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Abstract

In this thesis we address two image processing problems, namely restoration and zooming.
We refer to restoration as a process of removing degradation from observed, degraded
images and zooming as generating missing data from the observed sparse data. Thus,
removal of blur and noise fall into the restoration category. For image restoration, we
consider color images, which are degraded by interchannel blurring. For zooming we
consider zooming still image and video clip.

The first of the problems addressed in this thesis is image restoration. Restoration
- removal of blur and noise - is an inverse problem. Most inverse problems are ill-posed
in nature, and are tackled by regularization an energy function. In general, energy func-
tions associated with restoration problems will be non-convex, and could have several
local minima and non-unique global minima. These aspects make image processing tasks
interesting and challenging. More so, in the case of color images, as we do not know the
exact nature of color processing by the human eye. Here, we assume that a color image
is degraded by both inter and intra channel blurring. That is, blurring on one color plane
(say red) depends not only on the pixel values of the plane in question (red, in this exam-
ple), but also on other color planes (i.e., green and blue). Amount of interchannel blurring
is unknown, making the proposed model partially blind problem. We propose to model
the image as a Markov Random Field (MRF) and color image restoration is cast as a
maximum a posteriori (MAP) problem. We use line fields in the MRF and use simulated
annealing for energy minimization. We propose a First-order Interchannel Interaction
(FOII) model for the restoration scheme, and mention the advantages and limitations of
the proposed scheme. Comparing the proposed model with the one that does not con-
sider interchannel degradation, we see that the proposed FOII model performs better,
both numerically and visually, even when interchannel blurring is unknown.

The second problem addressed in this thesis is still image zooming. To zoom a given
image, we have to estimate missing pixels from an observed low-resolution image. We

propose to estimate these missing pixels in the wavelet domain. Wavelet decomposition
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has the following property: if a coefficient at a finer level is known, we can estimate wavelet
coefficients at a coarser level. We assume that converse of this is possible: If we know
wavelet coefficients at a coarser level, we can estimate coefficients at a finer level. Along
with this assumption, we make use of the property: at sharp edges, wavelet coefficients
decay exponentially across the scales. Using these two properties, we propose a simple
method to estimate wavelet coefficients at a finer level. We mention the advantages and
limitations of the proposed method. Results show that for a general class of images, the
proposed method gives very good results, both visually and numerically.

The third problem addressed in this thesis is video zooming. Novelty of the proposed
method is that zooming is done in the compressed domain and not in the spatial domain.
We propose to interpolate the motion vectors in the compressed domain. It is assumed
that motion vectors for video are transform coded, and, decoded values of these are
available. We extrapolate these motion vectors to locate corresponding blocks in the
zoomed video frame. Use of motion vectors make the proposed technique independent
of the method of compression. This fact is justified by considering the motion vectors
obtained from Discrete Cosine Transform (DCT) and Discrete Wavelet Transform (DWT).
We also consider a video stream compressed using Multiresolution Motion Estimation
(MRME) technique to show that the proposed method performs satisfactorily. We further
extend the scheme to temporal interpolation that is, estimating missing video frames. We
use motion vector as a cue to estimate the missing frames.

Key words : Image Restoration, Image Zooming, Video Zooming, Markov Random
Field, Simulated Annealing, Wavelets, Multiresolution Analysis, Motion Vector, Image

Compression, Video Compression, Temporal Interpolation
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CWT
DCT
DFT
DWT
EZW
FOII
FIR
GD
KL
LIP
LIS
LSP
MAP
MMSE
MRA
MRF
MRME
MSAD
NI
PR-QMF
PSF
PSNR
QMF
RGB
RLC
SA
SAD
SAQ
SNR
SPIHT
STFT
SVD

Continuous-time Wavelet Transform
Discrete-time Cosine Transform
Discrete-time Fourier Transform
Discrete-time Wavelet Transform
Embedded Zerotree Wavelet
First-order Interchannel Interaction
Finite Impulse Response (filter)

Gibbs Distribution

Karhunen-Love

List of Insignificant Pixels

List of Insignificant Set

List of Significant Pixels

Maximum a posterior:

Minimum Mean Square Estimation
Multi-Resolution Analysis

Markov Random Field
Multi-Resolution Motion Estimation
Multiresolution Sum of Absolute Differences
Non-Interaction

Perfect Reconstruction Quadrature Mirror Filter
Point Spread Function

Peak Signal to Noise Ratio

Quadrature Mirror Filter
Red-Green-Blue (color/color coordinate)
Run Length Coding

Simulated Annealing

Sum of Absolute Difference

Successive Approximation Quantization
Signal to Noise Ratio

Set Partition in Hierarchical Trees
Short Time Fourier Transform

Singular Value decomposition
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observed -degraded image pixel at location (, )
original image pixel at location (,)
Point Spread Function

noise value at location (,)
Lexicographically ordered vectors of z and y respectively
PSF matrix formed from h(,)

A square lattice

neighborhood system

Size of a lattice

Subset

clique

set of all cliques

Probability

Conditional Probability
Normalizing function

Temperature

a priori energy function

a posterior: energy function
Auto-correlation matrix

prototype mother wavelet function
space of square integrable functions
Fourier Transform of ()

Set of integers

function

Scaling function

4% subspace in MRA

orthogonal complement of V; in V;_;
Direct sum

Vi © Wi

Expectation operator

Decimation matrix

floor operator

Decay parameter

KLT matrix

Search area
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k™ macro block of p** video frame of size g x g
Discrete orthogonal Transform of #59

set, of ofspring nodes

set, of all descendants

O(za]) - D(Z:])

coordinates of all spatial orientation tree roots
Function indicating presence of non-zero motion vector in a set of coordinates (,)
Threshold

Vertical and horizontal line fields

Clique potential

Sample space

Smoothness in MRF energy function

Penalty term in MRF energy function

Motion vector

null matrix
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