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Day-by-day, the field of optical fiber communication is getting more and more
modernized. Many investigations have been done to solve some of the problems and, many
types of photonic crystal fibers yielding different types of high-quality characteristics have
been proposed and some successfully fabricated. The invention of the photonic crystal fiber
has solved one of the greatest difficulties encountered in the field of telecommunication,
which is the control of the dispersion in fibers. The microstructure fiber or photonic crystal
fiber is a recent type of fiber obtained from a waveguide by simply removing an air-hole in
the center which represent the core of the fiber.

In this research, the square lattice arranged air-holes is adopted because of the square
lattice photonic crystal fiber is better in times of astonish properties and surpassing the
triangular lattice photonic crystal fiber for high power treatment. The microstructure fibers or
photonic crystal fiber can achieve many properties which cannot be achieved in the
conventional fibers, this can be explained because of the unique structure of the photonic
crystal fibers. The designed structures have been chosen for a proposal to get a flattened
dispersion and a low confinement loss. We numerically examined the properties of designed
microstructure photonic crystal fibers by using two numerical methods, the plane wave
expansion (PWE) method and the finite difference time domain (FDTD) method.

The dissertation is composed as follows:

Chapter I the background of the study is introduced. A general introduction is giving on
the different types of photonic crystal fibers and their applications in the modern technology.
Finally, the thesis is introduced.

Chapter II explains in detail the theory, or the methodologies used for the simulation, the
plane wave expansion (PWE) method is first discussed. The second numerical method, the
finite difference time domain (FDTD) method is explained in detail.

Chapter III introduces the numerical analysis of the properties of a designed
microstructure fiber with four (4) rings of holes around the core by using the finite difference
time domain (FDTD) method. In the first part of the chapter a description of the cross-section
of the proposed fiber is done. The refractive index distribution and the fundamental mode in
the two (2) dimensional cross-sections of the proposed fiber are calculated. Furthermore, the
simulation results are discussed, the diameter of the core is arranged as dc=2*A-d, where A
is the pitch and d diameter of the air-holes. After simulations, we got a dispersion low as
0.0494 (ps/Km. nm) and a confinement loss also low as 2.6x10”7 (dB/m) at a wavelength of]
1.55 um. At 0.8 um we obtained a nonlinearity high as 60.95 (1/km. w) and a strong guiding
light. We observed that the small air-holes inserted at the cladding have a little effect on the
dispersion and the confinement loss. Therefore, the third ring air-holes can be used to control
the dispersion in the proposed square lattice photonic crystal fiber.

B




Chapter IV introduces the numerical analysis of the dispersion characteristics of two designed
microstructure fibers with six (6) rings of holes by using the plane wave expansion (PWE) method. The
description of the two structures is done in the first part of this chapter, showing in the first structure, the
third ring in the cladding is formed by small diameter circular air-holes. In the second fiber, the third ring
is formed by large diameter circular air-holes and in both fibers, the first ring around the germanium
doped core is formed by elliptical air-holes filled with ethanol. Additionally, the dispersion diagrams of]
the fibers are calculated. The distribution of the reciprocals refractive index in the cross-sections and the
field distribution of the proposed fibers are shown and explained. Finally, a comparison study is done
between the two designed fibers.

Chapter V we made a summary of the thesis. In the same chapter a conclusion is given on the numerical
analysis of the properties of a designed microstructure fiber with four (4) rings of holes around the core by
using the finite difference time domain (FDTD) method and the conclusion of the numerical analysis of]
the dispersion characteristics of two designed microstructure fibers with six (6) rings of holes by using the
plane wave expansion (PWE) method. A Comparative of the two used methods is explained in this
chapter. Finally, a future work is given in detail.
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Sustainable and productive cropping systems for animal feed is essential to develop a
continuous livestock production. However, in eastern Asian countries, animal production,
which largely depends on imported concentrates, faces unstable factors, such as a variable
and increasing prices of imported feeds due to adverse climatic conditions in producing
countries, competition from bio-fuel feedstuffs, and unfavorable foreign exchange rates and
price of petroleum for farm machinery operation. Increasing and strengthening a self-
sufficient supply of herbage production could be achieved by increasing yield, quality and
times of cropping (multi-crop production). In addition, no-tillage in cropping systems
contributes to labor saving and land conservation. As part of innovative approaches to
achieve this goal, establishment of a multiple-cropping non-tillage system is needed to be
accomplished in southern Kyushu. Therefore, the objectives of this study were to assess the
feasibility of a triple cropping of spring maize (Zea mays), pearl millet (Pennisetum
typhoides) and late-summer sown Italian ryegrass (Lolium multiflorum) combination for
growth attributes, yielding ability and forage quality at several sites in Miyazaki, southern
Kyushu for three years in 2016-2019.

