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Abstract:

Image enhancement plays an important role in many machine vision
applications such as noise smoothing and edge enhancing. Anisotropic
diffusion filtering is a popular, and theoretically well understood, technique
for denoising images such that it provides smoothing of intra-region areas
preferentially over inter-region areas, thereby providing a good prospective
tool for removing unwanted noise and preserving the edges of desired
objects.

In this paper a color image is enhanced using a new edge —stopping function
for anisotropic diffusion algorithm to improve the performance of the
anisotropic diffusion filter.

The experimental results show that the new edge-stopping function of the
anisotropic diffusion filter can gives better performance compared with the
previously employed diffusivity functions for enhancing the colored image.
The comparisons are based on Root Mean Square Error (RMSE), Peak Signal
to Noise Ratio (PSNR), and Mean Structural Similarity Index value (MSSIM)
measurements. Experiments show that the anisotropic diffusion filter with the
new function can effectively remove noise from low PSNR images with
minimum edge blurring.
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1. Introduction

With the rapid increase in the usage and applications of color images, it has
become a necessity to develop tools and algorithms for color image processing.
Improvement of the quality of images has always been one of the central tasks of
digital image processing.

In modern terms, improvements in sensitivity, resolution and noise reduction
have equated higher quality with greater informational throughput. Image noise is
an unwanted feature, which is either contained in the relevant light signal or is
added by the imaging process and it compromises a precise evaluation of the
light signal distribution, which should be measured.

In this paper a color image is enhanced using a new edge —stopping function for
anisotropic diffusion algorithm.

Section 2 introduces the background of this work, section 3 describes a method
use a new-edge stopping diffusion function to enhance the color images, section
4 shows the image quality metrics which are used to measure the performance of
using a new edge-stopping function to denoising the color images, section 5
shows the experimental results of this work, and finally section 6 reports
conclusions.

2. Background

Different filtering schemes based on nonlinear diffusion, developed for image
enhancement. Since first proposed by Perona and Malik in 1990 [1],
anisotropic diffusion has been developed and applied to different areas of
image processing. To avoid blurring at the edges, instead of using the
constant diffusion coefficients based on the original linear isotropic diffusion,
an edge stopping function was proposed to estimate the diffusion coefficients,
which ensures the diffusion process taking place mainly inside of the regions
rather than at their boundaries and thus the smoothing happens only in the
interior of regions without crossing the edges.

Anisotropic diffusion equation with the anisotropic diffusion coefficient c(x,y)
where t is the time [2]:-

‘;i — div(c(x, Y,)V1) = c(x, y, V2] + Vv (1)

Where div = divergence operator
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c(x,y,t)=diffusion coefficient

V = gradient operator

This anisotropic is discretised by a moving operator with a four-pixel
neighborhood though also other pixel neighborhoods are possible [2]:

1

|5 = AVl 6 Vi 4G Vel 46,V )). (2)
Where | :1= new gray value.

t
| . current gray value.

A = weight value (0.25 for four pixel neighborhood).

c,= directional diffusion coefficient, subscript x indicates direction

(North, South, East, and West), function of the directional gray value gradient.

V.l = directional gray value gradients (gray value of neighboring pixel

minus current pixel)

The location of edges is unknown. As a simple estimate, the directional gray
value gradients ¢, are used, denoted as c(s), where s =|VI|, termed “edge-

stopping” function; the behavior of the anisotropic diffusion depends heavily
on the choice of the edge-stopping function. There are many edge-stopping
function forms have been introduced, the most common diffusivity function
forms are introduced by Perona and Malik (1990) [1], Charbonnier,Tukey and
Weickert diffusivity functions from [3]. These functions are:

Perona and Malik (1990) [1]:

4
c(s)=e (3)
Charbonnier diffusivity:

¢ ()= @)
S

e
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Weickert diffusivity:
1 s=0

c (s)= -
(s) 1 exp —3:31488 <50 (5)

S
Tukey diffusivity:

(x
c (s)=¢e 2°K (6)

| introduced a new edge stopping function for anisotropic diffusion filter [4],
such that it can effectively remove noise from low PSNR images with edge
enhancing. The equation of this new function is as follow:

1
0.9K?

