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Abstract
This paper deals with evolutionary design of a special type
of image filters – polymorphic image filters. The proposed
solution extends an approach for designing conventional
image filters which uses Cartesian Genetic Programming.
A method for accelerating the fitness function on GPU
is described. We evolved polymorphic image filters ca-
pable of suppresing different combinations of noise and
performing edge detection.

Categories and Subject Descriptors
I.4.3 [Image Processing and Computer Vision]: Fil-
tering
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1. Introduction
With the emergence of polymorphic computational ele-
ments and graphene multifunctional gates [2, 6, 7], it is
possible to use them as building blocks to extend some of
the existing circuits, in this case image filters. Because
conventional design of circuits using such elements is too
complex, the approach based on evolutionary design is
proposed in [1]. The purpose of this paper is to survey
main concepts, solutions and results that I have obtained
in my Master’s thesis [1].

2. Evolutionary design of image filters
Cartesian Genetic Programming (CGP) is commonly used
for evolutionary design of conventional image filters [5].
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Figure 1: An example of a candidate image fil-
ter in CGP where genotype is 8,2,3, 1,7,9, 6,9,3,
10,10,4, 11,12,4, 0,11,9, 13

The evolutionary algorithm searches through the solution
space for the best filter. It is an improvement over the ran-
dom search. The most important concepts in evolutionary
algorithms in general are the genotype – phenotype rela-
tionship and fitness function evaluation. At the beginning
of the CGP algorithm a set of random genotypes is cre-
ated. For each of them the phenotype is formed. It is
then evaluated using a training set which contains plain
or corrupted images as an input and filtered or uncor-
rupted images representing desired result. An illustrative
example of a genotype (in this case a vector of integers)
to phenotype conversion is shown in figure 1. The fitness
function is designed to minimize the difference between
the filtered image and the desired solution. The mean
absolute error is calculated. Only the best solution is se-
lected to generate a new generation where it is present as
well. A simple point mutation operator is used to genera-
te a new candidate filter. The process of generating and
evaluating solutions is repeated for a defined number of
generations.

3. Polymorphic image filters
In the presented work the CGP was used for evolutiona-
ry design of polymorphic image filters [1, 3, 4]. A poly-
morphic image filter contains multiple (in our case two)
image filters in a single compact structure. Polymor-
phic computing elements (logic gates) are used to achieve
this effect. These elements change their behaviour for
example with temperature, voltage, external signal etc.
Some real examples of such elements exist, such as poly-
morphic AND/OR gate, where the function depends on
the temperature of environment [2]. Other examples in-
clude NAND/NOR gate developed by NASA JPL [6] and
graphene logic gates [7].

The genotype was extended to make it possible to evolu-
tionarily select a subset of a predefined set of polymor-
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Figure 2: The best evolved filter for Gaussian noise reduction/shot noise reduction [1]

phic elements. This is useful to constraint the number of
different polymorphic functions, but allows for selection
of the ones best fitted for the computation at the same
time. In this perspective standard logic gates are just a
special case of polymorphic elements. Fitness function
was extended to support two sets of images by averaging
differences between achieved and desired output.

4. GPU Acceleration
The original algorithm was implemented purely in soft-
ware using C++ language. An effort continued to accele-
rate one of the most computationally intensive parts of the
algorithm – fitness evaluation – on the GPU. The OpenGL
2.1 library was used. The code of fragment shader was
generated from the genotype. Then the shader was com-
piled and used to evaluate the candidate solution. This
process had to be replicated for each candidate solution,
so the acceleration proved useful only for bigger training
images – around 512 × 512 pixels and larger in the test-
ing environment1. The shader used the input image and
the desired output image to compute the difference ima-
ge that was read back to RAM. The summation of the
differences and the rest of the fitness computation took
place on the CPU.

5. Results
In order to get statistically significant results each run of
CGP was repeated 20 times. In a single run 40,000 genera-
tions were produced with the population size of 5 individ-
uals. Three polymorphic image filters were designed with
the aforementioned algorithm – dilation/erosion, edge de-
tection/shot noise reduction and Gaussian noise reduc-
tion/shot noise reduction. The achieved results in terms
of the mean absolute error per pixel are in the table 1.
All evolved filters were evaluated using 16 test images.

Because the filters were designed automatically by an evo-
lutionary algorithm, their exact function in unknown. De-
spite of this, they generally use computational elements
which we would expect. For example Gaussian noise re-
duction part of the third image filter uses many instances
of averaging computing elements, see figure 2 (white parts
of elements).

6. Conclusions
The quality of the results strongly depends on input pa-
rameters of the algorithm. These parameters are difficult
to set intuitively, so it was necessary to analyze positive
trends by doing initial experiments with various different
settings. Generally the search space must not be both

1For the standard solution, two quad-core Intel Xeon pro-
cessors were used. For the accelerated solution, Pentium
M and GeForce 7300M were used.

Filter Evolved Conventional
Dilation/Erosion 0.1306/0.4160 -/-
Edges/Shots 4.3896/2.2172 -/4.2166
Gaussian/Shots 10.3673/2.2676 10.0192/4.2166

Table 1: Mean error per pixel for a filter given by
our algorithm and for a conventional filter [4]

too small and not too big at the same time. If it was too
small, the quality solution would not be found at all. If
it was too big, the quality solution would not be found
in a reasonable amount of time or the resulting image fil-
ter would be too computationally expensive itself to be
useful.

Some combinations of filters yield better results than other
ones. It is not known what filters to combine for the best
results. All these aspects open many possibilities for fur-
ther experiments and research.

The usage of polymorphic image filters would be benefi-
cial when trying to save space on a chip, because both
filters reuse the same computing elements as well as their
interconnections.
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