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Noise Reduction Using Fuzzy Median Filter for Color Image

Naoyuki Tamaru * and Rui Onizawa *

Abstract

This paper presents a fuzzy median filter for the removal of noises from digital color images.

The aim of our proposed filter is to remove two kinds of noises and to gain vivid images while

every detail of the image is preserved like the original image. By using the fuzzy membership

function, the proposed filter is able to correct the detected noisy pixels with simple procedures.

As a membership function, we select the absolute maximum difference in the intensity value

between the center pixel and the adjacent pixels. As the compensation algorithm, we use two

methods. One is that when the target pixel is calculated, the estimated values adjacent to the

target that are previously derived, are used. The other is that there is no use. The mean square

error (MSE) for the proposed filter is reduced almost to zero and the sharpness (SH) is kept

unchanged to that of the original image as compared to those for the conventional median filter.

Key Words: impulse noise, uniform random noise, fuzzy filter, median filter, membership

function, MSE (mean square error), sharpness

1. Introduction

Digital color images acquired through many
electronic products of home use, such as digital
cameras and digital televisions are often interrupted
by various noises during image acquisition,
recording and transmission® ®. In TV weather
newscasts, real time pictures or videos from the
rainy or snowy location are corrupted by the rain or
snow. A lot of papers deal with the noise reduction

or cancellation algorithms for the images corrupted
by the noises.

A famous median filter is a simple smoothing
operation with which one calculates a median value
of the image intensity inside a moving window
around the centered pixels. This filter has been
recognized as a simple and useful image correction
technique while the detail of the image is preserved
to a certain degree.

However, a disadvantage to the median filter is
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the tendency to remove image details such as thin
lines and sharp edges. In response to these
disadvantages several variations of median filters
have been introduced. These are fuzzy median
filters, two step fuzzy filters®, weighted median
(WM) filters, a tri-state median (TSM) filter®,
center weighted median (CWM) filters®, switching
median (SW) filters,® ©® fuzzy impulse noise
detection and reduction method (FIDRM) @, a
cluster-based adaptive fuzzy median (CAFSM)
filter®, a Kalman filter , and so on.

However, most of these filters deal with
the salt-and-pepper noises in the gray images.
Furthermore, the intensity values for impulse noise
are 0 or 255 for 256 gray levels (i.e. 8 bit resolution).
And there are no precise presentations about the
effects of varying the noise ratio.

We adopted a fuzzy median filter *** @ to color
images in order to remove the impulse noise. From
the experiments we had effective results .

Therefore, we will try to extend this filter
applying to the uniform random noise and also do
to compare two algorithms for the noise reduction.

In Section 2, we define the noise, median filters
and fuzzy median filters. The experimental results
by the computer simulation are shown in Section 3.
Finally, the paper is briefly summarized in Section 4.

2. Fuzzy Median Filter

2.1 Two Kinds of Noise

We deal with the digital color image of which
the RGB pixel intensity is stored in 8-bit integer,
respectively. That is to say, the RGB element in
every pixel has 256 levels of 0 to 255 and one pixel
has the data of 24 bits (=3 X 8 bits). We define the
two kinds of image noise as follows.

One is impulse noise with the intensity value from
0 to 9, and from 246 to 255. Each variation width
for the noise value is 10. The RGB elements of the

original pixels - i.e. noise-free pixels - are substituted
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by these noises with certain probabilities. If we
define the probability of the impulse noise as
the rate p, the probability of the low noise value
(0-9) and the high noise value (246-255) is p/2,
respectively. If p = 0.1 (10%) for the color image
with 256 X 256 pixels in size, the average number of
noise elements is 19661 (= 256 X 256 X 3 X 0.1).
The other is the uniform random noise, whose
level is 0 to 255. In generating the noises, the
RGB element level in the pixel is replaced into the
newly calculated noise, if the target RGB element is

selected by the random number.

2.2 Median Filter"”

The median filter outputs the median value of the
samples in the 3 X 3 window W, j, that is centered
at X; ; as shown in Figure 1. The output M; ; of the
median filter is defined as

Wi i=Xir, 1, * =, Xijjy o+, Xien jet) @

M; j=median {W; ;}. @)

There are two methods for the calculation. In
the A-method every elements of W; ; are given by
the equation (1), but in the B-method the former 4
elements (X1, .1, Xi j1, Xiv1, 71, and Xiz ;) of Wijin
the equation (1) are replaced to each median filter
output, that already are calculated by the median
filter. As the calculation for each pixel is scanned
from left to right, and top to bottom, the former 4
elements output of the median filter are already
derived.

