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ABSTRACT: This paper presents the process of removal of impulse noises using different median filters. This
contains a vector median filter that includes a new mechanism for the detection of impulses in colour images prior to
further processing operations. When compared to other filters, the proposed filter will be tested for images corrupted by
two sided fixed impulse noise model, nothing but salt and pepper noise. If the central vector pixel in a kernel is found
to be corrupted, it is replaced by the vector median of the kernel, else it is kept unchanged. The vector pixels in a
specified window are ranked on the basis of sum of the distances between each vector pixel and the other vector pixels
in the window. Since the detection mechanism uses absolute deviation values, the computational complexity is reduced.
The results show a better performance of the proposed algorithm in lesser execution time as compared to a number of
existing schemes for restoring colour images corrupted by impulse noise.

Keywords: kernel; vector median filter; rank-conditioned vector median filter; rank-conditioned and threshold vector
median filter; centre-weighted vector median filter; two-sided fixed impulses noise model.

I. INTRODUCTION

Order statistic filters [1] exhibit excellent robustness properties in the presence of impulse noise. An image is often
corrupted by on-off impulse noise of relatively short duration. The impulse is caused by a variety of sources, such as
switching, adverse channel environment in a communication system, noise in electronic sensors of the data acquisition
system etc. Suppression of impulse noise is an important image processing task. Median filter is an example of an order
statistics filter which exhibits superior noise reduction capabilities, with considerably less blurring compared to linear
filters. The median is widely used in statistics and was introduced by Tukey in time series analysis [2], [3]. In median
filtering, the values of the pixels in a kernel are first sorted, and then the median value is used to replace the central
pixel. Median filters are used for gray scale images.

In multichannel signals, each sample is a vector with multiple components. An example of a multiple channel
signal is a color image. As per the RGB model [4] of color images, every vector pixel in a color image has three
components. The ordering of the vector pixel data is carried out by considering a suitable distance measure. The vector
pixels, in a kernel, are ordered depending on the sum of the distances between each vector pixel and the other vector
pixels in a window or kernel.

Il. RELATED WORK

The vector pixel with the smallest sum of distances form’s the vector median. Since authors used a vector
median filter that tends to alter all the pixels in an image irrespective of whether they were corrupted by noise, the
restored image suffers from blurred and distorted features. That is why the modifications of vector median filter
incorporate an impulse noise detection mechanism so as to preserve image details and selectively remove the noise. In
this paper, an alternative algorithm, which does not require the ranking calculation and ordering of the vector pixels for
the purpose of impulse detection, has been proposed. The objective is to use first order statistics on the difference
values of the red and green intensities and the green and blue intensities of each vector in a kernel. The arithmetic mean
of these difference values for vectors surrounding the central pixel is taken. If the absolute deviation of the central
vector in a kernel, from the mean of difference values is greater than the arithmetic mean of the absolute deviation
values of the vectors that surround the central vector pixel, then central vector pixel is considered to be corrupted. Since
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distance calculation and ordering is not required, this process provides a quick decision as to whether a pixel is

corrupted or not. If a pixel is found to be corrupt, only then is the normal vector median filtering process resorted to.

The rest of the paper is organized as follows. An impulse noise model is explained in section Il. The vector
median filter, rank conditioned vector median filter, rank-conditioning and threshold vector median filter, centre-
weighted vector median filter and the proposed filter are formulated in section Il1. In section IV the experimental
results are provided. Conclusion and future direction of work is presented in section V.

1. IMPULSE NOISE MODEL

The two sided fixed impulses model is also called the “salt and pepper noise model”. Impulse noise may either have
very large value called the ’salt” noise or a very small value called the "pepper’ noise. Let it be considered that 'p’ gives
the probability that a very low value error occurs at a signal component and that 'q’ gives the probability that a very
high value error occurs at a signal component. Then the probability that error occurs in any signal component is given
by (p+q). If B is the number of bits used per pixel component then (2%-1) or ’h” represents the ’salt’ noise, while 0 or ’I’
represents the pepper’ noise.

Let Xc, (where ¢ = 1 for red, 2 for green or 3 for blue) be a pixel component of a vector pixel X in any one of the
channels of a multichannel image. The model may be expressed in the following way:

I, with probability p;
Xc =14 h, with probability g; —- (1)
S¢, Wwith probability 1-p-g.
Where s, is a noise free pixel component.

V. FORMULATION

A 3 x 3 kernel is considered for all the following filters since it allows faster convergence of the filter [10]. The
kernel has 9 vector pixels. They are represented as X; where i=1,2,...,9. A top to bottom, left to right numbering is
carried out for the pixels. Thus X is the upper left vector, Xs is the central vector and Xg is the bottom right vector. This
scheme is chosen for simplicity of representation. In a window the vector pixels are

W =Xy, Xa... Xn] - (2)
Where N=9. Each vector pixel has three components as per the RGB colour model.

