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ABSTRACT

A statistical complexion-based filtering techniqueamed as the Adaptive Statistical Complexion thase
Filtering techniques (ASCF), is presented for realoef impulse noise in degraded color images. In
distinction with the traditional noise detectioghaiques where only 1-D numerical information isdi$or
noise detection and estimation, an innovative noistection scheme is proposed based on statistical
personality and features (i.e., the 2-D informa}tioh the degraded pixel or the pixel region, leadtin
effective and efficient noise detection and estiombutcomes. A progressive restoration mechansm i
devised using multipass nonlinear operations wiadhapt to the intensity and the types of the noise.
widespread experiments conducted using a extenange of test color images have shown that the ASCF
is advanced to a number of existing well-known géad techniques, in terms of average image regtarat
performance criteria, including objective measuretsiethe visual image quality, and the computationa
complexiy.

Keywords:. color image restoration, impul se noise detection, progressive filtering.
1. INTRODUCTION impulse noise, they introduce image distortions
such as blurring around edges and in detail areas
Images are often corrupted by impulse noise due which feature high spatial frequency contents and
a faculty image acquisition device or to channevariations. Different types of weighted nonlinear
transmission errors, much research has been ddiitering techniques have been investigated over th
on removing such noise. The noise objective is tgears to achieve better performance in both noise
suppress the noise while preserving the integiiity guppression and detail preservation.
edges and detail information. To this end, nonlinea
methods have been found to provide mor&ecently, fuzzy filtering techniques have been
satisfactory results than linear techniques. Thetmodeveloped, achieving powerful image denoising
frequently used nonlinear method it the mediaperformance. A class of chromatic filters for image
filter [Arc86], which is superior to linear filtersy  restoration in the color space was also proposed to
its ability to suppress impulse noise and preserachieve better chromatic smoothness. Adaptive
edges. Nonlinear filtering techniques have beefilters have demonstrated their effectiveness in
extensively researched in the last decade due iwage restoration considering various types of
their effectiveness in restoration of impulse nois@oise with different distributions and image
degraded color images. The median filter is usuallgtructures. In a sharp contrast with the additive
used to remove impulse noise. Compared withoise that contaminates all image pixels, the
linear filters, the median filter is more powerfal impulse noise destroys only some portion of an
that a single corrupt or noisy pixel in the fillegi image and leaves other pixels noise-free. Detection
window will not affect the median value based vector filtering techniques such as the
extensively. For removal of noise in color imagesadaptive vector median filter (AVMF), the adaptive
various vector median filters have proven relevantector LUM(lower-upper middle) smoother
and effective. Amongst the early publications, thé AVLUM), modified weighted vector median filter
most well known vector filters for color image (MWVM), and the adaptive selection center
denoising include the vector median filter (VMF),weighted vector direction filter (ACWVDF) were
the vector directional filter (VDF), and the specially designed to remove the impulse noise
directional distance filter (DDF). While thesefrom color images. They utilize a series of weighte
vector filters perform well in suppressing themedian vector filters to perform binary noise
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detection and switch between the output of an Y(c)= s(c), with probability (B)*

identity filter and that of a weighted median vecto £c), with probability 1-(1P)
filter, according to the detection results. A syrve (2)

of nonlinear vector filtering was presented in folWhere S(c) and X(c) represent the original and the
impulse noise removal from color images. observed pixel (vector) values at coordinate c,

