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Abstract— Salt-and-pepper (SAP) noise is a common issue 

caused by abrupt and sharp disturbances in the image signal 

caused by Transmission Errors, Sensor Malfunctions, leading to a 

significant decline in image quality. While considerable 

advancements have been achieved in removing salt-and-pepper 

noise, the challenge of image blurring and distortion persists. 

There is a need to enhance the efficiency of denoising techniques. 

This paper proposed an enhanced switching method for detecting 

and removing salt-and-pepper noise using an improved 

Connectivity-Based Outlier Factor (COF) algorithm. The 

approach involves two main steps: firstly, employing the enhanced 

COF to accurately identify noise pixels, and secondly, applying a 

median filter to these noisy pixels for noise removal. The 

experimental results show that the Improved Connectivity-Based 

Outlier Factor (ICOFMed) technique performs well across a wide 

range of noise densities, as measured by subjective visual and 

objective digital evaluations. However, as noise levels increase, for 

example, to 50%, the capacity to recover image quality decreases, 

as indicated by diminishing PSNR and SSIM values for highly 

noisy images. While the recommended technique is beneficial, the 

paper indicated possible areas for improvement(s). 

Keywords—denoising, Salt and pepper, COF, median filter 

I. INTRODUCTION  

This Images affected by noise suffer from a loss of visual 
appeal as they can either remove or add details to the original 
scenes they represent. Among various types of noise, salt-and-
pepper noise (SAP) is a common occurrence in images due to 
factors like faulty channels during image transmission or 
defective image sensors while capturing pictures [3]. SAP, 
categorized as impulse noise, consists of pixels with extreme 
intensity (maximum or minimum) that often stand out from the 
surrounding noise-free pixels, causing them to appear as either 
white or black pixels in the corrupted image [10]. Even at low 
noise densities, SAP can significantly degrade visual quality and 
hinder image analysis, necessitating its detection and removal 
[2]. In fact, it would be especially beneficial to keep improving 
denoising algorithms when the noise density of the images is 
low. While the focus has often been on addressing high-density 
noise, the ability to efficiently restore and improve images with 
low-level noise can greatly increase the usefulness of these 
methods. The difficulty in restoring image details becomes more 
challenging when dealing with heavy salt-and-pepper noise, 
leading to substantial information loss. Consequently, noise 
removal becomes essential before further processing of such 
images.  

Certainly, significant progress has been achieved in reducing 
the presence of salt and pepper noise in digital images. But the 
persistent problems with image distortion and blurring highlight 
the continuous need to improve and hone denoising methods.  

These difficulties pose significant roadblocks to the creation of 
cleaner, higher-quality images, necessitating creative methods to 
increase denoising procedures' overall effectiveness. Not only 
do developments in this subject help the image processing 
industry, but they also have great potential for use in a variety of 
applications where image integrity and clarity are crucial, such 
as computer vision systems, surveillance, and medical imaging. 

Spatial domain techniques are based on operating on 
individual pixels or groups of pixels directly using a window of 
a specified size. Switching median filters were introduced as a 
solution to the blurring issues caused by classical filters and their 
variations, which replaced every pixel in the image, regardless 
of whether it was noisy or not. To overcome the blurring issues 
of classical filters, these filters perform noise identification prior 
to filtering. They first categorize each pixel as either corrupted 
or uncorrupted based on some criteria, and then only the 
corrupted pixels are replaced. It has already been established that 
detection methods have an impact on the level of performance 
of any noise reduction scheme. The better the detection, the 
better the outcome. As a result, the performance of the detector 
is critical.  

The performance of image denoising filters depends on 
several factors, including the type and level of noise present in 
the image, the filter's parameters, and the size of the filter's 
processing window. In general, the ideal denoising filter should 
strike a balance between noise reduction and detail preservation, 
ensuring that the image remains visually appealing and suitable 
for further analysis or processing tasks.  