—p 1

l Xi-1j-1 Xij1 | Xirij1

j Xi-1 Xij Xir1j
P d

/ Xipjer | Xigrr | Kirrje

Target pixel

Fig. 1 Image pixel arrangement.
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2.3 Fuzzy Median Filter™”

We introduced a fuzzy flag f; ; indicating how
much it looks like an noisy pixel. The f; ; is the
membership function with two parameters, defined

as
0 mi; =Ty
fii=X mi; =T/ (To=T) Ti=mi;<T>(3)
1 mi ;= T

where T; and T, are two pre-determined para-
meters, are reported® as 10 < 7; < 20 and 22 <
T, < 32, and m; j, the maximum value of the
absolute differences between the intensities of the
center pixel Xj ; and the adjacent pixels, is defined
as follows:

mi; = max{ |)(,, - S,;l}

Sij € Wyjand X;; # Sij.

The m; j shows a measure for detecting noises.

After the membership function f; ; is calculated,
the filtered output of the pixel Y; j, is defined as

Yij= (-1,) XXi; + fi; X M ; (CY]

From (4), when f; ; is 1.0, the output Y; ; equals
the value of the median filter, and if £; ; is 0.0, the
output Y; ; equals the value of the original pixel Xj j,
- i.e. the unchanged value-.

This filter also uses the A-method or the B-method
same to the median filter. For the B-method the
former 4 elements in the equation (1) are replaced
to the output of the fuzzy median filter.

2.4 Fuzzy Membership Function
Figure 2 shows an example of the fuzzy

141,215
T,=25
05
0 : ‘
0 10 T, 20 T, 30 40

m;;

Fig. 2 An example of fuzzy membership function.

membership function f; ; with two parameters,
T:=15 and T»>=25. The horizontal axis shows m; ;,
the maximum value of absolute differences between
the RGB intensities of the center and the adjacent
pixels, and the vertical axis is the fuzzy membership
degree. It is made up of three piecewise linear
segments. The ranges of m; j<T;, T; <m; j<Ts,
and m; ; >T» show the detail preservation of the
original pixels, the partial augmentation, and the
full correlation using the median filter, respectively.

2.5 MSE?

In order to compare quantitatively the per-
formance of the filters we have discussed, the mean
square error (MSE) between the input and output
images is evaluated. The MSE is given by

MSE=(XX (X;;=Yi)")/ MXN), ®)

where X; ; and Y; ; are the pixel values for
the input and the output image at position (7,
7), respectively, M and N are the number of the
horizontal pixel, and vertical one, respectively. The
MSE is able to evaluate the residual noise for the

corrupted image.

26 SHY

In addition, in order to evaluate the sharpness
of images, - i.e. the preservation of the detail -, we
introduce the sharpness (SH) as follows:

SH=(2% Xij=Xis1)*) / (M= XN), (6)

where Xj,; ; is the pixel value just right adjacent
pixel to X; ; as shown in Fig. 1. If the SH for the
corrected image is a value closer to that for the
original image (i.e. noise-free image), we can
estimate that the corrected images are preserved
the details.

3. Experimental Results

3.1 Median Filter
Figure 3 shows the MSE values obtained by
varying the noise ratio. For the experiments we use
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the “Balloon” image in the standard color test image
database SIDBA. The noise is uniform random
noise with 0 to 255 in intensity. The MATLAB
software is used for the all calculations of the noise
reduction.

The horizontal axis shows the noise ratio within
the range from 2% to 20%. The blue curve with the
diamond plots displays the MSE values used by the
A-method in the median filter, and the red that with
the square plots does these for the B-method with
the 3 X 3 window. Every plot is the averaged data
from 5 experimental values with the same
parameters. The MSE for the corrupted image by
the noise of 2%, 5%, 10% and 20% is 126, 319, 642 and
1270, respectively.

From the figure it is seen that the A-method
median filter is better than the B-method filter,

35
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Fig. 3 A relationship between the MSE and the
random noise ratio using median filter.

60

50 4 ==A

30
2 ?}//

10

T
\
LN

Noise ratio (%)

Fig. 4 A relationship between the MSE and the
impulse noise ratio using median filter.
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because the MSE values for the A-method are
closer to the zero. The residual noise using the
A-method is decreased by about from 1/10 to 1/50
than the corrupted image noise.