¢ (s) = exp( (1-s%) (7)

where s = |VI|, the directional gray value gradients and K is the diffusion

constant, it is chosen to preserve the edge of the object boundary and to
reduce noise contribution. The parameter K is chosen according to the noise
level and the edge strength such that the results gives the higher values of
PSNR, and MSSIM metric and the lower values of RMSE metric.

The correct choice of the constant 0.9 is essential to yield good results.

Fig (1) shows the behavior of the proposed function compared with the
previous functions. From this fig it is clear that the diffusion coefficient of the
proposed function drops dramatically and approximates to zero with large
gradient magnitude. Therefore, it can not effectively eliminate noises with
large gradient such that a discontinuity is assumed and the diffusion is halted.
Therefore the behavior of the proposed function is the best. This function is a
nonnegative monotonically decreasing function chosen with c(0) = 1 and

lim c(V1)=0, which should result in low coefficient values at image edges that

HV| H~>oo

have large gradients, and high coefficient values within image regions that
have low gradients. This function tested on gray images [4] and it gives better
results compared with the common ones (Perona and Malik (1990) [1],
Charbonnier, and Weickert) diffusivity functions. In this paper it’'s compared
with another diffusivity function which is Tukey function from [3].
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Fig (1) The behavior of the proposed edge-stopping function compared with the
previous (Weickert, Perona&Malik, Charbonnier,and Tukey).

3. Color Image Enhancement using a New-Edge Stopping Function

With the widespread usage of digital cameras, color photo noise removal has
become an important research subject. Enhancement of noisy color images is
done in this work by transforming a noisy image to a color space that has
image intensity as one of its components. One such color space is L*a*b* [5].
Use color transform functions to convert the image from RGB to L*a*b* color
space, and then work on the luminosity layer 'L*' of the image. Manipulating
luminosity affects the intensity of the pixels, while preserving the original
colors. Therefore the second stage is diffused the luminance component ‘L*'
using anisotropic diffusion filter with the new edge-stopping function (eq.(7)).
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4. Quality Measurements

The image quality can be measured by the similarity between the (noisy or
reference) and test image. The Peak Signal Noise Ratio (PSNR) is a common
factor used to quantify the differences between images; it is defined as follow

[6]:

255
PSNR = 20log,, ———— 8
10 RMSE (8)

where the RMSE is the root mean square error estimated between the ground
truth and the denoised image as follow [7]:

1 MINA 2 %
RMSE = {wzz[si 1] } 9)

i=0 j=0

Where i, j are the positions of pixels in the image, s;; refers to the i" row and j™"
column pixel value of the source image and r;; refers to the i™ row and j™"
column pixel value of the reproduced image.

Also the Mean Structural Similarity Index (MSSIM) based on the Structural
Similarity Index (SSIM) metric is used to measure the quality of the image
using the following form [8]:

MSSIM :iissuvlj (10)
M 4
ssi (24,11, +C, )20, + C,)
- 2 2 2 2 (11)
(,uX + 4, +C1XO'X to, +C2)
1< 1<
/ux :Hzi:]_xi ! /’ly :HZizlyi (12)

where xi, yi, i= 1,...n, represent the original and distorted signals, respectively.
Also:
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1 n 2
f=m i:l(xi —#x) '

2 1 n
o, =—) .
y n-1 i=1

(e}

(v - u,), (13)

o, L ’ (Xi_ﬂx)()’i_ﬂy)

Xy = n—-1 i=1

5. Experimental Results

Various types of colored images corrupted with various types of noises were
filtered using anisotropic diffusion function with the new edge-stopping
function. Fig (2) (a) shows the “Lena.bmp” colored image (256 x 256) corrupted
by Gaussian noise of (zero mean and variance=0.02) then filtered by
anisotropic diffusion filter with a new edge-stopping function (equation (7)).
The filtered image seems to be much smoother with less noise in the flat areas
and sharper in the edgy regions with different values of parameters (K, and
number of iterations, Note that the optimal value of K and the iteration
parameters were searched until the maximum PSNR value was achieved.) as
shown in fig (2) (b), (c) and (d).

(a) (b) (c) (d)

Fig (2) “Lena.bmp” colored image: (a) corrupted by Gaussian noise of (zero
mean and variance=0.02), (b) filtered by diffusion filter with a new edge-
stopping function (K=70 and iteration=5), (c) filtered with (K=100 and
iteration=5), (d) filtered with (K=100 and iteration=100).

