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Abstract. This paper focuses on genetic optimization and filtering effi-
ciency of a recently developed class of Weighted Vector Directional Filters
(WVDFs), which minimize the aggregated weighted angular distances
between the samples contained in a sliding filtering window. As shown
in the paper, the proposed genetically optimized WVDFs hold excellent
detail preserving characteristics and are able to remove impulsive noise
affecting color images.

1 Introduction

The field of color image filtering has attracted much interest in the recent years,
because colors provide very often-crucial information about the objects on the
image scene. It is known that a human eye can recognize about 10 million dif-
ferent colors and thus, color information can help in different tasks of computer
vision and image understanding.

In the last decade, a rich family of vector filtering algorithms was developed to
suppress noisy samples in multichannel signals, such as color images and simul-
taneously to preserve fine image details and color chromaticity. The popularity
of vector filters lies in their respect of a natural correlation among the color
channels, where each image sample is processed as a three-dimensional vector of
channel intensities. In the case of the impulse noise corruption, a class of filters,
such as the examined weighted vector directional filters, based on ordering of
input samples is usually preferred.
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Fig. 1. GWVDF optimization scheme and the corresponding error criteria updated
during the optimization procedure.

2 Weighted Vector Directional Filters

Let y(x) : Z! — Z™ represent a multichannel image, where [ is an image di-
mension and m denotes a number of channels. Let W = {x; € Z%;i = 1,2..., N}
represent a filter window of a finite size N, where x1, X3, ..., Xy is a set of noisy
samples centered around the central sample x(y1),/2-

Let us assume that wy,ws,...,wy represent a set of positive real weights,
where each weight w,, for i = 1,2, ..., N, is associated with the input sample x;,
which relates to the aggregated angular quantity 3; defined as follows:

N
ﬁi = Zw-jA(Xi’Xj)’ for ¢ = 1,2, ...,N (1)
j=1
where
A(x;,%;) = cos™! ﬂ @)
o el
represents the angle between two RGB vectors x; = (251, %i2, %;3) and x; =

(rj1,%j2,%j3). If the ordering scheme is given by ordered angular measures
Bay < By < ... < Bv) and the same ordering is implied to the input vector-
valued samples x1(01),%2(052), ..., xn(0On), it results in the ordered input set
X(l); X(2); cees X(N).

The output of the weighted vector directional filter (WVDF) [B] is the sample
X(1) € {X1,X2,...,Xn} associated with the minimum weighted angular distance

Bay € {61, B2, -, BN}

3 Genetically Optimized WVDF Filters

Depending on {wy, ws, ..., wy }, the WVDF can be designed to perform a variety
of filtering operations. The appropriate adaptation of the WVDF coefficients can
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Fig. 2. Test images: (a) Lena, (b) Peppers, (c¢) Parrots, (d) the test image Lena cor-
rupted 10% impulsive noises (the training set for the GWVDF optimization).
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Fig. 3. GWVDF optimization depending on the crossover probability p. and the mu-
tation probability pp,: (a) GA error function, (b) number of iterations (NOI) necessary
for finding the minimum error.

allow finding the optimal solution for many filtering problems. Since the WVDF
passes to the output the sample of the input set, these filters are designed to
work in environments corrupted by impulsive noise. Moreover, the WVDEF' can
offer better balance between the noise attenuation and signal detail preservation
than the presented standard vector filtering schemes.

According to a wide range of filtering operations provided by the WVDF, the
genetic algorithms (GAs) [2],[6] can be used as the optimization tool for searching
for the globally optimal weight coefficients. Using the genetic optimization, it is
possible to adapt the weight coefficients to varying signal and noise statistics.
As the result, the genetically optimized WVDF (GWVDF), shown in Figll] can
achieve excellent balance between the signal-detail preservation and the noise
attenuation capabilities.

In general, the proposed optimization problem can be solved using a wide
range of possible methods, but it is very difficult to determine the optimal one.
The GA belongs to the field of biologically oriented computational techniques.
The GA is useful for searching for the optimal solution in situations where other
optimization techniques may fail, e.g. due to complex specification of initial
conditions, to find the optimal solution. In the GA optimization, an individ-
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(a)

Fig. 4. Zoomed results related to test image Parrots. (a) original image, (b) noisy
image (5% impulsive noise), (¢) VMF output, (d) GWVDF output.

ual represented by a set of parameters, (genes in chromosomes) expresses the
potential solution of the problem. The GA optimization starts with randomly
generated solutions of the problem. The number of solutions is represented by
the size of population. The optimization requires the quality criterion evaluat-
ing the generated solutions. The measure of the individual quality is known as a
fitness value reflecting the degree of negotiability enforcing during the evolution.