In Chapter 2, a triple cropping system, combining spring-maize, pearl millet and twice-
cut blast disease resistant Italian ryegrass, was examined for the 2016-2017 and 2017-2018
growing seasons at Miyazaki site. The three crops were not negatively affected by disease
infection or climatic disasters such as typhoon and heavy rainfall. Annual dry matter (DM)
yield of the triple crops was 4,100 g DM/m? and 4,350 g DM/m? in the first and second
cropping seasons, respectively. Total digestible nutrients (TDN) for spring-maize, pearl
millet and Italian ryegrass was 66.9-68.2%, 60% and 68.7-71.6%, respectively, in the first
season and 73.7%—76.8%, 67.9% and 59.5-68.6%, respectively, in the second season.
Therefore, an annual TDN yield lead to 2,360 and 2,940 g/m? in the first and second season,
respectively, suggesting that the present established triple cropping system was feasible for
obtaining high and digestible forage production in the region.

Non-tillage cultivation was needed to be examined for the feasibility of this triple
cropping season, at Kobayashi and Kawaminami sites for the two-year study in addition with
one-year study at Miyazaki site, examined in Chapter 3. Combination of crops was spring
maize, pearl millet and twice-cut Italian ryegrass, the same as in Chapter 2, in the 2017-2018
season, and mixed cropping of maize with sorghum (Sorghum bicolor) and pearl millet with

regrown sorghum, followed by twice-cut Italian ryegrass in the 2018-2019 growing season.




Kobayashi site, annual DM yields were 3,960 and 4,020 g/m2 in the 2017-2018 and 2018-
2019 season, respectively, almost similar with those under the previous tillage cultivation at
Miyazaki site in the 2016-2018 seasons. At Kawaminami site, annual yields were reduced to
3,020 and 3,320 g DM/m2 in the 2017-2018 and 2018-2019 season, respectively, mainly
due to weed invasion into maize crop fields in missing timely herbicide supply at the
seedling stage in the 20172018 season. TDN yields ranged in 1,990 — 2,190g/m? in the
2018-2019 season at Miyazaki site, 2,670 and 2,410 g/m? in the 2017-2018 and 2018-2019
season, respectively, at Kobayashi site, and 1,680 — 1,980 and 2,040 — 2,100 g/m? in the
2017-2018 and 2018-2019 season, respectively, at Kawaminami site. Therefore, the present
non-tillage triple cropping of forage production can be adapted to gain around 4 Mg DM/ha
and 2 — 2.5 Mg TDN/ha, if the optimum weed management should be applied, and the
present cropping system can successfully avoid the yield loss due to the several typhoon
attack between July to September in the regions.

Pearl millet is an annual summer forage that exhibits ideal DM productivity in mid-
summer. Since seasonal productivity of the crop is not accurately known, it is necessary to
clarify whether the crop is a suitable substitute crop for an early-harvested maize, as this
would stabilize annual total forage yields before the winter crop is sown. In Chapter 4,
productivity of pearl millet was examined by sowing four times at five-week intervals from
mid-May to early September. For sowings in mid-May, mid-June and late July, pearl millet
(cv. Natsu Italian) reached the stem-elongation 10, 10 and 8 weeks after sowing,
respectively, while sown in early September, the crop reached the heading 8 weeks after
sowing, probably due to short-day sensitivity of the genotype. Crop growth rate (CGR)
peaked at 19.1 g DM/m?/day in the late-July sowing, higher than CGRs at approximately 16
g DM/m?/day among the other sowing times. TDN yields maintained in 7.3 — 7.7 Mg/ha in
sowing from mid-May to late July, which was almost 70% of TDN yields in the spring-
maize crops, while it was dropped to 4.4 Mg/ha in early-September sowing, It is suggested
that the present pearl millet cultivar with 2-3 month growth can be used as a substitute for
early-harvested maize in the summer cropping in the region.