A. THE VECTOR MEDIAN FILTER (VMF):

In the vector median filter [5]-[8] for the ordering of the vectors in a particular kernel or mask a suitable distance
measure is chosen. The vector pixels in the window are ordered on the basis of the sum of the distances between each
vector pixel and the other vector pixels in the window. The sum of the distances is arranged in the ascending order and
then the same ordering is associated with the vector pixels. The vector pixel with the smallest sum of distances is the
vector median pixel. The vector median filter is represented as

Xvme = vector median (W) - (3)
If 5; is the sum of the distances of the i"" vector pixel with all the other vectors in the kernel, then

& = X2, AXi, X)) -—-(4)
Where (1 <i< N) and X, X; are the vectors, N=9. A(X; X)), is the distance measure given by the L1 normal to the
city block distance which is more suited to non correlated noise [5]. The ordering may be illustrated as

0 <0, <035, ...,< & ---(5)
And this implies the same ordering to the corresponding vector pixels i.e.,
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Xoy £ Xg S-02 X - (6)
Where the subscripts are the ranks. Since the vector pixel with the smallest sum of distances is the vector median
pixel, it will correspond to rank 1 of the ordered pixels, i.e.
Xvmr =Xy -—- (7

B. THE RANK-CONDITIONED VECTOR MEDIAN FILTER (RCVMF):

The rank conditioned vector median filter [5], [10] improves the performance of the vector median filter. The vector
median of the kernel replaces the central pixel when the rank of the central vector pixel is greater than a predefined
rank of a healthy vector pixel inside the window. To find out the rank of the healthy vector pixel the code simulating
RCVMF is executed on a noiseless image. Then, the mean value of the obtained ranks of the central vector pixel is
calculated. This value is then rounded-off to a whole number, and in this paper it is considered to be the rank of the
healthy vector pixel of a kernel. Then this rank is used for simulations at various noise percentages.

The rank conditioned vector median filter can be expressed as:

Xwme - if re>rg
Xrcym =7 Xc , otherwise —-(8)

Where r. is the rank of the central vector pixel and ¢ = 5. And ry is the predefined healthy vector pixel rank
inside the window.
Image details are preserved better if the rank chosen is large. However this is at the cost of passing more impulses
in the vector median output. On the other hand, impulses are removed to the maximum extent with a smaller value of
the rank but blurring effect is more pronounced in the restored image.

C. THE RANK-CONDITIONING AND THRESHOLD VECTOR MEDIAN FILTER (RCTVMF):

The rank-conditioning and threshold vector median filter [5], aims to further enhance the RCVMF by
incorporating an additional test - a distance threshold for the detection of impulses. In RCVMF a central vector having
a rank greater than the predefined rank implies a corrupt vector. However, it may not be true always, because the
vectors may be close as per the distance measure. Hence, another criterion 6 , is taken into account. It is the distance
between the central vector pixel and the vector pixel corresponding to the predefined rank. To find out the value of this
pre-determined distance threshold 8, the code simulating RCTVMF is executed on a noiseless image. Then the mean of
the obtained 6 values is calculated and used for the simulations at various noise percentages. This value is used in the
program to help select only the corrupt central vector pixels.

The distance D is calculated as follows:

D=A ( Xc, X(k)) — (9)
Where X, is the central vector and Xy (1< k <9) is a rank ordered and healthy vector pixel inside the
window. On the basis of the above formulation, the filter has following form:

Xretvme= | Xvme , ifre>rncand D > 6;
Xc , otherwise ---- (10)

The distance D is normally very big if impulses are present at the center of the window. If the value of the
threshold is reduced, more and more number of the central vector pixels will be replaced by the vector median and this
filter will resemble the RCVMF.

D. THE CENTRE WEIGHTED VECTOR MEDIAN FILTER (CWVMF):

In the case of the center weighted median filter [10]-[11] the kernel vector pixels are assigned some non-
negative values called weights. The center vector pixel is assigned a non negative weight while the weight of the
neighboring pixels is kept unity. The weights denote the number of copies of a vector pixel that are to be used. Then the
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vector median of the vector pixels and their copies is obtained. The output Y (say), of a weighted median filter of span
N (where N generally denotes the kernel size, N = 9) associated with N integer weights,

W= [\Nl, Wz, ...,WN] ““(11)
Is given by,
Y = vector median [W10 Xi, W5 0X5, ...,Wg 0Xo] ---(12)
Where vector median [.] denotes the vector median operation and ¢ denotes duplication, i.e.,
K 0X = XX...X K times ---(13)

The center weight is kept odd so that a central element is always obtained.