respectively , and the value of(0) and gc) is
2. STATISTICAL MODELS OF IMPULSE denerated by substituting at least one color
NOISE component of the pixel S(c) by distinct value i’
both (1) and (2). In (1R, is the impulse noise ratio;
Color images may be contaminated by varioud factorr=0.5 is used to simulate the channel
types of noise and impulse noise is the noise modeprrelation for each corrupted pixel, namely if at
frequently used and reported in digital restoratioff@st one of the three components of the pixel is
literature. Impulse noise corruption often occurs i €orrupted by the impulse noise, its remaining noise
digital image acquisition or transmission process d'€€ components will have a 50% probability to be
a result of photo-electronic sensor faults or cleanncorrupted. The second approach (2) is a more
bit errors. Image transmission noise may be caus@§neralized impulse noise model of color images
by various sources, such as car ignition system@here P =Pr= Ps = Pgis the impulse noise ratio
industrial machines in the vicinity of the receiverfor €ach channel of a corrupted color image,
switching transients in power lines, lightning ret @ssuming that the image is corrupted by the impulse
atmosphere and various unprotected switches. THIiS€ in a channel independent manner.
type of transmission noise is often modeled as the
impulse noise. The impulse noise can also bk (1) and (2) ,if d, the component value gichor
introduced into images during acquisition of thew(c) equals the maximum or the minimum value of
images. For example, the impulse noise may Wdbe digital image (e.gg,, 255 or O for an 8- bit
introduced during fingerprint acquisition in redel channel of the 24- bit color image in the RGB
border security check. For more backgrounépace), the impulse noise is referred to as the
information about the physical model of thesalt and pepper impulse . Each pixel of the image
impulse noise, we refer readers to. The two mospay be corrupted by either the pepper or salt
common impulse noise types are fixed-valuémpulse with unequal probabilities. However, if the
impulse noise (also known as the salt-and-peppa@mplitudes of the impulse are distributed randomly
noise) and random-value impulse noise. with, e.gg, the uniform or the Gaussian distriboitio
in the range of [0,255], a more general type of the
LetC ={c=(g,c) |1<c;<H,I<c<W}denote impulse noise is generated and named as the
the set of the pixel coordinates of a color imaggandom impulse noise.
where H and W are height and the width of the The impulse noise can be represented by a joint
image, respectively at each pixel coordinate € € probability distribution describing the spatial
,a multivariate value vector in the RGB color spacealistribution of the impulses as well as their
X(C) = [*r(c), Xs(c), xs(c)]", is used to represent amplitudes. As is typically the case, these two
the RGB(Red ,Green, Blue) pixels values. quantities are considered to be independent. i thi
_ _ paper, an Adaptive Statistical Complexion based
Two gpprqaches as reported |n.the Ilteratu_re afltering techniques (ASCF) with a low
used in this paper to model the_lmpulse noise fQ’fomputationaI complexity is proposed for
color image restoration. In the first approach, theesioration of digital color images corrupted bg th

impulse nois_e corruption of the col_or i_mages in th?mpulse noise. This technique uses a set of novel
RGB space is expressed by a multivariate model. noise detection criteria for detection of the

corrupted pixels, which are based on 2-D geometric

and dimension features of the noisy pixel or the
o), with probabilit 1) hoisy region of images. This is in contrast witk th

"(C) P P @ traditional noise detection techniques where

and in the second approach the impulse noi@¥ly 1-D statistical information is used for

corruption of the color images in the RGB space i§Stimation of the noise ratio and the noise steditt
expressed by a multivariate model. distribution model. Based on the result of the

estimation, an adaptive progressive filtering
operation is employed in combination with

Y(c) = s(c), with probability (Pr)
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optimized dimension and shape of processini is observed that almost all impulses only have
windows .Computational efficiency of the ASCF issharp step edges and, in contrast almost none=of th
also investigated .Denoising performance of thencorrupted objects have this type of edges in its
ASCF is evaluated to demonstrate noticeable gainécinity. The borders of the uncorrupted objecttt st
against that of a number of well-known benchmarkave a narrow transitional region of a few pixels,
techniques mentioned above, in terms of standafYen in the gradient direction of a sharp changing
objective measurements perceptual image qua“{fu_ndary area. In cases where images corrupted by
and computational complexity, especially forthe impulse with the low noise ratio, the size shef

suppression of the impulse noise in medium-an r:upted plxe{sd(l.be.,. lcct)rr('juptgq _grefi\s)l arle most
large-size color images ikely represented by isolated individual pixelseor

short line with one pixel width. The pixels of the

3 line may be adjacent in the diagonal directionhwit
- DIMENSIONAL ~ AND  GEOMETRIC  the increase of the noise ratio, corrupted pixel

