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Abstract — In this paper, we proposed a recursive median
Filtering approach for removing the random valued mpulse
noise while preserving the image fine details grayscale
images. It reduces the noise very effectively in tvstages.
First stage is noise detection and second stage nwise
removal. The noisy pixels are first detected using wl
threshold technique and then subsequently replacelly the
enhanced median value. Simulations is carried outoMatlab
for different natural images. Experimental resultsrepresents
the efficiency of proposed method with better PSNRven at
high noise ratios.
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|. INTRODUCTION

Preservation of image fine details and removahwddge
noise are the two important concepts of image [@sing.
Because during the transmission and acquisition
images, different type of noise present in medidfacts

Gaussian noise, shot noise, speckle noise etd f@].most
general and important type of noise which affettis
image is impulse noise. Impulse noise is of twaeg/pone
is Fixed value impulse noise or Salt and Peppes&land

second is Random valued impulse noise. Salt anggvep

noise in 8- bit digital image can have value eitBeor
255., where 0 represent complete black and 25%sept
complete white colour on gray scale image but oamd

valued impulse noise can have any value betweend0 a

255, that is why, removal of random noise is veffadilt.
The linear filters are very simple and easy for uisp
noise removal but during the noise removal, linfiéaer
causes of blurring into the image. Therefore nopdr
filters are better option than mean filter. A siephedian
filter (SMF)[5] is very common used non-linear filter. It
produces better results and quality than meanr fited
other linear filters but also effects all the psxeMany
improvements have been made in median filter talypce
better results and visual quality like first detewtof noisy
pixels and then removal of those noisy pixels whéit
other pixels unaltered. Weighted median filter (WIM#;,
centre weighted median filter (CWM1][12], Adaptive

ratio, and compared with other existing techniqRest of
the paper is organized as follows. Section Il casta
impulse noise model and proposed algorithm is éxgth
in Section Ill. The simulation and experimentalulés for
different images represented in Section V. Finally
conclusion explained in Section V.

II. NOISE MODEL

Impulse noise is very common type noise in digital
images. [5] Impulse noise is completely independerd
not correlated to the pixels and is randomly distied
over the entire image. Hence unlike Gaussian néasen
corrupted image effected by impulse noise, allithage
pixels are not noisy, only a number of image pixais
effected by impulse noise and the rest of pixeld be
noise free. There are two types of impulse noidedas
c§§It and pepper noise or fixed valued impulse naise

.random valued impulse noise. In fixed type noides t
?Foisy pixels takes either salt value (gray levebRdr

pepper value (gray level -0) and it distributedfonm of
black and white dots on the images. If p represéms
noise density then salt and pepper noise bothhaiVle a
noise density of p/2.This can be mathematically
represented in eq. (1).

fy) for..1—P
H@) = 0 for..P/2 ... 1)
1 for..P/2

P= Noise density

fn(y)= Corrupted Image

f (y)= Original Image

In random value impulse noise, the pixel will be
affected by any gray value between 0 to 255 ansenwill
be randomly distributed over the image. It can be

represented as
fly) for..1—P

fn(¥) =30 or 255 for ..

A. Review Stage
Submit your manuscript electronically for review.
B. Final Stage

median filter (AMF), Decision based adaptive (DBA) When you submit your final version, after your pape

median filter, Adaptive centre weighted median efilt
(ACWM)[4], Switching median filter (SMI}],
progressive switching median filter (PSNI#]) are some
improvements in median filtering approach.

This paper presents a switching based nonlingarifip
technique with recursive operation to remove thedoan
valued impulse noise from highly corrupted imagHsis
paper also include the overall comparison of quadind
complexity of the proposed algorithm. Experiments a
carried out in natural images, particularly at higbise

has been accepted, prepare it in two-column format,
including figures and tables.
C. Figures

As said, to insert images WWord, position the cursor at
the insertion point and either use Insert | PicfuFegom
File or copy the image to the Windows clipboard &meh
Edit | Paste Special | Picture (with “Float ovektte
unchecked).
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The authors of the accepted manuscripts will bergia Max_group = {Max (cInl), Max (cIn2), Max (cIn3)}
copyright form and the form should accompany yaoalf Min_group = {Min (cIn1), Min (cIn2), Min (cIn3)}
submission. Med_group = {Med (cInl), Med (cIn2), Med (cIn3)}

I1l. PROPOSEDMETHOD First we will calculate maximum threshold by choagi
maximum value in min_group. Then we choose minimum

We have developed the simple algorithm in which wéreshold by choosing minimum value in max_group.
perform the noise detection & noise removal process
simultaneously. We use the smallest window sizecvhi  Thmax = Max {Min (cIn1), Min (cIn2), Min (cIn3)}
preserves the fine details of image. The windowsige ~ Thmin = Min {Max (cIn1), Max (cIn2), Max (cIn3)}
3x3 chooses for noise detection and noise remadva.
window contains total 9 elements which are as fadlo These two threshold values will be used for noise
Z1, 72,73, Z4, 75, 26, Z7, Z8, Z9. detection. Now we will calculate the median valwe f
The hardware structure of complete process is slinwnnoise removal.
figure 1. Different blocks are shown for differesteps.
First block selects the maximum, minimum and median Med_new = Med {Med (cIn1), Med (cIn2), Med (cIn3)
values of columns. Second block stores these valnds
third block selects minimum threshold, maximum ep-3:
threshold and final median value. Comparator use Now we will perform noise detection and noise reaiov
threshold values for noise detection and multiplexges Operation using these three values i.e. Thmax, hemd
final median value for noise removal. We can divide Med_new. We compare the central pixel with thredhol

