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Vector Median Filter with Directional Detector
for Color Image Denoising
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Abstract — In this paper a new approach to the problem of
impulse noise removal from color images is presented. The
proposed method is based on noise detection algorithm and
weighted vector median filter. The results of its analysis
compared to other known median-based vector filters are
presented. The analysis shows that the proposed algorithm is
more efficient in random-valued impulse noise removal from
color digital images than other considered filters.

Index Terms - color image processing, impulse noise
removal, vector median filter, order statistic, genetic algorithm
optimization

[. INTRODUCTION

MAGE noise reduction without structure degradation is
perhaps the most important low-level image processing
task [1, 2]. Faulty sensors, optic imperfectness, electronics
interference, and data transmission errors may introduce
noise to digital images. In considering the signal-to-noise
ratio over practical communication media, such as
microwave or satellite links, there can be degradation in
quality due to low received signal power.

Based on trichromatic color theory, color pixels are
encoded as three scalar values, namely, red, green and blue
(RGB color space). Since each individual channel of a color
image can be considered as a monochrome image,
traditional nonlinear image filtering techniques often
involved the application of scalar filters on each channel
separately [3-5]. However, this disrupts the correlation that
exists between the color components of natural images. As
such the color noise model should be considered as a
3-channel perturbation vector in color space [6, 7].

The noise encountered in digital image processing
applications cannot always be described in terms of
commonly used Gaussian model. Very often, it can be
characterized in terms of impulse sequences which occur in
the form of short duration, high energy spikes attaining large
amplitudes with probability higher than those predicted by
Gaussian density model. Transmission noise, also known as
salt-and-pepper noise in grayscale imaging, is modeled by
an impulsive distribution [4, 5, 7].
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There are many types of impulse noise. Let X; be the
vector, characterizing a pixel of a noisy image, V; — the

vector describing impulse noise model, Z; is the noise-free

color vector, P — impulse noise probability, then

v,
X, =
z,,

Depending on the type of vector V, researchers consider

with  probability p
with  probability 1-p

either fixed-valued or random-valued impulse noise models
[4-6].

In the case of fixed-valued impulse noise V; is
characterized by the following expression:
(d,z%,z%)", with probability p,
(z7,d,z%)", with probability p,
(z},2°,d)", with probability p,’
(d,d,d)", with probability p,

4
where d - an impulse value and Z P, =1
m=1
Random-valued impulse noise can be defined in several
ways. In this paper we use the following model:

(d,,z%,z%)", with probability p,
(z},d,,z")", with probability p,
(z%,28,d,)", with probability p,
(d,,d,,d,)", with probability p,

where d,,d,,d; - uniformly distributed independent

random numbers.

The main approach for impulse noise removing is to use
median-based filters [3, 8-10]. However, these nonlinear
filters also tend to modify pixels that are not affected by the
noise. In addition, when impulse noise probability is high,
they are prone to edge jitter, so that details and edges of the
original image are usually blurred by the filter [11-13].

In order to improve performance of median-based filter
approach, various decision-based filters have been proposed,
where possible impulse noise pixels are first identified and
then replaced by using median filter. The examples of
decision-based filters for random-valued impulse noise
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removal from grayscale images are: adaptive center-
weighted median filter [14] and directional weighted median
filter [15]. These filters are good in locating the noise even
in the case of high noise probability.

The most popular vector filter is vector median filter
(VMF). VMF is a vector processing operator that has been
introduced as an extension of scalar median filter [6, 7]. To
quantify relative magnitude differences of input samples,
VMF utilizes either the well-known Euclidean distance or
the generalized Minkowski metric. To improve detail-
preserving characteristics of VMF, the simple basic idea has
been modified and extended VMF-based filters [16-18] were
designed.

The family of vector directional filters (VDF) represents a
different type of vector processing filters. These filters
operate on the directions of image vectors, aiming to
eliminate vectors with atypical directions in the color space
[16]. Weighted vector directional filters (WVDF) extend the
flexibility of VDF-based designs and provide a powerful
color image filtering tool capable of tracking varying signal
and noise statistics.

Recently developed peer group filter (PGF) is based on
the evaluation of statistical properties of a sorted sequence
of accumulated distances used for the calculation of vector
median of samples belonging to the filtering window. PGF

In this paper we introduce a novel filter for the purpose of
random-valued impulse noise removal from RGB-color
images which utilizes the advantages of both weighted
vector median and decision-making filtration schemes.