Establishment of a multiple-cropping non-tillage forage production system is discussed
for accomplishment in southern Kyushu.
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With the high portion of polysaccharides (cellulose and hemicellulose) in chemical
composition, lignocellulose is a potential renewable source for biofuel production. In
this production, these polysaccharides are expected to be hydrolyzed to fermentable
sugars (hexoses and pentoses). After that, these fermentable sugars are utilized to
produce ethanol or butanol by microbial fermentation. This utilization is not only giving
economical benefits but also reducing environmental pollutions, leading to more
sustainable human socials. However, this biofuel conversion is facing a challenge
caused by the presence of lignin in the recalcitrant structure of lignocellulose.

Lignin is one of the most complex aromatic compounds in nature. In native form,
lignin is played the role likely hardened cement paste between the polysaccharides,
which could avoid the attacks from microorganisms to polysaccharides. To break down
this recalcitrance, the first step in biofuels production from lignocellulose, named
pretreatment, is needed.

After pretreatment, the pretreated lignocellulose with a high content of
polysaccharides is subjected to the next step in biofuel production: saccharification and
fermentation. Among the microorganisms, it was reported that several white-rot fungi
are powerful candidates in the simultaneous saccharification of both cellulose and
hemicellulose to fermentable sugar hexoses and pentoses, and co-fermentation of these
sugars to ethanol. Recently, the development of a biological process that integrated both
lignin degradation, saccharification, and fermentation using white-rot fungus Phlebia
sp. MG-60 to produce ethanol from hardwood directly was reported. In Chapter 1 of the
present thesis, the background and the recent progress on biofuel production from
lignocellulosic materials were reviewed.

In Chapter 2, the study about ethanol production from lignocellulose, the
combination of alkaline pretreatment and white-rot fungal Phlebia sp. MG-60
saccharification & fermentation was conducted to examine ethanol production from the
abundant lignocellulose - Japanese bamboo (Phyllostachys edulis). It was revealed that
the sodium hydroxide pretreatment (0.0-7.0% w/v) showed the removal of lignin and
increase of polysaccharides in the chemical composition of bamboo stem substrates.
Not only that, but the alkaline pretreatment also improved the saccharification rate of
bamboo, leading to higher efficiency in conversion of pretreated bamboo to ethanol by
fermentation of white-rot fungus Phlebia sp. MG-60.

Among biofuels, butanol has a higher heating value than ethanol, however, butanol
production is only obtained by the Acetone — Butanol — Ethanol fermentation (ABE
fermentation) from mono- or di-saccharides by the bacterium Clostridium. Aiming to
produce butanol from cheaper carbon sources, the co-culture of white-rot fungus
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Phlebia sp. MG-60-P2 or its genetic transformant (fungal line KO77 with the inhibition
of ethanol fermentation) and bacterium Clostridium saccharoperbutylacetonicum was
focused on in Chapter 3. The fungus-bacterium co-culture showed success in direct
butanol production from Unbleached Hardwood Kraft Pulp (UHKP). The
characteristics of co-culture proved that UHKP could be hydrolyzed to glucose and
cellobiose by fungal cellulase enzymes. Simultaneously, the bacterium could
metabolize these fermentable sugars to produce butanol. Besides, in the co-culture of
fungal transformant line KO77 and C. saccharoperbutylacetonicum the inhibition of
fungal ethanol fermentation led to the shift of utilizing fermentable sugars to bacterial
butanol fermentation. Also, the co-culture accelerated the saccharification rate of
UHKP, reducing the time course of the conversion, which was explained by the
removal of glucose and cellobiose by bacterium metabolism.

The success in the direct butanol production from cellulose promotes the
establishment of an intensitive study on biofuels production from pretreated
lignocellulose. In Chapter 4, the utilization of sodium hydroxide pretreated Japanese
bamboo (Phyllostachys edulis) using co-culture of Phlebia sp. MG-60-P2 and C.
saccharoperbutylacetonicum were examined. The data elucidated that C.
saccharoperbutylacetonicum can partly metabolize hemicellulose in NaOH pretreated
bamboo to biofuels. More important, the co-culture with fungus Phlebia sp. MG-60-P2
has significantly improved the production yield of butanol, acetone, and ethanol. This
improvement was explained by the synergistic effects of the bacterial fermentation of
hexose and pentose, and the fungal saccharifications of cellulose and hemicellulose
from bamboo substrates.

