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Abstract

A noise adaptive filter has been proposed in this study aiming to estimate the original image pixel valuesin the
presence of impulse noise in monochromatic images. The proposed filter approach is noise adaptive that as the
percentage of noise density increasesin theimage, the size of neighborhood in filtering window is also increased.
Proposed approach comprises of two stages, oneisimpul se noise detection and the other isimpul se noise reduction
or cancellation. First stage is based on median and mean distance and thresholding whereas the second stage is
based on reconstruction of the image using the values of neighboring pixels of the pixel under consideration
detected as contaminated pixel by first stage. Reconstruction is done by estimating reference values using
uncorrupted pixelsin the neighborhood of pixel under consideration. The proposed method has been compared to
various existing methods by using peak signal to noise ratio (PSNR) for measuring the objective quality strength.
To measure the impul se noi se detection the method has al so been compared with other existing methods using the
ratio of misdetection (MD) and fal se detection (FD).

K ey wor ds. image enhancement, image restoration, random impul se noise, Salt & Pepper noise, switching trimmed

median filter
I ntroduction the drawback of treating contaminated and
The process of image acquisition and transmission uncorrupted pixels at the same time and propagating
often corrupts the digital images by impulse noise. this error pixel by pixel throughout the image. To
Impulse noi se contaminatesthe pixels of original image overcome this drawback switching mechanism has
with fixed val ues of allowableminimum and maximum been introduced that selects only the contaminated
intensities (salt & pepper noise) or with a range of pixd for filtration process and gives better performance
minimum and maximum intensities (random impulse (Tripathi etal. 2011).
noise). Any impulse noise serioudly affectsthe quality
of image while distorting the image details, features, Weighted median filters (WMF) is another approach
edges, spatial resolutions etc. by adding false details that assigns weights to the pixels existing in filtering
to the image. Therefore it is very important and window wherethe central pixel constitutesthe higher
essential to remove noise from the image for the weight(Chan et al. 2004, Chen & Wu 2001).
implementation of more image processing operations
like edge detection, i mage Segmentati on, Ob] ect Switchi ng filter consists of |mpU|S€ noise detection as
detection, image features extraction, etc. amain process, many approaches have been proposed
for impul se noise detection. Some of these approaches
Image denoising has been a hot research area since are based on local image statistics that considers the
the last decades and a huge number of techniques measurement in change of intensity in apixel fromits
have been proposed for noise removal. These neighborhood; these image statistics may include
techniques differ from each other dueto the difference ranked-ordered differences (Garnett et al. 2005). Some
of nature of noise. For impulse noise standard median other techniques including boundary discriminative
filter isthe most popular and common technique having noise detection (BDND) (Ng & Ma 2006), one
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dimensional Laplacian operator (Zhang & Karim
2002), neural network and fuzzy logic based
techniques (Toprak & Guler 2006; Zvonarev et al.
2005) are also helpful in the detection of impulse
noise. Some other techniques are noise adaptive
which meansthat the size of neighborhood changes
with the change in noise density (Eng & Ma 2001,
Leeetal. 2007, Vijaykumar et al. 2008).

A noise adaptive approach to impulse noise
detection and reduction has been proposed in this
study. The proposed method detects noise on the
basis of thresholding based distance from median
and mean of pixel under consideration. Theimageis
reconstructed by computing the median of reference
values constructed from the uncorrupted pixels
existing in the neighborhood of contaminated pixel.
The structure of upcoming sectionsin this paper is
organized as: Section 2 contains detailed study of
proposed work including noise models, impulse
noise detection and filtration process. Section 3
givesadiscussion on resultsin detail and Section 4
concludes the whole paper. In the end section 5
lists the references used in this paper.

M ethodology
Consider a contaminated input image i.e.,

C={c(mn)|1<m<H,1<n<W} of size
H = pixels. ¢(m,x)e[0,Z%]and * has a

dynamic range[cy.,.Cae ] - The objective of
proposed approach is to generate a noiseless image

A={almn)|1Lm i 1in W of  size
pixels a(#,%) [0, Z%] and A having a dynamic
range and better visual quality than C,

wheredty #ep, and @p <o, .

