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Abstract

This thesis considers the problem of restoring an image distorted by a linear spatially�
invariant point spread function �PSF� and corrupted by noise� A principle aim is to
develop techniques that are practical and require a minimum amount of prior knowledge�
The process of deconvolution is attempted using least�squares and maximum�likelihood
iterative algorithms� A survey of the literature introduces the main techniques for deconvo�
lution when the PSF is known� and various approaches for achieving blind deconvolution�
estimating both the PSF and the underlying object from the blurred observation� The two
main areas of focus for this thesis are accelerating iterative image restoration algorithms�
and developing blind deconvolution methods for extended objects�

The �rst main contribution is the development of an acceleration technique to speed
the rate of convergence of iterative algorithms that use successive approximation� The
acceleration uses a vector extrapolation approach which eliminates the need to compute
the gradient of an objective function� or to perform a line search optimisation� The
performance is comparable to that of conjugate gradient optimisation� and an example
maximum�entropy restoration reduces the number of iterations from ����� to 	
� A simple
modi�cation to the extrapolation allows the acceleration of the Richardson�Lucy �RL�
iteration while implicitly imposing the positivity constraint�

The second contribution is the development of blind deconvolution algorithms that do not
require spatial or spectral constraints to produce a solution� and can be used on extended
objects� The key to achieving this is to recognise that the image and PSF estimates may
required di�erent amounts of restoration� By appropriately weighting the update of the
image or PSF estimate a suitable result can be produced� Methods for achieving this
using both joint� and alternating�variable optimisation are discussed� Issues regarding
scaling of the variables are also addressed�

An iterative blind deconvolution method employing the RL algorithm� vector extrapo�
lation� and di�erent numbers of image and PSF iterations� is used to restore a variety
of simulated and real images from terrestrial telescopes� the Hubble Space Telescope�
multiframe speckle imaging� �D wide��eld uorescence and confocal microscopes� and
scanning electron microscopes� Methods for coping with Poisson noise corruption� and
image boundary artifacts are also discussed�
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The following lists the main symbols� operators and abbreviations used throughout the
thesis� All equations and symbols are in italics� with matrices and vectors in boldface
capitals and lowercase respectively� A two�dimensional image stored in an array can be
converted into a vector by lexicographically ordering the elements� Symbols and abbre�
viations are de�ned the �rst time each appears� Capital letters represent the Fourier
transforms of their lower case counterparts�

Mathematical variables

f Original undistorted image
g Degraded image
n Noise corruption
H Point spread function of the system

f Estimate of original image

fk Estimate of original image after k iterations

rk Reblurred image after k iterations �H
fk�
pk Gradient vector
qk Search direction vector
f�x� y� Original two�dimensional sampled image
g�x� y� Sampled degraded image
n�x� y� Corrupting noise at sampled points
h�x� y� Sampled point spread function
�f�x� y� Estimate of original image
�fk�x� y� Estimate of original image after k iterations
�h�x� y� Estimate of original point spread function
�hk�x� y� Estimate of original point spread function after k iterations
rk�x� y� Reblurred image after k iterations
w�x� y� Window function
F �u� v� Discrete Fourier transform of f�x� y�
G�u� v� Discrete Fourier transform of g�x� y�
N�u� v� Discrete Fourier transform of n�x� y�
H�u� v� Discrete Fourier transform of h�x� y�
m� n Image of size m by n pixels
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e��� Error function
� Standard deviation
�A Eigenvalues of A
S Eigenvectors
L Likelihood measure

Mathematical operators

P
Sum over all elementsQ
Product of all elements

F ��� Fourier transform
F����� Inverse Fourier transform
j � j Absolute value
k � k� L	�Norm �energy�
HT Transpose of matrix H
H�� Inverse of matrix H
HP Pseudo inverse of matrix H
� Convolution operator
� Correlation operator
� Hadamard product
� Elementwise multiplication
log��� Natural logarithm
argx Argument x
max Maximum
min Minimum
�
� De�ned as being equal to
p��� Probability
z�� Single step digital delay

Abbreviations

	D Two�Dimensional
�D Three�Dimensional
AES Auger Electron Spectrometer
AO Adaptive Optics
AR Autoregressive
ARMA Autoregressive Moving Average
AVE Additive Vector Extrapolation
BCCB Block Circulant with Circulant Blocks
BF Bright�eld
CAT Computed Axial Tomography
CCD Charge Coupled Device
CG Conjugate Gradient
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CLSM Confocal Laser Scanning Microscope
COSTAR Corrective Optics Space Telescope Axial Replacement
DOF Degrees Of Freedom
EM Expectation�Maximisation
ESO European Southern Observatory
EVE Exponential Vector Extrapolation
FBP Filtered Back�Projection
FPB Fractal Pixon Basis
FFT Fast Fourier Transform
FR Fletcher�Reeves
GCD Grouped�variable Coordinate Descent
GCV Generalised Cross Validation
GD Gradient Descent
GOF Goodness Of Fit
GS Gerchberg�Saxton
HS Hestenes�Stiefel
HST Hubble Space Telescope
IBD Iterative Blind Deconvolution
ICLS Iterative Constrained Least�Squares
ICTM Iterative Constrained Tikhonov�Miller
IDAC Iterative Deconvolution Algorithm in C
IEEE Institute of Electrical and Electronic Engineers
IMSE Improved Mean Square Error
IPENZ Institute of Professional Engineers of New Zealand
JPL Jet Propulsion Laboratory
JSC Johnson Space Center
LS Least�Squares
MA Moving Average
MAP Maximum a priori
ME Maximum Entropy
ML Maximum�Likelihood
MMSE Minimum Mean Square Error
MPE Minimal Polynomial Extrapolation
MSE Mean Square Error
NAS�RIF Non�negativity And Support�constraints Recursive Inverse Filter
NGC New General Catalogue �of nebulae and clusters of stars�
NGST Next Generation Space Telescope
NICMOS Near Infra�Red Camera and Multi�Object Spectrometer
NSR�RIF Non�negativity and Support Regularised Recursive Inverse Filter
ODE Ordinary Di�erential Equation
OSM Optical Sectioning Microscopy
PC Personal Computer
PET Positron Emission Tomography
POCS Projections Onto Convex Sets
PR Polak�Ribi�ere
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RCSMS Research Center for Surface and Materials Science
r�h�s� Right Hand Side
RGB Red� Green� Blue
RL Richardson�Lucy
RRE Reduced Rank Extrapolation
SAA Shift�And�Added
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SD Steepest Descent
SEM Scanning Electron Microscopy
SNR Signal�to�Noise Ratio
SOR Successive Over�Relaxation
STSDAS Space Telescope Science Data Analysis System
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UPB Uniform Pixon Basis
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