Outlier detection method is essential in removing noise from 
noisy images. The technique of discovering pieces of data or 
points that are dissimilar to other items or expected pattern in a 
dataset is known as outlier detection [1]. Statistical methods, 
proximity-based methods, and clustering-based methods are the 
three most common types of outlier detection methods [1][8]. 
Distance-based and density-based outlier detection methods are 
the two types of proximity-based outlier detection methods. The 
connectivity-based outlier factor (COF) is a density-based 
strategy for identifying outliers. It is a refined version of the local 
outlier factor (LOF) technique, except that the density estimation 
of the COF for the data points is done differently by a different 
method termed the chaining distance while the KNN in the LOF 
is calculated using the Euclidean distance. The Connectivity-
based Outlier Algorithm assigns a degree of Outlyingness to 
each data point. This degree of Outlyingness is referred to as the 
data point's connectivity-based outlier factor (COF). A data 
point with a high COF value is more likely to be an outlier. 
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Evaluating the performance of denoising filters often 
involves using objective metrics (such as peak signal-to-noise 
ratio, mean squared error) and subjective visual inspection to 
compare the denoised images with the original noise-free 
images. Researchers continue to develop advanced denoising 
algorithms to achieve better performance under different noise 
conditions and improve the overall quality of denoised images. 
The median filters are useful for smoothing noise and retaining 
edges 

 

 

This paper introduces an improved version of COF for 
detecting noisy pixels in a corrupted image C affected by 
impulse noise. The proposed method consists of two stages: the 
first is the noise detection stage, where COF plays a fundamental 
role in the detection stage, and finally, the image denoising 
stage. Figure 1 illustrates these stages. During the noise 
detection stage, each pixel in the corrupted image C is classified 
as either noisy or noise-free, and this information is stored in a 
binary map known as the noise mask N. In the image denoising 
stage, the pixels identified as noisy in the noise mask N undergo 
a process to estimate their original intensity values. The resulting 
restored image is denoted as R. 

The rest of the study is organized as follows: In Section II, 
the introduction of SPN and various important concepts related 
to it is provided. Section III, Related works section IV new 
method called "Improved Connectivity-Based Median Filter 
(ICOFMed)" is discussed. The experimental data and their 
analysis are presented in Section V. Lastly, the research 
concludes with Section VI and section VII recommendation. 

II. II. PRELIMINARIES AND NOTIONS  

This section provides some basic notions. 

Definition 2.1 describes the dynamic range of pixel intensity 

values (pixel values) [αmin, αmax], i.e. αmin ≤ uij ≤ α
max.  

Therefore, the corrupted image is represented by: 

𝐶𝑖𝑗 = {

αmin     with probability p
 αmax      with probability q

       𝐶ij with probability 1 − q +  Þ
 

Definition 2.2: U ≔ [u𝑖𝑗] 𝑚×𝑛 defines an image matrix (I) 

where u𝑖𝑗 is an unsigned integer number and 0 ≤ u𝑖𝑗 ≤ 255. 

Definition 2.3:  U ≔ [u𝑖𝑗] 𝑚×𝑛 be an IM, u𝑖𝑗 is called a noisy 
pixel intensity value of U if u𝑖𝑗 = 0 or u𝑖𝑗 = 255; otherwise, u𝑖𝑗 
is called a non-noisy entry of 𝐴. 

Definition 2.4: Let N be an Image matrix, if some 𝑖 and 𝑗, u𝑖𝑗 
is a noisy value of U. Then, U is called a noise image matrix 
(NIM), 

Definition 2.5: Let N be a corrupted IM. Then, 𝐵 ≔ [𝑏𝑖𝑗] 
𝑚×𝑛 is called binary matrix of 𝐴 where 𝑏𝑖𝑗 = {0, 1, 𝑎𝑖𝑗 is a noisy 
entry of 𝐴 otherwise 

Definition 2.6: dist(P, Q) = min{dist(x, y) : x ∈ P & y ∈ 

Q}, and call dist(P, Q) the distance between P and Q. For any 

given q ∈ Q, we say that q is the nearest neighbour of P in Q if 

there is a p ∈ P such that dist(p, q) = dist(P, Q). Where P, Q ⊆ 

D, P ∩ Q = ∅ and P, Q = ∅. 