FEATURESOF IMPUL SE NOISE regions /clumps with two pixel width in two

A major problem in restoration of color images tgperpendicular directions may occur along with the
date is the destruction of detailed image strusturéndividual impulses and smaller impulse regions as
due to inability of denoising filters to distingbi®t shown in images corrupted with the low impulse
cluster of corrupted pixels from a cluster of p&el ratio. The shapes of the noise regions may be
presenting fine (detailed) image structures and thisolated point, a short thin line, a cross of twors
incorrect removal or modification of pixel thin lines or other small round shaped blocks. In
segments. This section describes a novel techniqoéher words, with the increase of the noise rdkie,
which detects and removes, effectively andoise may appear isolated or clustered with more
efficiently, impulses in color images. different sizes and shapes.
As defined in, any two pixels at(j1) and

(iz, j2) are called 4-neighbors, if they have a cityzccording to the above observations and analysis
block distance D4=1 from each other. Similarly, 8uf color, shapes and sizes of impulse noise
neighbors are two pixels with a chessboard diStan%%rrupted pixels /regions, and the types of edges
D8=1. The city block distance is defined as D4, ((i which form the borders of the noise regions, a
j1), (i2j2)) = | k- i2| + | j- Jo| and the chessboard hoye| impulse noise detection method is devised
distance is defined as D8 (,(j2), (i2.j2) ) = Max{ nhere based on 2 -D geometric features of the
i-i2| | k- j2[}. For example, each color image pixelimpulses, instead of the 1-D rank ordered statibtic
in fig.1(d) is represented by the coordinates itsf jnformation used by other well know filtering
position, i.e., a pair of integers (column numberiechniques, to determine if each pixel in a color
row number ).given a pixel (3,3 ), for instands, i jmage is corrupted or cleaned. One of the geometric
4-neighbors are (2,3),(3,4),(3,2), and (4,3) asdit properties of the impulse noise is the edge feature
neighbors are its 4-neighbors plus (2,2),(4,4))(2,%f its boundary. An edge can be defined as a local
and (4,2). discontinuity in color component or illumination

o _ _ intensity function and the edge orientation is
Careful examination of a variety of color imagesjefined as edges of an octagonally shaped object
corrupted by the fore mentioned impulse noisghose amplitude is higher or lower than its
models reveals that most of uncorrupted pixels Qackground. Therefore, the criteria for identifying
pixel regions in a natural color image demonsteate the edge feature around the pixel are based on the
certain degree of smoothness. This means that thgo types of derivatives, which are approximated
color intensities of a pixel always change graduallpy pixel differences in digital color images.
in all its 8-neighbors directions (e.g., in a snioot
a_rea),_ or chan_ge gradually at least in one. (edg®iven that Y(c) = [ ¥(c), ys(c), ws(c) ]" is the
direction (e.g., in a boundary area). In contragh W yector containing color components functions of a
normal or uncorrupted pixels of images, impuls@olor image, the two special types of partial
noise corrupted pixels always stand out as aferivatives are denoted a¥(c)/ac® anddY/(c)/oc
isolate spot or a cluster by its very Un'harmoniOU?espectivelyaY(c)/aca at C= (i, j) is approximated
colors, shapes and sizes compared with those of B§ G* the difference between the pixel and its 4-

neighborhood. Even in the boundary (or edge) aregeighbors for each component of the color pixel,
uncorrupted objects in natural color images havgnd defined as follows:

different types of edges from those corrupted ey th
impulses.
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are based on a combination of the 2-D edge,
geometric and size features of the noisy

