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 Maximum entropy image reconstruction:
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Summary. Maximum entropy is an optimal technique of image reconstruc-
tion, widely applicable in astronomy and elsewhere. We present a general-
purpose algorithm, capable of generating maximum entropy images from a
wide variety of types of data.

1 Introduction

Maximum entropy is being increasingly widely used as a general and powerful technique
for reconstructing positive images from noisy and incomplete data. In astronomy, it has
been used throughout the electromagnetic spectrum for radio aperture synthesis (Gull &
Daniell 1978; Scott 1981), for optical deconvolution (Frieden & Swindell 1976; Frieden &
Wells 1978; Bryan & Skilling 1980), for X-ray imaging (Gull & Daniell 1978; Willingale
1981) and for gamma-ray imaging (Skilling, Strong & Bennett 1979), and for eclipse
mapping of accretion discs (Horne 1982). The technique can also be used in other fields
such as structural molecular biology (Bryan et al. 1983) and medical tomography (Minerbo
1979; Kemp 1980). As well as producing images of optimal quality, maximum entropy can
also be used to re-calibrate poorly known parameters such as phases or instrumental drifts
(Scott 1981). A review of many of these applications is given in Skilling (1981).

Many of these papers, and others referred to therein, contain comparisons between
feconstructions by conventional methods and by maximum entropy. We believe that these
comparisons clearly demonstrate the superiority of maximum entropy for producing
optimum general-purpose restorations of images from incomplete and noisy data.

In this paper we are concerned with presenting the rationale and details of a robust and
efficient algorithm for computing maximum-entropy images which has been developed in
Cambridge. This algorithm deals routinely with images of up to a million or more pixels,
and with dynamic ranges well in excess of 10000. It can be applied to many different
problems with the minimum of changes, by rewriting a few computer subroutines which
define the transforms between image and data.

In Section 2 of the paper, a suitable form of the maximum entropy criterion is set up.
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