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 Abstract— Wavelet Transform also has a localized nature like DCT both in space and time. In this method, the edge 

preservation of images is an important fact. Thus, it gives better results than DCT. There are many types of wavelet 

domain filters. Among different types of wavelet filters, Discrete Wavelet Transform (DWT) gives better results for image 

denoising. It obtains high PSNR value than DCT technique, because it reduces blocking artifacts in images. White 

Gaussian noise of zero mean can be removed by using frequency analysis method of high resolution. The noise component 

cannot be easily remove from original image component while using processing technique DCT due to sidelobes are 

observed in the images. Thus, 2D non-harmonic analysis (2D NHA) technique that is used for reducing noise in images. It 

is a frequency analysis technique of high resolution which increases noise reduction accuracy due to its sidelobe reducing 

quality. The NHA denoising method obtain increased PSNR value than DCT and DWT techniques. 

 

Index Terms— Discrete Cosine Transform (DCT), Discrete Wavelet Transform (DWT), Non Harmonic Analysis (NHA), Steepest Descent 

Method, PSNR. 
________________________________________________________________________________________________________ 

I. INTRODUCTION  

In this digitized world, images are important in applications like advanced cameras, medical image processing, communication 

fields etc. Generally, data sets of images are consisted by noise. Corrupted instruments, data acquisitions problems are reasons for 

corruption of data. Therefore, image denoising play a vital role in image processing technology. It decreases corruption from 

images of interest. Image denoising can be defined as the technology of dividing an image into many segments such as, sets of 

pixels. Image processing uses many denoising techniques to reduce noise from digital image. There are several kinds of noise[7] 

which are contaminated in clean images. They are amplifier, impulsive, speckle, poison noises etc. 

Image denoising techniques has three main basic approaches, spatial, transform domain, wavelet domain thresholding filters. The 

categories of image denoising techniques are shown in figure 1. 

 

 
Figure 1: Classification of denoising techniques 

 

Filtering approaches have following objectives: 

a. Suppression of the noise in all regions. 

b. Preservation of edges. 

c. Providing better image quality. 

 

A. Discrete Cosine Transform (DCT) 

 Regularly the advanced pictures would displaying once on screen promptly then afterward they are caught. There need aid two 

representable sorts to advanced picture that is spatial area or frequency area. Spatial area pictures can be understands through 

human eyes, yet frequency area utilizes the spatial area analysis. Normally, human eyes need aid a greater amount touchy 
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through those medium. Furthermore low spatial area, and the picture offers with more spatial frequency which cannot be easily 

understand. Discrete Cosine Transformation (DCT) is a spatial filter [6]. They have wide variety of applications in the fields of 

science, in compression of images, etc. 

II. IMPLEMENTATION METHODS 

Discrete wavelet transform (DWT) and Non harmonic analysis (NHA) method are the two denoising techniques which are 

proposed to remove noise from the picture. 
 

A. Discrete wavelet transform (DWT) 

DWT is a kind of filtering which comes under wavelet domain. It has many advantages over DCT. It gives a non iterative 

along with different kinds of representing a signal because it resembles the basis disintegration. DWT exhibits some of the 

properties which helps in commotion reduction in pictures are sparsity, edge clustering and detection, and also multiresolution. 

In processing of picture, the removal of commotion is the major feature. The process of reduction of commotion from the 
corrupted picture is known as denoising. The coefficients resulted by the DWT are used to erase annoying components. 

 

 
Figure 2: Flow chart of DWT technique 

 

Figure 2 shows the DWT algorithm [5].  The steps are as follows: 

a) Select the picture 

b) Selected picture must be resized to 256x256. If we take more sized pictures like 512x512, then it consumes time for 

implementation. If lesser sized pictures are selected then there will be less implementation time. 

c) Adding commotions to the selected picture. 

d) Apply DWT. 

e) Choose the better decomposition level. Then corrupted picture is divided into subbands or components. 

f) Apply the better threshold method. Later apply the inverse transform to get the reconstructed picture. 

