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Salt and pepper denoising is an important pre-processing step in image
processing to help improve image quality. Traditional denoising
methods consider pixels with zero or maximum values as actual salt-
and-pepper noise pixels. However, in many cases, these pixels are not
noise pixels but rather texture pixels that lead to limited denoising
effectiveness, especially when the noise ratio is high. This study
overcomes the above limitation. At the noise pixel detection step, the
algorithm uses an adaptively sized window to help distinguish the noise
candidate points as real noise pixels or texture pixels based on the
observation that the noise pixels are usually isolated pixels, whose
value changes suddenly compared to the surrounding values. Then the
noise pixel will be replaced by a new value based on the value of the
neighboring pixels in the window. This method is only applied to
grayscale images. The experimental results give the mean peak signal-
to-noise ratio and structural similarity at all noise levels of 28.1631 and
0.8496, respectively. The proposed method for removing salt-and-
pepper noise is very effective based on experimental results. The result
is good quality images at all noise levels.
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Nhiéu mudi tiéu

Khir nhiéu anh

Khoi phyc anh

Loc trung vi thich nghi
Xir Iy anh

Khir nhidu mudi tiéu 1a mot budc tién xir 1y quan trong trong xu 1y anh
dé nang cao chit lugng hinh anh. Cac phuwong phéap khir nhiéu truyén
thdng xem xét cac diém anh co gia tri bang 0 hay gia tri cuc dai 1a diém
anh nhidu mudi tiéu thyc sy, tuy nhién trong nhiéu truong hop nhiing
diém anh nay khong phai 1a diém anh nhidu ma 1a diém anh két cau dan
dén két qua khir nhidu con c6 han ché dac biét khi ty 18 nhidu 1a cao.
Nghién ctru nay s& khic phuc han ché trén, tai budc phat hién diém anh
nhidu, thuat toan str dung cira s6 c6 kich thudce thich nghi dé phan biét
mot diém nhiu tng vién 1a diém nhidu thuc su hay 1a diém anh két ciu
dwa trén quan sat rang diém anh nhiéu thuong 1a diém anh c6 1ap, & do
gi4 tri diém anh 1a thay ddi so véi cac gia tri diém anh xung quanh. Sau
d6 diém anh nhidu s& duoc thay thé boi mot gia tri méi dua trén cac
diém lan can. Phuong phap nay chi ap dung trén anh da muc xam. Céc
két qua thuc nghiém cho gi tri trung binh ty 1& tin hiéu trén nhidu cuc
dai va do tuong tu vé cAu tric & tat ca cac cép dd nhiéu lan luot 1a
28,1631va 0,8496. Phuong phap dé xuat khir nhiéu mubi tiéu 1a rat hiéu
qua dua trén cac két qua thuc nghiém. Cac két qua sau khi khir nhidu
cho chét lugng anh tét tai tit ca cap do nhidu.
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1. Introduction

Image denoising is an important pre-processing step in image processing to help improve
image quality to serve the following image processing steps such as segmentation, edge
detection, feature extraction, identification,...[1]. Digital images are often corrupted due to noise
in the process image acquisition and transmission [2]. Salt-and-pepper (SaP) noise, also known as
impulse noise, is a popular type of noise [2] - [4]. This noise can be caused by sharp and sudden
disturbances in the image signal so it reduces image quality. In the noisy image, the noisy pixels
are divided into 2 classes [5]: salt pixels (white pixels) and pepper pixels (black pixels). The salt
pixels have the maximum gray value and the pepper pixels have the minimum gray value of the
image. For an 256 grayscale image, the salt pixel value is 255, and the pepper pixel value is 0.

To remove SaP noise, there are two main groups of methods: traditional methods and deep
learning methods. For the traditional method, there are many proposed methods, in which median
filtering (MF) and adaptive median filtering (AMF) [6] are the two popular methods used a lot in
the early stage. MF can restore images well when the noise ratio is low, but give poor results
when the noise ratio is high [7] and the resulting image after performing the filter will be blurred,
especially when applying the median filter many times [8]. AMF uses an adaptively sized
window that improves the results of recovering images with a high noise ratio [9]. Current studies
are also mainly based on these two methods. The second group of methods is deep learning,
which is also recently interested by researchers [8], but this method depends on data and requires
high computer hardware configuration.

There are two types of filters: linear filters and nonlinear filters [3], [10]. Linear filters can
only remove low-density noise. They are not effective for medium-density and high-density
noise. Inversely, nonlinear filters are more effective, especially for SnP noise. Among nonlinear
filters, the Median Filter (MF) is a simple and effective filter for removing low-density noise
(usually up to 20%).