8(nd =y [i.jl-y [i-nd,]] pixel/region in the images. They depart from
(D) =y [i,jl-yli, j-n27 traditional noise detection techniques used by the
$(nd) =y [i,j]-yli+ns? j] other existing filters, which only use some
S(n?) =y [Lil-Vli, j+n4 properties of the edge of a noisy pixel are 1-Ckran

[3] ordered statistical information around the noisy

pixel. For example, multiple threshold framework

Where @ = [ndn®nnd’, ik > 0 and the and corruption detectors are used in based on
default value of f is 1,for kk<4, and subscript statistical information about the neighborhood of
“T" represents the transpose operation. each local pixel to locate impulse noise and to
When a derivative is only considered in thepreserve clean pixels. Time-consuming multiple
diagonal directiongy(c)/oc®is approximated by & reference filtering and complex parameter training
the difference between the pixel and its other 8rocess highly limit the usage of these filters in
neighbors, for each component of the coloreal-time applications. The new criteria presered

component, and defined as follows: this paper also depart from recently developed
fuzzy impulse noise filtering techniques. For

example, the fuzzy noise detection method is

(Y = y[ i,y i-n . j-n mainly based on calculation of fuzzy gradient
G'(nY) = ylijlyli+n, j-nd values and fuzzy reasoning, and the fuzzy
G'(ns") = y[ijl-yl i+ns, j+n¥]  membership function representing the impulse
G(nd) =y iyl i-ns, j+ns noise is a simplification of the obtained noise

[4] histogram.

Where 1= [n, ., %, ", n®> 0 and the 5. A TWO DIMENSIONAL IMPULSE NOISE
default value of & is 1, for kk<4. The two DETECTION

special derivatives, ©and G, will be used to A key component of the AGFF technique is a novel
measure the edge feature (sharpness) and otlmpulse detection scheme based on the 2-D
geometric properties to determine whether centgeometric information of the corrupted pixels. Eirs
pixel at ¢ = (i,j) is corrupted or not in the ASCFwe define the edge feature —identification threghol

technique. T, which represents the value of a derivative to
distinguish the sharp step edges from other types o
4. PRINCIPLE OF ASCF TECHNIQUE edges [3]. Since very short thin lines usually form

In detecting and removing impulse noise a filtef™PUIS€ noise pixels, the length of a line is also
may make three main types of mistakes. Type Lfsed as a feaFure to dlstlngglsh a short noise line
error (miss) occurs when there is a corrupted pixéﬂlom haldfme line tljn 30|]9r émages.d_Thle Ienghth
which the filter does not detect. Type Il errorgéa threshold, 7, may be defined accordingly to the
alarm) happens when the filter detects an impulé%o'szrat'o'd _ fthe pixel di f
noise pixel which is actually clean. When the filte | econ (|:n terms?c the p|xedcqor| m_atg:fo
removes an impulse noise and replaces it with ;2 orimage, C, a set of corrupted pixels is deline
value determined by a certain restoration strateg¥;” | _ _

type Il error (over — or under-correcting erros) i f/l-écl(T( Sj\<é;Te_|2)" (S:]f(‘TNe))) a_q

defined as the difference between the resultant V(S >Te)™ (S'>Te)). Mce Na nic = 5]
value after the restoration process and true pixel

value as the noise -free pixel was.Different types Ifror_lgl_?gi,ll\l/d{ 1,2,3... Ty

