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Principal component analysis is one of the most widely used data-adaptive linear
transforms, also sometimes called the Karhunen-Loeve or Hotelling transform. The central
idea in PCA is is to rotate the input data such that maximum variabilities are projected
onto the orthogonal axes. Independent component analysis is a fairly new data-analysis tcol
which has shown great promise in finding relevant features in high-dimensional data.
Another closely related technique, sparse coding, was originally proposed as a
neurophysiological model of sensory coding, and has recently been shown to be of great
relevance also in signal and image processing.

In this dissertation, we proposed a data-adaptive denoising method and sparse
composition classification in transformation domain based on these concepts, and applied to
the denoising, edge detection of noisy images. These methods are also applied to a kind of
imaging system (penumbral imaging) and as a preprocessing step to reconstruct the
original objects.

Firstly, this dissertation gives a survey on neural learning algorithms of PCA and ICA,
and image features (basis functions) learned from certain images by PCA and ICA. We
introduced the theory of PCA and its another application-feature extraction and the
analysed characteristics of learned image features by PCA. Mainly we introduced three
representative algorithms of ICA, which were derived from different independent criteria
and applied ICA to some images for extracting certain features (basis functions), which are
very important for later applications. Then based on sparseness of ICA basis functions, we
developed a novel denoising method in ICA domain for Poisson images. An interesting
problem in this part is to design a denoising function (filter) in ICA domain. There are an
infinite number of ways to decide the denoising procedure. One must select a criterion for
an optimal representation of original data and balance between noise and blurring. Also,
one must consider the feasibility and simpleness of implementing the actual denoising. In
this dissertation, we designed an adaptive shrinkage function(algorithm) to remove noise
components in transform(ICA) domain. The designed shrinkage scheme (filter) adapts to



both the signal and the noise, and balances the trade-off between noise removal and
excessive smoothing of image details. The filtering procedure has a simple interpretation as
a joint edge detection or estimation process. Compared to the wavelet shrinkage method,
the representation (basis functions) is determined solely by the statistical properties of the
data sets.

Next, we proposed a robust edge detection method based on ICA domain shrinkage.
Most basis functions by ICA decomposition to image are sparse and similar to localized and
oriented receptive fields, thus, the ICA components have the supper-Gaussian distribution.
The sparse basis functions from ICA can get a well-defined representation of image edge. In
this part, we successfully classified sparse ICA basis functions from all ones using a king of
sparseness criterion and validated the efficiency of image edge by selected basis functions.
At the same time, for noisy images, we utilized the earlier shrinkage method to remove the
noise components and reconstructed the image edge with sparse components along.

Finally, we introduced a penumbral imaging system. This imaging system, one of the
Coded Aperture Imaging (CAI techniques, is proposed for imaging objects that emit
high-energy photons, where such objects arise, for example, in nuclear medicine, X-ray
astronomy, and laser fusion studies. The spatial information of an unknown source in this
system can be recovered from the shadow or penumbral cast by the source. Given
characteristics of the imaging system (the aperture function or point spread function and
the magnification of the camera), the source function can be deconvoluted. In general, a
Wiener filter, where the meansquare error is minimized, is used for decoding (deconvoluted)
process. However, it is impossible for this method to avoid degradation of resolution and
quality of the reconstructed image. To improve quality of reconstructed image, we applied
our denoising method and robust edge detection to penumbral imaging as a kind of
preprocessing step. Compared with conventional denoising filters(mean filter and medium
filter), our shrinkage method based ICA can greatly improve reconstruction objects of
penumbral images. Furthermore, we validated the reconstruction efficiency of penumbral
images by using only the penumbra (edge information).
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