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Abstract— Visual information transmitted in the form of 

images has become a main source of communication in 

present days, usually image taken after transmission is mostly 

contain noise with them. The image received needs to be 

processed before it should be used for different useful 

applications. Image denoising is the process of handling   the 

image data to give a high quality image in terms of 

visualization. Selection of the denoising algorithm is 

application dependent. Hence, it is necessary to have 

knowledge about the noise present in the image so as to select 

the appropriate denoising algorithm. This paper study the 

existing denoising algorithms, such as wavelet based 

approach, filtering approaches, and perform their 

comparative study and improvement in existing wavelet 

algorithm with the help of modified techniques. For the  

different noise models which includes additive and 

multiplicative types which comprises salt and pepper noise, 

Gaussian noise, speckle noise and Brownian noise. The 

filtering approach is considered as best for studying the 

images which is corrupted with salt and pepper noise. The 

wavelet based approach proves to be best for denoising 

images corrupted with Gaussian noise. Cases where 

characteristics of noise remains complex, the modified 

approach can be used. A quantitative measure of comparison 

is provided for different parameter. 
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I. INTRODUCTION 

Images are often corrupted with noise during acquisition, 

transmission, and retrieval from storage media. Many dots 

can be spotted in a Pictures captured with a digital camera 

under conditions where lighting are low.  Dots appearance is 

due to the real signals getting corrupted by noise (unwanted 

signals). On loss of reception, random black and white snow-

like patterns may be spotted on television screens, this is the 

examples of noise chosen by the television. Noise corrupts 

both images as well as videos. The purpose of the denoising 

algorithm is to remove such noise. Image denoising is needed 

because a noisy image is not pleasant to view. In addition, 

some fine details in the image may be confused with the noise 

or vice-versa. Many image processing algorithms such as 

pattern recognition need a clean image to work effectively. 

Uncorrelated and random noise samples are not 

compressible. These issues highlight the importance of 

denoising in image and video processing. Images are affected 

by various kinds of noise. The work presented herein focuses 

on a zero mean additive white Gaussian noise (AWGN). Zero 

mean does not lose generality, as a non-zero mean can be 

subtracted to get to a zero mean model. In the case of noise 

being correlated with the signal, it can be de-correlated prior 

to using this method to mitigate it. The denoising problem can 

be mathematically presented as follows, 

Y = X + N 

Where Y is the observed noisy image, X is the 

original image and N is the AWGN noise with variance _2. 

Conditional mean ˆX = E[X | Y]. The difficulty lies in 

determining the probability density function _(x | y). The goal 

of an image-denoising algorithm is to get a best estimate of 

X. Image denoising is different from image enhancement. As 

Gonzalez and Woods [1] explain, image enhancement is an 

objective process, whereas image denoising is a subjective 

process. Image denoising is a restoration process, where 

attempts are made to recover an image that has been degraded 

by using prior knowledge of the process of degradation. 

Image enhancement, on the other hand, includes 

manipulation of characteristics of image to make it more 

attractive to the human eye. There is little overlap between 

the two processes. 

A. Noise Sources 

A lens focuses the light from regions of interest onto a sensor. 

The sensor measures the colour and intensity of light. An 

analog-to-digital converter (ADC) converts the image 

(analog signal) to the digital signal. An image-processing 

block enhances the image and compensates for some of the 

deficiencies of the other camera blocks. Some blocks exist for 

the purpose of user control. Noise is added to the image in the 

lens, sensor, and ADC as well as in the image processing 

block itself. Millions of tiny light-sensitive components 

makeup the sensor. Difference in their electrical, physical, 

and optical properties, which add a signal-independent noise 

(termed as dark current shot noise) to the acquired image. 

Other component of shot noise is the photon shot noise. This 

happens because the number of photons detected varies 

across various parts of the sensor. Amplification of sensor 

signals do adds noise which is known as amplification noise, 

which is Gaussian in nature. The ADC adds thermal as well 

as quantization noise in the process of digitization. The image 

processing block amplifies part of the noise and adds its own 

rounding noise. Rounding noise occurs because there are only 

a finite number of bits to represent the intermediate floating 

point results during computations [2]. Most denoising 

algorithms assume zero mean additive white Gaussian noise 

(AWGN) because it is symmetric, continuous, and has a 

smooth density distribution. However, many other types of 

noise also exist in images. For example, there exists a 

correlated noise with a Gaussian distribution. Different 

distributions of noise are there such as Poisson, Laplacian, or 

non-additive Salt-and-Pepper noise. Salt-and-Pepper noise is 

caused by bit errors in image transmission and retrieval as 

well as in analog-to-digital converters. A scratch in a picture 

is also a type of noise. Noise can be signal dependent or signal 

independent. For example, the process of quantization 

(dividing a continuous signal into discrete levels) adds signal-

dependent noise. In digital image processing, a little bit of 

random noise is deliberately introduced to avoid false 

contouring or posterization. This is termed dithering. 