the so-called “switching” filters and fuzzy filtexy m= ( ! )/2} i . . .
techniques have been developed over the yea 'he_re Tnis used to dgfme corruptled pixel-sizes in
achieving good performance in both noisé’jlnd Its Qefault.val_ue is 2. According to (5), IFeth
suppression and detail preservation. Similar to th o partial d_erlvat;:/_?s EhSa_md S O.f adp|xel have
other well-known benchmark techniques includin he same S|gnh W rlleldt elrh mgg_nltlu edaErFe_grleater
the so-called “switching” filters. And fuzzy-based ag a pr?)esett_res old , wheg- s ?\n dlsff
filtering techniques. The ASCF technique describefl’ < OF =, of (its components may have different
in this section consists of two components, i.e.\,’ames)’ THEN the p_|xel belongs to . Se_t mclugles
impulse detection and impulse removal. The novépd'v'quall 'mdpﬁ'se émxrsls, _slalnt nfoie Ill_nes W'tlh
criteria used by the ASCF for noisy pixel detectiof?€-PIxel width and the pixels of the lines only
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adjacent to each other in diagonal direction withinAccording to (9), IF the two partial derivative$ G
the defined length of TThird, a set of corrupted and G° pixel have the same sign while their
pixels, which include individual impulse pixels, magnitudes are greater than a preset threshold T
straight noise lines with one-pixel width the piel with the partial derivatives indexed by k contafin
of the lines being only 4-neighbors to each otheasnly three out of the four distance settings, drel t

within the defined length of, is defined as partial derivatives indexed by being either {2,8}
{3, 4} or{4, 1} or {1, 2} and equal to k, when
S ={ c|(( S< (T ) (S <(=T))) n,n% .,n%, andn?, ., and are 1, THEN the pixel
V ((G>To) » (G >Tey), Mie Na, nd =1 belongs to S . Since an impulse noise ratio; g ,
[6] Ui=" Sic C, where n=4, in the current design, T
For ¥k<4, N.=1{1, 2, 3... Ty «in (5) and (9) may be set at different values.

Tm= (T, +1)/2}

The strategy of the progressive restoration for the
Where Tm is used to define corrupted pixel-sizes iIASCF is, first, to restore  corrupted individual
S, and its default value is 2. According to (6) , IFpixels or noise regions of small size. If it made
the two partial derivatives®Sand $ of a pixel either Type Il or Type Ill errors, it should not
have the same sign while their magnitudes airatroduce any new impulse noise regions bigger
greater than a preset Threshold, When R? is 1 than the existing ones. Then, further operatioes ar
and R* is1or2or3 Tm(its k components maycarried out around large noise corrupted regions to
have different values), then the pixel belongs2o S restore areas of the images associated with noise
Next, a set of corrupted pixels is defined asSBe regions of the considerable size reability In oraber
which include noisy pixels/regions within 3-pixel take the advantage of the median filter and todavoi
width in any region except noisy pixels already irthe draw backs. (I.e causing a number of the

S1 and/or S2, i.e., ¢ € S1US2. aircrafts for the uncorrupted pixels)[9] a detewtio

scheme is described in this section for userbkef

1fS={ c|(( < (-Te))" (S'<(=Te))) the median filtering for the restoration, as a lgsu
V(S>Te )M ($>Te ), e Ng nd =L} the proposed restoration method based on the

[7] restricted median can keep the image unchanged
when the filter processing window moves across
Where kk< 4, L is 2 or 3, and the default value forthe uncorrupted image details.
n‘and /s 2. Thus, $can be represented as
3=S-(8US) Clearly, it may become expensive to perform a sort
[8] on pixels within a large rectangular window. If the
Where T,=2 for S, andS; in (8). According to (8), width of processing window is larger than three, a
IF the two partial derivatives®&nd S of a pixel modified median filter can be applied alternatively
have the same sign while their magnitudes aii@ the ASCF technique. The modified median will
greater than a preset thresholg When fi, and be based in the part of the pixels which from the o
n®, are 2 or 3 and the pixel is not$or S,, - line of the window or the noise- free pixels \ith
THEN the pixel belongs t8;, the processing window (3), since part of the pixels
Finally, according to observation and analysis of aside the window may have been corrupted. The
variety of natural images corrupted with thenoisy central pixel and its corrupted eight
impulse noise, a protrusive point in a border areaeighborhood pixels, if detected, will be excluded
with high possibility of being a corrupted pixel isfrom the set for the median filtering. The modified

defined as: median filter increases the reliability of the
Si-{c] (( Si< (T )™ (S <(=Te))) restoration and reduces the computational cost,
V ((\& >Te) * (S >Te)), especially for removing impulses of high noise
=, =n", =nj2=1, ratio. If the channel correlation, factor r, forcha
VKE{ylyEN"y£e}, e €N, corrupted pixel as defined in (1), approachesd, th
N={1, 2, 3, 4}, (v=k) modified vector filtering is recommended