The rest of the paper is organized as follows. In section 2,
we introduce the proposed vector median filter with
directional detector (VMF-DD). Section 3 focuses on the
genetic algorithm optimization of the VMF-DD parameters.
In section 4, we present experimental results of applying of
the proposed filter. Section 5 concludes the paper.

II. VECTOR MEDIAN FILTER WITH DIRECTIONAL DETECTOR

The proposed filter utilizes a decision-making scheme to
improve the efficiency of impulse noise removal algorithm.
The processing of each image pixel consists of two stages:
impulse detection and filtration, as shown in fig. 1.

The VMF-DD detector works as follows. Let Xij be the
current pixel of the distorted image with coordinates (i, J),
Yi - the corresponding pixel of the processed image. On

the stage of detection four basic directions passing through
the central pixel X; are chosen inside the filter sub-
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output switches between vector median and the original ~Window. They are designated by indexes k=1.4.
central pixel [18].
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Fig. 1. The scheme of vector median filter with directional detector
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For each direction two sums are calculated: the sum of

brightness value differences dLijk (k=1...4) between
pixels lying on the given direction Xijk and the central pixel

Xjj; the sum of angular distances dAjk (k=1...4)

between pixels lying on the given direction Xijkand the

central pixel Xj .The angular distance between two pixels

we define as an angle between corresponding 3-channel
vectors which contain color component values of pixels
[16]:

X,. X
X, X, ||=arc cos| —-2—2_ |=
. Kl

X11X21 + X12X22 + X13X23

= arc cos > 5 5 > > >
\/Xu T X + X3 \/le T Xy T Xy

The brightness of a pixel is calculated from its color
component values by the following formula:

L(X) = 0.3R +0.59G +0.11B,

where R, G, B - are red, green, and blue component
values of pixel X.

Among all calculated sums dLijk the minimum is found:
rL=mindL;" [k=1...4.

Similarly we find the minimum among all sums dAjk :
rA=mindA" [k=1,..4.

The resulted values FL and FA are compared to
threshold values TL and TA respectively. If both
rL<TL and FA<TA, then pixel X; remains without
changes. Otherwise, the current pixel is considered distorted

and is replaced by weighted vector median calculated inside
the filter’s sub-window.

III. FILTER PARAMETERS OPTIMIZATION

From the description of VMF-DD algorithm presented
above it follows that the efficiency of its work depends on
the choice of threshold values TL and TA, and also on the
choice of vector median filter weighting coefficients

W,,..., W, . Thus, there is a problem of mentioned above

parameters optimization relative to one of restored image
quality estimation criteria. In our work this problem has
been solved by the utilization of classical genetic algorithm
(GA) [19], which scheme is shown in fig. 2.
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In order to solve the problem of VMF-DD algorithm
parameters optimization we use chromosomes, representing
an 11 element vector which consists of real values. First 9
elements of this vector represent the values of vector median
filter weighting coefficients; the 10th element contains the
threshold value TL ; the 11th element — the threshold value
TA

W,

H=|w,
TL
TA

Mean square error (MSE) between the original image and
the restored image is used as a fitness function. MSE is
calculated by the following formula [2]:

2

MSE(Z,Y) :iii(zf -Y4)

=1 k=1
where Z', Y, - K -th component value of i -th pixel in the

original image and the restored image respectively, N — the
total number of pixels in an image.

During the process of genetic algorithm operation the
value of fitness function gradually decreases while the
number of generations grows. This process for test color
images “Lena” and “Airplane” [20, 21] is demonstrated in
fig. 3

The analysis of presented dependences shows that during
the process of genetic algorithm operation and hence during
the growth of the number of generations the value of fitness
function gradually decreases, reaching approximately 20%
relative to its initial value. And it is possible to achieve this
result after only 15-20 generations. Performed experiments
show that optimized parameters of the filter, averaged on
several runs of genetic algorithm, differ insignificantly from
each other for different test images. Further for VMF-DD
filter we use optimized parameters acquired on test image
“Lena”.

