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Abstract: Image filtering algorithms are employed to eliminate various types of noise from established images, such as
the Lena image. This noise can either be present in the image during the image capture process or as a result of
transmission. The present study aims to compare the performance of mean, median, and Gaussian filters in the de-
noising of Lena images affected by Gaussian noise, salt and pepper noise, and speckle noise. The evaluation of a
performance is carried out using the Peak Signal to Noise Ratio (PSNR) metric.
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l. INTRODUCTION

Noise may be introduced into an image during various stages of image transmission, coding, processing, or acquisition.
They not only distort accurate information within the image but also significantly impact its visual appeal. One variety
of such noise is known as salt and pepper noise, which is a prevalent form of impulse noise characterized by the
sporadic occurrence of pixels with either a minimum or maximum value within an image [1]. The aforementioned
phenomenon is typically attributed to inaccuracies in the transmission of data or the malfunctioning of individual pixel
components within camera sensors, as well as defective memory locations or timing errors that occur during the
digitization process [2]. The aforementioned phenomenon is typically attributed to inaccuracies in the transmission of
data or the malfunctioning of individual pixel components within camera sensors, as well as defective memory
locations or timing errors that occur during the digitization process [3]. The SPN can only assume two values, namely a
and b. In the context of an 8-bit image, it is customary for pepper noise to be represented by a value of 0, while salt
noise is typically denoted by a value of 255. Each has a probability that is typically below 0.1. The image's SPN
appearance is achieved by alternating the corrupted pixels between the minimum and maximum values. The pixels that
are not affected remain unaltered. The second category of noise is known as Gaussian noise, which is statistical noise
characterized by a probability density function (PDF) that is equivalent to that of the normal distribution. This noise is a
common occurrence that can happen during both image acquisition and transmission. For instance, poor illumination
can cause sensor noise, while electronic circuit noise can cause noise during transmission. The third category of noise is
known as speckle noise, which can manifest in an image in a manner similar to Gaussian noise. This type of noise is
classified as multiplicative noise and is commonly observed in coherent imaging systems, including radar, acoustics,
and laser, among others. Moreover, extensive research has been conducted on Poisson noise and various additional
types of noise in the field of image processing [3,4,5].

The reduction of noise holds significant importance in the realm of image processing and computer vision analysis. In
the case of an image that has been corrupted by noise, various linear or nonlinear filter methods can be employed to
effectively reduce the noise. In the realm of frequency analysis, the particulars of an image are represented by high-
frequency components that may be erroneously identified as high-frequency noise. However, these methodologies are
frequently designed for gray images. In order to enable the application of these methodologies to color images, it is
necessary to devise an iterative process capable of processing the individual components (red, green, and blue) of a
color image. Numerous techniques have been proposed for removing noise from images; however, their efficacy is
limited when applied to color images[6-10].

This paper aims to analyze the known noisy image ( Lena image) by decomposing it into its three fundamental color
channels (red, green, and blue). Each channel is then subjected to independent processing using Gaussian and median
filters. Subsequently, these individual channels are combined to produce the resultant colored image. The mean filter
was also utilized to reduce the noise present in the image. The quantitative performance was analyzed using the peak
signal-to-noise ratio (PSNR).
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1. DE-NOISING FILTERS

Gaussian Filter

The Gaussian filter is a type of low-pass filter that is commonly employed for the purpose of noise reduction. The initial
step in applying the Gaussian filter to the noisy image involves determining the appropriate size of the kernel matrix to
be utilized for image reduction. Comprehensive outcomes can be calculated based on the central pixel. Furthermore, it
should be noted that the kernels exhibit symmetry, thereby possessing an equal number of rows and columns.
Additionally, the kernel exhibits symmetry, resulting in an equal number of rows and columns[11]. The values within
the kernel are calculated using the Gaussian function, which is expressed as follows:
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The standard deviation, denoted by o, has been utilized in selecting the 3 by 3 Gaussian Kernel Approximation in two
dimensions. Specifically, the chosen kernel approximation with ¢ = 1 is represented in Fig. 1 as follows:
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Figure 1: Gaussian kernel with 6 = 1.