Also this filter using a new edge stopping function can enhance the edges of
the corrupted images. Fig (3) (a) shows the origin “Peppers.jpg” (384 x 384),
(b) shows the edge map of the image corrupted by Gaussian noise of (zero
mean and variance=0.03) using the Sobel edge detector, and (c) shows the
edge map of the filtered image by the anisotropic diffusion filter using a new

| I ing functi hich | l . T | i |
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that, a thin edge is better because the edge rather than the details in the
neighborhood was only wanted.

(@) (b) (c)

Fig (3) (a) origin “Peppers.jpg” image, (b) the edge map of the image corrupted
by Gaussian noise of (zero mean and variance=0.03) using the Sobel edge
detector, and (c) the edge map of the filtered image by the anisotropic
diffusion filter using a new edge stopping function.

The performance of this filter using the new edge-stopping function was
tested using the quality metrics (RMSE, PSNR, and MSSIM) applied on many
randomly selected colored images such examples shown in fig (4). This
performance was compared with the performance of the filter using other
most common edge-stopping functions such as (Perona and Malik,
Charbonnier, Tukey, and Weickert) [3]. First, table (1) list the experiment
results of MSSIM, RMSE, and PSNR metrics of denoising twelve color images
corrupted by Gaussian noise of (zero mean and variance=0.01)using
anisotropic diffusion filter with different edge-stopping functions and with the
parameters (K=100, and iteration = 5). Fig (5) illustrates the charts of the
average of these results. From table (1) and the charts in fig (5) it can be seen
that performance of the filter using the new scheme is better compared with
the other previous schemes, such that it gives the higher values of PSNR
values, the higher values of MSSIM and the lower values of RMSE.

“West.jpg” image (368 x 368), corrupted by Gaussian noise of (zero mean and
variance=0.02) was filtered using the new and the pervious edge-stopping
functions with (K=100) and multiple number of iterations. The comparative
results of the metrics can be illustrated in table (2). The average of these
results showed using the charts in fig (6). From table (2) and the charts in fig
(6) it can be seen that the new scheme gives the higher values of PSNR, and
MSSIM metric and the lower values of RMSE metric.
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Testing can be done using images corrupted with different types of noise such
as “Peppers.jpg” image (384x 384), corrupted by Poisson noise and
“Home.jpg” image (288x 288), corrupted by Speckle noise with (variance
=0.04). The comparative results of the quality metrics for filtering the two
images by anisotropic diffusion filter with a new and the previous edge-
stopping functions with (K=100) and multiple number of iterations were
illustrated in table (3) and fig (7) for “Peppers.jpg” image and table (4) and fig
(8) for “Home.jpg” image.

From these results it can be seen that the filter with the new edge-stopping
function gives better performance (higher values of PSNR, and MSSIM metrics
and the lower values of RMSE metric) over the other most common previous
schemes. This means that the filter using the new scheme can reduce the
noise and enhance the colored image better than using the other schemes.

Fig (4) examples of some of colored images used in this work
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6. Conclusions

In this paper, a color image was enhanced by denoising it using anisotropic
diffusion filter with a new edge-stopping function. The behavior of the
anisotropic diffusion depends heavily on the choice of the “edge-stopping
function”. The new function is a nonnegative monotonically decreasing
function, which should result in low coefficient values at image edges that
have large gradients, and high coefficient values within image regions that
have low gradients. Therefore the behavior of the proposed function is the
best. The performance of this function was measured using PSNR, MSSIM,
and RMSE metrics and compared with the performance of the other most
common previous functions.

The experiments revealed that better results of noise reduction using the new
function were achieved with much smoother in the flat areas and sharper in
the edgy regions after a small number of iterations. It is clear that the
proposed scheme gives the best result, which is better than: the Perona &
malik scheme by 0.1422 dB for PSNR and 0.00213 for MSSIM as an average,
the Charbonnier scheme by 0.8878 dB for PSNR and 0.0132 for MSSIM as an
average, the Weickert scheme by 0.7306 dB for PSNR and 0.0116 for MSSIM as
an average and the Tukey scheme by 0.5646 dB for PSNR and 0.0085 for
MSSIM as an average.