The outcome from studies on biofuel production from lignocellulose using
microorganisms significantly contributes to the knowledge of the conversion of
lignocellulose to biofuels. In further research, the conversion of lignin and other minor
compounds, such as extractives, in lignocellulose into valuable chemicals is considered.
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Cucumber mosaic virus (CMV; genus Cucumovirus, family Bromoviridae) which has three
plus-sense, single-stranded RNA molecules: RNA1, RNA2 and RNA3, is one of the most
important and widespread viruses in the world. It can infect 1,071 species in 521 genera from 100
families and cause significant economic losses in diverse crops of agricultural importance.
Moreover, CMV has numerous strains with distinct pathological properties in nature. Genetic
exchange by recombination or by reassortment of genomic segments has been shown to be the
important process in CMV virus evolution, resulting in new phenotypic changes affecting host
range and virulence. However, very few information was reported on the involvement of viral and
host factors to explain the molecular mechanisms in systemic infection in radish and severe
symptoms induction in tomato. Therefore, this study was performed to characterize the
interactions between host plant and cucumber mosaic virus by biological and molecular
pathological point of views using pseudorecombination and recombination analyses.

In Raphanus sativus (Japanese radish), strain D8 of cucumber mosaic virus (CMV-DS)
establishes a systemic infection and induces mild mosaic on upper, non-inoculated leaves,
whereas strain Y of CMV (CMV-Y) causes only a local infection in the inoculated leaves.
Therefore, the 1% experiment was carried out to analyze the specific viral factor(s) of CMV-DS8
that is (are) indispensable for systemic infection in Japanese radish. To identify which genomic
RNAC(s) is (are) involved in systemic infection in radish, we carried out a pseudorecombination
analysis between CMV-D8 and CMV-Y. With recombination analyses between CMV-D8 and
CMV-Y using recombinant RNA2s, chimeric and point-mutated RNA3s, we identified viral
factors that are indispensable for systemic infection. As a result, viral RNA2 and RNA3 of CMV-
D8 facilitated efficient virus spread into the upper, non-inoculated plant tissues of radish (cv.
Tokinashi), but not those of CMV-Y. Recombinant RNA2s demonstrated that the 2b protein (2b)
and the C-terminus of the 2a protein (2a) of CMV-D8 have a crucial role in systemic infection.
Additionally, chimeric and point-mutated RNA3s analyses revealed that Pro!” and Pro'® in the

coat protein (CP) of CMV-D8 are involved in efficient systemic infection and that Ser”! in the 3a

protein (3a) of CMV-DS8 has positive effects on systemic spread. The results suggested that these




viral factors facilitate systemic infection of CMV-DS in Japanese radish. The C-terminal region
of 2a, the entire region of 2b, and supplementary function of either Ser’! in 3a or Pro'”/ Pro '* in
CP confer systemic infectivity on CMV-D8 in radish. These results further elucidate the complex
interaction of viral proteins of CMV to complete systemic infection as a host-specific manner.

In the 2" experiment, a combination of subgroup I strains of CMV (CMV-D8 and CMV-
Y) were used to determine the specific viral factor(s) which is (are) responsible for induction of]
shoestring-like leaf blade (SLB) in tomato (Solanum lycopersicum cv. Sekaiichi) and involved in
interference with miRNA-mediated host gene expression. During the initial infection stage, plants
inoculated with CMV-D8 and CMV-Y developed green/yellow systemic mosaic and stunting.
Late in infection, CMV-D8 caused severe systemic symptoms with SLB on the newly emerged
leaves, whereas CMV-Y caused severe yellow mosaic with stunting. The results of RT-qPCR or
Northern blot hybridization showed that accumulation of viral RNA of CMV-DS§ during initial
infection (10 days post inoculation) was higher than those of CMV-Y, but their levels did not
differ significantly at 5 weeks post inoculation. In addition, pseudorecombination and
recombination analyses between CMV-D8 and CMV-Y genomic RNAs showed that recombinant
that contained the C-terminal region of 2a and the entire 2b protein of CMV-D8 (D2a-C/D2b)
induced SLB. Changing of amino acid from isoleucine (Ile) to valine (Val) at position 830 in the
2a ORF played an important role in formation of chronic SLB. According to the results of stem-
loop RT-qPCR or RT-qPCR which was conducted to analyze the accumulation levels of
microRNAs (miRNAs) or target transcripts, we further elucidated that infection with CMV-D8 or
the recombinant Y1Y2(D2a-C/D2b)D3, but not with CMV-Y, upregulated miRNAs and
transcript levels of AGO1, which is involved in RNA silencing, and of HD-ZIP, TCP4, and PHAN,
which are essential for leaf morphogenesis. The present results first demonstrated that the
cooperative function of D2a-C/D2b is involved indispensably in SLB formation. In addition, we
suggest that D2a-C/D2b region interferes with the miRNA pathway that is associated with RNA

