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Abstract:    

Noise corrupts the image during acquisition and transmission 

phase. It degrades the quality of the image due to which some 

important information gets lost. Image denoising is the process of 

reducing the noise from the noisy image and enhancing the quality 

of the image while preserving the important details of the image 

like edges, corners, structure and texture. There are many 

conventional filters and algorithms available to denoise the noisy 

images in spatial and frequency domain. This paper focuses on one 

of the most adaptive and efficient platform where any number of 

efficient denoising schemes can be developed, i.e. wavelet 

transform. This is an old concept, but still in much use due to its 

easy and adaptive behavior. A lot of standard modifications have 

been done in wavelet transform. This paper briefly introduces those 

wavelet transforms which are highly efficient in the field of image 

denoising and also introduces some extended versions of the 

wavelet which are very popular in the field of image processing and 

scientific computing. The main motive of this paper is to provide 

research awareness about the various wavelet transforms in image 

denoising. 

Keywords— image denoising; wavelet transform ; DWT; curvelet 

transform 
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I.   INTRODUCTION 

Image denoising is one major field of 

research in image processing.  Noise is the 

major concern which corrupts the image 

during acquisition and transmission process. 

Denoising is the process of removing the 

noise from the image while maintaining the 

quality of the image. The conventional 

approach of image de-noising is filtering. In 

recent times, a lot of research about linear 

and non-linear methods of image de-noising 

has been developed. 

Donoho and Johnstone [12]-[15] did the 

pioneer work in the wavelet domain by 

defining the threshold levels and their type 

(i.e. hard or soft threshold). Matlab wavelet 

toolbox contains inbuilt-functions for 1-D or 

2-D de-noising [16], which works on the 

concept of Donoho’s projected thresholds. 

However, in the 2-D case, there is no 

possibility for the choice of a threshold 

measure and the threshold is not level 

dependent. In this work, major wavelet 

related transforms are discussed which works 

efficiently in the domain of image denoising. 

According to the proposed work, among all 

other wavelet transforms, DWT is one of the 

mostly used, simple, interesting, adaptive and 

efficient transform to work upon [24]. There 

is a lot of scope to develop new schemes 

using this transform not only in image 

denoising but also in other areas. G. Ghodrati 

Amiri and A. Asadi presented a paper on 

Comparison of Different Methods of Wavelet 

and Wavelet Packet Transform in Processing 

Ground Motion Records [17]. Palle E. T. 

Jorgensen, Myung-Sin Song proposed a 

review report on comparison of discrete and 

continuous wavelet transforms [18], [24]. 

Gaoyong Luo presented a work on fast 

wavelet transform for explaining Fast 

Wavelet Image Denoising Based on Local 

Variance and Edge Analysis [19]. Vandana 

Roy and Shailja shukla worked on the Spatial 

and Transform Domain Filtering Method for 

Image De-noising: A Review [20]. Burhan 

Ergen [3] prepared a detailed research paper 

on Signal and Image Denoising Using 

Wavelet Transform where detailed denoising 

of image and signal is discussed. Abdullah 

Al Jumah [9] discussed on Denoising of an 

Image Using Discrete Stationary Wavelet 

Transform and Various Thresholding 

Techniques. Nick Kingsbury [21] describes a 

form of discrete wavelet transform, which 

generates complex coefficients by using a 

dual tree of wavelet filters to obtain their real 

and imaginary parts in the paper entitled 

“Complex Wavelets for Shift Invariant 

Analysis and Filtering of Signals”. The work 

in [23] describes the statistical approach of 

applying the DWT on log transformed 

speckled image. 

The article contains three sections: Section I 

introduces the image denoising and also 

presents the major literature in the image and 

signal denoising. Section II briefly describes 

various wavelet related transforms in image 

denoising and last section concludes the 

paper. 

II.  WAVELET RELATED TRANSFORMS 

A.  Continuous wavelet transform 

Continuous wavelet transform (CWT) that 

provides more consistent and thorough time-

scale representation rather than the traditional 

short time Fourier transform (STFT) giving a 

time-frequency depiction [1], [2]. 

The CWT is figured by altering the scale of 

the mother wavelet, shifting the scaled 

wavelet in time, multiplying by the signal, 

and integrating over all times [3]. When the 

signal to be examined and wavelet function 
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are discredited, the CWT can be 

comprehended on computer and the totaling 

time can be significantly reduced if the 

redundant samples removed respect to 

sampling theorem. This is not a true discrete 

wavelet transform (DWT) [3]. 