MF is the most commonly used algorithm to remove pulse interference and SaP noise [11].
The median filter will include a window of size m x n, this window will in turn move to each
pixel in the image containing noise, then the window will capture the pixels of this image. The
considered pixel will be replaced by the median value of the pixels obtained in the window.
Noisy pixels will now be replaced by the median value of surrounding points, so this filter has the
effect of reducing noise. The median value is calculated as follows: first arrange the pixel values
in ascending (or descending) order. If the window size is odd, the median value is the value at

position mxn+1, if the window size is even, the median value is the average of the 2 middle

values at position men and (m:n + 1). Because all pixels are replaced by the median value of the

points in the window, the disadvantage of this method is that the image is blurred compared to
the original image.

MF is widely used as it is very effective at removing noise while preserving edges. This
method of removing salt and pepper noise is very effective. Efficiency decreases when the number
of noise points in the window is greater than or equal to half of the number of points in the window.
Many methods based on median filtering have been proposed. In [12], a new adaptive weighted
mean filter is proposed. For each pixel, expand the window size continuously until the maximum
and minimum values of two consecutive window enlargements are equal. The current pixel is
considered a candidate noise pixel if it is equal to the maximum or minimum value. The candidate
noise pixels are then replaced with the weighted average of the current window.

The improvement studies of MF is the adaptive median filter (AMF) [6], for the MF filter that
does not work effectively when the noise density is from medium to high, the AMF filter will
overcome this. AMF uses variable-size windows along with adaptive conditions to determine the
maximum, minimum, and median values in the window. If the conditions are satisfied, the center
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pixel in the window will be replaced with the median value. The larger the size of the window,
the more time it takes to calculate, in many studies the maximum size of the window is often
chosen to be 9.

The salt and pepper noise recovery is to use the remaining information (except for the noise
pixel) to create a new, better value to replace that noisy pixel. Some previous noise reduction
methods are still limited when working with images with a high noise ratio, and the resulting
image is blurry.

To help improve the above problem, in this paper, an effective salt and pepper denoising method
is proposed. The method is divided into two stages: salt and pepper noise detection and denoising.
The propotion-based salt and pepper noise pixel detection method distinguishes noise pixels from
texture pixels, thereby avoiding the treatment of texture pixels as noise pixels. Then the noisy
pixels will be replaced by the mean of its neighboring pixels (pixels that are not noise pixels).

2. Method

The proposed method includes two steps: SaP noise detection and SaP noise elimination.
Details are presented as follows.

In this work only 8-bit gray-level images are considered. Let X = [x;;] .Y =[yi;]
R = [rl-, J']mxn be a original image, a corrupted image by SaP noise and a restored image,
respectively, where m, n are the number of pixels in rows and columns.
In a corrupted image, the value of a salt” pixel equals to the maximum gray value 255, and
the value of a ”pepper” pixel equals to the minimum value 0. Thus, y; ; is defined by Eg. (1).
0, with probability p
Vij = 1, with probability q (1)
x; j, with probability 1 — (p + q)
where p,q,p + q € [0.1]. W;;(r) is used to represent a (2r + 1) x (2r + 1) window centered at
(i; j) with the radius r.

2.1. SaP noise detection

With the salt and pepper noise feature, the noise pixel will receive one of two values of 0 or
255. Therefore, the candidate noise pixel y; ; has only one of two possibilities, Yiin = 0 and Ypax =
255. An indicator matrix O = [0; ;] ;mxn is @ prior decision condition in noise detection.

_(Lyij=00r255 (2)
0L _{ 0, otherwise

Matrix O is a binary matrix with value 1 corresponding to a noisy candidate pixel, and value 0
corresponding to a noiseless pixel. For grayscale images, pixels with a value of 0 or 255 can be
salt and pepper pixels or texture pixels. The noisy pixel candidate can be noise or not because in
many cases these pixels can be texture pixels, so it is necessary to confirm whether the noisy
pixel candidate are noise or not. Noise is usually isolated pixels, whose value changes suddenly
compared to the surrounding pixels, while texture pixels often have similar values compared to
the surrounding. For the pixel y;;, if it is finally detected as noisy, it is marked with the
discriminant matrix L = [l; j]mxn, and [; j; = 1, else [; ; = 0 and will not be processed. Based on
this observation, the noise detection method is determined as follows:

For each pixel (i, ) in the noisy image Y and the initially restored image R, do

eStep 1: If o, j == O then!;; = 0,7;; = y, break;

Otherwise, go to step 2.
o Step 2: Initialize r=1,h = 1, 1,4, = 5, Where Iy is the maximum size of window.
o Step 3: S (r) is the number of pixels within W; ;(r) which are not equal to 0 and 255. For

the pixel yi; with 0;; = 1, 7™ (r) is caculated within an adaptive searching window Wi (r). The
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radius r of window W;j(r) is initialed to 1. If r == rpa OF Sf}‘m(r) > 0, the r is selected. If not,
then r+1 and continue to compute. If S77™(r) > 0, yi; is determined noise pixel, so [; ;=1.
Otherwise go to Step 4.

oStep 4 : If Sif}‘m(r) =0, yi; maybe considered as a texture pixel. The proportion of pixels
with the same gray level as the candidate pixel y;; in the W;;(r) window (denoted is S;*/"™ (7)) to
the number of pixels in the W;;(r) window.

S () ®)
T Rr+1)x@r+1)

After a threshold T is chosen to identify the noisy pixel. If 6 < T, the candidate pixel yi; is

regards as a noisy pixel so [; ;=1, else it is noiseless.

2.2. SaP Noise Elimination

Let R represent restored image, R is initialized with Y. After detecting a noise pixel y; ;
corresponding to [; ;=1, this pixel will be replaced with a new value S7;*“". The formula is
calculated according to the equation below:

( Lewew, (1 —1ed)*yea
,S; ; rH=+0
gmean — { Z(C.d)EWi,j(T)(l — (e, d)) (4)
! | Licayew;;(r) Yed
number of pixels in W; ;(r)’

S[e™(r) is the mean of the noiseless pixels in W; ;(r) when S7™(r) # 0, otherwise is the
mean of pixels of y; ; in W; ; (7).

The detail of the proposed method are shown in Algorithm 1.

Algorithm 1. Proposed method

Input: The noisy image Y

Output: The restored image R

Compute the indicator matrix O.

For each pixel (i, j) in the noisy image Y and the initially restored image R, do

1 Ifo;,; ==0,1(i,j) = 0,1;; =y, break;

Otherwise, go to step 2).

2) Initializer=1,h = 1,134, = 7.

3) Compute 7™ (r) until r== 1,4, Or S7/™(r) >0;

Otherwise, r=r + h and repeat step 3).

4) If S35 () > 0,131, j) = 1, 1y j = S (), break;

Otherwise, go to step 5).

5) Compute 6. If 6 <7, I(i, ) =1, 1y ; = S[7°*"(r);

Otherwise, I(i;J) =0,7;; = y;;

3. Results

In the experiments, proposed methods are compared with 2 methods: MF, AMF [6]. The two
typical image quality metrics used are peak signal-to-noise ratio (PSNR) [13] and structural
similarity (SSIM) [14] to evaluate the experimental results. PSNR can be defined as follows:

PSNR = 10log (4he),

MSE =%ii(wij—uu)2 ®)

i=1i=1
where MSE is the mean square error, u is a noise-free image, w;,q, IS the maximum gray
value, for example, for grayscale image u,,,, = 255. A low PSNR value corresponds to low

otherwise
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image quality, a high PSNR value corresponds to high image quality. Structural similarity
(SSIM) is a qualitative metric and is proven to be a better error metric and its value is in [0, 1]. A
low SSIM value corresponds to low image quality, a high SSIM value corresponds to high image
quality. This metric based on the characteristic of the human vision. SSIM for image U and V can
be defined as follows:

Quypy +¢1) * (ZUU,V + Cz) (6)
(W + ufy +¢q) * (of + 07 +¢3)

where p; and py, are the average intensities of image U and V , respectively. o, and gy, are
standard deviations; oy, is the covariance; c; and c, are some constants. Here ¢; and c, are set
to be (0.01 * 255)% and (0.03 = 255)° as in [14], respectively. Through test, threshold T = 0.8 is
selected. The experiments are performed on a personal computer with Intel Core i3 3.0 GHz
processor and 8 GB RAM.

The proposed method is tested on two image databases consisting of 82 images. The first
database includes 14 images in the TEST IMAGES Database [15]: Barbara, Elaine, Goldhill,
Man, Peppers, Yacht, Zelda, Baboon, Boat, Couple, Einstein, Face, House, and Straw. The
second database include 68 images of BSD68 [16]. All images are stored in bmp, png, tiff format,
grayscale and with the size of 512x512, 256x256, 321x481, 481x321 pixels.