The main advantages of this filter with new function is that it will work for
most types of noise (besides additive Gaussian noise, it also gave good
results on multiplicative speckle noise and Poisson noise), also it gives
significant improvement of image denoising, edge enhancement with little
number of iterations over previous schemes.
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Table (1): Comparison of PSNR, RMSE, and MSSIM results of denoising twelve color
images using anisotropic diffusion filter with different edge-stopping functions

PSNR RMSE MSSIM PSNR RMSE MSSIM PSNR RMSE MSSIM

Clip28.jpg | 23.843 | 16.381 | 0.927 | 23.761 | 16.536 | 0.925 | 23.188 | 17.664 | 0.910

Clip22.jpg | 27.062 | 11.308 | 0.955 | 26.982 | 11.414 | 0.954 | 26.669 | 11.832 | 0.949

Clip30.jpg | 22.535 | 19.044 | 0.934 | 22.375 | 19.398 | 0.931 | 21.146 | 22.346 | 0.907

Peppers.jpg | 24.066 | 15.967 | 0.957 | 24.029 | 16.035 | 0.956 | 23.836 | 16.394 | 0.954

West.jpg | 24.330 | 15.487 | 0.901 | 24.24 | 15.651 | 0.898 | 23.474 | 17.092 | 0.880

Home.jpg | 23.162 | 17.718 | 0.953 | 22.888 | 18.285 | 0.950 | 21.797 | 20.734 | 0.936

Snow.bmp | 22,119 | 19.979 | 0.937 | 21.957 | 20.355 | 0.934 | 21.275 | 22.018 | 0.922

utterfly.omp | 24,643 | 14.941 | 0.953 | 24.407 | 15.351 | 0.949 | 23.785 | 16.492 | 0.939

House.bmp | 25.056 | 14.247 | 0.959 | 24.971 | 14.387 | 0.958 | 24.373 | 15.412 | 0.949

Spine.jpg | 26.587 | 11.944 | 0.981 | 26.411 | 12.189 | 0.980 | 25.913 | 12.908 | 0.976

Lena.bmp | 25.368 | 13.744 | 0.971 | 25.233 | 13.958 | 0.970 | 24.106 | 15.894 | 0.962

Room.jpg | 25.729 | 13.184 | 0.970 | 25.542 | 13.472 | 0.968 | 24.286 | 15.567 | 0.958
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Continue Table1

PSNR RMSE MSSIM PSNR RMSE MSSIM

Clip28.jpg 23.403 17.232 0.915 23.273 17.492 0.912
Clip22.jpg 26.761 11.707 0.950 26.609 11.914 0.947
Clip30.jpg 21.766 20.808 0.922 21.842 20.627 0.921
Peppers.jpg 23.916 16.240 0.955 23.785 16.490 0.953
West.jpg 23.845 16.378 0.888 23.698 16.657 0.884
Home.jpg 22.219 19.749 0.941 22.070 20.091 0.938
Snow.bmp 21.556 21.317 0.927 21.426 21.638 0.925
Butterfly.bmp 23.900 16.274 0.941 23.530 16.982 0.933
House.bmp 24.650 14.928 0.953 24.494 15.198 0.951
Spine.jpg 25.996 12.786 0.977 25.659 13.291 0.974
Lena.bmp 24.678 14.881 0.964 24.581 15.047 0.962
Room.jpg 25.036 14.279 0.964 24.765 14.731 0.961
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Fig (5): Charts of the average of PSNR, RMSE, and MSSIM results of denoising twelve
color images using anisotropic diffusion filter with different edge-stopping functions
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Table (2): Comparison of PSNR, RMSE, and MSSIM results of denoising “West.jpg”
color image corrupted by Gaussian noise of (zero mean and variance=0.02) using
anisotropic diffusion filter with different edge-stopping functions and iterations

