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Radar remote sensing is an essential technique for Earth observation, since it can measure Earth
environments without touching them from space. Polarimetric SAR is one of radar which can
measure polarimetric scattering property of targets by transmitting and receiving two polarized
wave orthogonal to each other. Physical property of a target can be extracted from the polarimetric
scattering property. However, acquired data analysis is not easy. The polarimetric scattering
property depends on various physical parameters of targets such as shapes, dielectric constant,
and so on. An appropriate data analysis method is necessary to acquire desired information on
targets. This thesis provides analysis methods used for polarimetric SAR data. The objective is the
characterization of ground surface objects. It is attempted how we can characterize and

discriminate them effectively.
The second chapter provides basics of SAR and radar polarimetry. In this thesis, polarimetric SAR

data is analyzed by two ways. One is the analysis utilizing the property of SAR system. The other

is the polarimetric analysis. For the first analysis, sublook analysis is employed. In order to
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understand the meaning of the sublook, basics of SAR image is necessary. On the other hand, the
polarimetric basics is needed from the fourth chapter. Characteristic polarization state and

model-based decomposition is key ideas in the thesis.

Sublook analysis is given in the third chapter. Range sublook reflects frequency dependency on
target scattering property, while azimuth sublook reflects radar look angle dependency. Coherent
scatterers (CS) are important objects, since its scattering is rather simple and easy to be analyzed.
In urban areas, range CSs have been well analyzed, while azimuth CSs have not been analyzed,
since detected azimuth CSs are less than range CSs due to a large look angle dependency of

buildings.

From the fourth chapter, polarimetric analysis is studied. First, rotation and ellipticity angles are
analyzed. They are fundamental parameters to describe polarimetric scattering property of a
coherency matrix. As for the rotation, the rotation angle to minimize the cross-polarization is
studied. There are two definitions for that. One is the minimization angle only by the rotation,
while the other takes the ellipticity into account. Moreover, the accuracy of the angle estimation is
considered. From the observation, the angle of the first definition is sensitive to buildings, while
the latter is robust to forest. Their property is explained by employing particle cloud model. Next,
the ellipticity angle is for a coherency matrix is derived and analyzed. The difference depending on
areas is seen. However, interpretation is difficult. Basically, the ellipticity is needed, when multiple
objects with various orientations exist. A further analysis is future work. Finally, the simultaneous
estimation of rotation and ellipticity is attempted. Resultant angles show robust and show the

characteristics of areas well.

While the fourth chapter provides fundamental analysis of a coherency matrix, the fifth chapter
gives an advanced method. In the fourth chapter, a coherency matrix is regarded as one scattering
mechanisms. This is true in case of natural distributed scatterers. However, it is not applied in

urban areas where targets with very different properties locate very closely affecting each other. In
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such cases, a coherency matrix needs to be decomposed into several scattering mechanism,
Model-based decomposition allow us it. However, the non-orthogonality among pre-defined model
mechanisms, the unique solution is not available. Especially, the volume scattering component is
very important. If the volume scattering component is not estimated correctly, the other
components estimated based on the volume scattering will be influenced. In order to estimate the
volume scattering component correctly, a condition is proposed. The method examines the rest
matrix after volume scattering subtraction from observed matrix. If the estimated volume
scattering is correct, the rest matrix is physically reasonable. By checking correlation coefficients
between polarizations, the validity of the estimation can be examined. Moreover, using that as a
constraint, the power of the volume scattering to be estimated is constrained. By carrying out the
decomposition within the constraint, more accurate decomposition is available. It is confirmed that
the proposed technique constraint the volume scattering component effectively in buildings oblique
to the range direction, while it preserve the volume scattering of trees. In fact, the proposed
method is very similar an existing work. The difference is clarified. It is found that the proposed
method is a part of the existing method. However, it can be equalized by adding one more condition.
Moreover, the constraint can be derived analytically, while analytical solutions are not available by
the existing work. The analytical solution allows a fast and accurate computation. In addition, the
proposed method is applied to an arbitrary model.

In order to perform decomposition properly, many schemes have been proposed. Due to their
different approach for solving, the solutions are different depending on the schemes. The latter
part of the fifth chapter is the comparison of performance of several decomposition schemes. For a
fair comparison, the same model set is employed commonly to all the schemes. Compared scheme
is the four-component decomposition, nonnegative eigenvalue decomposition, and optimization. As
a result of the comparison, it is found that the four-component decomposition tends to output the
largest volume scattering of all, while the nonnegative eigenvalue decomposition yields the
smallest volume scattering power. The optimization is in-between. Also, the imbalance between
surface scattering and double-bounce is confirmed by the four-component decomposition and the

nonnegative eigenvalue decomposition. This is due to the assumption employed in the scheme. On
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the other hand, the imbalance is not observed by the optimization. This is an advantage of the
optimization. However, depending on the situation, the imbalance is desired. In such cases, the
optimization performs worse. When decomposition is applied for data analysis, the property of

scheme chosen must be cared for an accurate interpretation.

At last, the sixth chapter provides a combination of analyses by sublook and polarimetry. The
constraint for volume scattering power was proposed in this chapter to suppress the overestimated
power for oblique buildings. The proposed method utilizes azimuth sublook dependency of
scattering mechanisms. Surface scattering and double-bounce can be either dependent or
independent of azimuth sublooks, while volume scattering seems independent of that.
Nevertheless, the estimated volume scattering power at buildings changes a lot with respect to
azimuth sublooks, implying the overestimate. By assuming that the volume scattering power is
perfectly constant with respect to azimuths sublooks, a further constraint is attempted. In order to
avoid undesired constraint for targets that is reflection symmetry, the constraint is defined by
adapting to the degree of reflection symmetry with a stationary indicator. The constraint is
effectively strong at buildings, whereas the power is kept for natural distributed targets. This

property is suitable to design a contrast between oblique buildings and trees.
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