B.  Discrete wavelet transform 

The practice of wavelet transform as 

filter bank named as DWT (Discrete 

Wavelet Transform) [25]. The DWT of a 

signal and image yields a non-redundant 

restoration, which provides better spatial 

and spectral localization of signal 

formation, compared with other multi-

scale depiction such as Gaussian and 

Laplacian pyramid [3]. The consequence 

of the DWT is a multilevel 

decomposition, in which the signal is 

decomposed into approximation (LL) and 

detail (HL, LH and HH) coefficients at 

each level [4]. This is made through a 

process that is equivalent to low-pass and 

high passes filtering, respectively [3], [5]. 

 

 

 

 

Fig 1. 2D-DWT decomposition up to two 

level 

Before implementing DWT on image in 

denoising, there is couple of points to be 

noted down. First of all, wavelet family basis 

is desired to be selected for each 

decomposition layer like, db2, haar etc [6]. 

Secondly, level of decomposition is desired 

to be decided. Although in image denoising, 

image can be decomposed up to any level, 

but it is seen in most of the cases that the 

denoising outcomes are finest at 3-5 level. 

Wavelet based denoising is performed by 

following three steps: 

Step 1: Perform DWT on input denoised 

image to get approximate and detail parts. 

Step 2: Perform the denoising using 

following steps: 

i. Estimate noise variance. 

ii. Calculate threshold. 

iii. Apply thresholding on detail parts. 

Step 3: Apply inverse DWT to obtain final 

denoised image. 

C.  Fast wavelet transform 

The Fast Wavelet Transform (FWT) is a 

mathematical algorithm developed to turn a 

waveform or signal in the time domain into a 

sequence of coefficients based on an 

orthogonal basis of small finite waves, or 

wavelets. The transform can be easily 

stretched to multidimensional signals, such 

as images, where the time domain is 

exchanged with the space domain. It has as 

theoretic basis the device of a finitely 

generated, orthogonal multiresolution 

analysis (MRA). 

FWT returns discrete wavelet coefficients of 

the input signal f using J iterations of the 

basic wavelet filter bank defined by w using 

the fast wavelet transform algorithm [5]. The 

coefficients are the DWT of the input signal 

f, if w defines two-channel wavelet filter 

bank. 

D.  Dual-tree complex wavelet transform 

For few applications of the DWT, 

enhancements can be attained by using an 

expansive wavelet transform in place of a 

critically-sampled one. (An expansive 
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transform is that which converts an N-point 

signal into M coefficients where M > N.) 

There are several kinds of expansive DWTs; 

here we describe the dual-tree complex 

discrete wavelet transform [7]. 

The transform is 2-times expansive because 

for an N-point signal it gives 2N DWT 

coefficients. If the filters in the upper and 

lower DWTs are the same, then no benefit is 

gained [7]. However, if the filters are 

designed is a specific way, then the sub band 

signals of the upper DWT can be interpreted 

as the real part of a complex wavelet 

transform, and subband signals of the lower 

DWT can be interpreted as the imaginary 

part. Equivalently, for specially designed sets 

of filters, the wavelet associated with the 

upper DWT can be an approximate Hilbert 

transform of the wavelet associated with the 

lower DWT. When designed in this way, the 

dual-tree complex DWT is nearly shift-

invariant, in contrast with the critically-

sampled DWT [7]. Moreover, the dual-tree 

complex DWT can be used to implement 2D 

wavelet transforms where each wavelet is 

oriented, which is especially suitable for 

image processing. (For the separable 2D 

DWT, recall that one of the three wavelets 

does not have a dominant orientation) [26]. 

The dual-tree complex DWT outperforms the 

critically-sampled DWT for applications like 

image denoising and enhancement [7]. 

E.  Stationary wavelet transform 

The Stationary wavelet transform (SWT) is a 

wavelet transform algorithm aimed to 

overcome the lack of translation-invariance 

of the DWT [8]. The SWT is an inherently 

redundant scheme as the outcome of each 

level of SWT holds the same number of 

samples as the input – so for a decomposition 

of N levels there is a redundancy of N in the 

wavelet coefficients [27]. 

For the SWT scheme the output signals at 

each stage are redundant because there is no 

signal down sampling; insertion of zeros 

between taps of the filters is used instead of 

decimation [9]. 

F.  Complex wavelet transform 

The critically sampled DWT has been 

effectively implemented to a broad range of 

signal processin 

g tasks. However, its performance is limited 

because of the following problems [10]: 

Oscillations, Shift variance, Aliasing and 

Lack of directional selectivity [29]. 