Many applications uses wavelet transform and it plays an vital role in denoising pictures. Continuous wavelete transforms is a 
kind of wavelet filtering which indicates frequencytime technique. Normally, WT partition the picture into high and low 

components. The frequency resemble between one picture and selecting wavelete function is expressed by coefficients of wavelet 

which can be calculated by convolving a signal with scaled wavelete aspect.  

Generally, the WT can be executed along a filtre bank. Because it segments the picture in to sub pictures with regarding to the 

different frequencies. During decomposition, picture is divided into ortonormal functions of wavelet domain. DWT of signal 

delivers a non-excess rebuilding, which gives better spatial and phantom confinement of signal arrangement, contrasted and other 

multi-scale portrayal, for example, gaussian also laplacian pyramid. The consequence of the DWT is a multilevel decay, in which 
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the signal is deteriorated in guess and detail coefficients at each level. This is made through a procedure that is identical to LPF 

and HPF. 

The wavelet change is presented for the timefrequency examination of transient persistent signs, and after that stretched out to the 

hypothesis of multi-determination wavelet change utilizing FIR channel estimate. This oversaw utilizing the dyadic type of CWT. 

In dyadic frame, the scaling capacity is picked as energy of two. 

y(t) is the signal divided into high also low frequency parts. The reconstruction of y(t) can be estimated as: 



y t =    Di d Ci,d t +  Al d ∅l ,d (t)∞
d=−∞

∞
d=−∞      N

i=1 



Such that, 𝐶𝑖 ,𝑑(𝑡) indicates analysis of discrete wavelet, ∅𝑙 ,𝑑(𝑡) indicates scaling, 𝐷𝑖 𝑑  and 2𝑖 ,  

𝐴𝑙 𝑑   indicates detailed and approximated signals 2𝑙 ,  𝐷𝑖(𝑑) and 𝐴𝑙(𝑑) are attained by applying scaling also wavelete 
filters[4] : 

 

h j = 2
−1

2  ∅ t ,∅ 2t − j                                                            

g j = 2
−1

2  C t ,∅ 2t − j  

g j =  −1 jh 1 − j                                                                    


 

Figure 3: 2-D DWT decomposition and reconstruction of input picture 

 

↓2 as indicated in fig 3 represent the down sample. ↑2 represents the up sample. The decomposition of picture by 2-d DWT is 

known as subband coding. LPF and HPF indicates the signal approximation and more frequency components. The input picture is 
examined as columns and rows in case of 2-D signals. DWT initially filtered out rows and columns of input picture as like 1-D. 2 

D DWT decomposition and reconstruction of input picture as illustrated in fig 3. Fig 3(a) indicates the decomposition of picture 

using 2-D DWT. Fig 3(b) indicates the reconstruction of the input picture. The picture is decomposed into diagonal, horizontal, 

vertical and approximations details. After decomposition, we obtain the reconstructed picture by up sampling. 

 

B.  Non Harmonic Analysis (NHA) Technique 

In transform domain, the multipoint techniques are depends on thresholding by using orthogonal transforms. Generally, DFT 

and DCT techniques are commonly known as orthogonal transforms. The accuracy of signal based on analysis window size. If 

the period is larger than the analysis window then the analysis of signal cannot be done. Thus, sidelobes are obtained in results 

of using a DCT technique[1]. This is because of the signal of input image in analysis window do not has an integer period 

value. To overcome the above-said problem, the frequency analysis method is used known as non harmonic analysis (NHA) 

tecnique.  