IV. SIMULATIONS ON COLOR IMAGES

The color test images used are Peppers, Lena and Parrots.
Each vector pixel is of 24 bits, with 8 bits for every channel.
The resolution of all images is 512x512. An image is being
corrupted by random-valued impulse noise. The corruption
is carried out with different noise probability — p, and the
proposed filter is tested using these increasingly corrupted
images. The filters used for comparison are: median filter
(MF) [3] applied for each color channel; directional
weighted median filter (DWM) [15], applied for each color
channel; vector median filter (VMF) [6]; weighted vector
directional filter (WVDF) [16]; peer group filter (PGF) [18],
and the proposed vector median filter with directional
detector (VMF-DD).
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Fig. 2. GA optimization of the VMF-DD parameters
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Fig. 3. Convergence of the GA-VMF-DD optimization: (a) test image “Lena”, (b) test image “Airplane”

Following the traditional practice of image quality
evaluation in the area of color image processing, peak signal
to noise ratio (PSNR), mean absolute error (MAE) and
normalized color difference (NCD) criterion [17] were used
for restored images quality assessment. While both PSNR
and MAE are defined in RGB domain, NCD criterion is
defined in CIE LUV color space [1, 2]. Thus, NCD criterion
is useful for the evaluation of color chromaticity differences
between color vectors, and it allows us to quantify the error
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in the uniformly perceived color space. On the other hand,
MAE and PSNR are commonly accepted in image
processing community as the measures of signal-detail
preservation and noise attenuation, respectively. For
convenience, the values of NCD criterion were multiplied
by 10°. Table I lists the performance of various filters
applied to the task of random-valued impulse noise removal
from various color test images.
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TABLEI
COMPARISON OF PRESENTED ALGORITHMS USING IMPULSIVE NOISE CORRUPTION
) Quality “Peppers” “Lena” “Parrots”
TEHE ) MF |[DWM| VME |WVDF| PGE V['\)"; "| MF |DWM| VMF |WVDF| PGF VS"DF' MF |DWM| VMF |WVDE| PGF VSA; -
PSNR, dB [32.7] 33.9 | 303 | 33.6 [33.8| 38.9 |33.8| 342 | 33.4 | 37.2 |40.6| 43.6 [36.3] 354 | 36.1 | 389 | 412 | 446
002 | MAE [3.66] 1.30 | 4.02 | 222 |0.46| 0.35 [3.04| 1.38 | 3.18 | 1.49 | 0.29| 0.16 |1.63] 0.60 | 1.62 | 0.73 | 0.18 | 0.09
NCD  |48.3] 24.1 | 50.7 | 255 | 63 | 470 |442| 293 | 429 | 18.6 | 35 | 2.2 [18.7| 11.0 | 159 | 65 | 1.7 | 1.0
PSNR, dB |32.3] 33.1 | 30.1 | 327 [33.1] 36.1 |33.5|33.8 | 33.1 | 36.1 |38.5| 40.2 [36.0 34.9 | 35.8 | 37.5 | 39.7 | 41.8
006 | MAE [3.74| 159 | 4.12 | 235 [0.74| 0.62 |3.12| 1.50 | 3.29 | 1.62 |0.52| 0.37 [1.69] 0.70 | 1.70 | 0.83 | 0.32 | 0.21
NCD  [49.5 26.5 | 51.8 | 27.4 |10.1| 85 |45.6]31.1 | 440 | 202 | 7.1 | 52 [20.1| 129 | 168 | 7.7 | 3.6 | 28
PSNR, dB |32.1] 32.5 [ 29.9 | 31.6 [32.5| 34.9 |333| 33.5 | 32.8 | 347 |36.8| 38.3 [35.6] 34.5 | 35.4 | 357 | 38.4 | 40.1
010 | MAE |3.81| 145|422 253 [1.01| 0.88 [3.19| 1.61 | 339 | 1.78 | 0.76 | 0.59 |1.75] 0.79 | 1.78 | 0.97 | 0.45 | 0.34
NCD  [50.7| 28.6 | 53.0 | 29.6 |13.8| 12.0 |46.9] 33.0 | 452 | 223 [109| 85 [21.5| 148 | 177 | 94 | 57 | 46
PSNR, dB |31.7] 31.8 | 29.8 | 30.4 [31.9] 335 |33.1| 33.1 | 32.6 | 33.2 | 353 36.8 [35.3] 34.1 | 35.0 | 34.1 | 36.4 | 38.2
0141 MAE (391|176 | 433 | 2.74 |126| 1.16 [3.28 1.74 | 3.51 | 1.98 | 0.99 | 0.82 |1.81] 0.89 | 1.87 | 1.13 | 0.62 | 0.49
NCD  [52.2| 31.1 | 543 | 33.0 |17.6] 16.1 |48.5] 34.9 | 46.5 | 253 |14.8 | 120 [23.1| 169 | 188 | 11.6 | 8.7 | 638
PSNR, dB |31.2] 31.1 [ 29.5 | 29.0 [31.0| 32.2 |32.7| 32.8 | 322 | 31.5 |33.8| 355 [34.8] 33.6 | 34.5 | 32.2 | 349 | 36.9
018 | MAE [4.01|1.93 | 445 3.05 |1.55| 1.47 [337| 1.86 | 3.62 | 2.25 | 1.25| 1.07 |1.89] 1.00 | 1.97 | 1.36 | 0.80 | 0.65
NCD  [53.9] 33.7 | 55.7 | 37.5 |22.1] 205 |50.2| 37.0 | 47.8 | 293 |19.2| 158 [24.7) 188 | 199 | 153 | 122 91

