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ABSTRACT 

This paper discussed the different approaches of wavelet based image denoising approaches. The 

search for the efficient image denoising methods is still a great challenge at crossing of the 

functional analysis and statistics. In spite of sophistication of recently proposed methods most 

algorithms have not yet attained a desirable level of the applicability. Wavelet algorithms are 

useful tool for the signal processing such as image compression and denoising. Multi wavelets 

can also be considered as an extension of the scalar wavelets. The main aim is to modify wavelet 

coefficients in new basis, noise can be removed from the data. Here, we extend existing 

technique and providing a comprehensive evaluation of proposed method.  
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INTRODUCTION 

Digital images play an important role both in daily life applications such as satellite television, 

magnetic resonance imaging, computer tomography as well as inareas of research and 

technology such asgeographical information systems and astronomy. Datasets collected by 

image sensors are generally contaminated by noise. Imperfect instruments, problems with the 

data acquisition process, and interfering natural phenomena can all degrade the dataof interest. 

Furthermore, noise can be introduced by transmission errors and compression. Thus, denoising is 

often a necessary and the first step to be taken before the images data is analyzed. It is necessary 

to apply an efficient denoising technique to compensate for such data corruption. Image 

denoising still remains a challenge for researchers because noise removal introduces artifacts and 

causes blurring of the images. This paper describes different methodologies for noise reduction 

(denoising) giving an insight as to which algorithm should be used to find the most reliable 

estimate of the original image data given its degraded version. Noise modeling in images is 

greatly affected by capturing instruments, data transmission media, image quantization and 

discrete sources of radiation. Different algorithms are used depending on the noise model.Most 

of the natural images are assumed to have additive random noise which is modeled as a 

Gaussian. Speckle noise [1] is observed in ultrasound images where as Rician noise [2] affects 

MRI images.The scope of the paper is to focus on noise removaltechniques for natural images. 

Evolution of Image Denoising Research 

Image Denoising has remained a fundamental problemin the field of image processing. Wavelets 

give asuperior performance in image denoising due to properties such as sparsity and multi 

resolution structure. With Wavelet Transform gaining popularity inlast two decades various 

algorithms are used for denoising in the wavelet domain were introduced. The focus was shifted 

from the Spatial and Fourier domain to theWavelet transform domain. Ever since Donoho’s 

Wavelet based thresholding approach was published in1995, there was a surge in the denoising 

papers being published. Although Donoho’s concept was not revolutionary, his methods did not 
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require tracking orcorrelation of the wavelet maxima and minima acrossthe different scales as 

proposed by Mallat [3]. Thus, there was a renewed interest in wavelet based denoising 

techniques since Donoho [4] demonstrated asimple approach to a difficult problem. Researchers 

published different ways to compute the parameters for the thresholding of wavelet coefficients. 

Data adaptivethresholds [6] were introduced to achieve optimumvalue of threshold. Later efforts 

found that substantial improvements in perceptual quality could be obtainedby translation 

invariant methods based on thresholding of an Undecimated Wavelet Transform [7]. 

Thesethresholding techniques were applied to the non orthogonal wavelet coefficients to reduce 

artifacts. Multi wavelets were also used to achieve similarresults. Probabilistic models using the 

statistical properties of the wavelet coefficient seemed to outperform the thresholding techniques 

and gained ground. Recently, much effort has been devoted to Bayesian denoising in Wavelet 

domain. Hidden MarkovModels and Gaussian Scale Mixtures have also become popular and 

more research continues to be published. Tree Structures ordering the wavelet coefficients based 

on their magnitude, scale and spatial location have been researched. Data adaptive transforms 

such as Independent Component Analysis (ICA) have been explored for sparse shrinkage. 

Thetrend continues to focus on using different statistical models to model the statistical 

properties of thewavelet coefficients and its neighbors. Future trend willbe towards finding more 

accurate probabilistic modelsfor the distribution of non-orthogonal wavelet coefficients. 

 

CLASSIFICATION OF DENOISING ALGORITHMS 

There are two basic approaches to image denoising, spatial filtering methods andtransform 

domain filtering methods. 

1 Spatial Filtering 

A traditional way to be remove noise from the image data is toemploy spatial filters. Spatial 

filters can also be further classified into the non-linear and linear filters. 

