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With the advancement of technology, imaging from spaceborne and airborne
Synthetic Aperture Radars (SARs) has become a vital tool in various applications.
SARs allow scientists and researchers to capture high-resolution images of the
Earth's surface, providing valuable data for mapping, monitoring environmental
changes, studying natural disasters, and much more.

Understanding SAR Calibration

SAR calibration is a crucial step in ensuring accurate and reliable imaging. It
involves the correction of system errors and the calibration of SAR instruments to
produce high-quality images. Calibration parameters, such as gain and phase,
are determined through meticulous testing and measurements.

Applications of Spaceborne SAR

Spaceborne SARs have revolutionized remote sensing and imaging capabilities.
These satellites orbit the Earth and capture images from space, enabling a wide
range of applications:
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Mapping and Cartography: Spaceborne SAR images are used to create
detailed maps, contributing to urban planning, transportation systems, and
land use management.

Monitoring Natural Disasters: SAR data helps track and assess the extent
of natural disasters such as earthquakes, floods, and wildfires. This
information aids in disaster response and management.

Environmental Monitoring: By regularly monitoring changes in vegetation,
ice cover, and other environmental factors, scientists can gain valuable
insights into climate change and its impact on the Earth's ecosystems.

The Role of Airborne SAR

Airborne SAR systems play a complementary role to spaceborne SARs. These
instruments are mounted on aircraft and provide high-resolution images over
specific regions of interest. Some key applications include:

Precision Agriculture: Airborne SARs assist farmers in optimizing crop
management, precisely determining irrigation needs, and identifying areas
susceptible to pest infestation.

Forest and Wildlife Monitoring: The ability to capture detailed images from
low altitudes allows researchers to study forest health, track changes in
wildlife habitats, and detect illegal logging activities.

Disaster Response and Recovery: Airborne SARs are instrumental in
mapping disaster-affected areas, aiding search and rescue operations, and
assessing infrastructure damage for timely reconstruction.
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Advancements in SAR Technology

SAR technology continues to evolve, enabling even higher-resolution imagery
and more advanced applications. Some notable advancements include:

Interferometry and Topographic Mapping

By combining multiple SAR images, interferometry techniques can generate
highly accurate topographic maps. This is particularly useful in geological surveys
and monitoring glaciers and coastal erosion.

Polarimetric SAR (PolSAR)

PolSAR incorporates multiple polarizations into SAR imaging, providing additional
information on surface scattering properties. This enhances classification
accuracy and enables the discrimination of different land cover types.

InSAR for Deformation Monitoring

Interferometric SAR (InSAR) measures changes in the Earth's surface over time,
allowing precise monitoring of ground subsidence, tectonic movements, and
urban infrastructure stability. This is crucial for assessing potential risks and
enhancing urban planning.

Imaging from spaceborne and airborne SARs has transformed our ability to
observe, analyze, and understand our planet. Through accurate calibration and
continuous technological advancements, SAR imaging holds enormous potential
for various applications, ranging from environmental monitoring to disaster
management. As SAR technology progresses, we can expect even more detailed
and insightful images, enabling us to make informed decisions for a sustainable
future.
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Sixty years after its birth, Synthetic Aperture Radar (SAR) evolved as a key player
of earth observation, and it is continually upgraded by enhanced hardware
functionality and improved overall performance in response to user requirements.
The basic information gained by SAR includes the backscattering coefficient of
targets, their phases (the truncated distance between SAR and its targets),and
their polarization dependence. The spatiotemporal combination of the multiple
data operated on the satellite or aircraft significantly increases its sensitivity to
detect changes on earth, including temporal variations of the planet in amplitude
and the interferometric change for monitoring disasters; deformations caused by
earthquakes, volcanic activity, and landslides; environmental changes; ship
detection; and so on. Earth-orbiting satellites with the appropriate sensors can
detect environmental changes because of their large spatial coverage and
availability.

Imaging from Spaceborne and Airborne SARs, Calibration, and Applications
provides A-to-Z information regarding SAR researches through 15 chapters that
focus on the JAXA L-band SAR, including hardware description, principles of
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SAR imaging, theoretical description of SAR imaging and error, ScanSAR
imaging, polarimetric calibration, inflight antenna pattern, SAR geometry and
ortho rectification, SAR calibration, defocusing for moving targets, large-scale
SAR imaging and mosaic, interferometric SAR processing, irregularities,
application, and forest estimation. Sample data are created by using L-band SAR,
JERS-1, PALSAR, PALSAR-2, and Pi-SAR-L2.

This book is based on the author’s experience as a principal researcher at JAXA
with responsibilities for L-band SAR operation and researches. It reveals the
inside of SAR processing and application researches performed at JAXA, which
makes this book a valuable reference for a wide range of SAR researchers,
professionals, and students.
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