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Abstract- In this modern world where images are considered to be the mode of communication among people 

and the presence of noises in images can affect the information, which is present in that images, to retain back 

the original information wavelet transformation and wavelet packet transformation can be used. This paper deals 

with the comparative result of image denoising using Wavelet Transformation and Wavelet Packet 

transformation with gaussian noise using thresholding technique, in order to have look on the transformation 

that can provide the better result to get back the original information of images, the comparative result is 

measured by Peak signal to noise ratio (PSNR) and mean square value (MSE). 
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1. INTRODUCTION  

In this modern world, image is considered to be one of the mode of communication but due to nature or 

electronic devices error images are corrupted by various type of noises and to retain back the original 

information is known as image denoising. Noise can be of many type Gaussian, salt & pepper, speckle. 

Earlier Fourier analysis and short time Fourier transformation was considered to be an important tool for signal 

and image analysis, after the limitation that Fourier analysis that it cannot offer high frequency and time 

resolution at same time leads to the introduction of short time Fourier transformation but fails to provide the 

complete multi resolution analysis which leads to the formation of wavelets, which was introduced by Grossman 

and Morlet [1] in order to overcome multi resolution problem. 

In recent years[4-9], many methods for image denoising came in limelight using wavelet transformation, 

Wavelet Packet Transformation, Curvelet transformation, Shearlet transformation or other multi resolution 

analysis tools, Donoho and stone [2] introduced the world to thresholding by coiling hard and soft thresholding 

or soft thresholding denoising method using wavelets, Malfait and Roose [3] denoise image using wavelet 

transformation by considering to measures novel and classic measure.  

Wavelet packet transformation can be considered as the idea with general application that can produce the 

arbitrary resolution of wavelet tree decomposition in the 19th century coif man and Wicker Hauser shower the 

light on the mathematical work of wavelet packet transformation.  

In this paper we will compare the result obtained by wavelet transformation and wavelet packet transformation 

in order to have a look that which transformation provides us the better result for image denoising by comparing 

the peak signal to noise ratio and Mean square value of both. 

2. WAVELETS  

Wavelets was discovered by Grossman and Morlet [1], the main reason for the discovery of wavelet is because 

the Fourier analysis is totally dependent on the oscillating building blocks which is poorly suited or 

non-stationary signals. 
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A function 𝜓 ∈ 𝐿2(ℝ) is called an orthonormal wavelet if the system{𝜓𝑗,𝑘} forms an orthonormal basis for 

𝐿2(ℝ) where𝜓j,k = 2
j

2(2jx − k) where j, k ∈ ℤ. 

2.1 Wavelet Transformation 

The wavelet transform was first introduced in the context of a mathematical transform by Grossman and Morlet 

in 1984 [1]. It is a tool which allows us to cut the data, function or operator into different frequency which allow 

us to study each component with a resolution that can match to the scale. 

2.1.1 Continuous Wavelet Transformation 

The continuous wavelet transformation (CWT) of a function 𝑓(𝑥) ∈ 𝐿2(ℝ) with respect to 𝜓 ∈ 𝐿2(ℝ) is 

given by 

 
𝐶𝑊𝑇(𝑓)(𝑎, 𝑏) = |𝑎|

𝑗
2 ∫ 𝑓(𝑥)𝜓 (𝑎𝑗(𝑥 − 𝑏)) 𝑑𝑥

∞

−∞

 
(1) 

Continuous wavelet transformation is considered to be very effective in determining the damping ration of the 

oscillating signal. It is considered to be better than Short time Fourier trans-formation which was developed 

after the determination of Fourier transformation. CWT is used in decomposing the signal into high and low 

frequency components. They consists of real valued and complex valued wavelet 

2.1.2 Discrete Wavelet Transformation 

The discrete wavelet transformation (DWT) of a given function 𝑓(𝑥) ∈ 𝐿2(ℝ) with respect to 𝜓 ∈ 𝐿2(ℝ) is 

given by 

 
𝐷𝑊𝑇(𝑓)(𝑎, 𝑏) = |𝑎|

𝑗
2 ∫ 𝑓(𝑥)𝜓(𝑎0

𝑗
𝑥 − 𝑘𝑏0)𝑑𝑥

∞

−∞

 
(2) 

Where, 𝑎0 ≠ 0 𝑎𝑛𝑑 𝑗, 𝑘 ∈ ℤ. DWT transforms the discrete time signal to a discrete wavelet representation it is 

very beneficial in removing noises from image and it can also be termed as image processing. DWT is capable 

in various application fields such as from signal analysis to signal compression. Main application is to remove 

noise from an all kind of signals; images can be stated as image denoising. DWT decomposes the signal into 

'approximation' and 'detail' coefficients at each level. 

3. THRESHOLDING 

Donoho and Johnson, they proposed the non-linear strategy for thresholding and introduce that thresholding can 

be applied in two ways either by hard thresholding or by soft thresholding, the value below which the details are 

considered small enough to be set to zero known as threshold. 

