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Bogdan SMOLKA

ON THE ADAPTIVE IMPULSIVE NOISE REDUCTION IN COLOR IMAGES

In this paper a novel class of noise attenuatind adge enhancing filters for color image processig
introduced and analyzed. The proposed adaptiwar filesign is minimizing the cumulative dissimilprineasure of a
cluster of pixels belonging to the sliding filteginvindow and outputs the centrally located pixdle proposed filter is
computationally efficient, easy to implement andyveffective in suppressing impulsive noise, wigfeserving image
details and enhancing its edges. Therefore it @anded in any application in which simultaneousoikng and edge
enhancement is a prerequisite for further stepseotolor image processing pipeline.

1. INTRODUCTION

During image formation, acquisition, storage arahsmission many types of distortions limit the
quality of digital images [1, 2, 3, 4]. Quite oftamages are corrupted lbypulsive noise caused mainly
either by faulty image sensors or due to transaissirors. Common sources of impulse noise include
also lightening, industrial machines, car startislty or dusty insulation of high voltage poweds and
various unprotected electric switches. These ne@m@&ces generate short time duration, high energy
pulses which block the regular signal, resulting édgample in bothering spots on the TV screen and
sharp click sounds in the audio.

The Vector Median Filter (VMF) is the most populdter intended for smoothing out spikes
injected into the color image by the impulse nqisecess [5]. This filter is very efficient at redig the
impulses, preserves sharp edges and linear tréwoggver it does not preserve fine image structures,
which are treated as noise and therefore genetialyVMF tends to produce blurry images. This
unwanted feature of the VMF is very important ascmof the image information is contained in its
edges and sharp edges are pleasing to humanseaddsairable for machine processing. As a resulthmuc
research has been devoted to the constructionltefsfiwhich can cope with image noise, while
simultaneously preserving image details and enhgriohage edges.

In this paper a solution to the problem of imagésadiltering with edge enhancing abilities is
presented. Extending the VMF using fheer group concept introduced in [6], it is possible to etfiatly
remove impulse noise, while sharpening the col@agenedges. The proposed filtering design excels ove
the VMF, preserves much better image details aodymes images with sharp object boundaries.

2. VECTOR MEDIAN FILTER

In this paper the color image is defined as a twoedsional matrix of sizeN, x N, consisting of
pixels x; = (%, %,, %3 ), indexed byi, which gives the pixel position on the image dam&omponents
X, fori=1,2,...,N, N=N;IN, and k= 1,2,3represent the color RGB channel values quantifical
the integer domain. As color images are highly stationary, the filtering operators work on the
assumption that the local image features can baagt from a small image region centered at angive
pixel called adliding filtering window denoted adV. The size and shape of the window influence the

properties and efficiency of the image processipgrations, however, in order to preserve imageildeta
mostly a3x 3 window is used to process the central pixel surded by its neighbors.
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To remove the impulse noise, various filtering agehes based on the order statistics theory have
been devised. The most popular filtering class atpey on a sliding window is based on tteduced or
aggregated ordering which assigns an aggregated dissimilarity measureach color pixel from the
filtering window [1].

The aggregated dissimilarity measure assignedxt gj is defined as

R :Z‘Ip(xi,xj), X, X, OW, 1)
=

where p([) denotes the chosen dissimilarity measure. Thesseatumulated dissimilarity measures are
then sorted and the associated vectors are corrésyby ordered,

Ry<S SRy = Xgy S-S Xy (2)

The dissimilarity measure depends on the kind latimmship between the sample vectors used to
measure their difference. Usually the distance betwvectors and the angle between them is utilired.
this paper we will focus on theector median filter defined using the accumulated sum of distances
between vectors, which serves as a dissimilaritgguee. The vector median of a set of vectors béigng

to a filtering maskW is defined as the vector,, from W for which the sum of distances to all other
vectors inW is minimized, [5]

n
Xq = arg mmZHx - X, H , 3)
xOW i=1

where |0j denotes the Euclidean distance. The constructfoiieo VMF is illustrated in Fig. 1,
where the Euclidean distance is used. As can beg #ae vector median of the set of pixels is cdiytra
located within the samples from the filtering wimgomeaning that the sum of distances to all other
samples fromW is minimized.