If the center weight has value of one then the present filter becomes a vector median filter. If the center weight is
given a value greater that the kernel size then the filter performs as an identity filter. Larger central vector weights
imply superior detail preservation and inferior noise removal capability as compared to smaller central vector weights.

The simulation of the CWVMF has been carried out considering the center weight to be 3 and the weights of the
neighboring pixels to be 1 through all the evaluations.

V. THE PROPOSED FILTER (PF)

In the proposed filter i.e Absolute Deviation Filter the impulse noise detection mechanism does not require the
distance calculation and subsequent ordering of the vectors of a kernel.

The algorithm deals with the difference values of the red (R) and the green (G) intensities denoted by Qrg; (say), and
the difference values of the green (G) and blue (B) intensities denoted by Qgg; (say), (where 1 <i< N, N=9).

In a 3 x 3 kernel, it has been observed empirically that Qrgi and Qgg; values closely correspond to each other. Thus
the mean absolute deviation D’rg and D’ g i.€. the mean of Drgjand Dggj (Where 1 <j <N, and j #c, ¢ = (N+1)/2, N =
9) has small values. Dgrgj and Dgg;j are the absolute deviation [15] values of Qgrgj and Qggj from Qre and Q'
respectively. Q'rg and Q'gg denote the mean of Qggj and Qggj (Where 1 <j <N, and j #c, ¢ = (N+1)/2, N=9).

The absolute deviation of the central vector Qgrg. and Qgp. values from Q'rg and Q'gp is obtained respectively as
Drec and Dgg.

If the absolute deviation Dgg. Or Dgg Of the central vector pixel exceeds the value of D’rg or D’ggrespectively for a
3 x 3 kernel, the central vector pixel is to be replaced. The central vector pixel is replaced by the vector median of the
kernel. The algorithm may be represented as follows.

The required values:

Qrci = X (i,R) — X(i,G) ---(14)
Qeei = X (i,G) — X(i,B) ----(15)
where i =[1,2,...,N], N =9, kernel size 3 x 3, and R,G,B are the red, green and blue components. The mean of
Qrgj and Qggj (Where 1 <j <N, and j #c, ¢ = (N+1)/2, N =9)

Q_re = E (Qrg)) ----(16)

Q s = E (Qcg)) ---(17)
D is the absolute deviation & E is the expectation operator.

Drei = |(Qrei~ Qro)l -~---(18)

Desi = [(Qcei~ Qiss)l ---(19)

Where i =[1, 2,...,N], N = 9. The symbol |.| indicate the absolute value.
The mean of Dgrgj and Dgg; (where 1 <j <N, and j #c, ¢ = (N+1)/2, N = 9) are

D’re = E (Drgj) ---(20)
D’cs = E (Dcsj) —---(21)
Now
Drac = | (Qrec— QRo)l —-(22)
Deee = [(Qor— Q'cs)l —---(23)

Where ‘c’ denotes central vector.
If Drec > D’rg OR Dgpe> D’ce
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Central vector corrupted, hence
Central vector replaced by vector median of kernel ---- (24)
In the proposed algorithm the process of VMF, specifically the distance calculation and subsequent ordering of
the vector pixels is done only when a particular vector pixel is found corrupt. However for the other variants of VMF,
distance calculation and ordering of the vector pixels is carried out for all the image vectors.

VI. EXPERIMENTAL RESULTS

The test images used are Lena, Mandrill, Miramar, Aero plane, Lake and Tulips. Each vector pixel is of 24 bits,
with 8 bits for every channel. The size of all the images is 512x512. Two-sided fixed impulses noise model has been
used for evaluation. Impulse noises are artificially injected in these images. The performances are judged by the visual
observation and in terms of the peak signal to noise ratio (PSNR). The PSNR value for the color images is given by:

PSNR = 10logs (Iwax + MSE) —~(25)
Where lyax is the maximum pixel value of the component of the vector pixel of the original image. MSE
represents the mean square error [11] between the original image and the filtered image, which is given by:

M N S

MSE = UMNS [¥ ¥ ¥ (Ypau _y‘p,q,t)z] —--~(26)
P=1¢g=1t=1

Where S, M and N are the number of channels, length and width of the image (S = 3, for color images)
respectively. The values Y, 4.+ and Y 'y 4. are the components of the original and filtered vector pixels respectively. In
all cases, a window of 3 x 3 size is used which is made to slide over the image vector pixels.

An image is corrupted by impulse noise generated as per the two sided fixed impulses model. The corruption is
carried out at different noise percentages and the proposed filter is tested using these increasingly corrupted images.
The filters used for comparison are the vector median filter (VMF), the center weighted vector median filter
(CWVMF), and the rank conditioned vector median filter (RCVMF) and the rank-conditioning and threshold vector
median filter (RCTVMF).

