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The synthetic aperture radar (SAR) technology has been extensively used in
remote sensing applications as it can offer unique information independent of
cloud coverage and during nighttime. In recent years, a considerably smaller
payload and bus system is achievable due to recent technological component
miniaturization efforts. Small satellite constellations with scientific or
commercial payloads enable quick responses and almost real-time ground
monitoring. For spaceborne SAR, reducing the total mass of the spacecraft

becomes extremely challenging due to the huge antenna sizes and high

transmission power required. A novel idea for a 150 - kg - class microsatellite CP - SAR is put forth. It

consists of a small dual-band (C-/X-band) SAR payload that enables the mission to launch on a




piggyback.
This thesis presents a novel dual - band waveguide - fed circularly polarized (CP) horn antenna for the

feeder of synthetic aperture radar (SAR) onboard microsatellite. The dual-band circularly polarized
antenna features multifrequency operation, polarization diversity, enhanced penetration, and
improved resolution and target characterization capabilities while potentially reducing the overall size
and weight of the SAR system. The proposed horn antenna consists of an asymmetric linearly tapered
slot and a waveguide feed. The C - /X - band left - hand circular polarization (LHCP) design was
simulated, and the 3D - printed prototype was fabricated to validate the simulation and measured in an
anechoic chamber. The measured circularly polarized (CP) antenna can achieve dual - band
operations with a 3 dB axial ratio bandwidth of 40% (5-6.5 GHz; 8.5-10 GHz), VSWR less than 1.4 in
the operating band, and a peak gain of 13.6 dBic (5.3 GHz) and 18.5 dBic (9.4 GHz). The measured
half - power beamwidth (HPBW) at C - band and X - band frequencies in the xz - plane and yz -
plane are achieved at 26° /37° and 18° /23" , respectively. The proposed antenna offers several
advantages over current CP antenna designs, including simpler design, low-cost manufacturing, better

impedance matching, wider AR bandwidth, and lower sidelobe levels.
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Solar energy is a promising renewable energy source for future development.
However, the current share of solar energy remains relatively small. This is due
to its high variability, making it difficult to integrate and manage within the
existing power grid system. This study develops a framework to assess solar
radiation variability and optimize solar energy planning and management using
the Himawari geostationary satellite-derived product (AMATERASS). The first

objective of this study is to assess solar radiation variability from both spatial

and temporal perspectives using nine years of observations (2015-2024) at
10-minute intervals. The results show the umbrella effect index (UI) and the heterogeneity of solar
radiation around the Asia-Pacific region. This information can be used to choose a stable location for
installing a solar power plant. In addition, the results show that significant fluctuations can be
addressed through PV (Photovoltaic) system distribution. In planning a distributed PV system,
residential areas can be considered as a feasible option by utilizing rooftop space for PV system
installation. Planning for PV installation in residential areas requires information on optimal capacity
to ensure electricity balancing between electricity demand and solar energy supply, and also economic
viability in each household. Therefore, the second objective of this study is to develop a framework for
determining the optimal capacity of PV and battery systems in each household using geostationary
satellite observation. For this objective, all residential areas in Japan are the target area, using one year
of observations at 2.5-minute intervals. This study defines optimal scenarios based on the shared

percentage, which are then used to assess economic viability and blackout resilience in each household



as additional information. The two objectives show the importance of the role of geostationary

satellite-derived products in assessing and planning solar energy in wide-area.
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Air pollution poses a serious health risk and causes approximately 4.2 million
premature deaths annually worldwide. To model air pollution risks on a global
scale with the aim of mitigating these impacts, this study first quantified the
hazard of air pollution considering the pollution sources, meteorological
conditions, and environmental factors by integrating satellite observation data
with ground-based monitoring data into an Air Quality Index (AQI). The
resulting global distribution data of AQI was then analyzed using population
distribution as an exposure parameter. Additionally, by incorporating premature
mortality rates and health index, a vulnerability curve model was derived. This

model revealed that the age groups 50-69 and 70 and above are exposed to the

highest risk from air pollution. China, India, and Central Africa were identified
as high-risk regions with particularly high mortality rates. The contributing factors include 1) severe
levels of air pollution caused by anthropogenic activities and forest fires, 2) high population exposure,
and 3) low health index with limited resilience to air pollution. These findings provide critical insights
for mitigating air pollution and are expected to enhance public awareness and preparedness for air

pollution risks, thereby contributing to improved public health.
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Bacterial Leaf Blight (BLB) threatens rice production, causing up to 50% yield
loss in Southeast Asia. In Indonesia, assessments under Asuransi Usaha Tani
Padi (AUTP) depend on subjective field inspections, which often miss spatial
variability and lead to inaccurate payouts. Remote sensing has been explored,
but pixel-based methods suffer from mixed-pixel effects and low resolution.

This study developed a multidimensional UAV-based framework for BLB

assessment. A rice variety classification model was first established to account
for varietal differences in BLB symptoms. Textural analysis with a random forest model achieved 0.784
accuracy, thermal features improved it to 0.813, and patch fragmentation analysis provided spatial
insights with 0.7703 accuracy.

The key innovation is integrating textural, thermal, and fragmentation metrics within a machine
learning framework, overcoming the limits of single-method approaches. This integration produced a

highly accurate model with 0.9987 overall accuracy.



Economic analysis compared UAV-based assessment with AUTP’s observer method. Under

business-as-usual, UAV adoption was unsustainable (NPV USD -11,148). However, under an

“Accurate” scenario, it achieved long-term viability with a positive NPV of USD 9,793 over 20 years,

showing that higher upfront costs can be offset by improved accuracy and reduced losses.

An implementation roadmap was proposed, covering stakeholder engagement, pilot testing,

deployment, and optimization. Risk mitigation strategies include policy incentives, cooperative UAV

ownership, and automated data processing.

By integrating spectral, textural, thermal, and fragmentation data, and introducing the Normalized
Difference Textural Index (NDTI), this study advances UAV-based BLB assessment with a

comprehensive and scalable framework.
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