silencing and leaf morphogenesis, leading to the enhanced virulence of CMV-DS.
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Biodiversity conservation and clove oil productivity of mixed-culture systems in Indonesia
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Clove (Syzygium aromaticum L.) is an important cash-crop tree species in Indonesia as
the producer of the essential oil represented by eugenol. Clove trees have been currently
cultivated mostly in standard monoculture and partly in a traditional mixed-culture system as
a kind of agroforestry with various trees and/or crops growing in a same site. Recently,
agricultural production systems, including that for clove production, requires to play a role
of conserving biodiversity as well as production efficiency for their sustainability. The
present study aimed to develop the sustainable and efficient systems for clove and clove oil
production from the following three aspects; 1) clove production systems desirable for
biodiversity conservation with a special reference to the possible advantage of mixed-culture
systems for conserving plant species diversity, 2) appropriate physical environments (light
and water regimes) for clove seedlings required for successful establishment of mixed-culture
systems, and 3) the optimal site conditions that assure the high eugenol yield for long-term
production.

Firstly, I investigated the plant species occurrence in a typical mixed-culture (MI) stand,
and compared it with that in a clove monoculture (MN) stand in East Java, Indonesia, in order
to examine the advantage of MI in conserving plant species diversity. The occurrence of]
vascular plants in the understory were surveyed in the plots established for both MI and MN
with the microsite conditions. MI and MN included 40 and 17 species, respectively,
indicating far greater species richness in MI with a diverse life form composition and large
numbers of woodland and/or native species. The a- and the B-diversities were higher in MI
than MN. These results suggested that the superiority of MI for conserving plant species
diversity compared to MN. Comparisons of microsite conditions revealed that the human
disturbances to the soil surface associated with frequent clove litter collection from the whole
stand reduced the plant species richness by inhibiting plant establishment and cancelling the
positive effects of the variability in physical environment in MN. I concluded that the higher
species richness of MI was due to alleviating the effects of litter-collection disturbances,
which facilitated the effects of the heterogeneous physical environment within the stand.

Secondly, I explored the growth responses of clove seedling to light and soil water
regimes by a field experiment with shading and irrigation treatments to clarify their growth
traits at the early stage of plantation establishment. Eighteen-month-old clove seedlings were
subjected to twelve treatments, that is, 3 shading treatments (0%, 60% and 80% shading) x 4
watering treatments (1.0, 0.75, 0.5 and 0.25 liter/m2/day), for ca. 6 months. Increment ratio
of seedling height (/H), number of newly created buds (NB) during the experimental period
and dry mass per plant at the end of the experiment (leaves: LM, stem and branch: SM, root:
RM and total plant: 7M) were compared among the treatments. The results revealed that the
growth of clove seedlings was generally more susceptible to water stress than to low light
availability in particular for /H, NB and LM. From these results, I concluded that dense
planting of clove seedling with other competitive crops should be avoided to insure the fast
growth of clove seedlings at the establishment stage.
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Third, I examined the influences of the same treatments in the second study on eugenol
productivity to provide the basic information for the suitable site conditions for long-term
essential oil production. The total leaf mass per tree (LM), eugenol content per unit leaf mass
(EL) and the eugenol yield per tree (EY) were measured and compared between treatments of]
this study. The soil moisture deficit and the low light availability had negative and positive
effects on the eugenol yield per tree, respectively. These results suggested that the relatively
dryer site condition where moderate water stress is likely to occur is more suitable for planting
clove trees from the aspect of the for long-term high productivity of eugenol, and that the
high tree density which may results in a severe competition and a heavy mutual shading
among clove trees should be avoided for maintaining high productivity for a long term

These findings are thought to be useful in developing appropriate mixed-culture systems
that can balance biodiversity conservation with clove oil productivity.
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Sleep disorder is a medical disease of the sleep patterns, which is commonly suffered by the elderly.
Sleep disorders diagnosis and treatment are considered to be challenging due to a time-consuming and
inconvenient process for the patient. It is caused a Polysomnography (PSG) which is the gold standard to
assess sleep condition involves a lot of multichannel signals, such as Electroencephalogram (EEG),
Electromyogram (EMG), Electrooculogram (EOG), Electrocardiogram (ECQ), respiratory effort signal,
and pulse blood oxygen saturation. These multichannel signals will be recorded when patients fall asleep
in a specialized laboratory or hospital. Moreover, the use of PSG in sleep disorder diagnosis is a
high-cost process, so they refused the observation.