NHA method have been used in various fields and obtains better results. This method provides frequency as line spectrum so 

sidelobes suppression can be observed in the results. It increases accuracy of signal thresholding. DCT uses large analysis 

window but NHA uses small analysis window compared to DCT. So NHA method obtains better results than DCT. NHA 

method makes difference in the segments of clean signal and corrupted signal due to it treats frequency as spectrum of line. 
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Figure 4:  Difference between analysis of DFT or DCT and NHA technique 

 

Figure 4 illustrates the difference between the analysis of DFT and NHA techniques [2]. Hence, NHA is superior than DCT. NHA 

is best suited for thresholding techniques. Furthermore, while analyzing non stationarity of signals, it results in distortion of 

signal. Therefore, sidelobes are observed in pictures. 
For the frequency analysis, the Fourier transform can be expressed as below: 

 

𝐹 𝑥 =
1

𝐿
 𝑓(𝑡)𝑒−2𝜋𝑓𝑡𝑑𝑡
𝐿

0
                                        (5) 

where L indicates analysis window length. Fourier coefficients can be determine by solving the equation (5). In this analysis 

window L, fourier transform which can be used for analysis of completely periodic signal. Hence, results of analysis of 

completely periodic signal dependent on L, along with errors are observed in non-harmonic signal analysis. Like fourier 

transform, NHA method also calculates the coefficients of fourier transform. The NHA method estimates the Fourier coefficients 

by using the least squares method. 
 

 
Figure 5: Flow chart of NHA algorithm 

 

 

The signal model for 2D NHA can be given as below:  

 

𝑂 𝑝1 , 𝑝2 = 𝐵 𝑐𝑜𝑠  2𝜋  
𝑓𝑖 

𝑓 𝑖𝑠
𝑝1 +

𝑓 𝑗

𝑓 𝑗𝑠
𝑝2 + 𝜓           ) 
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Where, 𝑝1 ,𝑝2are the pixel numbers, sampling frequencies are 𝑓 𝑖𝑠  and𝑓 𝑗𝑠 . In this, the spatial dimensions are x and y. For reducing 

the sum of comparisons between 2-D signal model 𝐵   and the input signal O, initial phase𝜓 , frequencies 𝑓 𝑖  and 𝑓 𝑗  and parameter 

𝐵  need to be calculated as: 

𝐹 𝐵  , 𝑓 𝑖 , 𝑓 𝑗 ,𝜓  =
1

𝑃1𝑃2
   𝑂 𝑝1 ,𝑝2 − 𝑂  𝑝1 ,𝑝2  

2𝑃2−1
𝑝2=0

𝑃1−1
𝑝1=0      

The initial values are obtained by DCT when utilizing the nonlinear equations. From this  initial values, the optimal solution for 

NHA technique which are acquired by the method of steepest descent [3]. 

The parameter B also a initial phase Ψ can be introduced on implementing the methods of less mean squares. This method is 

applied to comparison of signal between the sinusoidal wave and analyzed signal. Yet steepest descent technique depends on 

frame length. Thus it finds hard to implement the signal analysis that does not has a simple structure of harmonic frequency. This 
is due to frequencies which depends on the length of frame that are utilized for harmonic group frequencies, likewise DCT. 

Generally, lesser frequency variations cannot be easily observed. Furthermore, we have to apply the process of non linear 

equation to equation 5. 

 

 
Figure 6: Comparison between DFT and NHA frequency resolution 

 

Figure 6 illustrates the frequency resolution differences of 2D DFT method and 2D NHA method. It is clear from this figure that 
side lobes occur in 2D FFT, but not in 2D NHA. Hence, NHA method do not consider sidelobe and suppress the influence of 

noise. 

III.  RESULTS AND DISCUSSIONS 

 

The section describes execution of proposed methods. In previous section, we have explained about the algorithms of proposed 

methods. In this section, the comparison of different denoised methods have been explained. We have used Matlab 2015 software 

to implement the algorithms and we have used graphical user interface that is (GUI) to represent the output of each denoising 

methods. 

The two performance parameters are used to calculate for the many pictures. They are ratio of peak signal to noise that is PSNR 

along with mean square error that is MSE. 