Noise models

Four impulse noisemodels (Ng & Ma2006) have been
implemented in this study for the purpose of examining
the performance of proposed impul se noise detection
and cancellation method. The contaminated pixelsdo
have the intensity values equal to or near to the
minimum and maximum values of allowed dynamic
range. For anoiselessorigina imageapixel at location
is denoted by and the corresponding pixel in
contaminated image is denoted by.
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Noise model 1

Probability distribution function for noise model 1 is
given by

[
3 Jaore=Mn

Flei=q1-4d farc::czm

4
2

(0

Jor o= Max

Here contaminated image contains fixed values of
Max and Mini.e., 255 and O for salt and pepper noise
respectively. isnoise density intheimage having equal
probabilities for salt and pepper noise.

Noise model 2
Probability distribution function for noise model 2 is
given by

d, Jorc=Min
Jle)=q1-d jorc=a,,
d, Jor o =Max

(<)

Here contaminated image containsfixed valuesof and
i.e., 255 and O for salt and pepper noise respectively
but with unequal probabilities. isnoise density inthe

image and

Noise model 3
Probability distribution function for noise model 3is
given by

4 Jor Ma=Zc=Mnrt+Hf
2F
Je)=q1-d  jfor c=a,, (3
@ Jor Mux—F <o =Max
2E

Here contaminated image contains dynamic valuesfor

sati.e., Mzx— 5 to Maxand for pepperi.e., Minto

Mix + A with equal probability. disnoisedensity in
theimage.
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Noise model 4
Probability distribution function for noise model 4 is
given by

% o Adin e a4+ F
Jlehr=+21-d Jor o=a (]
% Jar Moy —F Zeo= Max

Here contaminated image contains dynamic valuesfor

sati.e, Max— 5 toMaxandfor pepperi.e, Min to
Min+F but with unequal probabilities
d =d;+d,. is noise density in the image and
i) #dy.

Impulse noise detection

To detect whether a pixel under consideration is a
contaminated one or not, two distance formul ae have
been used; one is the distance of contaminated pixel
from median of itsuncorrupted neighboring pixelsand
the other is the distance of contaminated pixel from
mean of its uncorrupted neighboring pixels. As
proposed approach is noise adaptive, one means size
of neighborhood varies with noise densities in the
image. Following sizes have been adopted by the
proposed approach according to change in noise
densities.

=1 (33 fr 0=d=<m

S =9 &=2 (39 jfr VA= &
E=3 (B fr 60<d=0

Distances are defined by the following equations

| e, —medTa@rila, _o e i ¥
T = For i=0.2K ()
Jor j=0_2X%

|, | —meanta 0|

Jor f=0.2%8

By using the expression 6 and expression 7 a noise
map isgenerated for marking the contaminated pixels.

[FXed =D g =omaninata)

&)
dz 1, =q,,tnwmpiad)

e

Examples of noise map and filtering windows have
been shown in Figurel, ‘0" shows the contaminated
pixel and ‘1" showsthe uncorrupted pixel inthe noise

map.

1111 EMEHEE
1101 a21|Caz| a3
1110 az1 | a3z |Cas
Figl(a) Noise Map Figl(bh) K=1{3X3) Filtering window

11111 MEBHEHENES
1]1]1]1]1 ag) | agp| A33| Az4| A5
Lj1joj1/1 a3y | a32|Caa| 234 | a3
01110 Cy1|ags|ags|ay|Cys
111(1(0(1 az1|azy|az3|Cayl azz
Fig] (C) Noise Map Fig] (d) K=2(5X5) Filtering window
VUL Jan|ap|an|an|ais| ae|ar
VT V[T 1] 1] Jagy)ag|an)ay|as) ag|ay
VUL ] 1] Jag|ayp|ag|ay|ass|a|ay
LI 0] 1[1]0] [ag|an|ag|Cul a|ag Ca
(11|10 f1|1 az) |z | as3| azg | Cis| azg | a7
Ij1j1j0(111 ag1| 26z | 2g3|Cos| 53| 266|267
Ljoj1(1(0)1]0 a71|Cyy| ara| azg|Crs| a76|Cor
Figl(e) Noise Map Figl(d) K=3(7X7) Filtering window