Figure 4 displays the MSE values in case of the
impulse noise. It shows the same character in Fig.
3 except for the A-method at the 20% impulse noise.
The A-method median filter also is better than the
B-method filter except at the 20% noise.

Figure 5 shows the SH (sharpness) values
obtained by varying the random noise ratio. The
blue curve with the diamond plots displays the SH
values used by the A-method, and the red that with
the square plots does these for the B-method.

It shows that the A-method filter also is better
than the B-method filter, because it is closer to the
SH value (65.9) for the noise-free image than that

50
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Fig. 5 A relationship between the SH (sharpness)
and the random noise ratio.
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Fig. 6 A relationship between the MSE and the
membership parameter of T, using the
proposed filter.
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for the B-method.

3.2 Fuzzy Median Filter

Figure 6 shows the MSE values obtained by
varying the membership parameters 77 and T with
10% random noise and the A-method. It is seen
that the MSE value with T;=15, T>=30 is the best
condition.

Figure 7 shows the MSE values obtained by
varying the parameter T in the same condition as
in Fig. 5, when T;=15. It shows that the MSE value
with T;=15, T»=30 is the best condition.

Figure 8 shows the MSE values in case of the
random noise of 10%, T>=70. From this figure it is
shown that the A-method has the better MSE than
the B-method does similarly to the median filter.

Figure 9 shows the SH values when the random

30
28 /
26

24
y /
2 22

20 40 60 80 100

Fig. 7 A relationship between the MSE and the
membership parameter of T, using the
proposed filter.
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Fig. 8 A relationship between the MSE and the
membership parameter of T, using the
proposed filter.

noise of 10%, using the A-method. From this figure
the SH values with T;=30, T>=70 is the best
condition.

Figure 10 shows the SH values in the random
noise of 10%, when T;=15. From this figure it is
seen that the condition of 7>= 80 is the better.

Figure 11 shows a relationship between the SH
value and the parameter 7; with the random noise
of 10%, T>=70. From the figure the SH values
using the B-method is better than that for the
A-method. This result is the only one exception

because the noise ratio is large.

3.3 Comparison of Median Filter

Figure 12 shows the comparison between the
MSE values of the remained random noise using
the median filter and that using the proposed (fuzzy
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Fig. 9 A relationship between the SH and the
membership parameter of T, using the
proposed filter.

20 4‘0 6‘0 86 160
T2
Fig. 10 A relationship between the SH and the

membership parameter of T, using the
proposed filter.
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Fig. 11 A relationship between the SH and the
membership parameter of T, using the
proposed filter.
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Fig. 12 A MSE comparison between the median
filter and the proposed filter.
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Fig. 13 A SH comparison between the median
filter and the proposed filter.

median) filter. The proposed filter is the better
MSE than the median filter especially in low noises.

Figure 13 represents the comparison between the
SH values of the remained random noise using the
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Fig. 14 Simulation results.
(a) Original (noise-free) image. (b) Corrupted
image with 10% noise. (c¢) Median filter. (d)
Proposed filter.

median filter and that using the proposed filter. The
proposed filter is the better SH than the median
filter every noise range, because the SH values of
the proposed filter is closer to the SH (=65.9) for
the noise-free image.

Figure 14(a) shows the original “Balloon” image,
Fig. 14(b) does the corrupted image by the random
noise of 10%, Fig. 14(c) does the image of the
median filter using the A-method, and Fig. 14(d)
does the image of the proposed filter using the
A-method with 7;=30, T>=70. We can see that
there is almost no remaining noise for both filters
and the details in the image by the proposed filter
are more preserved than those by the median filter.

4. Conclusion

This paper presents a fuzzy median filter for the
removal of the impulse noises and the uniform
random noises from digital color images. The aim
of our proposed filter is to remove the noises and to
gain the vivid image while every detail of the image
is preserved like the original image.



Tamaru and Onizawa : Noise Reduction Using Fuzzy Median Filter for Color Image 77

By using the fuzzy membership function our filter
is able to correct the detected noisy pixels with
simple procedures. As the membership function
we select the absolute maximum difference in the
intensity value between the center pixel and the
adjacent pixels.

The mean square error (MSE) for the proposed
filter is reduced almost to zero, that is to say, the
remained noise is almost zero and the sharpness
(SH) is kept unchanged to that of the original image
as compared to the conventional median filter.

It is clear that the experimental results for the
impulse noise are almost similar to those for the
uniform random noise. And the A-method is better
by over 20% than the B-method for the MSE values
and the SH values.
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