NvE€{2,3VVE(3 4 VE{4 1}
The number of fuzzy membership functions
[9] associated with each variable depends on the
VE€{L, 2})}. denoising operations and the sum of the fuzzy
membership values where the functions overlap is
recommended to be one or less than one. Because
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the AGFF can tolerate the estimation deviation ofestore color images with a medium or high noise
the noise ratios, the simple trapezoidal shape rstio.
chosen as the functions in the fuzzification preces
The maximum method is used in defuzzificationOperation 111 Consists of two passes of Operation
The noise type of the salt-and-pepper can ble Operator D and one-pass filtering to restore
determined by the values gfor s,. pixels inS;. First, one-pass filtering of pixels B

is applied, which is followed by Operation I. The

: second pass includes Operator D which is followed
Noisy by another Operation |. Operation Ill is designed t
_______ Ny restore corrupted images with a high noise ratio.
Fuzzy Operation IV Consists of two passes of Operation

[l and one-pass filtering of pixels if; to restore

| |

' 1

' eer '

! oprouo : Impulse color images with impulse of very high noise ratio.
! Vv ' Detection It applies Operation Il and then restores impulse
' ] corrupted pixels irS; where for in (7). Finally, it

! Impulse : repeats Operation

1 | detection base | |

H— V7 — 6. RESULTS OF THE IMPULSE NOISE

FILTER.

Window sizes of 3x3, 5x5 and 7x7 are
Filtering Stage experimented. A plot between PSNR and
percentage of impulse noise for this window size is
drawn in Figure 3. The best results for higher

Noise Detection

] percentages of the impulse noise, a larger widow
Average Fuzzy|—| ASCF seems to be more appropriate but this filter is les
v suitable for a high level of noise as there isss lof
Filtered Image image details. As the window size of 3x3 produces
better results up to 20% impulse noise, this filser
Fig 1. Block Diagram Of ASCF meant to deal with low and middle percentages of

the impulse noise. This level of noise is usually

A design principle for the following operations,found in many practical applications. The
which are adapted to different noise ratios an@erformance of this filter is illustrated througlset -
types, is to use as small a size of the windowasnd of color images with the impulse noise of densities
less a number of the passes as possible, as longl886. 15and 20%.
the impulse noise can be removed (to ensure . . )
preserving image details as much as possible). TRecOmparative analysis of the proposed techniques
number of passes was determined for removal ofi@ carried out with respect to two recent approache
noise region based on the worst case scenaffd the literature, namely, SMDE method proposed
within the estimated maximal size of the noisdy Pei-Eng Nget al. [19] and Luo’s EDPA [20]. A
region. The operations designed for removing@mple set of the original images used in the
impulses from different corrupted pixel sets in€xperimentation are displayed in the values of MSE
natural digital color images, are defined as fofow and PSNR enumerated in Table 1 for different
experiments indicate that the proposed method is
Operation | Consists of a two-pass filtering to @ble to.reduce more .noise from_ the images while
restore color images with a low noise ratio. In th@reserving aimost all image details. The resules ar
first pass, it restores impulse corrupted pixel§,in Petter than those reported in the literature as
In the second pass, it restores impulse corruptétgmonstrated by a higher value of PSNR in most of

pixels inS, . the images analyses. It can also be observed
visually that the proposed filters are quite effiet
Operation 11 Consists of Operation | andin noise reduction. The results of denoising