To overcome the shift dependence problem, 

we can exploit the undecimated DWT, 

however, without solving the directional 

selectivity problem. Another approach is 

inspired by the Fourier transform, whose 

magnitude is shift invariant and the phase 

offset encodes the shift [11]. In such a 

wavelet transform, a large magnitude of a 

coefficient implies the presence of a 

singularity while the phase signifies its 

position within the support of the wavelet. 

The complex wavelet transform (CoWT) 

employs analytic or quadrature wavelets 

guaranteeing magnitude phase 

representation, shift invariance and no 

aliasing [11]. 

G.  WITS: Where Is The Starlet 

It is a collection of hundredth of wavelet 

names in -let and related multiscale, 

directional, geometric, representations, from 

activelets to x-lets through bandelets, 

shearlets, chirplets, contourlets, curvelets, 

ridgelets, noiselets, wedgelets etc [22]. These 

transforms are the extended versions of the 
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wavelet transforms and are highly efficient 

and adaptive in nature. These extended 

versions are highly used in the present 

research work. These are the extension of the 

wavelet concept and now they are becoming 

popular in fields like, image processing and 

scientific computing [29]. 

III.  EXPERIMENTAL COMPARATIVE 

ANALYSIS 

The experimental testing is performed on 

various digital images but in this paper 

the denoising results are shown in the 

standard “cameraman” image shown in 

the Fig 2(a). The denoising results are 

calculated at the noise variance of 25% 

shown in the Fig 2(b). The comparative 

analysis is performed using these 

methods i.e. CWT [3], DWT [25], FWT 

[5], Dual Tree CoWT [7], SWT [27] and 

CoWT [11].  

 

 ( A)             ( B) 

Fig 2. (a) Original image (b) Noisy image 

(σ=25%) 

The quantitative and qualitative analysis is 

performed on methods i.e. CWT [3], DWT 

[25], FWT [5], Dual Tree CoWT [7], SWT 

[27] and CoWT [11] as shown in Table 1 and 

Fig 3 respectively. The metrics used for these 

calculations are Peak signal to noise ratio 

(PSNR), Structural similarity index metric 

(SSIM) and Universal image quality index 

(UIQI). As per quantitative analysis, the 

SWT [27] shows the best results and out of 

compared methods CWT [3] shows the 

lowest quality results. The order of best 

results as per quantitative analysis is {SWT > 

DWT >Dual Tree CoWT > CoWT > FWT 

>CWT}. 

Table 1. Quantitative analysis using 

PSNR, SSIM and UIQI 

 

 

(A) 

 

(B) 

Image Denoising
Methods

PSNR SSIM UIQI

CWT [3] 30.5091 0.8512 0.8463

DWT [25] 34.4567 0.9543 0.9601

FWT [5] 32.8132 0.8976 0.8712

Dual Tree CoWT [7] 33.4672 0.9356 0.9508

SWT [27] 35.4535 0.9862 0.9973

CoWT [11] 33.0229 0.9031 0.8981
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(D) 

 

 (e) 

 

(F) 

Fig 3. Qualitative analysis of denoised results 

of denoising methods (a) CWT (b) DWT (c) 

FWT (d) Dual Tree CoWT (e) SWT (f) 

CoWT 

Fig 3 shows the qualitative analysis of all 

compared methods. As per qualitative 

analysis, the fine details are well preserved in 

the SWT and DWT methods. The texture 

part of CWT and FWT are disturbed in the 

non-uniform regions of the image. The Dual 

tree CoWT and CoWT shows satisfactory 

results in terms of visual quality but less 

quality than SWT and DWT. The edges are 

well preserved in the DWT and SWT 

methods. The uniformity is also well 

preserved in the DWT and SWT methods. 

On visual comparison, the results of DWT 

and SWT look same but on zooming the 

results, the edges are well more preserved in 

the SWT than DWT. 

IV.  CONCLUSION 

This paper briefly introduces various types of 

wavelet transform and various extended 

versions of wavelet transform. The discussed 

wavelet transforms are commonly used in the 

image denoising purpose. The others can also 
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be used in the same work but the best results 

are obtained using these transforms. Among 

the discussed transforms, the DWT and SWT 

are the mostly used transforms in the 

previous years due to its simple and adaptive 

behavior and they are still prevalent. The 

main motive of this paper is to provide brief 

research awareness regarding some wide 

used wavelet transforms in the field of image 

denoising. 
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