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Abstract — Based on the characteristics of impulse noises, the authors
establish a new filter, Iterative Adaptive Median Filter (IAMF). Ac-
cording to the characteristics of images polluted by impulse noises,
they establish weight function combined with iterative algorithm to
eliminate noises. In IAMF filter process, because the noise spots do
not participate in the computation, they do not influence the normal
points in the image, therefore IAMF can retain the detail well, main-
tain the good clarity after processing image, and simultaneously re-
duce the computation. Experiments showed that IAMF have ideal de-
noising effect for the images polluted by the impulse noises; especially
when the noise rates are more than 0.5, IAMF is more prominent,
even when the noise rates are more than 0.9, IAMF can achieve a
satisfactory results.
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1 Introduction

Median filter is put forward by famous scholar J. W.
Tukey in 1971, whose essence is image pixels’ neighbor-
hood operation. That is, all the pixels which lie in a pro-
cessing pixel’ s neighborhood will be sorted according to
the grey value, and then choose the middle value to re-
place the gray value pixel which will be processed. It is
generally accepted that median filter can protect the image
details well after filtering out the image noise. But, in
fact, the filter effect of the median filter is affected by
the following two aspect factors: 1) noise intens. When
impulse noise intensity increases, the filter effect will be
worse; 2) neighborhood template’s size and shape. The
different shape’s neighborhood template will obtain dif-
ferent filter effect™ .

The filtering ability of conventional median filter is
mostly limited, especially for the high noise intensity. For
example, when the impulse noise intensity is bigger than
0.5, regardless of how to select the neighborhood tem-
plate, the filter effect of the median filter is not really
ideal >’ . Obviously, we must try to reduce the noise
spots’ influence in the filter window, and automatic con-
trol the size and the shape of neighborhood template.
However, in the traditional filter design, how to choose
the size and the shape of the neighborhood template, it is
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still unable to eliminate the influence of the noise spots to
the normal pixels in the template window.

At present, some scholars proposed a lot of improved
methods >*’, these filters have improved in the filtering
performance compared with the traditional filters, but the
most unconditionally filter all input sample. so the oper-
and becomes larger, and the speed becomes also quite sl-
ow. For a noisy image, only a part of pixels are polluted
by the noise, and the remaining pixels often keep original
values. That each pixel is unconditionally filtered is bound
to lead to lose some original image’s information, increase
the operand, and reduce the speed of image processing.
Therefore, this paper presented a new Iterative Adaptive
Median Filter(IAMF) algorithm. The experiment proved
that not only this algorithm can effectively extinguish the
impulse noise, but also its denoising effect obviously sur-
passed other traditional algorithms, especially when the
image noise rates surpassed 0.5.

2 Iterative adaptive median filter algo-
rithm

2.1 The characteristics of impulse noise image

In the images, when a pixel polluted by the impulse
noise, its gray value will be very larger different from
around points’ gray value. When the impulse noise gray is
positive, the isolated bright spots are presented in the im-
age, and when impulse noise gray is negative, the isolated
dark spots are presented in the image. The character of
the impulse noise image is that the noise spots are uni-
formly distributed in the entire image. That is, the spots
of the original image are substituted by the noise spots on
equal probability and all noise spots value are 0 or 255,
which lead to that pixel values between 1 and 254 reduce
on equal probability. Therefore, the noise image histo-
gram has the following nature: Fig. 1(a) is the original
Lena image’s histogram, Fig. 1(b) is the image histogram
of the Lena image polluted by impulse noise, and Fig. 1(c)
is the Lena image’s histogram polluted by impulse noise
and removed the gray values 0 and 255. From the follow-
ing image we can see that the extreme points of the Lena
image’s histogram which polluted by impulse noise and re-
moved the gray values 0 and 255 and the extreme points of
original image histogram are basically invariable.
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Fig.1 Histogram comparison of Lena original images, image by the noise pollution and image destinated noise: (a) Lena’s original image;

(b) Polluted by impulse noise; (¢) Removed two sides

2.2 Realization of iterative adaptive median filter
algorithm

Supposing the original image is X whose size is N X
M (N is the number of rows, M is the number of col-
umns), the impulse noise image is C, and the output im-
age after filtering is Y.