I. Non-Linear Filters 

II. Linear Filters 

2 Transform Domain Filtering 

The transform domain filtering methods can be subdivided according to the choice of the basics 

functions. The basics functions can be further classifiedas data adaptive and non-adaptive. Non 

adaptive transforms are discussed first since they are morepopular. 

2.1 Spatial-Frequency Filtering 

Spatial-frequency filtering refers use of low pass filtersusing Fast Fourier Transform (FFT). In 

frequencysmoothing methods [11] the removal of the noise isachieved by designing a frequency 

domain filter andadapting a cut-off frequency when the noise components are de correlated from 

the useful signal inthe frequency domain.  

2.2 Wavelet domain 

Filtering operations in the wavelet domain can be subdivided into linear and nonlinear methods. 

I. Linear Filters 

II. Non-Linear Threshold Filtering 

a. Non-Adaptive thresholds 

b. Adaptive Thresholds 

III. Non-orthogonal Wavelet Transforms 

IV. Wavelet Coefficient Model 

a. Deterministic 

b. Statistical Modeling of Wavelet Coefficients 
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i. Marginal Probabilistic Model 

ii. Joint Probabilistic Model 

2.3 Data-Adaptive Transforms 

The image usually has noise which is not easily eliminatedin image processing. According to 

actual image characteristic, noise statistical property and frequency spectrum distribution rule, 

people have developed many methods of eliminating noises, which approximately are divided 

into space and transformation fields The space field is data operation carried on the original 

image, and processes the image grey value, like neighborhood average method, wiener filter, 

center value filterand so on. The transformation field is management in thetransformation field of 

images, and the coefficients after transformation are processed. Then the aim of eliminating 

noise is achieved by inverse transformation, like wavelet transform [1], [2]. Successful 

exploitation of wavelet transform might lessen the noise effect or even overcome it completely 

[3]. There are two main types of wavelet transform- continuous and discrete [2]. Because of 

computers discretenature, computer programs use the discrete wavelet transform. The discrete 

transform is very efficient from the computational point of view. In this paper, we will mostly 

deal with the modeling of the wavelet transform coefficients of natural images and its application 

to the image denoising problem. The denoising of a natural image corrupted by Gaussian noiseis 

a classic problem in signal processing [4]. The wavelet transform has become an important tool 

for this problem due to its energy compaction property [5]. Indeed, wavelets provide a 

framework for signal decomposition in the form of a sequence of signals known as 

approximation signals with decreasing resolution supplemented by a sequence of additional 

touches called details [6][7]. 

WAVELET TRANSFORM 

The wavelet expansion set is not unique. A wavelet systemis a set of building blocks to construct 

or represents a signal orfunction. It is a two dimensional expansion set, usually a basis,for some 

class one or higher dimensional signals. The wavelet expansion gives a time frequency 

localization of the signal. Wavelet systems are generated from single scaling function by scaling 

and translation. 

DENOISING TECHNIQUE WITH EXISTING THRESHOLD 

Noise is present in an image either in an additive or multiplicative form. An additive noise 

follows the rule, 

 

 

 

While the multiplicative noise satisfies 

 

 

 

Where s(x,y) is the original signal, n(x,y) denotes the noise. When noise introduced into the 

signal it produces the corrupted image w(x,y). [14]. Gaussian Noise is evenly distributed over the 

signal. This means that each pixel in the noisy image is the sum of the true pixel value and a 

random Gaussian distributed noise value. Salt and Pepper Noise is animpulse type of noise, 

which is also referred to as intensity spikes. This is caused generally due to errors in data 

transmission. The corrupted pixels are set alternatively to the minimum or to the maximum 

value, giving the image a “saltand pepper” like appearance. Unaffected pixels remainunchanged. 

w(x,y)= s(x,y)+n(x,y) 

w(x,y)= s(x,y) * n(x,y) 
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The source of this noise is attributed to randominterference between the coherent returns [7], [8], 

[9] [10] [11]. 