Hard Thresholding: They set the coefficients value to zero whose value are less than 𝜆. It is very much sensitive 

to small change in the signal. 

Soft Thresholding: It is considered to be the extension of hard thresholding and it is suitable to coefficient value 

to zero whose value is lower than the threshold value. It is bias when the coefficients are large. 

There are many approaches which deal to calculate the threshold value deals with the estimation of noise level. 

There are 3 main threshold selection algorithm rigorous, minimax, universal threshold estimation techniques 

that are mostly taken into consideration. 

3.1 Parameters 

There are many parameters to measure if the task is successful and 2 most common parameters are explained 

below: 

3.1.1 Mean Square Error (MSE)  

MSE or mean-square error can be simply explained as it is the subtraction of the estimated value of the image to 

the average value of the image and plays an important role in deter-mining the result in image denoising and 
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image compression that the result is satisfactory or not. For example, image is said to be denoised if the MSE 

value decreases and it can be determined as 

𝑀𝑆𝐸 = 𝐴 − 𝐵 

Where A is the total number of bits of image and B is the total number of pixels present in images. 

3.1.2 Peak Signal to Noise Ratio (PSNR) 

It is one of the parameter to determine the result of the image is denoised or not by comparing the denoised 

image with the original image similarly noised image with the original image, image is said to be denoised if its 

PSNR value increases. PSNR vale of image can be calculated as   

𝑃𝑆𝑁𝑅 = 20 log10

𝑀

√𝑀𝑆𝐸
 

Where M is M is the maximum signal value that exists in the respective original image. And MSE is the 

Mean-square value. 

4. WAVELET PACKET TRANSFORMATION 

The main reason for the introduction of wavelet packet transformation is the limitation of wavelet 

transformation, Wavelets was introduced with many application in images and have a bright future for the 

smooth images but somehow fail to move this application in images which have high texture because texture 

rich images consists of small scale coefficient and these coefficient consists of little energy that is quantized to 

zero. Wavelet packet transformation was first discovered by coiffman and Wickerhauser in the 19thcentury the 

main reason for the discovery of wavelet packet transformation is because discrete wavelet transformation 

provide time-frequency localization but and fails to provide the information in the high-frequency region with 

low resolution in order to overcome the limitation in discrete wavelet trans-formation it leads to the introduction 

of wavelet packet transformation as it comes out to be capable to decompose a signal and provide the 

information of the respective signal in high frequency region. Wavelet packet transformation provide the 

information of low frequency sub-band and high frequency-sub-band as compared to wavelet transformation 

which only splits the signal in detail and approximation coefficient while in wavelet packet transformation 

splitting of detail and approximation coefficient is taken place and provide us the new way to encode a signal. 

𝑥𝑝
𝑛,𝑗

=
1

2𝑗
∫ 𝑥(𝑡)𝜇𝑛(

𝑝 − 𝑡

2𝑗
)

ℝ

 

5. PROCEDURE 

To denoise the image by using wavelet transformation or wavelet packet transformation, the following steps are 

carried out as per algorithm shown in figure 1. We need to first introduce the noise in the image, then we apply 

wavelet transformation or wavelet packet transformation to the image and after that we apply thresholding and 

finally, take inverse wavelet transformation or inverse wavelet packet transformation and get denoised image. 

Further, determine the PSNR and MSE value of denoised for the comparison of results. 
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Fig 1: Block Diagram 

6. EXPERIMENT AND RESULT 

For the experimentation, we have taken balcony view image and we need to follow the procedure part. First we 

add the Gaussian noise in the image with variance 0.02 and noisy image is decomposed using wavelet packet 

transform and different wavelet transforms such as Haar wavelet, Coiflet wavelet, Daubechies wavelet and 

Symlet wavelet. First level or second level decomposition is applied to the noisy image. We have performed 

Soft and Hard Thresholding at each decomposition level of an image for wavelet packet transform and different 

wavelet transforms. At each level the value of thresh-old is different for example at the end the inverse of the 

wavelet packet trans-form and wavelet transform has been performed to get the denoised image. as shown in fig. 

6.1. The performance of various wavelet transforms has been compared with the help of various parameters 

such as Peak signal to Noise Ratio (PSNR) and Mean Square Error (MSE). We can easily see from the results 

that wavelet packet transform gives better performance in comparison to wavelet transform. 

The below image is denoised, having the PSNR value of the below image is 20.6095 and MSE 365.3605. 

 

Fig. 6.1 Denoised Image 
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Table- 6.1 Experimental Result 

 

CONCLUSION 

This paper describes that comparative result of image denoising using wavelet and wavelet packet 

transformation (Coiflet, Haar, Daubechies, Symlet wavelet) and in all the given result it was found that the 

images denoised using wavelet packet transformation shows more desirable result as compared to the wavelet 

transformation when measured from the parameter PSNR and MSE. 
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