Salt and Pepper Noise (SPIN): The salt-and-pepper noise 
is also called as impulse or spike noise. This type of noise can 
be caused by analog-to-digital converter errors, bit errors in 
transmission, etc. An image with impulse noise will have dark 
pixels in bright regions and bright pixels in dark regions.  

Noises corrupt the digital images during their acquisition, 
transmission and processing. Images are acquired using the 
image sensors, and the performance of imaging sensors is 
affected by factors such as quality of sensing elements, 
environmental conditions during image acquisition, knowledge 
and expertise of the person, etc. For example, sensor temperature 
and lighting levels affect the noise level in images acquired using 
CCD cameras and the interference in transmission channels 
corrupt the images during their transmission. 

Connectivity-based Outlier Factor: is an outlier detection 

technique where LOF (local outlier factor) technique was 

improved. With COF, all outliers are detected, globally as well 

as locally, thus making it more effective [9],[17]. In a 

connectivity-based outlier algorithm, Data points are graded 

based on their degree of outlier in connectivity-based outlier 

algorithms. This degree of outlier is called connectivity-based 

outlier factor; COF of the data point. The high COF value of data 

point represent the high probability of being an outlier. In 

datasets where local density and connectivity structure are 

relevant, the COF algorithm is beneficial for detecting outliers. 

In this way, outliers (which are more likely to occur when data 

points are isolated) can be distinguished from data points that are 

well-connected (which are less likely to occur when data points 

are isolated). 

III. RELATED WORK 

In the work of [5] the first stage of the method determines 
the distance between the local pixels in a kernel by determining 
whether the pixels follow a set of rules. The second phase detects 
the noisy pixel using the distance (threshold); if the pixel is 
found to be noise, then   it is replaced in the processing window 
with the median value of the neighbouring pixels. If the 
processing window lacks sufficient informative elements 
(pixels), the approach of the self-adaptive windowing 
mechanism is used to set the size of the processing kernel and 
replace the processing pixel with the processing window's 
median value, with the process being repeated. This method 
takes into account the likelihood, which is very useful because it 
diagnoses the pixel based on its surroundings. 

The work of [13] is a two-step method, in the first stage 
which is the detection stage each pixel is evaluated if the pixel 
value is 0 or 255 it is considered noise else it is noise free. The 
second stage is the filtration stage where the Adaptive 
Unsymmetric Trimmed Shock Filter is used to replace the 
current noisy pixel. Only three test images were considered with 
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noise density from 10-96%, the method performed better than 
the competing methods. However, its computational time is high 
due to iteration of the shock filter 

In [3] pixels having a high intensity and a significant 
deviation from the mean of neighbouring pixels are considered 
noisy during the noise detection stage. The noise filtration 
process utilizes the intensity of one neighbouring noise free 
pixel, which is closest to the mean of neighbour noise free pixels. 
When it comes to noise reduction while preserving structural 
details, the IDF surpasses the competing filters in performance. 
Nevertheless, due to iterative nature, IDF requires longer 
processing time. 