Fig.1. Examples of noise map and filtering window for
K=1,2,3

Filtration process

The contaminated imageis scanned pixel by pixel from
|eft to right and top to bottom fashion. Once apixel is
detected as a contaminated one, the size of
neighborhood is selected according to expression 5
and all other pixels in the neighborhood are also
passed from noise detection process. Filtration
process is based on the concept of reference values
obtained from uncorrupted pixels existing in selected
neighborhood. The steps of the whole process are
giveninthefollowing.
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1. The pixels before the under consideration central
pixel are designated as Pre-neighborhood and the
pixels after the central pixel are designated as Post-
neighborhood. Following expressions define the Pre
and Post neighborhood.

Frine s g (9)
m-—En-Kim-E+in-F+ jZmn-]

Pore oy i g » an
matlsm—E+in-E+izm+Eln+ K

2. The point difference of first element of Prn
from second, third, fourth and so onis calcul ated
and similarly for Psn the point difference is
calculated. The absolute sum of both differences
obtained is calculated by the following
expression

SO0 = Pra(l)—Pra(2)—. —Pra(s)
+
Fen(l)— Fen(2)— . — Fan(s)| (10

Where sisthe maximum number of elementsin Prn
and Psn

3. The reference values are obtained by dividing
the SOD by resultant value (V) obtained by dividing
the SOD by each uncorrupted pixel in the
neighborhood. Expression 12 and expression 13
describe this step as follows

SO0
Vm—K H—E+] = (1 2)
m-k+H.n—k+7
SO
'Rm—x-n-:',n—x+j = (13)

5

m-—K+Hn-E+;

where 0 =i, j 22K and X =1,2.3

4. Finally the central contaminated pixel isreplaced
by median of reference values of its neighborhood
as

T = mdﬁan(&—k@i,x—j&jj (14:|
where 0=i j= 2K and KX =123

Results and Discussion

Three standard test images ‘Lena’, ‘Baboon’ and
‘Peppers’ have been used for verifying the performance
of proposed approach as shown in Fig. 2.

() Lena {b) Babooo

{c) Peppers
Fig.2. Standard test images

Experiments have been carried out with various
noise densities varying from 10% to 90% for all the
four impulse noise models. The selected techniques
used for comparison are advanced boundary
discriminative noise detection algorithm (ABDND)
(Tripathi et al. 2011), adaptive switching median filter
(ASMF) (Nallaperumal et al. 2007), boundary
discriminativenoisedetection (BDND) (Ng & Ma2006),
Fuzzy detector (Garnett et al. 2005), iterative adaptive
switching medianfilter IASMF) (Luo 2007), Laplacian
detector (Nallaperumal et al. 2006), morphol ogical
adaptive switching medianfilter (MASMF) (Zhang et
al. 2008), morphological residue detector (MRD) (Ze-
Feng et al. 2007) and progressive switching median
filter (PSMF) (Wang & Zhang 1999). Tablel givesthe
best possible values of selected techniques dependent
parameters (Tripathi & Ghanekar et al. 2011).

To evaluate the performance of proposed impulse noise
detector two measures miss detection (MD) and false
detection (FD) have been used. Miss detection refers
to asituation when acontaminated pixel is detected as
uncorrupted whereas false detection refers to a
situation when an uncorrupted pixel is detected as a
contaminated one. This means an increased value for
MD and FD shows the decreased performance of the
detector.
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Table 1. Best possibleparameter values

Method DNoise Model wl w2 u T
ABDND 1,2,3,4 11 15 ; ;
ASNF 1,234 3 - ; ;
EDND 1,2,3,4 3 ; ; ;
Fuzzy 1 &2 30 10 1 -
184 20 25 2 ;
I4SIMF 1,2,3, 4 3 - - ;
Laplacian 1 &2 - ; ; 140
184 ; ; 130
WASF 1,2,3, 4 7 - - 25
TulineITace 1& 2 o ; ; 0
T84 3 ; ; 30
LRI 1&2 13 ; ; ;
184 11 ; ; ;
PSMF 1,2,3, 4 - - - 35

To evaluate the performance of proposed filtration
process, image objective quality measure Peak-signal -
to-noise ratio has been used. PSNR is given by the
following expression.

