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Self-Similarity, Dimension Reduction, and Statistically Data
Mining for Medical Image Analysis
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Abstract

Self-similarity is a key ingredient in
discovering the structure of functions.
Fourier transform, fractals, Gabor anaysis
and wavel ets are state-of-art techniques in the
multiresolution representation of
self-similarity. These will be studied and
compared in the findings of feature vectors
for image anaysis. The goal is to mimic
and analyze human perception with advanced
mathematical and statistical tools. For the
represented feature vectors of large volume
data in high dimension that occur in image
anaysis, dimension reduction without loss of
intrinsic information is important to preserve
the geometric structure and make
computation feasible. Principal component
anaysis (PCA), independent component
analysis (ICA), dliced inverse regression
(SIR), classification and regression trees will
be integrated with self-similarity techniques
in the clustering, classification, segmentation
and pattern recognition of images. A
general framework and methodology are
amed at this stage. Findly, these new
techniques will be combined with expertise
information to dtatistica data mining in
medical images. That is, the medica
expertise will be converted into statistical
tests and decisions. These developments
lead to objective and automatic decisions,
which will be compared with the diagnosis
results by medical expertise to find out the
effectiveness. At the end, new and effective



statistical methods for image analysis will be
proposed and investigated to assist the
medical diagnosis of medical images in this
long-term project. The medica images
will include the ultrasound images at the
National Taiwan University Hospital or the
functiona MRI images at the Veterans
General Hospital-Taipe.

Keywor ds. Fourier transform, fractals,
Gabor analysis, wavelets,
multiresolution analysis,
principal component analysis,
independent component analysis,
sliced inverse regression,
classification and regression trees,
large volume data, statistical tests
and decisions.
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Texture segmentation is the first key
step and the next step is to perform the
further image analysis, such as pattern
recognition and diagnosis. As the
computation power increases dramatically,
the size of data accumulates extremely fast.
For large data sets, the analysis methodol ogy
becomes chalenging. The data anaysis
methods have to take into account all
perspectives of effectiveness, efficiency,
computational  complexity and  cost.
Currently, the community of data mining and
knowledge discovery is excited in identifying
the patterns from data by machine learning,
such as in Fayyad et al. (1996). However,
the advanced dtatisticdl methods are not
integrated successfully into this arising area
yet as pointed out by Friedman (1997).
More interactions between the fields of
statistics and data mining are needed to
cross-fertilize both areas. Hence, this
project will go through the studies of medical
image to find out effective and efficient
methods of data mining by the advanced
statistical methods.  Specifically, we will
use the techniques of multiresolution analysis
for self-similarity, dimension reduction,
clustering, classification, hypothesis testing
and decision rules to mimic human vision
and medical expertise. The medical images
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will include the ultrasound images at the
National Taiwan University Hospital or the
functionad MRI images at the Veterans
General Hospital-Taipei. The ultimate goal
is to advance the statistica methodologies
and establish a bridge to the communities of
statistics, data mining, as well as medica
images.
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Abstract:

Ultrasound images are difficult for analysis
due to their complex textures and speckle
noises. Taking into account these two
characters, in this paper, we present a new
region-based approach for ultrasound image
segmentation. The proposed approach is
composed of two primary algorithms, namely,
discrete region competition and weak edge
enhancement. The discrete region
competition features four techniques, i.e.,
region competition, statistics modeling, early
vison modeling, and discrete concept. To
prevent a region from flooding out of the
desired area, weak edges located on the
slowly varying slope are enhanced according
to their position on the slope and the length
of the dope. The discrete region
competition  incorporating weak edge
enhancement has been verified on clinical
ultrasound images and promising results have
been achieved.

9. “Cell-Based Dual Snake Model: A New
Approach to Extracting Highly Winding
Boundaries in The Ultrasound Images,” to

appear in Ultrasound in Medicine and
Biology.
Abstract:
Two common deficiencies of most

conventional deformable models are the need
to place the initial contour very close to the
desired boundary and the incapability to
capture a highly winding boundary for
sonographic  boundary extraction. To
remedy these two deficiencies, a new
deformable model, namely, the cell-based
dual snake model, is proposed in this paper.
The basic idea is to apply the dual snake
model in the cell-based deformation manner.
While the dual snake model provides an
effective mechanism to allow a distant initial
contour, the cell-based deformation makes it
possible to catch the winding characteristics
of the desired boundary. The performance
of the proposed cell-based dual snake model

has been evaluated on the synthetic images
with the simulated speckles and the clinical
ultrasound images. The experimenta
results show that the mean distances from the
derived to the desired boundary points are
0.9+0.42 pixels and 1.29+0.39 pixels
for the synthetic and the clinical ultrasound
images, respectively.

10. “Generalized Cross-Vadidation for
Wavelet Shrinkage in  Nonparametric
Mixed-Effects Models,” to appear in Journal
of computational and Graphical Satistics.

Abstract:

A nonlinear wavelet shrinkage estimator was
proposed in Huang and Lu (2000). Such an
estimator combined the  asymptotic
equivalence to the best linear unbiased
prediction and the Bayesian estimation in
nonparametric mixed-effects models. In
this article a data-driven GCV method is
proposed to select hyperparameters. The
proposed GCV  method has low
computational cost and can be applied to one
or higher dimensional data. It can be used
for selecting hyperparameters for either level
independent or level dependent shrinkage.
It can also be used for selecting the primary
resolution level and the number of vanishing
moments of wavelet basis. The strong
consistency of the GCV method is proved.
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