3. PEER GROUP VECTOR MEDIAN FILTER

As in the definition of the VMF the sum of distasds used (Egs. 1, 3), we can say that the vector
median is the vectox,, whose average distance to thevectors fromW is minimized. So we see that
the vector median and also the scalar median liging the concept of averaging, which is a litdg
surprising, taking into account its highly nonlingaoperties, which are clearly opposed to therft

based on the concept of arithmetic average.
In this paper we propose to generalize the defimitf the vector median. In the new approach the

vector median will be the vecto«f’l) for which the sum ofr smallest distances to other vectors frdm

is minimized. Fora =n the output of the Peer Group VMF (PGVMF) is idealiwith the standard VMF
and for a =1 the identity filter is obtained, as the smallestahce is always zero, because it is the
distance of the reference pixel to itself.

If the distance between the vectr and x; is denoted aso, ;, then we can order the set of

distancesp, ;, for j=1,...,n and obtain the following sequence®”’ <...< p!” <...< o™, where p
is the k -th smallest distance from, and p® =|x, —x,||= 0. For each pixel in the filtering window the
cumulated sunR? is calculated

R"= kprk’, (4)
=1
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and the output of the generalized VMF is the pifagl which the trimmed sum of distancd®’ is
minimized.

PGV M e \
() ‘

Fig. 1. Output of the VMF, (window si#x 3, n=9) Fig. 2. Peer group associated wth, @ = 5.
and PGVMF fora =5.

In [6] a concept of the so callguker group filtering was introduced. This concept can be used
describe the construction of the proposed filteapgroach. Theeer group P(x;,a), denotes the set of
a pixels consisting ok, and (a —1) nearest pixels belonging W . Using thepeer group concept we
can define the generalized vector median filtepouts the sampl& whose peer group of size has
the smallest accumulated sum of distan&€s (see Figs. 1 and 2). In other words the outputhef
PGVMF is the pixel centrally located within a pggoup of pixels with minimal dispersion, expresssd
the sum of distances.

It is worth noticing the similarity of the new #it design with thex -trimmed vector median filter.
The trimming operation in ther -trimmed filter is however being performed on theleved set of

vectors, whereas in the construction of the neterfilthe trimming is applied to the ordered set of
distances associated with a pixel from the filtgnvindow.

So, the new filtering design is utilizing the copteof a peer group which has been already
successfully utilized for impulse noise removaB[[7fand can be regarded as a generalization oféb®r
median filter, which is obtained as a special ecddbe new filtering technique.

4. ADAPTIVE DESIGN

For the evaluation of the efficiency of the propbselaptive denoising design a set of standard
color images has been contaminated with uniforrdaannoise defined as

o) %)

iq !

| Pyg with probability 77,
Mo = with probability 1- 77,

where o, denotes theq-th component of the original pixel at a positionand the contamination

q
componentg,, is a random variable in the range [0,255]. Thetfom of contaminated pixels is then

equal top=1-(1-)°.

For the measurement of the restoration quality,Rbat Mean Squared Error (RMSE) expressed
through thePeak Sgnal to Noise Ratio (PSNR) was used. For the evaluation of the detaservation
capabilities of the proposed filtering design kean Absolute Error (MAE) has been utilized.

As can be observed in Fig. 3, the PSNR and MAEituaieasures depend significantly on the
choice of thea parameter of the PGVMF, which evokes the needafoadaptive scheme of adjusting
this parameter to the local image structures.
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Fig. 3. Dependence of the MAE and PSNR image qualégsures on the contamination intengifgr the uniform
impulsive noise contaminating th&NA test image.

In [10] the following criterion for determining the parameter has been proposed

O’* .
a=maxa subject to | > oV |< 0" x, OW, (6)
i=1

where p” is the largest distance between the central pixelnd its neighbors fror# . This rule
for the setting of thea values works well for pixels corrupted by impuksiwoise, however for
uncorrupted pixels in homogeneous image areas|lysi@ number of the pixelgr in the peer-group is
quite small, as the distances between pixels amgpacable. Therefore a new scheme for the adaptive
determination of the choosing tlae value has been elaborated.

