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Fast and Efficient Algorithm to Remove
Gaussian Noise in Digital Images

V.R.Vijaykumar, P.T.Vanathi, P.Kanagasabapathy

Abstract— In this paper, a new fast and efficient algorithm
capable in removing Gaussian noise with less computational
complexity is presented. The algorithm initially estimates the
amount of noise corruption from the noise corrupted image. In
the second stage, the center pixel isreplaced by the mean value
of the some of the surrounding pixels based on a threshold value.
Noise removing with edge preservation and computational
complexity are two conflicting parameters. The proposed
method is an optimum solution for these requirements. The
performance of the algorithm is tested and compared with
standard mean filter, wiener filter, alpha trimmed mean filter
K- means filter, bilateral filter and recently proposed trilateral
filter. Experimental results show the superior performance of
the proposed filtering algorithm compared to the other standard
algorithmsin terms of both subjective and objective evaluations.
The proposed method removes Gaussian noise and the edges are
better preserved with less computational complexity and this
aspect makesit easy to implement in hardware.

Index Terms— Additive Gaussian noise, Image Denoising,
Nonlinear Filter, Noise Variance, Standard Deviation and
Smoothing Factor

I. INTRODUCTION

Noise having Gaussian-like distribution is very often
encountered in acquired data Gaussian noise is
characterized by adding to each image pi xel a value from a
zero-mean Gaussian distribution. The zero-mean property of
the distribution allows such noise to be removed by locally
averaging pixel values [1]. Conventiona linear filters such
as arithmetic mean filter and Gaussian filter smooth noises
effectively but blur edges. Since the goa of the filtering
action is to cancel noise while preserving the integrity of
edge and detail information, nonlinear approaches generally
provide more satisfactory resultsthan linear techniques. The
Wiener filter is the mean square error-optimal stationary
linear filter for images degraded by additive noise and
blurring. However a common drawback of the practical use
of this method is the fact that they usually require some ‘a
priori” knowledge about the spectra of noise and the original
signal. Thisinformation is necessary to perform the optimal
choice of parameter values and/or threshold selections.
Unfortunately, such information is very often not available
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in real time applications. Also Wiener filter experi ences
uniform filtering throughout the image, with no alowance
for changes between busy and flat regions, resulting in
unacceptable blurring of fine detail across edges and
inadequate filtering of noise in relatively flat areas[2].

In the field of image processing, there have been many
attempts to construct digital filters which have the qualities
of noise attenuation and detail preservation. For impulsive
noise, the median filter is one of the best [3]-[5]. But for
Gaussian noise, it is less successful. Several researchers
have attempted to generalize the standard median filter but
such filters are seldom suitable for removing Gaussian noise.
In [6]-[8] nonlinear diffusion equations called as an
anisotropic diffusion agorithm have been proposed for
Gaussian noise removal. In [9] Tomasi and Manducci have
proposed a bilateral filter to remove Gaussian noise. In[10]
a Tamer Rabie has proposed a robust estimation based filter
to remove Gaussian noise with detail preservation. Themain
draw backs of the above algorithms are, it takes much
computation time and complex circuit to implement. In [11]
Garnett et.a have proposed a trilateral filter to remove
different type of noises in an image In this paper we
proposed a simple and efficient method to remove low to
high density Gaussian noise. Compare to other existing non
linear based methods the proposed method performs well
with very less computational time.

This paper is organized as follows: Section |1 describes the
Gaussian noise model and estimation, Section |11 describes
the proposed algorithm, and in section IV describe sthe results
and discussion. Finally Section V reports conclusion.

Il. NOISE MODEL AND ESTIMATION

Noise is modeled as additive white Gaussian noise
(AWGN), where al the image pixels deviate from their
original valuesfollowing the Gaussian curve. That is, for each
image pixel withintensity value O;; (1<i<M,1<j<Nforan
M x N image), the corresponding pixel of the noisy image X
isgiven by,

X(j=0;;+Gy; 1)

Where, each noise value G is drawn from a zero-mean
Gaussian distribution. Many Gaussian noise removal
techniques require the knowledge of the standard deviation as
ameasure of the extent of corruption for the purpose of setting
thresholds, filtering window size etc. One effective way to
achieve this objective is to use Immerkaer’s fast method [11]
in which the noisy image X of sizeM x N is convolved with
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the mask defined as MASK = |-2 4 -2
1 2 1

The formulafor the estimation of Gaussian noise standar d

deviation (ogy) is given by the equation

1 M.N )
ooy T 4—— 2 |(x * MASK), |
A i
2 6MN 1)

where, “* * denotes convolution operation.