In the work of [4] the centre pixel of the window is 
considered noisy if its grey value is equal to the maximum or the 
minimum value; otherwise, it is a noise-free pixel. If the centre 
pixel is noisy and then the eps-mean of the non-noisy pixels in 
the window is assigned as its new grey value.to evaluate this 
method the cameraman, Lena, TESTIMAGES dataset and the 
BSDS dataset were used with noise density from 20-80%, it 
showed IAWMF performed better than the competing methods 
and the visual quality was good without additional artefacts  

The work of [6] presented a four-step denoising approach in 
which two trimmed median filters (TMF) with window sizes of 
3×3 and 5×5 was employed to estimate noisy pixels in the first 
stage, namely TMF3 and TMF5. This stage delivers good results 
for low noise density since these TMFs compute the value of 
candidate noisy pixel using original (noise-free) pixels and leave 
this noisy pixel unmodified. TMF5 is utilized in the second 
stage, which significantly decreases extreme pixels but when 
noise concentrations are really high, the resulting image may still 
have remaining noisy pixels. The Adaptive Running Average 
(ARA) was utilized in denoising these pixels. Finally, the 
corrupted pixels found on the side-line were filtered by the BPD 
procedure. 

In [7]  detection of noisy pixels is done by utilizing a noise 
detection algorithm named fuzzy morphological alternate filters 
to identify whether pixels are corrupted or not, then in second 
stage, the noisy pixels are filtered based on the median of the 
greatest repeating pixel values, using a window that gradually 
expands until at least a weak original pixel  exist  in the 
considered window, The UC-Berkeley dataset was tested with 
noise density ranging from 10 to 95 percent, and it was also 
compared to numerous approaches, showing good results in 
most cases. However, at high noise densities, this method's 
performance was compromised. 

The work of [2] A triple-stage filter that detects corrupted 
pixels by pixel value and distribution characteristics in the first 
stage, in the second stage denoising is done using weighted mean 
filter  applied to the noisy pixels using a dynamic shape 
symmetrical window with improved detail preservation. 
Filtering is done in an iteratively in the last stage to minimize 
artefacts in high noise density. A good number of pictures with 
100 natural images from the Berkeley dataset were tested, 
demonstrating that IWMF outperformed other state-of-the-art 
filters at various noise densities in both visual quality and 
objective digital measures. This method is extremely fast in 
execution speed making it ideal for real-time processing. 

In [15] during the stage of detection, If the grey value of the 
window's centre pixel is an extreme value, it is deemed a noisy 
candidate, and a window with adaptive size is used to confirm it. 

For these potentially noisy pixels, the proportion of pixels in the 
window with the same candidate value is determined, and then 
the data is filtered using a threshold, If it is smaller than the 
threshold, the candidate is regarded as a noisy pixel, otherwise it 
is noiseless. In the stage of SAP noise elimination, the noisy 
pixel will be replaced by the mean of its neighbouring pixels. 
Then we use a SAP noise based nonlocal mean filter to further 
restore it. NAMF performed better than the competing systems 
with a good processing system.  

For denoising salt and pepper noise [11] proposed a two-
stage filter. After lowering the noise in the first stage by utilizing 
the median of the weakly original pixels to decrease the high-
density noise in the second stage. The second stage is used to 
reduce any remaining noise by employing a dynamic window 
that gradually enlarges until there is at least a weak origin pixel 
in the window using the median of the maximum repeating pixel 
values. The system was tested using UC-Berkeley datasets with 
noise densities ranging from 10% to 95%. The system was also 
put up against other systems and outscored them all, however, 
the visual quality deteriorated when the noise density was high.  

In [12] the detection proposed algorithm initially checks for 
the outliers in a 3 × 3 neighbourhood. If the processed pixel is 
noisy then check for the presence of noisy pixels with the 4 
neighbours; If the 4 neighbours are found to hold outliers, then 
mean of the 4 neighbours will replace the output. If the 4 
neighbours are not noisy then the output is replaced by 
asymmetrically trimmed Modified Trimean. If all the pixels of 
the current processing window are noisy then the mean of all 
elements will replace the processed pixel. If the processed pixel 
does not hold the outlier, then the pixel is termed as not noisy 
and left unaltered. The proposed algorithm exhibits excellent 
noise elimination capability with enhanced edge preservation 
capability. The algorithm was tested on a standard database and 
the results of the proposed algorithm were compared to 
16standard and existing algorithms. The proposed algorithm 
exhibits excellent results in terms of both Quantitative and 
qualitative measures. 