1) Establishe the weighting function

Because the pixel values of the pulse noise spots are
all 0 or 255, pixel values between 1 and 254 reduce on
equal probability, and the extreme points of the image’s
histogram which polluted by impulse noise and removed
the gray values 0 and 255 and the extreme points of origi-
nal image’s histogram are basically invariable. Therefore,
suppose that the pixel x(i,;) is the value of the process-
ing image X = [x(i,j) Jyen, (i 5) € 10,1, L — 11,
0<{i<IN-1, 0<{j<{N -1, and establishe the weight-
ed function

j() x =0,
flz) =41 0< x <255, (1)
0z =255

2) process noise image with the function /() , and
form a binary template image

After processed by the function /() , the noise im-
age becomes a binary template image which the image
pixels polluted by noise are 0 and others not polluted by
noise are 1.

3) process the noise image from right to left and
from top to bottom according to the following algorithm:

(D Take the pixel ¢(7,5) of noise image as the center
and selecte (21 + 1) X (2m + 1) number pixels as a win-
dow (e.g.3%3 window, such as formula 2 shows).

ci—-1,;-1 c¢(i—1,5) ci—1,j+1)
Cli.j) = { clij—1) c(i,j) cij+1) ](2)
ci+1,j-1) cli+1,5) c(i+1,j+1)

Take the pixel w(7,;) of binary template image
which is correspond with the pixel ¢(i,;) of noise
image as the center and also selecte (2n + 1) X (2m
+ 1) number pixels as a window (e. g. 33 window,
such as formula3 shows).
wi—1,j-1) w(—-1,j) w(—-1,j+1)

w(i,j—1) w(i,j) wij+1) | (3)
wi+1,j -1 wi+1,;) w(i+1,j+1)

@ We make elements of the formula(3) multi-
ply corresponding elements of the formula(2)in or-
der to remove the noise spots of the formula(2)win-

w(i,j) =

dow and convert the value of noise spots (0 or 255)
to 0 value.

If all the elements in the new window are 0 val-
ues, c(i,j) = 0. Otherwise, sort nonzero pixels ac-
cording to the size of nonzero pixels value in the
new window. For exemple, if the total of nonzero
elements is n, C(1) < C(2) < --- < C(n), 0 values
in the window do not participate in the operation,
and take the middle value to replace (7,5) ; when
the number of nonzero element n is odd, take the
middle value C(n + 1/2) = ¢(i,j) ; when the num-
ber of nonzero element n is even, take the average
of the middle two elements 1/2(C(n/2) + C(n +
1/2) = ¢(i,j).

4) we can get a very good result after above
processing for the low rate noise images (such as
noise rate less than 0.4). But for the high rate noise
image (such as noise rate more than 0.6) some pix-
els value in noise image will be 0 value after above
processing. Due to the noise rate is quite high, all
pixels in the window which take the pixel of the
noise image ¢ (7, ) as center are all noise points (for
example the formula (4) shows); In this case, the
weight value of every pixel in the calculation win-
dow of weight function is 0, so the output values are
all 0; At this point, the noise of output image Y
must mainly be pepper noise (0 value).

0 255 0
Cli,j) = %55 255 O} (4)
55 255 0

5) Take the output image as noise image and
filter processing again through the steps 1 ~3. Due
to the weight of pepper noise (0 values) and salty
noise (255 values) is 0, it does not participate in the
operation in the filter process. undergoe the itera-
tive loop, gradually use the normal pixel value in
the window to substitute the noise point ¢(7,;) and
“0 value points” which produce in the previous filter
processing (as shown in Fig.2); Because the noise
point does not participate in the operation, it will
not have large influence to the result in the filter
processing, and the image detail information will be
good preservation, therefore this algorithm for the
high noise rate images, even the noise rates more
than 0.9, is able to produce the very ideal results.
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Fig.2 Reduction process of the noise rate of 0.8 of the Lena image noise: (a) 0.8 noise image; (b) the first itera-

tive; (c) the second iterative; (d) the third iterative

6) The output effect is closely related with the
number of iterations. Because the latter iteration
base on the preceding results, the output image will
become fuzzy with the iterations increasing. For the
noise image whose noise rate is more than 0.6, the
output image which is ideally filtered the impulse
noise can be got through 2-3 iterations.