I11. PROPOSED ALGORITHM

The noise standard deviation of the image is estimated
using the Immerkaer’s fast method. The absolute difference
between the center pixel and surrounding pixels in the
filtering window is obtained by subtracting each element in
thefiltering window with the center pixel. The dif ference will
be large when the image is highly corrupted.. This difference
is compared with athreshold. The threshold can be defined as
the product of smoothing factor and noise standard deviation.
The value of smoothing factor is chosen as two for optimal
performance. If the smoothing factor is chosen to be a high
value, the noise removal is better at the cost of loss of image
details. If this absolute difference is within the threshold, the
corresponding pixel values are aone taken for further
processing. The number of pixelstakeninto considerationina
filtering window should be at least 5. If it fails to satisfy the
above condition, the window size is get increased and repeat
the above procedures till the number of pixels under
consideration in a filtering window is at least five. Then the
center pixel isthen replaced by the mean of those pixels that
are considered. The above procedure is repeated for the
entire image. The algorithm can be summarized as follows:

Let X(i,j) be the current pixel to be processed; S;; is the
sliding or filtering window of size (2L+1) x (2L+1) centered
at X(i,j). The elements of thiswindow are S; = { Xj.y jv, -L <
u,v < L} (where L is depends on the window size).

1. Thenoisy imageistaken as X.

2. The noise standard deviation (SD) is found out using
Immerkaer’s fast method.

3. A 2-Dfilteringwindow S;; of size 3x3 is selected from the
noisy image and let the center pixel be X(i,j). In the
window, subtract each element with the center pixel and
the absolute value of the differenceiscalculated as AD
=] S5 = X(i)l.

4. If theabsolutedifference AD < (SF*SD) (where SFisthe
smoothing factor and SD isthe standard deviation), store
the corresponding pixels in a one dimensional array as
DA(X).

5. If thenumber of elementsinthe DA(x) isat least (2*W) -1
(where W is chosen to be 3 for a3 x 3 window) then the
mean of DA(x) is calculated and replaced it at the center
pixel X(i,j) of the window.

6. Elsethewindow sizeisincreased and the same processis
repeated.

7. Steps 3-6 are repeated until the processing is completed
for the entire image.

A. lllustration of the algorithm

Demonstration for Gaussian noise of standard devi ation
(SD) is 20 and window sizeis 3.

Original Image Segment  Noisy Image Segment

78 99 112 65 91 114
88 107 116 103 121 128
93 110 117 88 84 116

The absolute difference between the center pixel and
surrounding pixelsare [65 307 18 7 3337 5]. Compare the
absolute difference AD < SF* SD where SF=2 and SD = 20.
Therefore SF*SD=40. Therefore, the DA = [91, 114, 103,
128, 88, 84, 116]. Total number of elementsin the array is 7

For a3 X 3 window, W=3 and (2*W) -1=5. The number
of elementsin DA is greater than the threshold 5. Therefore,
the center pixel is replaced by the mean of the DA |, that is
91+114+103+128+88+84+116)/7=103. This value is very
closeto the original value of 107. But the mean filter value
is (65+91+114+103+121+128+88+84+116)/9=101.

IV. RESULTSAND DISCUSSIONS

A. Configuration

The proposed agorithm is tested using 512X512,
8-bits/pixel standard images such as Lena (Gray), Elaine
(Gray), Pepper (Gray) and Barbara (color). The performance
of the proposed algorithm is tested for various levels of
noise corruption and compared with standard filters namely
mean filter, wiener filter, apha trimmed mean filter,
K-Means filter, bilateral filter and recently proposed
trilateral filter. Each time the test image is corrupted by
different Gaussian noise standard deviation ranging from 10
to 50 with an increment of 10 will be applied to the various
filters. In addition to the visua quality, the performance of
the proposed algorithm and other standard algorithms are
quantitatively measured by the following parameters such as
peak signal-to-noise ratio (PSNR) and the mean absolute
error (MAE).