Operator D. The Operator D is designed to remov@Ptained by a few existing methods in the literatur

corrupted pixels ir,. Operation Il is designed to @€ shown in Figure 2 including the results
achieved by the proposed impulse filter for
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comparative purposes. while input to each filter|
have the same level of noise (a) Lena Image with
Impulse noise of density 15%, (b) Lena with §
FNRC, (c) Lena with NRFF, (d) Lena with
Proposed, (e) Fish Image with Impulse noise ofj
density 15%, (f) Fish with FNRC, (g) Fish with ¢
NRFF, (h) Fish with Proposed, (i) Bird Image with §
Impulse noise of density 15%, (j) Bird with FNRC, §
(k) Bird with NRFF, and (l) Bird with Proposed
method. A plot (See Figure 4) between PSNR and
percentage of Impulse noise for different methods
proves this point for the Lena image

Figure 2: Denoised I mages obtained with different
Filters

s

PSNR--

L L L L L 3 i i .
10 18 20 25 30 = 40 45 50 55 &0
imulse noise-—-—>

Figure 3: PSNR vs. Window sizes for Impulse noise
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Figure 4: A comparative analysis of impulse noise
reduction
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7. CONCLUSION [5] O. Lezoray, A. Elmoataz, and S. Bougleux,

“Graph regularization for color image
A statistical complexion-based filtering technique  processing,”Comput. Vis. Image Understand.,
has been proposed for removing impulse noise from vol. 10, no. 1-2, pp. 38-55, Jul.—Aug. 2007.
corrupted digital color images. The specia[6] A. Elmoataz, O. Lezoray, and S. Bougleux,
contribution of the new filtering technique is its “Nonlocal discrete regularization on weighted
novel impulse detection method, which uses 2-D graphs: A framework for image and manifold
geometric features (shape and edge type) and the processing,"EEE Trans. Image Process., vol.
size of the impulse corrupted pixel/pixel region, 1, no.7, pp. 1047-1060, Jul. 2008.
instead of 1-D statistical information, to identthe [7] P. E. Trahanias and A. N. Venetsanopoulos,
impulse in an effective and efficient manner. The “Vector direction filter: A new class of
other novelty is its progressive adaptive restorati multichannel image processing filter/EEE
mechanism, where a carefully selected set of sizes Trans. Image Process,, vol. 2, no. 10, pp. 528—
and shapes of processing windows are employed, 534, Oct. 1993
adapting to noise ratio and type to recover thi8] D. G. Karakos and P. E. Trahanias,
corrupted pixels step by step through a reliable “Combining vector median and vector
multipass process of low computational complexity  direction filters: The directional-distance
This technique also provides a very reliable impuls ~ filter,” in Proc. IEEE Int. Conf. Image
noise type and ratio discrimination method. Process., Washington, DC, Oct. 1995, vol. 1,
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Table 1: Comparison Of Performance For Impulse Noise
Image Noisy SMDE EDPA Proposed
M SE PSNR MSE | PSNR MSE | PSNR M SE PSNR
Lena
10% 11.40 37.20 5.18 40.99 1.8p 45.46 1.47 47.46
15% 19.05 34.33 5.94 40.3p 2.8b 43.598 224 45.63
20% 25.28 34.10 7.27 39.52 3.8p 42.23 3.12 44.19
Fish
10% 12.78 37.06 10.04 38.11 4.23 41.87 4.02 43.09
15% 19.12 35.32 10.8¢ 36.78 6.53 40.83 5.53 40.70
20% 25.61 34.05 11.66 37.4p 7.84 39.19 7.04 39.66
Bird
10% 12.83 37.05 9.39 38.4( 3.2B 42.97 271 44.80
15% 19.45 35.24 10.79 37.8( 4.99 41.15 4.26 42.84
20% 25.80 34.02 12.41 37.19 7.11 39.61 5.99 40.36
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