Let us assume that o represents the original signal used to determine the
quality of solutions. The following generation is created (via the recombination
of the genes) from the chromosomes in the current population. Because of the
genetic evolution, the individual (chromosome) with larger fitness tends to yield
a superior offspring, which means better solution of the problem. Thus, the sig-
nificant emphasis is imposed on the set of parent chromosomes that is selected
by a random selection. After this selection, the genes of the parent chromosomes
are mixed and recombined for the production of the offspring in the next genera-
tion. Two basic operations such as crossover and mutation are used. A crossover
operator generates the offspring from two individuals of a current population.
After the crossover operation, a mutation operator introduces the random infor-
mation to the offspring. Since the GA utilizes the mechanism of natural selection
through the evolution method, the individual can represent an optimal solution
with the largest fitness in the last iteration.

(a) (b) ()

Fig. 5. Estimation errors related to the test image Parrots degraded by 5% impulsive
noise: (a) VMF output, (b) BVDF output, (¢) GWVDF output.
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Table 1. Results achieved using the test image Parrots.

Noise 2% impulsive noise 5% impulsive noise 10% impulsive noise

Method MAE MSE NCD MAE MSE NCD MAE MSE NCD

Noisy  1.578 186.2 0.0177 3.805 443.6 0.0432 7.526 882.0 0.0857
VMF 2493 58.0 0.0123 2.669 64.2 0.0132 2.890 69.6 0.0142
BVDF 3.289 101.8 0.0106 3.460 109.0 0.0116 3.630 113.5 0.0127
DDF 2482 60.2 0.0108 2.645 65.3 0.0117 2.839 69.7 0.0128
GVDF 2.864 84.8 0.0117 3.036 93.6 0.0126 3.188 96.2 0.0137
WVDF1 2597 83.4 0.0081 2.747 90.2 0.0068 2.362 77.2 0.0083
WVDF2 1.879 53.3 0.0059 2.061 62.2 0.0090 2.949 98.7 0.0101
GWVDF 0.693 20.4 0.0023 0.897 30.0 0.0036 1.341 59.6 0.0061

4 Experimental Results

For the evaluation of the efficiency of the proposed method we used a set of
standard color test images (Figf2h-c): Lena, Peppers and Parrots. Because the
primary filtering purpose of all filtering schemes outputting the lowest ranked
sample is to remove impulsive noise, we corrupted the test images by impulsive
noise (FigPH) [1].

Besides the subjective evaluation, the achieved results were evaluated
through commonly used objective measures such as the mean absolute error
(MAE), the mean square error (MSE) and normalized color difference (NCD)
[7]. The above-mentioned criteria can be viewed as the measures of signal-detail
preservation, noise attenuation and also capability to preserve the color chro-
maticity, respectively.

In order to analyze the GWVDF optimization, we used the image Lena cor-
rupted by 10% impulsive noise as the training set. We tested the GA with the
population and subpopulation size set as 120 and 80 chromosomes, respectively.
The achieved GA optimization results are shown in Fig[lb and FigB] Note that
the sub-optimal weight vector used below for filtering purposes corresponds to
the crossover probability p. = 0.9 and the mutation probability p,, = 0.1. A
good solution was achieved after a few, usually 5-10 iteration cycles.

For filtering purposes, we tested the performance of the new method on
noisy images, performing a series of tests in which we used the test images
Peppers (Figl2b) and Parrots (Figl2k) corrupted by a wide range of noise cor-
ruption intensities. The results presented in Tab[ll and (Figs[lH) are related to
the filtering of images different from the training set shown in Fig[2d. Note that
WVDF1 and WVDF?2 characterize the non-adaptive WVDF with weight vector
w=1[2,1,2,1,3,1,2,1,2] and w = [1,2,1,4,5,4,1,2,1], respectively. We used
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also Generalized Vector Directional Filter (GVDF) [7], Basic Vector Directional
Filter (BVDF) [7], Directional Distance Filter (DDF) [3] and Vector Median
Filter (VMF) [].

It can be observed (Figs[lf) that the optimized GWVDF filter provides
excellent signal-detail preservation capability in comparison with all relevant
methods. Standard filtering schemes (VMF, BVDF, DDF) excellently suppress
impulses present in the image, however some edges and image details are heavily
blurred, especially at transitions between image regions. The outputs of the
proposed optimized GWVDF filter is characterized by excellent balance between
the signal-detail preservation and the noise suppression. The drawback of the
GWVDF method is its noise attenuation capability, which often fails in the
presence of a large amount of injected noise.

5 Conclusion

In this paper, we presented the optimization analysis and performance of geneti-
cally optimized WVDF filters. Proposed optimized filters followed varying signal
and noise statistics. Used GAs were able to determine the optimal weight coef-
ficients for color image filtering purposes. The optimized WVDF filter outper-
formed standard filtering schemes especially in terms of color /structural content
preservation.

Future research will focus on the GWVDF filters applied to television im-
ages. In this application, excellent GWVDF detail- preserving characteristics are
required as well. Moreover, developing the GWVDF filter based on the 3-D sup-
porting window and combined with the fast motion compensation techniques of
[M] can lead to the efficient video filtering scheme.
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