2
PSNR=10I0g10 lLZ )
w30
1
MAE:—ZZri--o--‘ (4)
MNT I

Where n -and 0 i denote the pixel values of the restored

image and the original image respectively and M x N isthe
size of the image. All the filters are implemented in
MATLAB 7.1 and filtering window used for mean filter,
wiener filter, apha-trimmed mean filter, K-means filter,
bilatera filter and trilateral filter isof size 3x3. The standard
deviation values in the bilateral and trilateral filters are
tuned to give better performance in terms of PSNR and
MAE.
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i ()
Figure2 (a) Original Elaine iEn)age (b) Noisy Image (o =20)  19ure3 (&) Original Elaine image (b) Noisy Image (0 =30)
() Mean Filter (d) Wiener filter () Alpha trimmed mean ~ (¢) Méan Filter (d) Wiener filter (€) Alpha trimmed mean
filter (f) K-Meansfilter (g) Bilateral filter (h) Trilateral filter  f11t€r (f) K-Meansfilter (g) Bilatera filter (h) Trilateral filter
(i) Proposed Method (i) Proposed Method
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i (i)
Figure.4 (a) Original Elaine image (b) Noisy Image (o =40) (c) Mean Filter (d) Wiener filter
(e) Alphatrimmed mean filter (f) K-Means filter (g) Bilatera filter (h) Trilateral filter (i) Proposed Method
TABLE |
PSNR FOR VARIOUS FILTERS FOR ELAINE.TIFF (GRAY) IMAGE AT DIFFERENT NOISE DENSITIES

Mean ) Alpha Bilateral Trilatera
SD il | Wiener | 1P | KeMeans | PSS filter PA
10 2625 | 3004 | 2919 | 305 | 304355 | 204542 | 3253
20 256 285 | 2889 | 2666 | 290547 | 280619 | 30.56
30 2045 | 2558 | 2642 | 2347 | 27.9844 | 264225 | 2807
0 2310 | 2339 | 2364 | 2227 | 2434 | 238076 | 2685
50 2065 | 2178 | 207 1035 | 2243 | 216682 | 2583
TABLE Il
MAE FOR VARIOUS FILTERS FOR EL AINE.TIFF (GRAY) IMAGE AT DIFFERENT NOISE DENSITIES
Mean Alpha . Bilateral Trilateral
S | e | timmed | Wiener | K-Means | S0 filter PA
10 1036 | 1082 | 502 534 | 49135 | 49515 454
20 1113 | 1197 7.45 9,52 701 6.4729 6.08
30 1187 | 1388 | 1031 | 1384 884 8.8444 727
20 1421 | 1629 | 1326 | 1815 1024 | 120853 86
50 1608 | 1877 | 1597 | 2246 1544 | 160976 | 9.93
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Figure 5. PSNR of Various Filtersfor Lena Image at Different Noise Standard Deviations (in dB)
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Figure 6. MAE of Various Filtersfor Lena Image at Different Noise Standard Deviations

@

B. Denoising performance

The denoising performance of the proposed algorithm and
other standard methods are tested for gray scale image and
color image. The visual quality results are presented in figure
2,3and 4. Figure 2(a),3(a) and 4(a) showsthe original Elaine,
Lena and Pepper image. Figure 2(b),3(b) and 4(b) shows the
noisy image of noise standard deviation of (o) 20,30 and 40
respectively. Figure 2(c), 3(c), 4(c)-2(h),3(h),4(h) shows the