This is also another two-stage approach in [16] firstly, an 
appropriate AMF will be applied to the noisy image and used to 
detect the position of noisy pixels. Then a proposed SAP noise 
removal scheme based on graph signal reconstruction technique 
is used to denoise the noisy pixels. Experimental results 
demonstrate that the proposed algorithm performs better when 
compared to the state-of-the-art methods 

IV. SCHEME OF THE TWO-STEP ICOFMED FILTER  

In this section a two-step SAP noise reduction algorithm called 

Improved Connectivity based Outlier Factor Median Filter 

(ICOFMed) is described in depth, a block diagram describing 

the proposed filter is approach is shown in Figure 1, followed by 

its algorithm and an illustration using an example. 

A). Two images are loaded, one is a clean image and the other 

representing a noisy image. 

B). The quality of the images is evaluated the by calculating the 

Peak Signal-to-Noise Ratio (PSNR) and the Structural Similarity 

Index (SSIM) between the clean and noisy images. This gives 

an insight of the filtering method. 
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C). Applies a detection operation to the noisy image to detect 

noisy pixels. The noise detector used in this work is based on a 

Connectivity Based outlier Factor (COF) approach. It calculates 

the COF values for each pixel in the image and uses certain 

criteria (the center pixel value, COF value, and threshold) to 

decide whether to mark a pixel as noisy or not.  

D). The COF outlier detection was improved to used Manhattan 

distance metrics instead of Euclidean distance and Applies an 

Isolation Forest (IForest) algorithm for anomaly detection on the 

COF values. The IForest is used to identify outliers or anomalies 

in the COF values. 

E). Calculates a noise map based on the predicted labels from 

the IForest. The noise map is a binary image where noisy pixels 

are marked as 1 and non-noisy pixels are marked as 0.  

To accomplish this objective, all the pixels are checked using a 

pre-defined window of 3× 3 of that centers on the considered 

pixel, 8 neighbors and a threshold of 0.2, pixels with COF values 

greater than 1 are classified as noisy, and pixels with COF values 

less than or equal to 0.2 are classified as clean. 

F). The filtering operation is performed in a loop for each noisy 

pixel in the image using median filter. 

G). Computes the PSNR and SSIM between the original clean 

image and the filtered image to evaluate the quality of the 

denoised result. 

H). Finally, it displays the clean image, noisy image, and the 

filtered image along with their titles for visual inspection. 

In the initial stage of detection, the improved connectivity-

based-outlier factor was used to process the corrupted image. 

Then, in the second phase, a median filter is employed to reduce 

the error of the median-type filter,  

V. RESULTS AND DISCUSSIONS 

 A). Image Dataset  

Some of the Set12 collection of 12 grayscale scenes were used, 

the images are of 256x256 images were used for each test to 

verify the viability of the proposed method. Noise levels varying 

from 10 to 50 were considered 

B). Image Quality Assessment Metrics 

To check how closely related the denoised image is to the 

original image, there exist a number of image quality metrics. 

The most widely used metrics for evaluating the whole reference 

image quality are the Peak signal-to-noise ratio (PSNR) and the 

Structure Similarity (SSIM) [14], [11]. Higher PNSR values are 

required. Structural Similarity (SSIM) was also considered, the 

SSIM values range between 0 and 1, and 1 means perfect match 

of the reconstruct image with original one. The definition of the 

two metrics can be described in equation (1) and equation (2). 