In order to correctly estimate the number of it-
erations for variety noise images, before the filter-
ing the noise rate R of images should be estimated,
and the estimate formula is

R=1-"2. (5)
n

Where, n; is the number of pixels whose gray value
equal 0 and 255, and n is the total number of pixels
for the image X.

The experimental results show that the numbers
of iterations, as follows, can make the majority of
images which polluted by impulse noise obtain the
optimum filtering results:

1 O0<R<0.5
I 0.5<R<0.7,
N =<3 0.7<< R<0.8, (6)
4 0.8<<R<0.9,
6 R >0.9

3 Verification tests

In order to verify the effectiveness of this algo-
rithm, this paper selects the Lena image and a goril-
la facial image, and chooses the size of 3 X 3 filter
template. Respectively filter the impulse noise im-
age that the noise rates are 0.3,0.5,0.7,0.9,0.95
Lena image and the noise rates are 0.2,0.4,0.6,0.8
gorilla facial image by using IAMF. Estimate the
number of iterations according to formula (6).
order to confirm the superiority of IAMF, mean-
while use adaptive median filter (adpmedian) and
the standard median filter (median) of 3X3 and 5 X
5 template to respectively filter Lena image which
polluted by 0.5 and 0.7 rates’ impulse noise. Partial
experimental results are shown in Fig. 3.

In the experiment, the mean square error
(MSE), the mean average absolute error (MAE)
and peak noise signal to noise ratio (PSNR) values
of restored images under the different noise rates

are gave. As shown in Tab. 1.

M N
220G, ) —xi, )P
MSE = —/= M N ’ (7)
Al ‘I ,]-)2
i—1j-1
M N
22 1 y(i,g) —x(iyj) |
MAE = 171171[\/1 N ) (8)
22 L x(i,g) |
=1
PSNR = 10 % logiy — AL 1) . 9)
MxN 2y 2 [3(0) = x (i)

z 1=

The experiment indicates that when the noise
rates are less than 0.5, IAMF can achieve the ideal
effect after the first iteration; when the noise are
higher than 0.5 and less than 0.8, IAMF can elimi-
nate the noise through two times iterative process-
ing; When the noise rates are 0.8, 0.9, the results
shown in the above Figure can be got through three
times and four times iterations. When the noise
rates surpasses 0. 9, after many times iteration
IAMF can also achieve the ideal results. The experi-
ment also discovers that when the noise rates surpass
0.5, no matter how to take the templates, the de-
noising effect of adaptive median filter (adpmedi-
an) and the staodard median filter (median) are all
not ideal. Such as in Fig.3(13)~(15), partial pro-
cessing results are shown using 3X3 and 5X 5 tem-
plates to filter the noise images respectively.

The following conclusions can be drawn from
the characteristics reflected in Fig.3 and Tab. 1.

1) IAMF has ideal denoising effect for the im-
age polluted by impulse noise. As can be seen from
the experiment, with the noise rates enhancing, es-
pecially the noise rates more than 0.5, IAMF can
prove its superiority. and the restored images by
IAMF can keep relative high clarity;

2) That TAMF has good stability when it re-
stores the images polluted by a variety of size im-
pulse noise rates. Due to the noise points do not par-
ticipate in the operation, it dose not have large in-
fluence to the result in the filter processing, so im-
age detail information can be preserved better, and
the restored images can keep relatively high clarity.
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Fig.3 The experimental image: (1) lena’s origindl
image; (2) 0.7 rate’ nois g i ginal image; (7) 0.4 rate’
noise; (8) 0.6 rate’ noise; Q1B rate’ noiseg1£)0) 0.4 IAMK18jter; (11 0.@MHAMF filter; ((53) 0.8 IAMF filter; (13) 0.7 ad-