Discretizing a continuously varying shade may make it look 
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isolated, resulting in posterization. The above facts suggest 

that it is not easy to model all types of practical noise into one 

model [1]-[2]. This work is also focused on zero mean 

additive white Gaussian noise (AWGN) due to its generic and 

simple nature. For correlated noise with a non-zero mean, the 

zero means white model can be derived by subtracting the 

mean after de-correlating the samples. 

B. Denoising Artifacts 

Denoising often adds its own noise to an image. Some of the 

noise artifacts created by denoising are as follows: 

 Blur: attenuation of high spatial frequencies may result 

in smooth edges in the image. 

 Ringing/Gibbs Phenomenon: truncation of high 

frequency transform coefficients may lead to oscillations 

along the edges or ringing distortions in the image. 

 Staircase Effect: aliasing of high frequency components 

may lead to stair-like structures in the image. 

 Checkerboard Effect: denoised images may sometimes 

carry checkerboard structures. 

 Wavelet Outliers: these are distinct repeated wavelet-like 

structures visible in the denoised image and occur in 

algorithms that work in the wavelet domain. 

II. LITERATURE REVIEW 

Both visual interpretation and automatic analysis of data from 

imaging radars are complicated by a fading effect called 

speckle, which manifests itself as a strong granularity in 

detected images (amplitude or intensity). For example, simple 

classification methods based on thresholding of gray levels 

are generally inefficient when applied to speckled images, 

due to the high degree of overlap between the distributions of 

the different classes. Speckle is caused by the constructive 

and destructive interference between waves returned from 

elementary scatters within each resolution cell. It is generally 

modelled as a multiplicative random noise. Compared with 

optical image, SAR image has more legible outline, better 

contrast and more plentiful texture information. The objects 

of different shape and physical feature take on different 

texture character, which is a critical technique of identifying 

objects by radar. These days there are so many approaches for 

classification of image, but there is not an approach to suit all 

different type of images. During the past years, different 

methods were employed for classification of synthetic 

aperture radar (SAR) data, based on the Maximum 

Likelihood (ML), artificial Neural Networks (NN) fuzzy 

methods or other approaches . The NN classifier depends 

only on the training data and the discrimination power of the 

features. Fukuda and Hirosawa applied wavelet-based texture 

feature sets for classification of multi frequency polarimetric 

SAR images. The accuracy of Classification methods 

depends on quality of features and the applied classification 

technique. For a high resolution SAR image classification, 

there is a strong need for statistical models of scattering to 

take into account multiplicative noise and high dynamics. For 

instance, the classification process needs to be based on the 

use of statistics. Clutter in SAR images becomes non-

Gaussian when the resolution is high or when the area is man-

made. Many models have been proposed to fit with non-

Gaussian scattering statistics (Weibull, Log normal, 

Nakagami Rice, etc.), but none of them is flexible enough to 

model all kinds of surfaces in our context. 

For SAR image classification problem many fuzzy 

models have been proposed, Fuzzy c-means clustering 

(FCM) algorithm is very significant technique widely applied 

in various areas such as image processing and pattern 

recognition. Co-occurrence matrix and entropy calculations 

are used to extract transition region for an image. This 

transition region approach is used to classify the SAR images. 

III. PROPOSED METHOD 

Wavelets are the mathematical functions which analyze data 

according to the scale or resolution. They help in studying a 

signal in different windows or in different resolutions. For 

example, if the signal is viewed in the large window, gross 

feature can be noticed, and if viewed in a small window, only 

the small features can be noticed. The wavelets provide some 

advantages over Fourier transforms. For instance, they do a 

great job in approximating signals with sharp spikes and 

signals having discontinuities. Wavelets can also model 

music, speech, video and non-stationary stochastic signals. 

The wavelets can be used in applications such as turbulence, 

image compression, human vision, earthquake prediction, 

etc. 

The term “wavelets” is referred to a set of 

orthonormal basis functions generated by translation and 

dilation of scaling function φ and a mother wavelet ψ. A finite 

scale multi resolution representation of a discrete function is 

called as a discrete wavelet transform. DWT is a fast linear 

operation on the data vector, whose length is an integral 

power of 2. This transform is orthogonal and invertible where 

the inverse transform expressed as the matrix is the transpose 

of the transform matrix. The wavelet basis or function, unlike 

sines and cosines in Fourier transform, is localized in space. 