𝑃𝑁𝑆𝑅(𝑂, 𝑅) = 10 log10
2552

MN M i=1 N j=1(O(i,j) − R˜(i,j))2
          (1) 

SSIM(O, R) = [l(o, f)]𝛼 ⋅ [c(o, f)]β ⋅ [𝑣(o, f)]γ = 
(2ā𝑜 ā𝑓 + 𝐶1)(2σ𝑜𝑓 + 𝐶2)

  (ā𝑜2+ā𝑓2+𝐶1)(σ𝑜2+σ𝑓2+𝐶2)
     (2) 

 

𝑙(𝑂, 𝑅) =
2ā𝑂  ā𝑓 +𝐶1

ā𝑂
2 + ā𝑅 

2 +𝐶1
                           (3) 

 

𝑐(𝑂, 𝑅) =
2σ𝑜2σ𝑅+𝐶2

2ā𝑂  
2 +2ā𝑓  

2 +𝐶2
                 (4)   

𝑣(𝑂, 𝑅) =
σ𝑜𝑓 +𝐶3

σ𝑜σ𝑓+𝐶3
                 (5) 

O , R  and  denote the Original, reconstructed and corrupted 

images, with a given size of (M, N), C1, C2 and C3 are 

represented as constants. 

TABLE1 SETUP PARAMETERS 

Component  Parameter  Value of 

parameter 

Image  Image Size   256x256 pixel 

 Type  Grey Scale 

Noise   Type  Impulse 

Density  of impulse 

noise  

0.1-0.5  

Step size = 0.1  

Processor Type i5-64 bit 

RAM  

Speed  

Metric(s) PNSR and SSIM 

Platform Kaggle 

Software  Python 

A visual comparison between the original, the noisy image and 

de-noised images can be done during the qualitative analysis. 

TABLE 2: PNSR AND SSIM VALUES FOR LENA.BMP IMAGE 

Image Name Lena 

  Salt % Initial 

(PNSR)  

PNSR 

 

Initial 

(SSIM) 

SSIM 

10 50 15.73 30.98 0.26 0.92 

20 50 12.87 28.45 0.15 0.89 

30 50 11.35 25.24 0.11 0.81 

40 50 10.26 21.43 0.08 0.66 

50 50 9.56 9.56 0.07 0.50 

 

TABLE 3: PNSR AND SSIM VALUES FOR TULIP.PNG IMAGE 

Image Name Tulip.png 

  Initial 

(PNSR)  

PNSR 

 

Initial 

(SSIM) 

SSIM 

10 50 15.27 28.81 0.39 0.91 

20 50 12.44 26.44 0.24 0.87 

30 50 10.96 23.85 0.18 0.81 

40 50 9.91 20.68 0.14 0.71 

50 50 9.18 18.31 0.11 0.59 
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TABLE 4: PNSR AND SSIM VALUES FOR CAMERAMAN.TIF IMAGE 

Image Name Cameraman.Tif 

  Initial 

(PNSR)  

PNSR Initial 

(SSIM) 

SSIM 

10 50 15.36 26.23 0.26 0.87 

20 50 12.44 24.84 0.16 0.83 

30 50 10.98 22.59 0.12 0.75 

40 50 9.96 20.29 0.09 0.63 

50 50 9.21 17.90 0.08 0.49 

 

TABLE 5: PNSR AND SSIM VALUES FOR BLACKCAR. IMAGE 

Image Name Blackcar 

  Initial 

PNSR 

PNSR 

 

Initial 

SSIM 

SSIM 

10 50 14.62 24.76 0.43 0.86 

20 50 11.73 23.11 0.29 0.83 

30 50 10.21 20.78 0.22 0.76 

40 50 9.22 18.59 0.18 0.68 

50 50 8.43 16.59 0.15 0.58 

 

The tables show the PSNR (Peak Signal-to-Noise Ratio) and 

SSIM (Structural Similarity Index) values, which are referred to 

as the "Initial PSNR" and "initial SSIM," when comparing the 

original image with the noisy image. Additionally, it displays the 

PSNR and SSIM values, which are designated as "PSNR" and 

"SSIM," respectively, when comparing the original image with 

the denoised image. 