pmedian 3X3; (14) 0.7 median 3% 3; (15) 0.6 median 5X35

Tab.1 Comparison of restored Lena image with different pixel polluted by noise and determining the combi-
noise rate nation of fuzzy algorithms according to pollution de-
filter Noise rate PSNR(dB)  MSE  MAE gree of the central pixel in the window, to improve
IAMF 0.3 32.9285  0.0019  0.028 the IAMF filtering algorithm in the following re-
IAMF 0.5 31.3521  0.0027  0.0325 search. And we attempt to filter the noise image
IAMF 0.7 30.2366  0.0035  0.0350 polluted by Gauss noise and Stochastic noise by im-
IAMF 0.9 27.1075  0.0072  0.0495 proved IAMF.
IAMF 0.95 25.2923  0.0109  0.0609
adpmedian3x3 0.5 15.4280 0.1054 0.1213 References
adpmedian5 <5 0.5 26.8270  0.0076  0.0384 [1] G.C.Rafael, W.E. Richard, 2007. Digital Image Pro-
median3 X 3 0.5 15.2999  0.1086  0.1365 cessing. Publishing House of Electronics Industry, Bei-
median5 X 5 0.5 22.8631 0.0190  0.0568 jing.
adpmedian3 <3 0.7 10.0471  0.3639 0.3735 [2] Chang-shing Lee, Yau-hwang Kuo,1997. Weighted fuzzy
adpmedian5 X 5 0.7 16.1668 0.0889 0.1163 mean filters for image processing. Fuzzy Sets and Sys-
median3x3 0.7 10.0201  0.3661 0.3823 tem , 89: 157-180. , .
medians X 5 0.7 14.1663  0.1409  0.1785 (3] Shu-mei Guo, Chang-shing Lee, 2005. An intelligent
image agent based on soft-computing techniques for col-
. or image processing. Expert System with Applications,
4 Conclusion o Ao e Fbert oy PP
According to the characteristics of impulse [4] Tzu—chao Lin, Pao-ta Yu, 2004.¥. Partition fu.zzy median
. . . . . . filter based on fuzzy rules for image restoration. Fuzzy
noise, this paper designed a new filter-iterative ada- Sets and System , 147: 75-97.
ptive median filter (IAMF), and analyzed its prin- [5] Yau-hwang Kuo, Chang-shing Lee, Chao-lich Chen, 20-
ciple. The experiment proved that IAMF has some 00. High-stability AWFM _ Iter for signal restoration
advantages such as the simple principle, the stable and its hardware design. Fuzzy Sets and Systems, 114:
property, and suitable processing all kinds of im- 185-202. )
pulse noise rates’” images. In addition, in filter op- [6] Y J. Zhang, 1996. A survey on evavh}atlon methods for
. . image segmentation. Pattern Recognition, 29(8): 1335-
eration, after the elements of formula(3)multiplied 1346
corresponding elements of the formula (2), using 7] H. Franke, J. Jann. J. Moreira, et al, 1999. An
average value in the new window to replace middle Evalu-ation of Parallel Job Scheduling for ASCI Blue-
value substituted the noise point ¢ (i, j), that is, Pacic. Proceedings of SC’99, Portland, Oregon, ACM
. ! . . . . Press and IEEE Computer Society Press, p.11-18.
c(i,j)= %iacﬁ)' This also got relative ideal ef- [8] E. Krevat, J. Castang;, J. Morei)r]a, 2002.pJ0b schedul-
fect. in other words, iterative adaptive mean filter ing for the Blue Gene/Lsystem. Job Scheduling Strate-
was also effective. But experiments also discovered gies for Parallel Processing, Lecture Notes in Computer
that TAMF did not restore these pixels whose grey Science, Springer, p.38-54. -
[9] FEitan Frachtenberg, Fabrizio Petrini, Juan Fernandez,

value were 0 or 255.

Therefore, we attempt to apply fuzzy math-
ematics’ principle, establishing fuzzy membership
function which can describe the extent of the central

et al, 2002. Scalable Resource Management in High-
Performance Computers. Proceed-ings of the IEEE In-
ternational Conference on Cluster Computing Cluster’
02, Chicago, IL.
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