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AUTOMATIC CO-REGISTRATION OF SAR IMAGES FOR LAND COVER
#SCHEE | CLASSIFICATION AND CHANGE DETECTION APPLICATIONS
(L HBRE oM - kil D720 D SAR it o BB E S D)
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This thesis presents a method for automatic extraction of Ground Control Points (GCPs)
of fully polarimetric Synthetic Aperture Radar (SAR) images obtained from various
satellites with different viewing angles. As applications of polarimetric SAR, land cover
classification and change detection methods are discussed using the result of GCP
extraction. This thesis consists of six chapters.

Chapter 1 presents the research context and research objective. Chapter 2 reviews SAR data acquisition,
system and properties.

In Chapter 3, introduces the subject of the co-registration of multi-temporal and fully
polarimetric images acquired using various satellites at different viewing angles.The
Scale-Invariant Feature Transform (SIFT) algorithm is applied to extract candidate GCPs,
where two-way Kkeypoint matching eliminates improbable correspondence Kkeypoints.
Minimizing the Root Mean Squared Error (RMSE) also removes matching points with large
RMSE through a pseudo-affine transformation. In addition, information entropy and spatial
dispersion quality constraints enable quantification of the spatial distribution of the GCPs. In
accordance with full polarization, applying the SIFT-OCT algorithm (the SIFT algorithm with
the first scale-space octave skipped) to polarimetric SAR data is examined. The Total Power
(TP) image represents a combination of the characteristic of all four polarization images (HH,
HV, VH, and VV). Therefore, GCP extraction using TP image rather than each polarization
image is proposed in order to maximize the accuracy of GCP extraction for all of the
polarization data, as the TP image generates the highest Signal-to-Noise Ratio (SNR) value.
The SNR in conjunction with the Matching Correlation Surface (MCS) is used as an indicator
of the reliability and accuracy of GCP extraction. After successfully applying the method to
Advanced Land Observing Satellite (ALOS)/Phased Array type L-band Synthetic Aperture
Radar (PALSAR) and Japanese Earth Resources Satellite-1 (JERS-1) SAR images, the GCP
matching accuracy is further improved by using geometric calibration.

Chapter 4 investigates the quantitative comparison of unsupervised change detection
capabilities based on a closed-loop process using the double thresholding KI algorithm in
multiple polarimetric SAR data. Nine signal polarizations were examined in a variety of
different topographies (i.e., highly urbanized area (Osaka dataset), vegetated area (Chiba
dataset), and mixed topographic area (Kyoto dataset)). The investigation of unsupervised
change detection in the viewpoint of nine signal polarizations at different topographies was
summed up that the combined cross-polarized (HV+VH) data was the most suitable for
various topographic features. In addition, this provided technique can be applied to optical
remotely sensed imagery to perform automatic unsupervised change detection with a high
accuracy. The research improvement can be carried out to apply other probability density
function estimation such as Log normal, Weibull ratio to fit the histogram for the
double-changed class in different topographies.

Chapter 5 presents the classification framework based on the Bayesian theory with the
single polarization multi-temporal synthetic aperture radar (SAR) and an optical data, and
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incorporates the proposed training sample selection (SS) methods. Within this framework,
the combination with gray level co-occurrence matrix (GLCM)-based mean textural measure
is investigated. The two procedures of the classification and proposed SS are united, where
SS generates accurate and dispersed training samples. Extracted features from
multi-temporal SAR data—namely, the average backscattering coefficient, backscatter
temporal variability, and long-term coherence and reflectance values from optical data, are
integrated with GLCM mean textural data in the framework. Classification results were
generated by taking Osaka City, Japan, as the study area. The selected major classes were
built-up areas, fields, woodlands, and water bodies. The most suitable data used for
classification is the multi-temporal SAR and an optical data combination with the mean
textural, because of the supplement of different data and the smoothing effect of the texture.
The higher quality training samples obtained by using the combined Support Vector Machine
(SVM) and Neural Network (NN)-based SS method for training the Bayesian classifier
generated the highest classification accuracies in all of tested cases.
Finally, Chapter 6 concludes the research.
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