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Abstract

Multitemporal SAR images have been increasingly used for the detection of
different types of environmental changes. The detection of urban changes
using SAR images is complicated due to the complex mixture of the urban
environment and the special characteristics of SAR images, for example,
the existence of speckle. This thesis investigates urban change detection
using multitemporal SAR images with the following specific objectives: (1) to
investigate unsupervised change detection, (2) to investigate effective methods
for reduction of the speckle effect in change detection, (3) to investigate spatio-
contextual change detection, (4) to investigate object-based unsupervised
change detection, and (5) to investigate a new technique for object-based
change image generation. Beijing and Shanghai, the largest cities in China,
were selected as study areas. Multitemporal SAR images acquired by ERS-2
SAR and ENVISAT ASAR sensors were used for pixel-based change detection.
For the object-based approaches, TerraSAR-X images were used.

In Paper I, the unsupervised detection of urban change was investigated
using the Kittler-Illingworth algorithm. A modified ratio operator that
combines positive and negative changes was used to construct the change
image. Four density function models were tested and compared. Among them,
the log-normal and Nakagami ratio models achieved the best results. Despite
the good performance of the algorithm, the obtained results suffer from the
loss of fine geometric detail in general. This was a consequence of the use of
local adaptive filters for speckle suppression. Paper II addresses this problem
using the nonlocal means (NLM) denoising algorithm for speckle suppression
and detail preservation. In this algorithm, denoising was achieved through
a moving weighted average. The weights are a function of the similarity of
small image patches defined around each pixel in the image. To decrease the
computational complexity, principle component analysis (PCA) was used
to reduce the dimensionality of the neighbourhood feature vectors. Simple
methods to estimate the number of significant PCA components to be retained
for weights computation and the required noise variance were proposed. The
experimental results showed that the NLM algorithm successfully suppressed
speckle effects, while preserving fine geometric detail in the scene. The analysis
also indicates that filtering the change image instead of the individual SAR
images was effective in terms of the quality of the results and the time needed
to carry out the computation.

The Markov random field (MRF) change detection algorithm showed
limited capacity to simultaneously maintain fine geometric detail in urban
areas and combat the effect of speckle. To overcome this problem, Paper
III utilizes the NLM theory to define a nonlocal constraint on pixels class-
labels. The iterated conditional mode (ICM) scheme for the optimization of the
MRF criterion function is extended to include a new step that maximizes the
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nonlocal probability model. Compared with the traditional MRF algorithm,
the experimental results showed that the proposed algorithm was superior
in preserving fine structural detail, effective in reducing the effect of speckle,
less sensitive to the value of the contextual parameter, and less affected by the
quality of the initial change map.

Paper IV investigates object-based unsupervised change detection using
very high resolution TerraSAR-X images over urban areas. Three algorithms,
i.e., Kittler-Illingworth, Otsu, and outlier detection, were tested and compared.
The multitemporal images were segmented using multidate segmentation
strategy. The analysis reveals that the three algorithms achieved similar
accuracies. The achieved accuracies were very close to the maximum possible,
given the modified ratio image as an input. This maximum, however, was not
very high. This was attributed, partially, to the low capacity of the modified
ratio image to accentuate the difference between changed and unchanged
areas. Consequently, Paper V proposes a new object-based change image
generation technique. The strong intensity variations associated with high
resolution and speckle effects render object mean intensity unreliable feature.
The modified ratio image is, therefore, less efficient in emphasizing the contrast
between the classes. An alternative representation of the change data was
proposed. To measure the intensity of change at the object in isolation of
disturbances caused by strong intensity variations and speckle effects, two
techniques based on the Fourier transform and the Wavelet transform of the
change signal were developed. Qualitative and quantitative analyses of the
result show that improved change detection accuracies can be obtained by
classifying the proposed change variables. 
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