The adaptive algorithm requires to calculate fahegixel x, , the distanceg,,,| =1,...,n| #k to
other pixels belonging to the filtering window. Tlaggest distance denoted @§” is used for building
the peer-groupP(x,,a,) which consists ofa, pixels contained in a sphere centeredxatwith a
diameterp(” . In this way the peer group consists of pixelssatisfying: g,, < o"/2. The highest value
of the g, for k=1,...,n serves as a parameter of the proposed filteaulisut is the pixek, for which

the aggregated, trimmed distan@g defined in (4) is minimized.
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Fig. 4. lllustration of the adaptive determinatimfithe maximum size cluster.

Figure 4a shows an exemplary configuration of @xEbr the pixek, the most distant neighbor is
the outlying pixelx, and in the sphere centered>atwith the diameter equal to the distanog, four

pixels are contained. The peer group of pixgl whose most distant neighborxs contains 2 pixels and
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the largest peer group consisting of 5 pixels sgaed to pixelx, whose most distant pixel is, . In this

way the proposed filter is searching for a clusiéra =5 pixels with the lowest trimmed sum of
distances.

As can be observed in Fig. 4b the proposed desighle to cope with the outliers introduced by the
noise process, as their peer groups do not coatgjirother pixels or like in a situation depictedrig. 4c
the peer group size is quite low.

As often a few clusters with the same maximum nunob@ixels is found, then the pixel centrally
located in the most compact cluster is chosen adilter output. In other words, the output is ttenter
of the peer-group whose aggregated distances teeitsbers attains a minimum value.

5. EXPERIMENTS

The overall good noise reduction abilities of thegmsed filtering design are presented in Fig. 5,
which show the dependence of the PSNR and MAE emdise intensityp when restoring th€eENA

noisy image. As can be observed the efficiencyhefgroposed adaptive PGVMF (APGVMF) is superior
to that of the Sharpening VMF (SVMF) proposed ifl][and the Peer Group VMF (PGVMF) with fixed
parametera = 6. Apart from the good denoising efficiency and dgieeservation, depicted in Fig. 6, the
proposed technique has the unique ability to simatpe edges present in the color images, as can b
observed in Fig. 7, which shows the filtering réswelivered by the new filter as compared with the
VMF in a case of high noise contamination ratio.

The novel filtering technique can be applied forimas tasks in which the noise reduction
capabilities combined with the strong edge enhanpnoperties are beneficial. One of such applicetio
is the analysis of the cDNA microarrays which qifsgnthe genes expression levels [11]. As can be
observed in Fig. 8, the impulse noise is efficiendmoved and the spots have sharp edges, whidlleena
their reliable detection and estimation of the megpression level calculated as an average injeogdr
the spot area.
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Fig. 5. Dependence of the MAE and PSNR image qualdégsures on the contamination intenspiésr the uniform
impulsive noise contaminating th&NA test image.
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(b) noisy image

(d) APGVMF (e) PGVMFa =6 SVMF output

Fig. 6. Comparison of the proposed filtering tecuei with the modified vector median filters: (a)ardest image, (b) test image
distorted by 10% impulsive noise, (c) VMF outpuat) APGVMF output, () PGVMF witle = 6, (f) SVMF output.

A

Fig. 7. Comparison of the proposed filtering teciuei with the modified vector median filters:
(a) color test image, (b) test image distorted ®64mpulsive noise, (¢) VMF output, (d) APGVMF outpbelow the cropped and
zoomed parts of the images are shown.
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(a) noisy cDNA omage (b) VMF (c) APGVMG

Fig. 8. lllustration of the noise reduction and ed@ghancing capabilities of the new filter as coragavith the VMF:

(a) cDNA test image, (b) VMF output, (c) image oeetl with the proposed APGVMF.

6. CONCLUSIONS

In the paper an adaptive filtering design for ingpe¢ noise removal has been presented. The
proposed adaptive scheme of choosing the optintaé\at the peer group size used in the construaifon
the filter exhibits very good denoising properinegperforming the vector median based solutions.

Extensive simulations revealed very good noisenatiBon properties of the proposed filtering
scheme combined with its unique ability to sharpeage edges. As a result, the novel class of dilter
exhibits very good noise reduction efficiency whatimbined with its edge enhancing properties makes
the new filtering design an attractive tool for Iéevel color image processing. The simplicity of thew
algorithm and its computational speed, which is garable to that of the VMF makes the new noise
removal method very useful in the preprocessingptdr images corrupted by impulse noise.
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