A clinical study widely used the spectrum analysis of Heart Rate Variability (HRV) to assess the
personal condition, such as sleep, fatigue, stress, and sudden cardiac death in the last decade. HRV is
measured from the variation of heartbeat or known as a cardiac rhythm that can be captured over a cer-
tain period of time from the electrocardiography (ECG) signal. HRV also indexes neurocardiac function
and is generated by heart-brain interactions and dynamic non-linear Autonomic Nervous System (ANS)
processes. The various HRV parameters can show significant differences in each sleep stage, which is
associated with ANS activity. Hence, the variation of HRV according to the sleep stage, thereby reflect-
ing the activity of ANS. It is implied that it is also possible to detect a sleep disorder using an ECG signal
instead of complicated signal recordings. Therefore, this doctoral dissertation proposes an efficient clas-
sification method of sleep disorder by merely using an ECG signal to simplify the sleep disorders diag-
nosis process. Different from many current related studies that applied a five-minute epoch to observe
the main frequency band of the ECG signal, we perform a pre-processing technique that suitable for the
30-seconds epoch of the ECG signal. By this simplification, the proposed method has a low computa-
tional cost so that suitable to be implemented in a portable hardware device. Structurally, the proposed
method consists of five stages: (1) pre-processing, (2) spectral features extraction, (3) sleep stage detec-
tion using the Decision-Tree-Based Support Vector Machine (DTB-SVM), (4) assessment of sleep qual-
ity features, and (5) sleep disorders classification using an ensemble of bagged tree classifiers.

This doctoral dissertation is organized as follows. Chapter 1 provides a research background, aims,
scopes, contributions, and findings. The definitions of sleep are discussed in Chapter 2. This chapter also
describes the sleep disorders in the elderly, sleep scoring standard and the sleep assessment. Chapter 3
describes the sleep database and the proposed methods. As mentioned above, the proposed method is
consisting of five stages. Subsequently, to reach the aims of this doctoral dissertation, the proposed
method can be divided into three parts: (1) pre-processing, (2) automatic sleep stage detection, (3) auto-
matic sleep disorders classification. The pre-processing part, which includes a new processing technique
suitable for the 30-second epoch of ECG signals during sleep is presented in Chapter 4. The automatic
sleep stage detection part, which includes spectral features extraction and sleep stage detection stage
provided in Chapter 5. Chapter 6 presents the automatic sleep disorders classification part, which in-
cludes the assessment of sleep quality features and sleep disorders classification stage. We summarize
the conclusion and describe the future work of this doctoral dissertation in Chapter 7.
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The selected pre-processing techniques are used to decompose the 30-second of ECG signal in the
pre-processing part. Then, two features are obtained from spectral features extraction i.e., normalized
Low Frequency and normalized High Frequency. These features were then used as inputs for sleep stage
detection. Furthermore, most commonly used learning classifiers are implemented to detect the sleep
stage, namely KNN, NN, DT, SVM, and proposed DTB-SVM in the automatic detection part. The pro-
posed method using DTB-SVM based on spectral features of ECG signal achieved a good performance
to obtain all sleep stage conditions.

In the automatic sleep disorders classification part, we evaluate the effectiveness of the proposed
method in the task of classifying the sleep disorders into four classes (insomnia, Sleep-Disordered
Breathing (SDB), REM Behavior Disorder (RBD), and healthy subjects) from the 51 patients of the Cy-
clic Alternating Pattern (CAP) sleep data. Based on experimental results, the proposed method presents
84.01% of sensitivity, 94.17% of specificity, 86.27% of overall accuracy, and 0.70 of Cohen's kappa.
This result indicates that the proposed method able to reliably classify the sleep disorders merely using
the 30-seconds epoch ECG in order to address the issue of a multichannel signal such as the PSG.
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