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Abstract-Visual information transmitted in the form of digital 

images is becoming a major method of communication in the 

today’s scenario, but the image obtained after transmission is 

often corrupted with noise. The received image requires 

processing before it can be used in applications. Image denoising 

involves the operation of the image data to produce a visually high 

quality image. This reviews the existing denoising methodology, 

such as filtering technique, wavelet based technique, and multi-

fractal method and performs their comparative study. Various 

noise models including additive and multiplicative types are used. 

Gaussian noise, salt and pepper noise, speckle noise and 

Brownian noise are considered. The filtering approach has been 

proved to be the best when the image is corrupted with salt and 

pepper noise. The wavelet based technique finds applications in 

denoising images corrupted with Gaussian noise. In the noise 

characteristics are complex, the multifractal approach could be 

used. 
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I. INTRODUCTION 

Image denoising is often used in the field of photography or 

publishing where an image was somehow degraded but 

needs to be improved before it can be printed. For this type 

of application, the degradation process in order to develop a 

model for it. When we got a model for the degradation 

process, the inverse process may be applied to the image to 

restore it back to the original form. This type of image 

restoration is often used in space exploration to help 

eliminate artifacts generated by mechanical jitter in a 

spacecraft or to compensate for distortion in the optical 

system of a telescope. Image denoising finds applications in 

fields such as astronomy where the resolution limitations are 

harsh, in medical imaging where the physical requirements 

for high quality imaging are needed for analyzing images of 

some events, and in forensic discipline where potentially 

useful photographic evidence is sometimes of extremely bad 

quality.  

Let us now consider the representation of a digital image. A 

2-D digital image can be represented as a 2-dimensional 

array of data s(x,y), where (x,y) represent the pixel location. 

The pixel rate corresponds to the brightness of the image at 

location (x,y). Some of the most frequently used image are 

binary, gray-scale and color images. Binary images are the 

simplest type of images and can take only two discrete values 

are black and white. Where black is represented with the 

value „0‟ while white with „1‟. Note that a binary image is 

generally created from a gray-scale image. The binary image 

finds its applications in computer vision areas where the 

general shape or outline information of the image is required. 

They are also referred to as 1 bit/pixel images.  

Gray-scale images are known as monochrome or one-color 

images. Images used for experimentation purposes all gray-

scale images. They do not contain color information. They 

signify the brightness of the image. This image contains 8 

bits/pixel data, means that up to 256 (0-255) different 

brightness levels. A „0‟ represents black and „255‟ denotes 

white. Between values from 1 to 254 represent the different 

gray levels. As they contain the intensity information, they 

are referred as intensity images.  

Color images are considered as three band monochrome 

images, where every band is of a different color. Each band 

provides the brightness information of the corresponding 

spectral band. The color images are red, green and blue 

images and are also referred to as RGB images. 24 bits/pixel 

image may be considered. 

II. ADDITIVE AND MULTIPLICATIVE NOISES

Noise is undesired information that contaminates the image. 

Information about the type of noise present in the original 

image plays a significant role in the image denoising process. 

Typical images are corrupted with noise modeled with either 

a Gaussian, uniform, or salt or pepper distribution. An 

additional typical noise is a speckle noise, which is 

multiplicative in nature. The behavior of each of these noises 

is described.  

Noise is present in an image either in an additive or 

multiplicative form.  
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An additive noise follows the rule 

𝑤 𝑥, 𝑦 = 𝑠 𝑥, 𝑦 + 𝑛 𝑥, 𝑦 , 

Whereas the multiplicative noise satisfies 

𝑤 𝑥, 𝑦 = 𝑠 𝑥, 𝑦  X 𝑛 𝑥, 𝑦 , 

where s(x,y) is the original signal, n(x,y) represents the noise 

introduced into the signal to produce the corrupted image 

w(x,y), and (x,y) represents the pixel location. The given 

image algebra is done at pixel level. Image also finds 

applications in image morphing. By image multiplication, the 

mean, brightness of the image is varied.     

The digital image acquisition process converts an optical 

image into a continuous electrical signal that is, and then is 

sampled. At every step in the process there are fluctuations 

caused by natural phenomena, adding a random value to the 

exact brightness value for a given pixel. 

Gaussian Noise 

Gaussian noise is evenly distributed over the signal. That 

means that each pixel in the noisy image is the sum of the 

true pixel value and a random Gaussian distributed noise 

value. The name indicates, this type of noise has a Gaussian 

distribution, that has a bell shaped probability distribution 

function given by, 

𝐹 𝑔 =
1

 2𝜋𝜎2
𝑒−(𝑔−𝑚 )2/2𝜎2

Where g represents the gray level, m is the mean or may be 

average of the function, where σ is the standard deviation of 

the noise. It is represented as shown in Fig 1.  

Figure 1: Gaussian distribution 

When introduced into an image, Gaussian noise with the zero 

mean and variance as 0.05 would look as in Image 2. Image 

2 illustrates the Gaussian noise with mean (variance) as 1.5 

(10) over a base image with a constant pixel value of 100. 

Image 2.1: Gaussian noise Image 2.2: Gaussian noise 

 (mean=0, variance 0.05) (mean=1.5, variance 10) 

Salt and Pepper Noise 

Salt and pepper noise is an impulse kind of noise that is also 

referred to as intensity spikes. This is caused due to errors in 

data transmission. The probability of each is normally less 

than 0.1. The corrupted pixels are set alternatively to the 

minimum or to the maximum value, giving the image a “salt 

and pepper” like appearance. Unaffected pixels remain 

unchanged. The probability density function for this type of 

noise is shown in Figure 3 Salt and pepper noise with a 

variance of 0.05 is shown in Image 4 

Figure 3: PDF for salt and pepper noise 

Speckle Noise 

Speckle noise is a multiplicative noise. The type of noise 

occurs in almost all coherent imaging systems such as laser, 

acoustics and SAR (Synthetic Aperture Radar) imagery. The 

basis of this noise is attributed to random interference 

between the coherent returns. Speckle noise has the 
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characteristic of multiplicative noise. The Speckle noise 

follows a gamma distribution and is given as  

Figure 4: PDF for salt and pepper noise 

The variance is a
2 
α and g is the gray level. 

