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Potential of implementing recent advances made in the field of imaging radar polarimetry exploited in a
ground-based polarimetric synthetic aperture radar (SAR) system for environmental application was studied. The
sensitivity of microwave scattering to the change of vegetation and ground structures is an important feature for a

wide range of environmental issues related to the natural conditions.

In this dissertation, the development of a broadband ground-based SAR system and its application to
environmental studies are presented. We have used a newly developed ground-based polarimetric broadband SAR
system to monitor seasonal variations in trees. This system provided valuable information about the scattering
features of the trees in different conditions. Data interpretation identified the target scattering characteristics with
frequency dependency, as well as changes in different situations. The experimental results demonstrated the good

polarimetric performance of the developed SAR imaging system which should find many other applications.
Chapter 1 Introduction

Chapter 1 gives the introduction including recent advances of polarimetric SAR imaging, a summary on current
studies of ground-based SAR, and research objectives of this dissertation.

Chapter 2 Ground-based Polarimetric SAR System and Its Evaluation

Design and features evaluation of a broadband ground-based polarimetric SAR system are described. Based on
the conventional SAR formulation, the principle of a ground-based SAR was derived. By computer simulation,
the estimated resolutions were obtained that were consistent with theoretical values. Including the description of
the pertinent measurement equipments, specifications of a broadband ground-based polarimetric SAR system
were presented. This system consisted of a vector network analyzer, one dual polarized antenna, and an antenna
positioner. It can be operated in a frequency range from 50 MHz to 20 GHz, with a scanning aperture of 20 m in

the horizontal and 1.5 m in the vertical direction, respectively.




Implementing polarimetric calibration and tests, the performances of the developed system were also
demonstrated. Testing results showed satisfactory polarimetric performances of the developed system. Further a
modified two-way orientation dihedral based polarimetric calibration was introduced and its use was verified.
Theoretical RCS calculations for a metallic sphere and a dihedral comer reflector were also performed.
Improvement of the specific polarimetric characteristics for the broadband ground-based SAR system was

determined by polarimetric calibration results shown in Table 1.

Table 1 Auto-calibrated scattering matrices

Measured scattering matrix Calibrated scattering matrix
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Chapter 3 Test Experiments for Tree Monitoring

Due to the fact that trees are some of the most important vegetation scatterers in environmental studies, we
implemented the developed SAR system for real measurements for the monitoring of different tree types during
different seasons. Using the developed broadband ground-based polarimetric SAR system, contiguous data
acquisitions were carried out for three different types of trees in three seasons, and for a cherry tree during
different situations at two experimental sites. For each measurement, HH, VH and VV polarimetric scattering data
were acquired simultanecously. By simple signal processing, signal verification with ground truth showed that
good quality data have been acquired by the ground-based SAR system. It demonstrated that the acquired data not
only included information about target polarimetric performances but also intimated frequency dependence of

differently sized components of trees by signal comparison.
Chapter 4 Three Dimensional Image Reconstruction

Chapter 4 is to review signal processing methods for broadband ground-based polarimetric SAR data. Algorithms
of time gating, matched filtering and diffraction stacking are very effective techniques for ground-based SAR data
processing, especially the time gating method and diffraction stacking migration. The advantages are discussed in
Sections 4.1 and 4.2. They made up for the drawbacks of the ground-based imaging system, for instance,
restraining antenna direct coupling of monostatic measurement and reflection of ground clutter, and extrapolating
the imaging space by alternate diffraction stacking. Antenna directivity compensation was also realized easily.
Reconstructed 3-D images of HH, VH and VV polarization components showed good consistency with
ground-truths and polarimetry theory shown in Figure 1. Hence, radar polarimetry provided valuable scattering
information about targets, particularly the scattering features of trees in different seasons so that the different

components of trees in different conditions could be distinguished.
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Figure | Polarimetric 3-D images of different trees in three seasons
Chapter 5 Data Interpretation with SAR Polarimetric Analysis

In this Chapter, different analysis tools for viewing and interpreting broadband polarimetric SAR data are
reviewed. Various color-coded polarimetric images are presented and their interpretations are discussed.
Broadband polarimetric images were first displayed in this dissertation. Those could indicate scattering
mechanisms for vegetation. Scattering mechanisms of different components of vegetation, e.g. trees, were
demonstrated by polarimetric analysis techniques. We also discussed, using different data acquired for different
cases to interpret the amount of diffuse scattering, for instance, for buds, flowers and leaves. The eigenvector
based alpha/entropy target decomposition provided a convenient way to obtain more information on vegetation
scattering as functions of species and seasonal plus diurnal variations shown in Figure 2. It showed that they all

provide similar information but different features could be identified by polarimetric analysis.
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Figure 2 Changes of mean value: (a) Entropy and (b)-alpha in the two analysis areas.

Chapter 6 Conclusions

The last chapter summarizes the conclusions of the dissertation, including considerations for ongoing future

studies.

The most important achievements of this dissertation are the resolution estimation by simulation of a
ground-based SAR that is consistent with theory, system performance improvement by dihedral based
polarimetric calibration, and data comparative processing analysis with polarimetric interpretation for broadband
ground-based SAR data.

It was demonstrated that the broadband ground-based polarimetric SAR system presented advantages for
vegetation monitoring as well as environmental studies for a great variety of vegetation structures. More
measurements for the vegetation structures would be desirable in order to more clearly distinguish the associated
scattering mechanisms, for instance, study on microwave vegetation scattering analyses, especially the diurnal
(day-cycle) variations, the dependence on the relative observer versus sun plus scattering-patch locations, plus the
interlaced dependence on the diurnal vegetation-phases will be very interesting. At the same time, a ground-based
SAR system also can be used as ground truth demonstration tool for airborne SAR and space-borne SAR in a

great variety of applications.
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