The results presented in table 1 show that the proposed
VMF-DD algorithm, applied to the problem of random-
valued impulse noise removal, achieves the best
performance relative to any of considered quality
assessment criteria and for all color test images used.

For low impulse noise probability p=0.02—-0.10 the

proposed VMF-DD algorithm wins against PGF 2-4 dB in
terms of PSNR metric, and provides 30-60% smaller error
relative to NCD criterion. For the increased impulse noise
probability p=0.14—-0.18 the values of PSNR metric,

measured for images processed by the proposed VMF-DD
filter, are 1-2 dB higher than for images filtered by PGF. In
terms of NCD criterion the advantage of VMF-DD
algorithm at the same impulse noise probability range is
about 10-40%. Same dependences are observed concerning
MAE criterion.

Fig. 4 shows enlarged fragments of test image “Parrots”
after their processing by different algorithms. The
application of median filter to each color channel leads to
almost complete removal of noise but it also introduces
significant image blur and causes the appearance of artifacts
in the form of pale color regions on restored images. After
DWM filtration restored images turn out to be less blurred
but they still contain some amount of impulse pixels. The
application of VMF also lead to significant image blur.

Among algorithms, that don’t contain noise detector, high
quality of restored images is demonstrated by WVDF
algorithm. But after WVDF filtration separate impulse noise
pixels, which are visible for human perception, remain on an
image. Better restoration results are achieved by the
application of PGF algorithm which preserves image details
and almost completely removes impulses from an image.
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The proposed VMF-DD algorithm demonstrates visual
results close to that of PGF algorithm excelling the least in
image edges preservation and the number of removed
impulses. The values of NCD quality metric, presented in
fig. 4, corroborate the conclusions drawn after the analysis
of visual data.

Thus, from shown results it is possible to draw a
conclusion that VMF-DD algorithm, applied to random-
valued impulse noise removal from RGB color images,
allows to achieve a significant increase of restored image
quality in terms of both objective and subjective quality
assessment criteria.

V. CONCLUSION

The following conclusions can be drawn based on
obtained simulation results. The proposed VMF-DD filter
shows best results for all three test images, evaluated both
by classical quality metrics (PSNR and MAE) and by NCD
metric which is specialized for color images. The presence
of detector allows reducing the level of distortions,
introduced into an image by filtration algorithm, due to the
reduction of the number of pixels directly subjected to
changes. Visual results of test images restoration prove the
results of the analysis held on the basis of objective quality
assessment metrics. Experiments show that computational
complexity of the proposed VMF-DD filter is comparable to
that of VMF and WVDF filters and is lower than
computational complexity of DWM and PGF filters.

Thus, the efficiency of VMF-DD filter, applied to
random-valued impulse noise removal from color images,
has been shown.
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Fig. 4. Zoomed restoration results of test image “Parrots™:

(a) MF output, (b) DWM output, (c) VMF output, (d) WVDF output,

(e) PGF output, (f) VMF-DD output
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