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Abstract- Application of a multimodality imaging approach is
advantageous for detection, diagnosis, and management of many
ailments. Display is limited to two or three dimensions when
using spatial relationships alone. The use of color, in addition to
spatial relationships increases the dimensionality of the data that
can be effectively visualized. A genetic algorithm has been
developed to automatically generate color tables satisfying
defined requirements for the fused display of high-resolution and
dynamic contrast-enhanced magnetic resonance imaging and
F18-FDG positron emission tomography data sets. Radiologists
were asked to evaluate images created using several different
fusion-for-visualization techniques. The study determined
radiologists' preference, ease of use, understanding, efficiency,
and accuracy when reading images using each technique. The
genetic algorithm generated color tables were rated as the
preferred ones.

I. INTRODUCTION

Color tables provide a convenient way to take a number of
grayscale images and display them as a single color image.

The color table provides a function from the grayscale values
in the images to the colors that should be displayed. In this
paper the use of two-dimensional color tables for the
presentation of combined PET and MRI images is explored.
The hope is that displaying them as a single image, and clearly
presenting the spatial relationships between the two, will
increase the clinical utility of the images, improving both
reading accuracy and efficiency.

When selecting a color table the choice should be both
application and observer dependent. It is also necessary to
consider environmental factors that affect how observers will
perceive the displayed colors.

It is well known that various vision deficiencies, such as
deuteranomaly, influence how individuals perceive color.
This means that in general there will not be a color table that is
ideal for everyone. Even among those without any
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documented vision deficiencies, the choice of the optimal
color table will vary with factors such as experience and
training.

The viewing conditions also playa role in selecting the
most appropriate color table. This includes conditions such as
the lighting in the room, the color of the background, and the
gamma and black offset of the display device.

When generating color tables using the genetic algorithm
described in this paper a controlled viewing environment,
calibrated display, and observers with normal vision are
assumed. Gamma corrections as well as other corrections for
viewing conditions will be applied to the color table prior to
deploying it into the environment. The color tables generated
are intended for a general audience, and are not tuned towards
anyone individual. This has to be so if the color tables are to
be deployed in a clinical setting.

When designing color tables, it is a necessity to consider the
task that the images produced by the application of the color
table are going to be used for. A full demonstration of how a
properly designed color table can aid a task while an
improperly designed one can complicate matters can be found
in [I]. In consequence, it is first necessary to define the task at
hand and then the requirements of the color tables that will aid
in this task.

A. The Problem

Application of a multimodality approach is advantageous
for detection, diagnosis and management of breast cancer. In
this context, F-I8-FDG positron emission tomography (PET)
[2, 3], and high-resolution and dynamic contrast-enhanced
magnetic resonance imaging (MRI) [4, 5] have steadily gained
clinical acceptance. Initial experience with combined PET
(metabolic imaging) and x-ray computed tomography (CT,
anatomical localization) has demonstrated sizable
improvements in diagnostic accuracy, allowing better
differentiation between normal and pathological uptake and by
providing positive finding in CT images for lesions with low
metabolic activity [3].

Obtaining the spatial relationships between these modalities
and conveying them to the observer maximizes the benefit that
can be achieved. The process of obtaining the spatial
relationships and manipulating the images, so that
corresponding voxels in them represent the same physical
location is called registration [6, 7].

The next step is the visualization of the data. Traditionally
the registered images are displayed side by side. However, it
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E. Genetic Algorithm

A relatively simple and standard genetic algorithm is used
for the generation of the color tables. Each color table is
defined by 12 real numbers that have a range from -1 to 1.
These numbers represent the following variables from Eq. 2:
R1, ORl, G 1, OGI, Bf, OBI, R2, 0R2, G2, 0R2, B2, OB2. These
coefficients when used with the color mixing equation
completely define a color table.

The algorithm is represented by Fig. 1. To start, an initial
population of color tables is randomly generated. An iterative
loop is then entered. Each member of the population is then
evaluated and ranked based on the requirements of the desired
color table. A new population is then generated, where the
contribution from each member of the previous generation to
the new generation is based upon its ranking. This process is
repeated for a large number of iterations.

Color tables are tested based on the requirements outlined in
Section II.C. The numeric results of the evaluation of a given
color table can then be weighted and summed to give the
fitness score for that member of the population.

Fig. 1. Flow chart of genetic algorithm used to identify appropriate color tables.

Another effect that the human visual system has on images The members of the current generation with the highest
that is usually ignored is that the color of an object influences fitness scores are automatically included in the next
its perceived size [16, 17]. For example, if we color a lesion generation. The rest of the members in the next generation are
red-purple it would appear larger than if it had been colored created by splicing or mutating the members in the current
green. population.

When creating a population member by mutation, a member
of the previous generation is chosen randomly with a
probability proportional to its fitness score. The new
population member is then created from the old one by
making one or two random changes to its defining
coefficients.

When creating a population member by splicing, two
members of the previous generation are chosen at random with
a probability proportional to their fitness scores. The new
population member is generated by taking the first X
coefficients of it from the first chosen member and remaining
12-X coefficients from the second member. The point of
splicing, X, which determines the amount of each of the
chosen color tables that gets transferred to the new color table,
is chosen at random.

For the stopping criteria the algorithm can be halted when
the member with the highest fitness score does not change for
a number of generations. There is no fear of running the
algorithm for too many generations due to the nature of the
problem.

4358

Authorized licensed use limited to: Rochester Institute of Technology. Downloaded on February 12, 2009 at 14:01 from IEEE Xplore.  Restrictions apply.