FENR=10log @a’ﬁ 1)
" ATSE
whers

S (e, ) — AQm, )

MIE = 2=l o= (16)

H o=l

For the‘Lena image comparative resultsfor MD
and FD have been given in Table 2, 4, 6 and 8
respectively for four noise models discussed in
section 2 whereasthe comparativeresultsfor PSNR
have been given in Table 3, 5, 7 and Table 9
respectively. The results have also been obtained
for ‘Baboon’ and ‘ Peppers imageswhich arevery
similar totheresultsof ‘Lena imagebut duetothe
space limitations those have not been included

here.

Table2. Comparitiveresultsfor number of MD & FD on L enaimageaccordingto noissmodel 1

Moise | | Flethod |
Dhenesity % ABDND | ASMF | BDMD | Furey | IASMF | Laplwisn | MASMF | Min | MED | PSMF Proposzed
Max
10 | MDD 1] 0 1] 0 0 1264 0 0 1] A=7 0
FD 10 14 T 2854 10 431 231 10 13 1873 i
20 | WD 1] 0 1] 0 0 357 0 0 1] el 0
FD 1 0 4 2485 14 T4l 21 1 1 1814 0
30 | WD 1] 0 1] 0 0 1413 0 0 1] 1394 0
FD 1] 0 4 1912 31 1279 0 0 1] 17714 0
a1 | WD 1] 0 1] 4 0 2097 0 0 1] 1862 0
FD 1] 0 3 1317 41 1940 0 0 1] 1541 0
50| WD 1] ] 1] 11 ] 4107 1] ] 1] 2323 ]
FD 1] 0 3 Ta5 35 2391 0 0 1] 1876 0
al | WD 1] 0 1] 34 0 fa311 0 0 1] 2021 0
FD 1] 0 f 318 i 2595 0 0 1] 2239 0
| WD 1] ] 1] Al ] a0 1] ] 1] 3158 ]
FD 1] 0 ) a7 () 2348 0 0 1] 2007 0
20 | WD 1] 0 1] 110 0 11192 0 0 1] a5 0
FD 1] 0 a 133 35 1933 0 0 1] 3530 0
a0 | WD 1] 0 1] 197 0 13394 0 0 1] 15851 0
FD 1] ] a5 T2 Fik 1089 1] ] 1] 3442 ]
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Table3. Comparitiveresultsfor PSNR of L enaimage accor dingto noissmodel 1

