Voc)
increased due to the decrease in the solar cell temperature, while the current dropped a small
amount due to the presence of the thin-film filter. The lifetime of the solar cell showed an
increase by 1.9 x 10° h. This means that the lifetime was increased by more than 65 years
for a failure population of 5% through the use of a thin-film filter.




The fourth chapter proposed a new CPV system design with a wide-acceptance-angle
lens, which tracks the sun based on a new 30-min intermittent tracking method that does not
require a special high-precision CPV tracking system. This allowed the reduction of costs
because a large percentage of the cost of a typical CPV system comes from the expensive
accurate tracking system. The present system had a concentration ratio of 111 and an
acceptance angle of 4.5°. We conducted an experiment to evaluate the thermal and electrical
performances of the system in an outdoor test site in Miyazaki, Japan. The experimental
results were compared with optical, thermal, and electrical simulation results. The thermal
simulation showed good agreement with the experimental results. There was no significant
difference in the CPV performance between the case with the highest tracking error angle
and the case with 0° tracking error angle despite the large tracking error angle. In addition, a|
sensitivity analysis was also conducted to determine the most important factor in obtaining]
high electrical performance.

In the fifth chapter, the doctor thesis results were summarized, and potentials for future
research improvements were discussed.
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