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Abstract. The Pixon method is a high-performance, nonlinear image
reconstruction method that provides statistically unbiased photometry
and robust rejection of spurious sources. Relative to other methods, it
can increase linear spatial resolution by a factor of a few and sensitivity
by an order of magnitude or more. All of these benefits are achieved in
computation times that can be orders of magnitude faster than its best
competitors.

1. Introduction

Optimal extraction of the underlying quantities from measured data requires the
removal of measurement defects such as noise and limited instrumental resolu-
tion. When the underlying quantity is an image, this process is known as image
reconstruction (sometimes called image restoration, if the data are also in the
form of an image).

The original Pixon method (Pina & Puetter 1993; Puetter & Pifia 1993;
Puetter 1995, 1997) was developed to eliminate problems with existing image
reconstruction techniques, particularly signal-correlated residuals and the pro-
duction of spurious sources. This was followed by the accelerated Pixon method
that vastly increased the computational speed (Yahil & Puetter, in preparation).
Recently, a quick Pixon method was developed that is even faster, at the expense
of some photometric inaccuracy for low signal-to-noise-ratio features (Puetter &
Yahil, in preparation). Nevertheless, the quick Pixon method provides excellent
results for a wide range of imagery and, with special-purpose hardware now
under design, is capable of real-time video image reconstruction.

Since its inception, the Pixon method in its various forms has been applied
to a wide variety of astronomical, surveillance, and medical image reconstruc-
tions (spanning all wavelengths from -rays to radio), as well as to spectroscopic
data. In all cases tested so far, both by the authors and by a variety of other
workers, the Pixon method has proved superior in quality to all other methods
and computationally much faster than its best competitors.

A patent for the Pixon method is pending, restricting its commercial use.
For individual scientific purposes, the original Pixon method is freely available
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in IDL and C++ from the San Diego Supercomputer Center'. The accelerated
and quick Pixon methods are sold by our company, Pixon LLC, but special
arrangements for their free use in selected scientific projects can be made.

The next sections discuss image reconstruction in general (§2.), describe
the Pixon method (§3.), and give some examples (§4.). The HTML and PDF
versions of this paper contain numerous additional examples via clickable hyper-
links. The complete set of public image reconstructions, including videos, can
be seen on our Web site?.

2. Image Reconstruction Methods

For data taken with linear detectors, image reconstruction often becomes a mat-
ter of inverting an integral relation of the form

D(x) = [ dyHx3)I(y) + NG - (1)

Here D are the data, I is the sought underlying image model, H is the point-
spread function (PSF) due to instrumental and possibly atmospheric blurring,
and N is the noise. To avoid confusion, we use the term image to refer exclusively
to the true underlying image or its model. Contrary to common parlance, the
data are never called the image. We clearly distinguish between abstract image
space and real data space, with the PSF transforming from the former to the
latter.

If the PSF is only a function of the displacement, H(x,y) = H(x —y), then
the integral in equation (1) becomes a convolution, but in general the PSF can
vary across the field. Note that the data need not have the same resolution as the
image, or even the same dimensionality. For example, the Infrared Astronomical
Satellite (I AS) provided 1 D scans across the 2 D sky, and tomography data
consist of multiple 2 D projections of 3 D images. Another common case is
of data comsisting of multiple, dithered, exposures of the same field, which all
need to be modeled by a single image, possibly with PSFs that vary from one
exposure to another.

Image reconstruction di ers from standard solutions of integral equations
due to the noise term, N, whose nature is only known statistically. Methods for
solving such an equation fall under two broad categories. (1) Direct methods
apply explicit operators to the data to provide estimates of the image. These
methods are often linear, or have very simple nonlinear components. Their ad-
vantage is speed, but they typically amplify noise, particularly at high frequen-
cies. (2) 'y contrast, indirect methods model the noiseless image, transform it
only forward to provide a noise-free data model, and fit the parameters of the
image to minimi e the residuals between the real data and the noise-free data
model. The advantage of indirect methods is that noise is supposedly excluded
(but see §2.3.). Their disadvantage is the required modeling of the image. If a
good parametric form for the image is known a priori, the result can be superb.




