PSNR RMSE | MSSIM PSNR RMSE MSSIM PSNR RMSE |  MSSIM

5 24.330 | 15.487 | 0.901 24.24 | 15.651 0.898 | 23.836 | 16.394 | 0.954

10 22.885 | 19.609 | 0.827 | 22.782 | 18.510 | 0.841 | 21.771 | 20.795 | 0.810
20 21.448 | 21.582 | 0.766 | 21.231 | 22.130 | 0.759 | 20.101 | 25.202 | 0.742
30 20.592 | 23.818 | 0.708 | 20.253 | 24.766 | 0.696 | 19.226 | 27.874 | 0.642
40 19.956 | 25.627 | 0.664 | 19.533 | 26.905 | 0.646 | 18.642 | 29.815 | 0.591
50 19.427 | 27.237 | 0.623 | 18.960 | 28.743 | 0.600 | 18.204 | 31.355 | 0.547
60 18.976 | 28.690 | 0.588 | 18.487 | 30.349 | 0.560 | 17.858 | 32.628 | 0.512
70 18.606 | 29.936 | 0.557 | 18.140 | 31.586 | 0.528 | 17.586 | 33.668 | 0.483
80 18.260 | 31.152 | 0.528 | 17.825 | 32.753 | 0.499 | 17.335 | 34.654 | 0.456
100 17.731 33.111 | 0.479 | 17.361 | 34.551 0.452 | 16.96 | 36.186 | 0.414
300 15.490 | 42.857 | 0.255 | 15.342 | 43.591 0.237 | 15.210 | 44.258 | 0.223

10" Scientific Conference 24-25 Oct.2009 -72 - 2009 J oY Cpo—i 25-24 1Elal) —alall o aigall



AL-Mansour Journal / No.14/ Special Issue /( Part One) 2010 (¥ sl ) | wad [14a% | ) gaiall laa

Continue Table2

iteratio
PSNR RMSE MSSIM PSNR RMSE MSSIM
n

5| 23.845| 16.378 | 0.888 23.698 16.657 0.884

10 | 22.165| 19.874 | 0.824 22.281 19.609 0.827

20 | 20.347 | 24.499 | 0.724 20.630 23.713 0.739

30 | 19.380 | 27.385| 0.652 19.671 26.482 0.672

40 | 18.750 | 29.445 | 0.599 18.976 28.690 0.619

50 18.29 | 31.048 | 0.554 18.486 30.354 0.573

60 | 17.926 | 32.374 | 0.518 18.089 31.772 0.536

70 | 17.644 | 33.445| 0.488 17.799 32.851 0.507

80 | 17.385 | 34.457 | 0.460 17.526 33.900 0.479

100 | 16.999 | 36.024 | 0.417 17121 35.52 0.435

300 | 15.223 | 44.194 | 0.224 15.250 44.055 0.229

10" Scientific Conference 24-25 Oct.2009 -73 - 2009 J oY (il 25-24 dilad) maladl jeai3all



Dr.Zainab M. Hussain G daaa b

RMSE results for "West" image MSSIM results for "West" image
19.8+ 0.63
19.6+ A 0.62+ \
19.44 @ New 0.61+ @ New
19.21 m Perona & Malik 0.6+ m Perona & Malik
19 O Charbonnier 0.59- A O Charbonnier
18.8+ A O Tukey 0.58 O Tukey
18.6+ m Weickert 0.571 m Weickert
18.4+ 0.56
18.2+ 0.55+
edge-stopping functions edge-stopping functions

PSNR results for "West" image

@ New

m Perona & Malik
O Charbonnier

O Tukey

m Weickert

edge-stopping functions

Fig (6): Charts of the average of PSNR, RMSE, and MSSIM results of denoising
“West.jpg” color image corrupted by Gaussian noise of (zero mean and
variance=0.02)using anisotropic diffusion filter with different edge-stopping functions
and iterations
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Table (3): Comparison of PSNR, RMSE, and MSSIM results of denoising “Peppers.jpg”
color image corrupted by Poisson noise using anisotropic diffusion filter with
different edge-stopping functions and iterations