(b) ‘ ©
Figure 7 (a) Origina image (b) Noisy image (SD=50) Restoration result of (c) Proposed algorithm

restoration results of standard algorithms such as mean filter,
wiener filter, alpha trimmed mean filter, K-means filter,
bilateral filter and recently proposed trilateral filter. Figure
2(i),3(i) and 4(i) shows the restoration results of proposed
filter. The quantitative performances in terms of PSNR and
MAE for al the algorithms are givenin Table | and Table 1I.
The same are plotted in figure 5 and figure 6. For lower noise
variance upto 400 (c=20) al the agorithms are perform
equally good in smoothening the noise and edge preservation,
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In the case of high noise variance, the performance of the
standard methods is poor in terms of noise smoothening and
detail preservation. The output of the proposed algorithm is
shown in figure 2 (i), 3(i) and 4(i) clearly shows less blurring
and so the edges are better preserved. For high noise variance,
the visual quality and quantitative results clearly show the
proposed agorithm perform much better than the existing
methods in terms of noi se cleaning and detail preservation.
The recently proposed trilateral filter performs poorly when
the image is highly corrupted and the bilateral filter shows
more blurring than the proposed method at high noise
variance.
TABLE 111

Comparison of computati on time in seconds between
recently proposed trilateral filter and proposed filter

Sandard Trilateral | Proposed
Deviation filter Algorithm
10 64.42 26.86
20 66.72 27.00
30 69.21 27.10
40 71.35 27.24
50 73.65 27.48

C. Computation Time

The CPU time of the proposed a gorithmiscompared to the
recently proposed trilaterd filter isgivenin the Tablelll. For
comparison ‘Lena.png’ image is corrupted with Gaussian
noise of standard deviation varying from 10 to 50 with an
increment of 10 and applied to the trilateral filter and the
proposed filter. Both the agorithms are implemented in
MATLAB 7.1 on a PC equipped with INTEL Pentium IV,
2.4-GHz CPU and 256 MB RAM memory. In al the cases,
the proposed algorithm takes as an average of 27 seconds that
is less than half of the time required for trilatera filter to
restore the origina image.

D. Colour Image Denoising

The performance of the proposed filter is also tested for
colour images. Generally, there are two approachesfor colour
image denoising, scalar median filtering approach and Vector
Median (VM) filtering (Astola et a 1990) approach. The
scalar median filtering approach has been used in this paper.

The RGB colour spaceis used in this paper to represent the
colour images. In the RGB colour space, each pixel at the
location (i,j) can be represented as colour vector

- R G B R G
Oi,j - [Oi,j ,Oi’j ,Oi’j } y Whae Oi’j y Oi’j y
and Oi jB are the red (R), green (G), and blue (B)
components, respectively. The noisy colour images are
modeled by injecting the Gaussian noise to each of these
colour components. That is, when a colour image is being

corrupted by the noise standard deviation o , it means that
each colour component is being corrupted by o. Thus, for

each pixel Oi i the corresponding pixel of the noisy image

will be denoted as X, ; = [xi,jR,xi,j
the probability density functions of each colo ur componentsis
the same as the noise model described earlier. The
proposed filter is applied to the corrupted colour image, using
the scalar median filtering approach. In the scalar median
filtering approach, each colour component can be treated as
an independent entity; that is, the same filtering scheme will
be applied to R, G, and B planes independently. It considers
each plane as a separate monochrome image. The filtered R,
G, and B planes are to be then combined to form the
recovered colour image. The performance of the proposed
filter istested for Barbara (colour) image of size 512 X 512. .
Figure 7(a), 7(b) and 7(c) shows the original, noisy image of
standard deviation (o) 50 and restored image using the
proposed filter. The restored image clearly shows the
proposed filter smoothen the Gaussian noise with better edge
preservation.

G,xi ,-BJ “inwhich

V. CONCLUSION

In this paper, anew fast algorithm is presented to restore
high Gaussian noise corrupted digital images. The proposed
agorithm is a smple and fast nonlinear method to remove
the Gaussian noisein digital images. The performance of the
new filter istested for various noise corrupted gray scale and
colour images. The restoration results of the proposed filter
is compared with standard methods and recently proposed
methods. The proposed agorithm removes Gaussian noise
with edge preservation for low to high Gaussian noise
corrupted images. Experimental results show that the
proposed agorithm has less MAE and higher PSNR than
mean filter, wiener filter, alpha trimmed filter, K means
agorithm, bilateral filter and recently proposed trilateral
filter. The computational time and complexity of the
proposed algorithm is such less and hence the proposed
agorithm can aso be implemented in hardware.
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