1. Peak signal to noise ratio: The ratio of maximal possible of signal power and exploiting commotion power which 

influence the integrity of picture is known as PSNR. It can be measured in dB which is calculated as follows: 

 

𝑃𝑆𝑁𝑅 =  10 𝑙𝑜𝑔 (255 −𝑀𝑆𝐸)2                           

 

2. Mean Square Error: The mean of pixel errors all over the picture is known as MSE. It can be calculated as follows: 

 

𝑀𝑆𝐸 =
1

𝑁
  𝑋𝑗 − 𝑋 𝑗  

2𝑁−1
𝑗=0                           

As we said earlier, we have used Matlab software to for implementation and GUI for representation of output.  
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Figure 7(a): Image denoising using DWT for gaussian noise 

 

Figure 7 shows the GUI representation of implementation of DWT. The first pushbutton is for input image. The second 

pushbutton is for adding noises to the input image. The third pushbutton is for applying DWT to the noisy images. The 

corresponding performance parameters values PSNR and MSE are shown in PSNR and MSE buttons. 

We have to select the input image. Then we need to add the noises to input image. Here we selected 3 kinds of commotions-

gaussian noise, poisson noise also speckle noise. 

Figure 7(a) shows the gaussian noise removal by DWT technique. The image is decomposed into four subbands, low low 

component, high low component, low high component along with high high component. PSNR value calculated is 9.27794dB and 

MSE value is 14079.2. 

 

 

 
Figure 7 (b): Image denoising using DWT for poisson noise 

 

Figure 7(b) shows the poisson noise removal by DWT technique with PSNR value 9.36053dB and MSE value 141611.1. 

 

 

 
Figure 7(c): Image denoising using DWT for speckle noise 

 

Figure 7(c) shows the speckle noise removal by DWT technique with PSNR value 14645dB and MSE value 14183. 
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Figure 7(d): Image denoising using NHA technique  

 
Figure 7(d) shows the gaussian , poisson and speckle noise removal by NHA method with PSNR value for Gaussian noise is 

58.5744dB and MSE value 4.55. The noise removal of poisson noise with PSNR value is 56.5571dB and MSE value is 7.24.  The 

speckle noise removal by NHA method with PSNR value 38.833dB and MSE value 428.7. By using NHA method, the 

reconstruction of input image is obtained with PSNR value 72.3988dB and MSE value 8.43459. 

We have implemented three methods for removing noise from images. The performance parameters ratio of peak signal to noise 

(PSNR) along with mean square error (MSE) gives image quality. If image have higher PSNR value, then the image quality is 

better. The table 1 gives the comparison of three different denoising techniques that is DCT, DWT and NHA methods. We have 

used different images with adding three noises gaussian noise, poisson noise and speckle noise. 

For each denoising method, we calculated PSNR and MSE values. NHA method attained higher PSNR value and MSE value, 

then the image quality is better when using NHA method than state-of-art methods. 

 
Table 1: Comparison of Proposed methods 

 
 

IV. CONCLUSION 

In this work, image denoising with edge preserving techniques DWT and NHA are implemented. 
Discrete Cosine Transform (DCT) is spatial filtering technique. DCT shows better performance at average bit rates. The main 

limitation of DCT is its considers only spatial pixels correlation within the individual 2D block. But it neglects the pixels 

correlation of adjoining blocks. Decorrelation of blocks can not be done at border when applying DCT to the corrupted pictures. 
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DCT attains lower PSNR value, hence the image quality is low. Discrete Wavelet Transform (DWT) is wavelet transforming 

technique. DWT shows better performance at less bit rates. The more usage of neither wavelet basis functions nor wavelet 
domain filters results in blurring around boundaries of pictures. Thus, DWT is superior than DCT technique so that DWT 

degrades blocking artifacts.  DWT attains slightly higher PSNR value than DCT technique, hence the image quality is better than 

DCT denoising technique. 
Non harmonic analysis (NHA) technique is new preprocessing technique.  NHA is superior than DCT, because of reduction of 
sidelobe. For experiment, we have used different images, NHA attains higher PSNR values for each image. Hence NHA is better 

method than DWT in this context. Hence the image quality is better when using NHA method than the state-of-art methods. It has 

better image quality for medical images. Hence, NHA denoising method is best suited for medical image processing. 

The proposed methods DWT and NHA methods obtained better results. These two methods are edge preserving denoising 

techniques. In future study, we can consider segmentation method for better results. And also we can study application of DWT 

technique for medical image processing. 
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