Comp|ete process into no. of Steps as follows: values. If the central pixel is in between the Timrand
Table I. Filtering window of size 3x3 Thmax, then the pixel will be considered as noise,f
Column 1 | Column2 | Column 3 then pixel will remain unchanged and window will veo
or slide to the next pixel. Otherwise pixel willrgider as
Row 1 Z; Z, Zs noisy and it will be replaced by median value.
If
Rowl| Z4 Zs Zo Thmin<Z5< Thmax
Row3| Z Zg Zq Then
Xs is unchanged.
_ Else
Sep-1. Xs= Med_new,

First we select all columns of filtering window obg

one and then we find three values ie. Maximum, pore we are parallely calculating the thresholduesl
Minimum and Median in each column. The mathematica),,y median value. So there is no need to perforiseno

expression can be shown as follow: dgtection and noise removal separately.
The minimum values of three columns are represente
as

Min (cIn) = min { Z,, Zs, Z7} IV. RESULTS AND SIMULATION

Min (cIn2) = min { %, Zs, Zg}

Min (cIn3) = min { Zs, Ze, Ze} Proposed de-noising technique is simulated using

MATLAB 7.9 on Intel-core i-5 processor with 4 GB
AM. De-noising is performed on Lena image of size
56X256. We have analyzed the performance of exjsti

and proposed methods by using performance parasneter

like PSNR (Peak Signal to Noise Ratio) and MSE (Mea

Square Error). The simulation result shows thaNRS

(Peak Signal to Noise Ratio) of de-noised imagettiy

J'gter is better than other filters.

The PSNR (Peak Signal to Noise Ratio) is expreased

The maximum value of these three column ar
represented as

Max (cInl) = max{ 4, Z, Z7}

Max (cIn2) = max { 2, Zs, Zs}

Max (cIn3) = max { 3, Zg, Zo}

The median value of the these three column a
represented as
Med (cInl) = med { 4, Z4, Z7}

Med (cIn2) = med { Z Z, Z) PSNR =10log ,, &2~
Med (cIn3) = med { 4, Zg, Zo} '
Sep-2: Where MSE (Mean Square Error) is
Now we have total nine values (three maximum, three m n
minimum and three median). We will use these vatoes S S{Z(, ) - Al J)}2
calculate threshold values (maximum threshold and i=1j=1 ' '
minimum threshold) and median value. For these MSE =
calculations, we make three different groups os¢heine mxn
elements.
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The results in the Table Il clearly show that tH&NR
of proposed method is better at high density rando
valued impulse noise.

The results are compared with several standardanedi

based filters like

median filter (CWM)[14], Progressive switching madi
filter (PSM)[9],Signal dependent rank order medidter -
(SDROM)[8], Adaptive centre weighted median filter
(ACWM)[14]. The fig 2(b), 2(d), 2(f),2(h), 2(j) shes
Lena image corrupted by 50%, 60%, 70 %, 80% and 90¢

respectively and

images De-noised by proposed method.

Table 2. Comparison of PSNR Values of Differentdrs
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Original Image Restored Image

Noise Image Image

Median filter (SMF)[5], Centreeighted

(b). For 70% Noise density

Noise Image Image Restored Image

Original Image

figure 2(c), 2(e). 2(g), 2(i), r@&how

for Lena Image

De-noising Noise density (c). For 70% Noise density
Methods Fig. 1. Experimental Results of Proposed Method_tara
50% | 60% | 70% | 80% 90% Image
MF 15.0 12.2 9.8 8.1 6.5
PSM 20.0 15.2 111 8.3 6.4 25
SDROM 14.4 11.7 9.4 7.8 6.4 P
20 - —
ACWM 148 | 121 97| 81 6.5 S \\
ACWMR 20.8 18.1 15.0 11.8 8.1 g 15 —
TSM 12.7 104 8.4 7.1 6.0 -
d 10 -
LEAM 23.1 215 19.6 17.8 14.9 B
Proposed 5
Method 23.2 21.6 20.3 19.1 17.9
.. . . O T T T T 1
Table 3. Comparision of Mse Values of Different&tis
for Lena Image. ! N(%ise Den3sity 4 >
De-noising Noise density ——ME ——PSM ———SDROM
Methods 50% 60% 70% 80% 90% — ACWM = ACWMR e TSM
T - : - "
MF 2057.7| 3919.9 68089 100741 1455.2 Fig. 2. PSNR Comparison of different filters
PSM 650.25| 1963.9 5048.5 9619.0 14913.9
SDROM | 2360.9| 4396.2] 7465.8 10791|4 14896.3 V. CONCLUSION
ACWM 2153.1| 4009.4 6967.5 10071}1 14557.2 . .
This paper proposed a simple, accurate and very
ACWMR | 540.8 | 1007.1 2056.2 4296.1 10071.1 efficient impulse-noise removal method based on ikted
TSM 34920| 59303 93986 12678l8 163335 operation, which has been further improved withursive
- - - "~ operation. Extensive simulation results showing tihis
LEAM 318.47| 460.34 71298 1079.14 2104116 proposed filter consistently produce better restiitan
Proposed existing filters and produce higher PSNR for widage
Method | 316:31| 45544 616.58 813.08 11039 of impulse noise densities specially when noisesitigris

Original Image

Noise Image Image

Restored Image

(a). For 50% Noise density

very high. The key success of is recursive opanasind
better noise detection algorithm having high noise
detection ratio. Here visual and quantitative asialy
results are demonstrated and concluded that prdpose
algorithm is much superior than existing methods.
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