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The research problem
Define the problem

Ghosts are digital images comprised of positive and negative valued pixels arranged as
to sum to zero and vanish when projected at one or more digital angles. These ghosts
have strong links to the artefacts that are created when real images are reconstructed
from projected views, as done in conventional x-ray CT.
These ghosts originate from a result obtained long ago by Katz [1] that determines if any
digital object can be reconstructed exactly from any set M of projected views. The
properties of ghosts are thus of quite general importance in deciding if any set of
projection data can be reconstructed exactly or not. In an odd twist, it turns out the ghosts
can be used for the exact recovery of lost projection data, providing there is some
redundancy in the image data [2].
Ghost functions exhibit very strong symmetries and remarkable survival properties; they
can be subjected to a variety of affine transforms, including discrete rotations [3], to

produce a large family of ghosts which are close to orthogonal but persistently vanish at a
pre-determined number of projection angles [4-7].
One aim of this work is to use these low-visibility shapes as a sensitive probe to test the
efficacy of different image reconstruction approaches [8]. The “complexity” of the ghosts
from the point of view of reconstruction, will need to be investigated. Another aim is to
exploit their strong “near-perfect” auto-correlation properties to embed hidden data or
water-marks in documents for image labelling or security applications [9]. In both these
applications, the advantages or special merits of using ghosts will be investigated, so as
to compare the performance with other existing methods in the literature.
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Project aims
Define the aims of the project

To construct 2D digital images that have zero or near-to-zero sums when the object intensities are
projected at a wide range of viewing angles. These shapes could be extended to 3D and higher.
To apply these digital shapes as one or more of the following; fidelity tests for 2D image reconstruction
algorithms, as digital oriented filters, for embedding in images as near-perfect auto-correlation functions
as fiducial markers or as watermarks for image security.

Expected outcomes
Highlight the expected outcomes of the project

Capacity to generate a wide selection of ghost shapes that exhibit perfect invisibility over a pre-defined
range of view angles, initially in 2D data.
Quantitative measure of the sensitivity and robustness of these ghosts when applied as orientation
sensitive filters or when used as correlation functions to extract weak signals embedded in image data.

How will the project address the Goals of the above Themes?
Describe how the project will address the goals of one or more of the 6 Themes listed above.

The project uses state of the art image reconstruction ideas that are germane to digital data storage,
encryption and transmission protocols, as well as applications in medical and industrial tomography.

Capabilities and Degrees Required
List the ideal set of capabilities that a student should have for this project. Feel free to be as specific or as general as you like. These
capabilities will be input into the online application form and students who opt for this project will be required to show that they can
demonstrate these capabilities.

Ability to produce scripts for programs such as Matlab or subroutines written in C/C++. Familiarity with
basic signal and image processing ideas, filtering and image reconstruction capability will be
advantageous. Ability and willingness to work on problems that involve computational mathematics or
signal processing.