Inlethod
Hoise LBOND | A5WF | BOWD | Fuzy | [ASWF | Laplacian| LIASHE | in- LED | FSWF | Proposed
Censity, Iz
%o
10 802 3802 3802 350 ) 3295 3835 R0l 3802 2759 4112
20 3469 34/9 34.69 325% 3469 31.50 3469 3409 3469 2137 36.89
30 32680 32a0 32.60 312 32.59 2620 32680 3280 3240 2634 3480
40 3043 043 | 3043 2084 | 3013 2139 0a3 3043 | 3043 | 2544 | 3283
A0 2208 2808 2808 12 Pt 1764 28098 2808 2808 25395 31.1%8
&l X150 2150 27.50 2685 .4 1544 2150 2150 27150 2089 2070
70 2h.18 2818 2618 2458 26.17 11.47 281E 2al18 2618 1553 2838
20 2466 2466 24 66 ] 2463 .01 2466 2486 2466 1062 2686
a0 2247 2247 2228 18.18 224 f.a0 2247 2247 2247 a9z 24687
Table4. Comparitiveresultsfor number of MD & FD on L enaimageaccor dingto noissmodel 2
Nuise Mahod
Density U ABRDND |ASMF | BDND | Facry |IASMF | Laplacian | MASMF | Min | MRD | PSMF | Proposed
MMax
10 MD ] ] ] ] ] 141 ] ] ] 580 ]
&+4 | FD 18 18 3 271 13 a0l 220 19 24 1259 4
20 MD 0 1] 0 1] 1] 598 1] 1] 1] 712 0
2+12 | FD 1 ] 3 2590 14 217 Kt ] ] 1234 ]
30 MD 0 1] 0 & 1] 1932 1] 1] 1] 1999 0
10+20| FD ] ] & 235 45 1715 11 ] ] 001 ]
40 MD 0 1] 0 10 1] 411 1] 1] 1] 744
25+¢15| FD 0 1] 15 1485 &7 2195 1 1] 1] A& 0
a0 MD ] ] ] 23 ] 4273 ] ] ] 1501 ]
20+30| FD 0 1] 7 Q45 25 2747 1] 1] 1] 314 0
(1] MD 0 1] 0 57 1] 7168 1] 1] 1] 243 0
25+35| FD ] ] 10 552 a1 2954 ] ] ] ma7 ]
0 MD 0 1] 0 114 1] Q550 1] 1] 1] &115 0
40+30| FD 0 1] 14 305 g2 2464 1] 1] 1] 3526 0
20 MD ] ] ] 171 ] 12293 ] ] ] 747 ]
35445 FD 0 1] B 170 24 1957 1] 1] 1] 4749 0
Q0 MD 0 1] 0 294 1] 14210 1] 1] 1] 19329 0
40+50| FD 0 1] 618 &4 56 1234 1] 1] 1] 40073 0
Table5. Comparativeresultsfor PSNR of L enaimageaccor dingto noisemodel 2
Nodse M ethod
Dencity,] ABDND | ASMF| BDND| Furzy | IASMF | Laphcian| MASMF | Min | MED | PSMF | Prosposed
W Max
10 5552 3892 | 3882 | 3370 | 35492 3091 3747 3592 | 3891 | 2801 | 4082
&+4
] 54 54 3484 | 3484 | 5287 | S4.84 2481 3412 3484 | 3484 | 2733 | 3674
a+12
a0 52.78 3278 | 3278 | 5072 | 5272 1251 3181 3278 | 3278 | 2583 | 3488
10+20
an 30.19 3019 | 3019 | 2919 | 3012 1541 30.19 3019 | 3019 | 2458 | 3209
25+15
;n 2 20 2280 | 2380 | 2799 | 2879 1348 2280 2880 | 2220 | 2360 | 3070
20+30
1) 27581 2781 2781 2555 | 2078 1135 2781 2781 | 2781 1941 2971
25+35
mn 2599 2599 | 2589 | 2317 | 2597 225 2598 2599 | 2599 | 1583 | 2789
40+30
& 24 48 2448 | 2448 | 2180 | 2448 759 24 48 2448 | 2448 | 9.53 2638
35+d5
o0 2249 2249 | 2248 1752 | 22.17 & 51 2249 2249 | 2249 | &40 2439
40+ 50
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Table6. Compar ativeresultsfor number of MD and FD on L enaimage accor dingtonoisesmodel 3