PROPOSED DENOISING SCHEME 

There are different denoising scheme used to remove noise while preserving original information 

and basic parameter ofthe image. Contrast, brightness, edges and background of the image 

should be preserved while denoising in this technique. Wavelet transform tool used in denoising 

of image. Multiresolution analysis structure consider for denoising scheme. Actually, the 

performance of our algorithm is very close, andin some cases even surpasses, to that of the 

already published denoising methods. Performance measured in terms of signalto noise ratio 

A. New threshold function: 

This function is calculated by Where, M  

 

 

 

 

is the total number of pixel of an image, is the mean of the image. This function preserves the 

contrast, edges, background of the images. This threshold function calculated at different scale 

level. 

B. Circular kernel: 

Kernel applied to the wavelet approximation coefficient, to get denoised image with all 

parameters undisturbed. The kernel uses here in this technique contains some components like [0 

0 1 1 1 0 0; 0 1 1 1 1 1 0; 1 1 1 1 1 1 1; 1 1 1 1 1 1 1; 11 1 1 1 1 1; 0 1 1 1 1 1 0; 0 0 1 1 1 0 0]. 

Multi resolution analysis wavelet structure has used for this kernel to get result.  

C. Mean-Max threshold: 

Generation of the threshold in using mean and max method after decomposition. Let xi denotes 

the sequence of elements, threshold can be calculated using following technique. 

D. Nearest neighbor: 

This technique gives better result for different kernel structure. In this kernel central pixel (CP), 

calculated from the neighbor value. Three different kernels have proposed for better reduction of 

noise using wavelet transform at different scale. Mark „x‟ denotes low value at that position. 

 

(a)                     (b)                      (c) 

Figure 1: Kernel at different noise level 

RESULT & DISCUSSION 

Image parameters has not disturb when denoising. In this paper calculating threshold function in 

spatial domain, and Lena image is used for implementation. When denoising we have to preserve 

contrast of the image. Image brightness in denoising kept same but preserves the background and 

thegray level tonalities in the image. The noise term is consideredas a random phenomenon and 

it is uncorrelated, hence the average value of the noise results in a zero value, therefore consider 

proper kernel to get denoised image The low pass spatial filter reduces the noise such as bridging 

the gaps in thelines or curve in a given image, but not suitable for reducingthe noise patterns 

consisting of strong spike like components [21] [22]. The high pass filters results in sharp details, 

N= 𝟐𝑴𝒙𝐥𝐨𝐠(𝑴) 
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it provides more visible details that obscured, hazy, and poorfocus on the original image. Now 

wavelets preferred in denoising while preserving all the details of the image. Table1 shows the 

results with existing technique and proposed denoising scheme. 

 
Methods 

 
Denoised image SNR 

 

 
 

Gaussian Salt 

and 

Pepper 

Poisson Speckle 

Universal 9.2979 9.2979 9.5227 9.8297 

 
Sure shrink 

16.8720 17.2951 14.3082 14.7922 

Normal Shrink 15.4684 17.2498 14.5519 15.0069 

New threshold 15.0061 15.5274 13.9969 14.5171 

 

Table: Comparison 

 

CONCLUSION 

Performance of denoising algorithms is measured using quantitative performance measures such 

a speak signal-to-noise ratio (PSNR), signal-to-noise ratio (SNR) as well as in terms of visual 

quality of theimages. Many of the current techniques assume the noise model to be Gaussian. In 

reality, this assumptionmay not always hold true due to the varied nature and sources of noise. 

An ideal denoising procedure requires a priori knowledge of the noise, whereas apractical 

procedure may not have the required information about the variance of the noise or the noise 

model. Thus, most of the algorithms assume known variance of the noise and the noise model to 

comparethe performance with different algorithms. Gaussian Noise with different variance 

values is added in the natural images to test the performance of the algorithm. Not all researchers 

use high value of variance to test the performance of the algorithm whenthe noise is comparable 

to the signal strength. This technique is computationally faster and gives betterresults. Some 

aspects that were analyzed in this paper may be useful for other denoising schemes, objective 

criteria forevaluating noise suppression performance of different significance measures. Our new 

threshold function is better as compare to other threshold function. Some function gives better 

edge perseverance, background information, contrast stretching, in spatial domain. In future we 

can use same threshold function for medical images as well as texture images to get denoised 

image with improved performance parameter. 
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