Similar to sines and cosines the individual wavelet functions 

are localized in frequency. 

The orthonormal basis or wavelet basis is defined as 

 
The scaling function is given as 

 
Where ψ is the wavelet function and j and k are 

integers that scale and dilate the wavelet function. Factor ‘j’ 

in Equations is called as the scale index, which indicates the 

width of the wavelet. The position can be determined by 

location index k. The wavelet function is dilated by powers 

of two and is translated by the integer k. In terms of the 

wavelet coefficients, the wavelet equation is 

 
Where g0, g1, g2…. are high pass wavelet 

coefficients. The scaling equation with respect to scaling 

coefficients as given below 

 
The function φ(x) is the scaling function and the 

coefficients h0, h1,….. are low pass scaling coefficients. The 

wavelet and scaling coefficients are related by the quadrature 

mirror relationship, which is 

 
Where N is the number of vanishing moments 
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A. Properties Of DWT 

Properties of a discrete wavelet transforms are given below. 

 DWT is a fast linear operation that can be applied on data 

vectors having length as integral power of 2. 

 DWT is invertible and orthogonal. The scaling function 

φ and the wavelet function ψ are orthogonal to each other 

in L2 (0, 1), i.e., <φ, ψ>= 0. 

 The wavelet basis is localized in the space and frequency. 

 The coefficients satisfies some constraints 

 
Here ‘δ’ is the delta function and ‘l’ is the location 

index. 

 

B. Wavelet Thresholding 

The term wavelet thresholding is defined as decomposition of 

the data of image into wavelet coefficients, comparing the 

detailed coefficients having a given threshold value, and 

minimizing these coefficients close to zero to remove the 

effect of noise in the data. Then image is reconstructed from 

modified coefficients. This is also known as inverse discrete 

wavelet transform. At the time of thresholding, a wavelet 

coefficient is compared to the given threshold and is set to 

zero if its magnitude is less than the threshold otherwise, it is 

then retained or modified depending on the thresholding rule. 

Thresholding distinguishes between coefficients due to noise 

and the ones consisting of important signal information. The 

selection of a threshold is an important point of interest. It 

plays an important role in the removal of noise in the images 

because de-noising most frequently produces smoothed 

images, by reducing the sharpness of the image. Care should 

be taken to preserve the edges of the de-noised image. 

Various methods for wavelet thresholding exists, which rely 

on the choice of a threshold value. Typically used methods 

for image noise removal include Sureshrink, VisuShrink and 

BayesShrink. It is necessary to know about the two generic 

categories of thresholding. These are hard thresholding and 

soft thresholding. The hard-thresholding TH is given as 

 
Where t is the threshold value. A plot of TH is shown 

in Figure below 

 
Fig. 1: Plot of TH (Threshold Value) 

Practically, it can be seen that the soft method is 

much better and yields more visually pleasant images. This is 

because the hard method is discontinuous and yields abrupt 

artifacts in the images recovered. Also, the soft method yields 

a smaller MSE (minimum mean squared error) compared to 

hard form of thresholding. 

 
Fig. 2: Threshold types: (a) Original Signal (b)Hard (c)Soft 

 
Fig. 3: Lenna Image 

 
Fig. 4: Degraded Image 

IV. SIMULATION & RESULT 

The experiments are performed on different types of images 

of size 256 x 256 in MATLAB 2013a platform with the help 

of wavelet transform and different filtering technique 

depending on the type of noise present in image. The 

effectiveness of the methods as well wavelet coefficients are 

demonstrated for various gray scale images with a noise 

factor of σ = 50, 100 for Random noise, noise density of 0.04 

for Salt & Pepper noise, a multiplicative noise factor of 0.05 

for Speckle noise and for Gaussian white noise a mean of 0 

and 0.01 variance is used. 

To compare the results of different thresholding 

techniques, PSNR measure is used 

Noise 
Noisy 

image 

Soft 

Thresh

olding 

Hard 

Threshol

ding 

Partial 

reconstru

ction 

Random 21.09 26.89 28.90 24.28 

Salt and 

pepper 
18.67 24.70 20.87 19.82 
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Gaussia

n 
19.77 27.70 28.12 22.40 

Speckle 21.20 27.12 28.90 22.50 

Poisson 27.55 27.28 31.24 28.10 

Table 1: De-noising results (PSNR in dB) with wavelet for 

the four de-noising methods for CT images 

V. CONCLUSION 

Random noise, Gaussian noise, Speckle noise and Salt and 

Pepper noise. Wavelet techniques prove to be a good in the 

removal of Poisson noise in Bio-medical images. However 

Partial reconstruction of curve-let coefficients proves to be a 

failure for all types of noises tested with various images. 
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