Wowse MMethed
Density,| ALBDHD [ ASMF [ BOHD | Fuzzy | [ASMF | Laplacian | MASMF | Min- | MED | FEMF | Frop
(%5 Max osed
10 | MD i] 4255 i] 120 5240 170 3726 10585 1785 530 [i]
FO 270 1= 7 1a017 3 534 228 35le 1102 1250
20 | MD 1] 10144 38 =13 11857 1= 9815 3885 1558 1054 0
FO 134 1] 7 10171 ] 873 27 2790 50 12592
30 | MD 1] 157991 192 2264 17300 13285 15911 W99 13800 | 1527 0
FO 105 1] 7 2521 ] 1537 2 2092 4 1787
40 | MD 1] 21325 712 4752 23248 25386 22083 12245 | 20206 | 2058 0
FO 93 1] 23 342 ] 2170 ] 1297 0 1753
50 | MD 1] 27524 1859 7331 29053 4241 27983 17568 | 25907 | 2662 0
FL 13 1] 21 4552 ] 2771 ] 228 0 1200
&0 | MD 1] 32715 3870 11548 | 354934 244 33991 23058 | 3234 | 3221 0
FO 55 1] 15 3058 ] 2803 ] 447 0 2154
70 | MD 1] 32710 57682 16539 | 40443 8574 40038 28735 | 33652 | 4380 0
FO 45 1] 28 1253 ] 2712 ] 254 0 2297
20 | MD 1] 44010 | 10431 | 21538 48270 1o071@ 48411 34785 | 425532 | 410 0
FO 30 1] 41 1184 ] 2175 ] 129 0 3804
20 | MD 1] 43573 | 15975 27194 50223 12828 52401 40639 | 44552 | 18779 0
FL 15 1] 109 508 ] 1264 ] 51 0 3312
Table 7. Comparative results for PSNR of Lena image according to noise model 3
Hoise Ilethod
DE&{; ;t:r, AEDHD |ASMF |EDHD |Fuzzy |[ASMF |Laplacian | MASMF | Min- | MED | FEMF | Proposed
Idax
10 3749 1678 | 3752 | 2727 | 1594 3229 17.71 2159 | 2043 | 28301 3052
20 34.03 1301 | 3307 | 2081 1258 27.54 13564 1500 | 1440 | 2751 3603
30 3155 1110|2952 1663 | 1115 22.99 11.47 1307 | 11591 | 26.60 3385
40 30.25 0.8 2601 1378 050 19.51 10.07 1106 | 1030 | 2553 3225
50 28.57 566 2586 1152 257 1645 9.08 962 | 812 | 2457 30.57
&0 27.21 735 2241 085 £.02 1383 £.10 245 | Bl4 | 2231 2021
70 2599 7.05 1822 .40 723 1127 7.39 758 | 739 | 1537 2799
&0 24.01 ] 1140 7.30 & 7 041 683 6% | &78 | 1198 26.01
an 21.79 559 563 A.41 @02 7.60 621 622 | ézZ0 733 2379
Table 8. Comparative results for number MD and FD of Lena image according to noise model 4
Hotse Dlathed
Demsity, (5] | ABDND | ASMF | BDND | PFumy | L&SMF | laplacian | MASMF | Min | MFED | FSMF | Proposed
Blax
10 i ] 4352 ] 132 5065 25 e 1107 re A&7 ]
Fred JJK 228 19 7 10z ] 54 414 3471 15R 1355
2 MO ] 10134 35 o 11497 ala L 32 ey 210 ]
g+l2 | FDr 149 ] 14 10253 ] S k] 2548 a7 1905
3 LI ] 15520 385 2552 1781 2019 12 T 1357 At ]
I+20| FD 109 ] K1 2R ] 1905 21965 2449 e 195
40 IR ] 21417 1047 51 23150 319 1 12513 | 19914 2381 ]
215 D a8 ] e 545 ] 244 2988 1a54 0 0L
i IR ] 218 et k1] 2550 4652 ] 1740 | pad 1551 ]
w30 D g ] 25 4521 ] 3185 12 101& 0 2359
& | MD a 0 | 40 | 11411 | MR &6 a IR0 | TS| 24eR a
2535 D 55 ] 21 39 ] 3 406565 651 0 2L
n MO ] 349 15 1A585 40652 M4 ] 2eee | S=a0l [EC ] ]
4+30| D 41 ] 49 2158 ] 2719 48273 G 0 350
bl MO ] 44035 11511 21080 e 11554 ] 3E | 4492 10030 ]
3545 D 1 ] 142 1212 ] 231 4503 155 0 4706
A MO ] 4955 I3[y | 1A 5543 14539 ] 40es | a0 | 18Rl ]
40+50| D 18 ] 562 50 ] 1305 5542 Bh 0 335G
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Table9. Comparitiveresultsfor PSNR of L enaimageaccor dingtonoisemdoel 4

Motz Ivkthod
Denstty,
(%)