On an image, speckle noise (with variance 0.05) looks as 

shown in Image 5. The gamma distribution is given below in 

Fig 6 

Figure 5: Gamma distribution 

Image 6: Speckle noise 

III. LITERATURE REVIEW

Xu Xiaorong and Li Yongjun presented denoising model and 

process of the total variation is proposed and it has 

anisotropic diffusion feature; by analyzing the respective 

advantages and shortcomings of these two methods, authors 

proposed a method based on the wavelet decomposition and 

reconstruction and total variation. The results show that this 

method is better [6]. 

Akl, A.; Yaacoub, C. had reviewed that the Noise is one of 

the most common problems found in different imaging 

applications. Image denoising algorithms may be the oldest 

in image processing. Authors proposed a novel technique for 

image denoising that combines wavelet denoising and an 

enhanced version, which results in a significant gain with 

respect to speckle noise filters and the simple wavelet 

denoising technique [7]. 

Celebi, A.T and Erturk, S. prepared an Empirical Mode 

Decomposition (EMD) based underwater image. In this 

approach, initially each color channel (Red, Green and Blue) 

of an underwater image is decomposed into Intrinsic Mode 

Functions (IMFs) using EMD. The enhanced image is 

constructed by combining the IMFs of spectral channels with 

different weights to obtain an enhanced image with increased 

the visual quality. IMFs so as to optimize reconstructed 

image [8]. 

Hassan, H. and Saparon A. had given the theory for high 

quality of visual information in modern age has open an 

interest to researcher to develop varies method of image 

denoising based on DWT. The visual information is 

transmitted in form of image is naturally corrupted by 

Gaussian noise which is classical problem in image 

processing. This noise can be removed using wavelet 

denoising technique. The result shows translation invariant 

provides better PSNR and visual performance than wavelet 

transform method [9]. 

Donghong Qin, Jiahai Yang and Bin Zhang presented the 

image denoising uses various threshold methods based on 

wavelet transform. Dual-threshold denoising method that 

uses a piecewise and nonlinear function and selects two 

thresholds for every image subband, noise threshold and 

signal threshold. The method strongly distinguishes the noise 

and the signal, overcomes the limits of the traditional 

methods of the wavelet denoising. Outcomes show that the 

method is superior to other traditional in terms of SNR [10]. 
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Zhengmao Ye, Mohamadian, H. and Yongmao Ye proposed 

the wavelet decomposition at multiple levels is a simple and 

efficient method for reduction of noises. For multiple 

decompositions in terms of both the discrete wavelet 

transform and wavelet packets technique, the approximation 

component will always be decomposed at every level. It is 

the wavelet packet approach, on a basis of the proposed 

thresholding technique at different levels for wavelet 

denoising, objective metrics could be introduced also to 

evaluate and compare the denoising effects of the discrete 

wavelet transform and wavelet packets rather than qualitative 

observation [11]. 

IV. PROPOSED METHODOLOGY

Linear filtering using mean filter and Least Mean Square 

(LMS) adaptive filter and nonlinear filtering based on 

median filter are discussed. Further, the process image 

denoising is illustrated considering Matlab 2011a 

implementations. 

Filter plays a major role in the image restoration process. The 

basic notion behind image restoration using linear filters is 

digital convolution and moving window principle. Let w(x) 

is the input signal subjected to filtering, and z(x) is the 

filtered outcome. The filter satisfies certain conditions such 

as linearity and shift invariance, and then the output filter can 

be expressed mathematically in simple form as  

𝑧 𝑥 =  𝑤 𝑡 ℎ 𝑥 − 𝑡 𝑑𝑡, 

Where h(t) is called the point spread function or impulse 

response and is a function that completely characterizes the 

filter. The integral represents the convolution integral and, in 

short, can be expressed as 𝑧 =  𝑤∗ ℎ.

Median Filter 

A median filter belongs to the class of nonlinear filters unlike 

the mean filter. The median filter follows the moving 

window principle similar to the mean filter. A 3×3, 5×5, or 

7×7 kernel of pixels is scanned over pixel matrix of the entire 

image. Median of the pixel values in the window may be 

computed, and the center pixel of the window may be 

replaced with the computed median. Median filtering has 

been done by, first sorting all the pixel values from the 

surrounding neighborhood into numerical order and then 

replacing the pixel being considered with the middle pixel 

value. The median value must be written to a separate array 

or buffer so that the results are not corrupted as the process is 

performed. Figure 3 illustrates the methodology. 

V. CONCLUSION 

Various types of noises considered with their distributions. 

Gaussian noise, salt and pepper noise, and speckle noise can 

be generated from the Matlab Processing tool box function 

library.  Matlab tool and is added to the image. The mean 

filters find applications where a small region in the image is 

concentrated. The implementation of such filters is easy, fast, 

and cost effective. For blurred Images the median filter 

provides a solution to this, where the sharpness of the image 

is retained after denoising. From our experimentation, it has 

been observed that the filtering approach does not produce 

considerable denoising for images corrupted with Gaussian 

noise or speckle noise. Wavelets play a very important role 

in the removal of the noise, especially when it is of the 

Gaussian type. 
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