TABLE I
Performance comparison of the various filters in removal of impulse noise from various images, corrupted with 20%
(i.e.6.67% per channel) two-sided fixed impulses noise. The PSNR values in decibels (db) have been listed.

IMG/FLT VMF CW RC RCT PF
VMF VMF VMF
RIVER 29.600 29.631 | 27.883 24.043 33.504
LENA 30.924 31.273 | 29.379 25.650 34.415

MANDRILL | 33.772 35.748 | 34.429 35.006 37.048
MIRAMAR 31.972 33.981 | 32.815 33.232 36.097

AIRPLANE | 29.550 31.272 | 30.146 30.406 34.035
TULIPS 30.785 32.311 | 31.619 31.690 33.333

IMG: Image, FLT: Filter, PF: Proposed Filter

Table 1 lists the performance of the various filters in removal of impulse noise from various images corrupted with 20%
(i.e. 6.67% per channel) impulse noise generated according to two sided fixed impulses noise model. The PSNR values
highlight the better performance of the proposed filter.

Observations are made using a River image and the graphs are plotted in Fig. 1 where the noise percentages range
from 0% to 60% (i.e. 20% per channel). It is clear from the graph in Fig. 1 that the proposed filter provides improved
results as compared to the other filters that have been mentioned in this paper, while de-noising pictures corrupted by
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noise in the above mentioned range. The improved performance, in terms of PSNR, is observed up to a corruption of
about 36% (i.e. 12 % per channel).

A comparative study of the time taken by the proposed filter in removal of impulse noises generated by two-sided
fixed impulses model, at different noise percentages, is carried out. The observations are made using a Miramar image
and the graphs are plotted in Fig. 2 where the noise percentages range from 0% to 60% (i.e. 20% per channel). It is
clear from the graph in Fig. 2 that the proposed filter takes lesser processing time than the other filters that have been
mentioned in this paper, while de-noising pictures containing impulses ranging from 0% to 60% (i.e.20% per channel).
The Fig. 3 shows the original image, corrupted image and filtered images using different types of vector median filters
and proposed filter. The subjective results show that the proposed filter can retain more detailed information in the
filtered image.

36 X ——VMF
\ —B—RCVMF
33 0.6 —o—\VMF
RCTVMF \ Sy
30 1 —8-RCVMF
- —¢=CWVMF
(2]
z 27 0.4
2 —¥=ADVMF z 4 RCTVMF
< Sz
24 1 o —¢=CWVMF
mz
21 \ T 02 Te—e—t—— _nDVMWF
O=———=0
Jeg——=—x
15 T T T T 1 O T T T T 1
10 20 30 40 50 10 20 30 40 50
NOISE PERCENTAGE NOISE
Fig.1 Fig.2

Fig. 1. Performance comparison of different filters on River image corrupted by two sided fixed impulses model.
Fig. 2. Comparison of processing time of different filters of River image corrupted by two sided fixed impulses model.

VII. CONCLUSION

This work presents a vector median filter which is capable of detecting impulses from colour images prior to
filtering. From the experimental results and visual observation it has been seen that the performance of the proposed
filter is better for removal of impulse noises generated by two-sided fixed impulses noise model at low noise
percentages per channel. It is due to the ability of the detection mechanism of the proposed filter to detect the corrupted
pixels rightly. Moreover, limiting the distance calculation and ranking process to only the kernel centred on the
corrupted pixels, rather than for all the pixels, has considerably lowered the processing time of the proposed filter.
From the experimental results it has been found that the proposed filter takes lesser time for processing a noised image.
For low noise levels, specifically below 10% (i.e. 3.33% per channel), the proposed filter requires approximately half
the processing time of the existing filters. Moreover, the proposed scheme gives a stable performance over a wide
variety of images.

Copyright to JIRCCE WWW. ijircce.com 2775



ISSN(Online): 2320-9801
ISSN (Print): 2320-9798

International Journal of Innovative Research in Computer
and Communication Engineering

(An 1SO 3297: 2007 Certified Organization)

Vol. 2, Issue 1, January 2014

Fig. 3.(a) Original River image, (b) Image with 20% impulse noise (i.e.6.67% impulse noise per channel), generated
using two-sided fixed impulses noise model, (c) Filtered output of VMF, (d) Filtered output of RCVMF, (e)Filtered
output of RCTVMF, (f) Filtered output of CWVMF and (g) Filtered output of PF.

Further performance analysis of the proposed algorithm may be carried out for other noise models like bit error
model and colour impulses noise model [5].
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