LBDWND | A3MF | BDND |Fuzmy | [ASWF  |Lapacian |\MASKLEF |Mn-  |PSLF  PSMF | Pop

Ivhx omed

10 3733 1724|3739 (2659 1623 3178 1780 2105 (2018|2769 | 3EER
G+
20 34-31 1268 3430 203 1258 2178 1360 1553 (1429 2715 | 334l
82
an 3211 1170 (2738 1aar |11 2181 1135 1282 1202 2617 | 3347
10+20
4n 3028 15 2611 13481 1026 1519 1010 1111 (1038 2503|3178
25+5
an 2am 827 2340 1117 | 854 1548 8.8 852 908 2341 |30
20430
&0 2115 14 2011|948 772 1329 AL 845|814 2029 | 2865
25435
mn 25848 135 1548 a8 .54 1106 T4 1463 T.A45 1585 2736
40430
an 2423 6.21 11.40 121 G339 R 671 & .80 6.1 1042|2573
3545
a0 21581 5 142 3% | 585 74 .18 621 6.18 6 98 2331

It can be clearly noticed that the performance ot
ABDND iswell for all impulse noise models and all
noise densities with almost zero MD and low FD,
ASMF giveszero MD and FD for impulse noisemodels
1and 2 but MD isvery largefor impulse noise models
3and 4. BDND performswell for impulse noise models
1 and 2 with low MD and FD but for impulse noise
models 3 and 4 its performance decreases at high noise
densities and MD gets very large values. Fuzzy
detector comes up with low MD and large FD for
impulse noise models 1 and 2 and for impulse noise
models 3 and 4 with very large both of MD and FD at
al noisedensities. IASMF showsresultsvery similar
to those of ASMF. Laplacian detector increases the
MD and FD for all impul se noise models as the noise
density increases. Performance of MASMF is good
for impulse noise models 1 and 2 but giveslarge MD
for impulse noise models 3 and 4. For impulse noise
models 1 and 2 Min-Max detector giveszero MD and
FD but for impul se noise models 3 and 4 shows very
largeMD. MRD showszeroMD, small FD forimpulse
noisemodels1and 2 and very large MD, very low FD
for impulse noise models3 and 4 at all noise densities.
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PSMF increasesthe MD and FD with increasein noise
densitiesfor al impul se noise models.

Performance of proposed method is very well for all
impul se noise model swith almost zero MD and FD for
all impulse noise modelsand highest PSNR values. A
pixel contaminated by any impulse noise has a
relatively high intensity value from its neighborhood.
To check whether a pixel is contaminated or not, its
distance is measured from median and mean of its
neighborhood. After experimenting two threshold
values 20 and 30 have been decided for accurate
detection because for correct noise cancellation
accurate detection is necessary. Proposed filtration or
restoration process efficiently reduces the noise by
using the median of reference values generated
neighborhood. To visualizethe qualitative performance
of proposed approach restored images have been
giveninFigure 3, theimagesof ‘Lena, ‘ Baboon' and
‘peppers have been corrupted by ‘salt and pepper’
noise according to impulse noise model 1 at 60% of
noise density. Restored images by proposed method
have been shown correspondingly.



Fig.3. Images corrupted by 60% of impul se noise according
to noise model 1
(@) ‘Lena image corrupted by 40% impul se noise’
(b) ‘Lena image restored by proposed method
(c) ‘Baboon’ image corrupted by 40% impul se noise’
(d) ‘Baboon’ image restored by proposed method
(e) ‘Peppers image corrupted by 40% impulse noise’
(f) ‘Peppers image restored by proposed method

An accurate and efficient impul se noi se detection and
reduction method has been proposed in this study
consisting of two stages; impul se noi se detection and
filtration. The special property of the method isthat it
detects a pixel as contaminated and performs noise
cancellation process at that moment as a result of
which a contaminated pixel is never found in pre
neighborhood of a contaminated pixel. Enough
uncorrupted pixels arefound to estimate the intensity
of original imagefor replacing the contaminated image
even in case of very high noise densities (up to 90%).
Comparative experimental results reveal the
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outperformance of proposed approach over thevarious
existing approaches to noise detection and
cancellation. Another fact has al so been revealed that
a good noise cancellation depends upon the accurate
noise detection.
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