PSNR RMSE MSSIM PSNR RMSE MSSIM PSNR RMSE | MSSIM

5| 24.870 | 14.555 0.959 | 24.835 | 14.613 | 0.959 | 24.647 | 14.934 | 0.957

10 | 24.336 | 15.478 0.952 | 24.285 | 15.569 | 0.951 | 23.990 | 16.106 | 0.948

20 | 23.520 | 17.002 0.938 | 23.460 | 17.120 | 0.937 | 23.069 | 17.909 | 0.933

30 | 22.943 | 18.171 0.926 | 22.871 | 18.321 0.925 | 22.440 | 19.253 | 0.920

40 | 22.478 | 19.169 0.916 | 22.405 | 19.330 | 0.914 | 21.957 | 20.356 | 0.909

50 | 22.104 | 20.014 0.906 | 22.039 | 20.163 | 0.905 | 21.574 | 21.272 | 0.899

60 | 21.789 | 20.753 0.897 | 21.730 | 20.893 | 0.896 | 21.252 | 22.075 | 0.889

70 | 21.504 | 21.444 0.889 | 21.452 | 21.573 | 0.888 | 20.965 | 22.818 | 0.881

80 | 21.273 | 22.022 0.881 | 21.222 | 22.151 0.880 | 20.725 | 23.455 | 0.873

90 | 21.060 | 22.569 0.874 | 21.009 | 22.701 | 0.873 | 20.506 | 24.056 | 0.865

100 | 20.868 | 23.073 0.867 | 20.816 | 23.211 0.866 | 20.309 | 24.606 | 0.858
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Continue Table3

PSNR RMSE MSSIM PSNR RMSE MSSIM

5 24.733 | 14.787 | 0.9583 | 24.652 14.924 0.957
10 24140 | 15.831 | 0.9497 | 24.087 15.928 0.948
20 23.291 | 17.457 | 0.9351 | 23.279 17.480 0.934
30 22.687 | 18.714 | 0.9227 | 22.720 18.642 0.922
40 22192 | 19.812 | 0.9117 | 22.278 19.617 0.912
50 21.776 | 20.784 | 0.9015 | 21.925 20.429 0.902
60 21.416 | 21.663 | 0.8919 | 21.623 21.152 0.894
70 21.096 | 22.475 | 0.8831 | 21.348 21.833 0.886
80 20.833 | 23.167 | 0.8748 | 21.117 22.421 0.878
90 20.599 | 23.798 | 0.8673 | 20.905 22.975 0.871
100 20.390 | 24.378 | 0.8598 | 20.710 23.496 0.864
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Fig (7): Charts of the average of PSNR, RMSE, and MSSIM results of denoising
“Peppers.jpg” color image corrupted by Poisson noise using anisotropic diffusion
filter with different edge-stopping functions and iterations .
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Table (4): Comparison of PSNR, RMSE, and MSSIM results of denoising “Home.jpg” color image
corrupted by Speckle noise (variance =0.04) using anisotropic diffusion filter with different edge-
stopping functions and iterations .

PSNR RMSE | MSSIM PSNR RMSE MSSIM PSNR RMSE | MSSIM
5 24.870 | 14.555 | 0.959 | 24.835 | 14.613 | 0.959 | 24.647 | 14.934 | 0.957
10 24.336 | 15.478 | 0.952 | 24.285 | 15.569 | 0.951 | 23.990 | 16.106 | 0.948
20 23.520 | 17.002 | 0.938 | 23.460 | 17.120 | 0.937 | 23.069 | 17.909 | 0.933
30 22943 | 18.171 | 0.926 | 22.871 | 18.321 | 0.925 | 22.440 | 19.253 | 0.920
40 22478 | 19.169 | 0.916 | 22.405 | 19.330 | 0.914 | 21.957 | 20.356 | 0.909
50 22104 | 20.014 | 0.906 | 22.039 | 20.163 | 0.905 | 21.574 | 21.272 | 0.899
70 21.789 | 20.753 | 0.897 | 21.730 | 20.893 | 0.896 | 21.252 | 22.075 | 0.889
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Continue Table3

PSNR RMSE MSSIM PSNR RMSE MSSIM
5 24,733 | 14.787 | 0.958 24.652 14.924 0.957
10 24140 | 15.831 0.949 24.087 15.928 0.948
20 23.291 | 17.457 | 0.935 23.279 17.480 0.934
30 22,687 | 18.714 | 0.922 22.720 18.642 0.922
40 22192 | 19.812 | 0.911 22.278 19.617 0.912
50 21.776 | 20.784 | 0.901 21.925 20.429 0.902
70 21.416 | 21.663 | 0.891 21.623 21.152 0.894
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Fig (8): Charts of the average of PSNR, RMSE, and MSSIM results of denoising
“Home.jpg” color image corrupted by Speckle noise (variance= 0.04) using anisotropic
diffusion filter with different edge-stopping functions and iterations.
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