The PSNR value of the filtered image drops as the original 

image's salt and pepper noise content rises (from 10% to 

50%).This shows that when the image's noise level increases, the 

quality of the filtered image degrades. More noise and poorer 

image quality are indicative of lower PSNR values.  

The SSIM value of the filtered image also drops as the amount 

of salt and pepper noise in the original image increases. 

This shows that as noise levels increase, the structural 

resemblance between the filtered image and the original, clear 

image declines. The structural difference is higher when the 

SSIM values are lower. Filtering is able to improve the image 

quality to some extent, as evidenced by the higher PSNR and 

SSIM values for the filtered images compared to the original 

noisy images. 

However, as the noise level becomes more severe (e.g., 50% 

noise), filtering is less effective in restoring the image to its 

original quality. This is reflected in the lower PSNR and SSIM 

values for the highly noisy images. 

The decreasing PSNR and SSIM values with increasing noise 

levels highlight a trade-off between denoising and image quality. 

Stronger denoising may remove more noise but can also lead to 

a loss of image detail and structural information, resulting in 

lower SSIM values. 

In summary, these results indicate that filtering can help improve 

the quality of images corrupted by salt and pepper noise, but the 

effectiveness of filtering diminishes as the noise level becomes 

more severe. The choice of the filtering method and its 

parameters should be carefully considered based on the specific 

noise level and the desired trade-off between noise reduction and 

preserving image details. 

TABLE 6: PNSR AND SSIM VALUES FOR LENA.BMP WITH VARYING DENSITY 

IMAGE 

Image Name Lena 

  Initial 

(PNSR)  

PNSR 

 

Initial 

(SSIM) 

SSIM 

10 10 15.77 28.45 0.29 0.90 

10 20 15.82 29.43 0.28 0.91 

10 40 15.75 31.02 0.26 0.92 

10 50 15.73 30.98 0.26 0.92 

10 60 15.67 30.86 0.26 0.92 

10 70 15.62 30.73 0.26 0.92 

10 80 15.61 29.56 0.27 0.91 

10 90 15.51 28.81 0.27 0.90 

10 100 15.43 28.28 0.28 0.90 

20 10 13.03 23.43 0.19 0.78 

20 20 13.03 25.33 0.17 0.85 

20 30 12.94 26.75 0.16 0.86 

20 40 12.94 27.96 0.16 0.87 

20 50 12.87 28.45 0.15 0.89 

20 60 12.84 27.87 0.15 0.88 

20 70 12.84 27.87 0.15 0.88 

20 80 12.77 25.77 0.16 0.83 

20 90 12.73 23.42 0.17 0.79 

20 100 12.69 21.63 0.18 0.75 

30 10 11.52 19.04 0.15 055 

30 20 11.43 19.62 0.13 0.64 

30 30 11.39 22.33 0.12 0.71 

30 40 11.36 23.50 0.12 0.76 

30 50 11.35 25.24 0.11 0.81 

30 60 11.29 24.79 0.11 0.80 

30 70 11.23 22.62 0.11 0.74 

30 80 11.20 21.24 0.11 0.68 

30 90 11.13 17.95 0.12 0.57 

30 100 11.11 16.15 0.14 0.44 

 
The result in the table shows that the distribution of salt and 

pepper (i.e., the ratio of salt to pepper) in the noise affects the 

quality of the filtered image. When the proportion of salt is 

higher than that of pepper in the noise, the filtered image tends 

to have better PSNR and SSIM values compared to when pepper 

dominates. The PSNR values are generally higher when the 

proportion of pepper is low (e.g., 10% pepper and 90% salt), 

indicating better image quality. The SSIM values follow a 

similar trend, with higher values when pepper is less dominant 

in the noise distribution. 

Filtering is more effective at lower noise levels (e.g., 10% noise) 

in improving image quality compared to higher noise levels 

(e.g., 30% noise). Based on the results, an optimal noise 

distribution for filtering depends on the specific image and 

application. In many cases, it may be desirable to have a lower 

proportion of pepper (and a higher proportion of salt) in the noise 

for better denoising results. 