Mean Filter :

The mean filter is a rudimentary sliding-window kernel. The process involves replacing the central pixel value within
the kernel window with the arithmetic mean of all pixel values contained within the corresponding kernel window,
which is expressed as follows [12]:

5 2 8 5 2 8
1 3 4

Figure 2: The fundamental principle of the mean filter involves the application of a 3x3 window size for processing.
Median Filter :

The median filter is a commonly used sliding-window filter in image processing. Its operation involves replacing the
central pixel value within the kernel window with the median value of all the pixel values present in that particular

kernel window [13, 14, 15]. It is imperative that the kernel size be a positive, odd integer. In this

particular instance, the size of the kernel is 9, so the median can be determined by calculating the (9+1)/2 = 5th element.
Additional details are provided below:
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Figure 3: The median filter is based on the fundamental principle of employing a 3x3 window size for processing.

l. Proposed Technique

The de-noising process of the Lena image is carried out by employing the mean filter, median filter, and Gaussian filter.
The effectiveness of these de-noising techniques is assessed using the peak signal-to-noise ratio (PSNR). An overview
of the proposed technique is presented in Fig. 4.

[ Read the color Lens image ]

Adding three types noises
(Salt & pepper , Gaussian, and Speckle)

Dividing the noisy image to three channels (Red, blue, and green)

I Appling Mean filter ones with
Applying median filter to each size (3 by 3)
channel with size of (3by3)

Applying Gaussian filter each channel of (3by3), and o=1

I

Combining varions channels of the image after filtering

Calculate the De-noised image |_

The performanceis evaluated by PSNR

Figure 4: Representation of the Proposed Approach.
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1. SIMULATION RESULTS

The simulation results that have been achieved by the PSNR. This method is frequently employed to assess the efficacy
of image quality by comparing distorted images to their original image. It calculates the ratio of the peak signal power
to the noise power, providing a precise measurement of the image quality. A high value of PSNR is a reliable indicator
of minimal image degradation [a]. The mathematical expressions for PSNR are presented below [2].

2552
PSNR =10 Log 1o (= (X_y)) ............ )
The mean squared error (MSE) is a metric that quantifies the cumulative squared error between the original and de-

noised images [k4]. It is calculated as the average of the squares of the errors.

m

MSE(X,Y) = 2y X (g —yi)? Q)

2
mn
Where , X = x;; be the original image, and Y = y;; be the de-noised image.

Original image Noisy image with salt & pepper Noisy image with gaussian noise

Figure5 :Original Lena image, noisy image with salt and pepper, Gaussian, Speckle noise, and  enhanced images
using median filter, respectively.
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Original image Noisy image with salt & pepper i Noisy image with gaussian noise Noisy image with speckle noise

Enhanced image by mean fiter Enhanced image by mean fiter

Figure 6 :Original Lena image, noisy image with salt and pepper, Gaussian, Speckle noise, and enhanced images
using mean filter, respectively.

Original image Noisy image with salt & pepper Noisy image with gaussian noise Noisy image with speckle noise

Iy [}

Figure 7 :Original Lena image, noisy image with salt and pepper, Gaussian, Speckle noise, and enhanced images
using Gaussian filter, respectively.
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Figure 8: Original Lena image added with salt and pepper, Gaussian, and speckle noise with noise density at 0.05, and
de-noising using Gaussian, mean filter, and median filter, respectively.
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Table 1: The determination of the PSNR values for the median, mean, and Gaussian filters at a noise density of 0.05

Salt & peppers noise Gaussian noise Speckle noise
Median filter 33.3203 31.5947 31.597
Mean filter 32.794 28.8801 31.7205
Gaussian filter 33.3693 29.2185 3241

PSNR PERFORMANCE FOR VARIOUS FILTERS AT
DIFFERENT NOISE TYPES
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Figure 9: A comparative analysis of de-noising filters in terms of PSNR through various types of noise at a density of
0.05 for the Lena image.

1. CONCLUSION

According to the simulation results obtained from both experimental and mathematical analyses, it can be concluded
that the median and Gaussian filters are the most effective option for reducing SPN noise when compared to the mean
filter. These filters demonstrate the highest PSNR for the resulting image in comparison to the mean filter. The median
filter is also considered an optimal filter for Gaussian noise in terms of PSNR. However, the enhanced image derived
from the implementation of the Gaussian filter exhibits a complete absence of speckle noise and closely approximates
the high-quality image. The clarity of the image is preserved, in contrast to the effects of other filters.
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