For the first case, denoising methods are implenmented such as MF, AMF and the proposed
method to remove noise of 50% on the Elaine image. Denoising results are presented in Figure 1.

We can see that the noise has damaged Elaine's face image, making it difficult to see all the
details of the face. The noise filtering results of the MF and AMF methods, the recovered image
still has noise, with the proposed method, the image quality is very good, the noise has been
removed, the result is not much different from the original image. By evaluating on the
PSNR/SSIM measure, the proposed method received a value of 32.8821 dB/ 0.8571 giving the
best result compared to the other two methods MF and AMF.

]
A

SSIM =

a) Original b) Noisy )M d) AMF e) Proposed method
Figure 1. Experimental results of different methods for "Elaine” with SAP noise ratio of 50%.
PSNR/SSIM of methods: a) Original image, b) Noisy image (8.4958 dB, 0.0223),
¢) MF (22.6608 dB, 0.5904), d) AMF (21.6704 dB, 0.4890), e) Proposed method (32.8821 dB, 0.8571)

Figure 2 shows the results of denoising Zelda image with different levels of salt and pepper
noise. The image is added salt and pepper noise with increasing rates from 10% to 90% and the
corresponding denoising results when applying the proposed method. The resulting images are of
very good quality for all noise levels. From the image with 60% noise ratio, we did not see any
details from the original image, but the denoising results still give very good results except the
90% noise recovery image still has some noise pixels. These experimental results show the
effectiveness of the proposed method.

Next, the three methods of denoising MF, AMF and the proposed method are applied on all
14 images that have been added with increasing noise ratios from 10% to 90%. The mean PSNR,
SSIM values for each noise level are presented in Table 1 and Table 2 respectively. The results
show that at all noise levels, the PSNR and SSIM values of the proposed method are superior to
those of the MF and AMF methods. The mean value of PSNR over all noise levels of the
proposed method is 28.1631, MF is 18.3761, AMF is 19.9269. The mean value of SSIM over all
noise levels of the proposed method is 0.8496, MF is 0.4691, AMF is 0.5386.
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Noise of 20% Denoise of 20%
SNR/SSIM= 42.4572/0.9824

Noise of 10% Denoise of 10%
SNR/SSIM= 45.8576/0.9918

Noise f 30% ‘ Denoise of 30% Nise of 40% Denoise of 40%
SNR/SSIM= 40.4031/0.9723 SNR/SSIM= 38.9138/0.9606

I

Noise of 50% Denoise of 50% ' Noise of 60% Denoise of 60%
SNR/SSIM= 37.3387/0.9458 SNR/SSIM= 35.8480/0.9274

Noise of 70% Denoise of 70% Noise of 80% Denoise of 80%

SNR/SSIM= 34.2367/0.9024 SNR/SSIM = 32.4143/0.8669

Noise of 90% Denoise of 90%
SNR/SSIM= 25.5725/0.7518

Figure 2. Denoaising results of proposed method for the Zelda image with various noise levels
(10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%)
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Table 1. PSNR values of denoising results of the methods of 82 images with various noise levels

Noise Level MF AMF Proposed method
10% 25.7719 26.949 36.0112
20% 24.8264 25.1975 32.8613
30% 23.7692 23.2306 30.8951
40% 22.6328 21.3163 29.3729
50% 20.6438 19.538 28.0169
60% 17.2622 17.9068 26.6957
70% 13.3886 16.4040 25.3291
80% 9.9218 15.0125 23.8156
90% 7.1686 13.7876 20.4703
Mean 18.3761 19.9269 28.1631

Table 2. SSIM values of denoising results of the methods of 82 images with various noise levels

Noise Level MF AMF Proposed method
10% 0.7142 0.8013 0.9759
20% 0.6992 0.7170 0.9572
30% 0.6809 0.6219 0.9366
40% 0.6534 0.5317 0.9126
50% 0.5820 0.4491 0.8837
60% 0.4187 0.3739 0.8473
70% 0.3780 0.3064 0.8004
80% 0.0728 0.2477 0.7357
90% 0.0229 0.2080 0.5973
Mean 0.4691 0.5386 0.8496

4. Conclusion

In this work a salt and pepper denoising method is proposed. The point of interest in this
approach is to detect salt and pepper noise, distinguishing noise from texture pixels. The noisy
pixels will be replaced by the mean of neighboring pixels S;";*“" (r). Experimental results have

shown the effectiveness of the proposed method on all noise levels compared with FM and
AFM methods.
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