Overall, these results highlight the importance of considering 

both the noise level and the distribution of salt and pepper when 

applying filtering techniques to improve image quality. When 
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the noise increases there is remaining noise on the image as seen 

on figure 2 and 3. 

 

TABLE 7: PNSR AND SSIM VALUES FOR MONARCH.PNG WITH VARYING 

DENSITY IMAGE 

Image Name Monarch 

  Initial 

(PNSR)  

PNSR 

 

Initial 

(SSIM) 

SSIM 

10 5 16.78 25.01 0.33 0.93 

10 10 16.65 25.22 0.34 0.92 

10 30 16.21 26.03 0.31 0.94 

10 40 16.00 25.94 0.31 0.94 

10 50 15.80 27.44 0.30 0.94 

10 60 15.58 26.36 0.30 0.94 

10 70 15.35 26.24 0.29 0.94 

10 80 15.23 26.21 0.30 0.94 

10 90 15.23 26.21 0.30 0.94 

20 10 13.90 21.91 0.23 0.81 

20 20 13.68 22.70 0.22 0.84 

20 30 13.39 24.57 0.20 0.87 

20 40 13.18 25.15 0.20 0.87 

20 50 12.98 25.37 0.19 0.91 

20 60 12.78 25.35 0.19 0.90 

20 70 12.62 24.80 0.20 0.89 

20 80 12.41 23.69 0.20 0.86 

20 90 12.43 21.04 0.23 0.80 

20 100 12.07 20.00 0.21 0.79 

30 10 12.31 17.76 0.18 0.57 

30 20 12.14 20.28 0.17 0.67 

30 30 11.92 21.41 0.16 0.74 

30 40 11.71 22.87 0.15 0.81 

30 50 11.47 23.22 0.15 0.83 

30 60 11.32 22.81 0.15 0.82 

30 70 11.02 21,11 0.15 0.75 

30 80 10.87 19.77 0.15 0.68 

30 90 10.68 17.86 0.16 0.58 

 

 

Figure 2: Sample clean, noisy and filtered image with 10% noise out of which 

50% is salt and 50% is pepper 

 

Figure 3: Sample clean, noisy and filtered image with 50% noise out 

of which 50% is salt and 50% is pepper 

VI. CONCLUSION 

This paper introduced an enhanced method for identifying and 

eliminating salt-and-pepper noise, referred to as the "Improved 

Connectivity-Based Outlier Factor" (ICOFMED). The method 

involved two essential parts: Enhancing the noise pixel 

identification through an improved COF technique, which 

resulted in a more accurate and precise detection of noisy pixels. 

Applying a median filter to the identified noisy pixels for the 

purpose of noise removal. Experimental results exhibited the 

proposed technique performed good, the PSNR and SSIM 

values on ‘Lena’, ‘Cameraman’, ‘Tulips’ and ‘Pepper’. 

Although, with increasing salt and pepper noise content in the 

original image (from 10% to 50%), the PSNR and SSIM value 

of the filtered image declines. This shows that with increasing 

noise levels, the filtered image quality deteriorates. These 

denoising techniques are especially useful in situations where 

noise is subtle or infrequent, as they help improve image quality 

and clarity even in noise-free environments. It has great potential 

across many applications, especially in fields such as high-

resolution photography, where maintaining detail fidelity and 

accuracy remains paramount despite noise. As a result, 

regardless of the degree of noise density in the images being 

processed, the continuing development of denoising algorithms 

can provide substantial benefits. 

VII. RECOMMENDATION 

From this work, detection and filtration can be enhanced in a 

variety of ways for a variety of reasons: 

1. The ICOFMed can be improved to increase detection. 

2. Other method could be merged with this method to 

improve detection  

3. For filtration other techniques can be used  

4. Thresholding in the ICOFMed could further checked  
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