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Abstract: At this time, the entire world is facing a new contagious coronavirus disease 2019 

(COVID-19) caused by novel severe acute respiratory syndrome coronavirus 2 (SARS-CoV2).         

The world health organization (WHO) already declared this infectious disease as a worldwide 

pandemic. During this period, the medical   X-ray image plays an important role to diagnose  COVID-

19 patients effectively. This current research work takes the dataset of COVID-19 affected chest X-

ray and proposes a new method of  image de-noising based on using median filter (MF) in the wavelet 

domain. In this contemporary exploration, various types of wavelet transform filters are used in 

conjunction with median filter, in experimenting with the proposed approach in order to obtain better 

results for image de-noising process and, consequently to select the best-suited filter. Wavelet 

transforms mathematical tools working on the frequencies of sub-bands split from an image in 

different scales. According to this experimental work, the proposed Dual-Tree Complex Wavelet 

Transform (DT_CWT) method presents better results than using only wavelet transform methods. 

Here, by working on real time images and later adding noise (salt & pepper, Gaussian) to images 

and then calculate and comparing the Peak Signal to Noise Ratio (PSNR), Mean Square Error (MSE), 

Structural Similarity Index (SSIM) value for different images.  The present work aims in categorizing 

the x-ray images as COVID-19 infected and not infected images to facilitates the effective diagnosis 

of the disease and thus can be used to inform future Literature-Based Discovery endeavors. 
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                                 1.Introduction 

 

In the upgrowing stupendous development of the medical era, people are trying and fighting 

a number of diseases to extend their life. An emerging epidemic health crisis, exerts 

significant pressure on limited health care resources. To prevent human efforts of disease 

containment from being overwhelmed, we need tools that can streamline the diagnosis, 

surveillance, and treatment at right time and manage it properly.  The 2019-20 coronavirus 

pandemic is an ongoing global pandemic of coronavirus disease 2019 caused by the severe 

acute respiratory syndrome coronavirus 2. The virus was first reported in Wuhan, Hubei, 

China, in December 2019. On 11 March 2020, the World Health Organization declared the 

outbreak a pandemic. As of 12 March 2020, over 129,000 cases have been confirmed in more 

than 120 countries and territories, with major outbreaks in mainland China, Italy, South 

Korea, and Iran. More than 4,700 have died from the disease and 68,000 have recovered. 

[19][20] This infectious virus is not a single virus. coronaviruses are a group of related large 

family RNA viruses. And this virus infects the human respiratory system. Currently WHO 
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recognized four variants of Coronavirus using letters of the  Greek Alphabet, Alpha CoV, 

Beta CoV, Gamma CoV, and Delta CoV.[1][20][14] Now this infectious disease has changed 

its face mutated Covid-19 and hit its second wave in more than 150 countries. Compared to 

the first wave as of March 2020, in the second wave as of March 2021, the spreading rate. as 

well as the death rate is much higher than the first one. the COVID-19 disease is transmitted 

from one person to another person through their infected droplets and the result is dry coughs, 

fever, shortness of breath, loss of smell or taste, muscle and body aches, and in some serious 

case death may occur. As on July 30, the total number of deaths globally reported has 

41,88.536.[2] one important obstacle is control the spread, and many infected persons cannot 

be tested and they keep spread the infection to all. At present, the tests are based on Reverse 

Transcription Polymerase Chain Reaction (RT-PCR).[20][14] During the time of mutated 

COVID-19 is a Delta outbreak, the current RT-PCR test is not enough to diagnose accurately. 

so, some other alternative method is needed to diagnose accurately. Here medical image 

plays an important role. A radiography or chest X-ray image is one of the most frequent 

studies of imaging for patients with respiratory problems. figure 1 shows the globally 

confirmed and current spreading cases of COVID-19.  

 
 

Figure 1 : Globally confirmed  and 

Current spreading cases of COVID-19. 

 

Image mining is the powerful division of data mining techniques, in which extract 

of image data from the huge amount of database and finally discover the knowledge from 

it. Medical image mining is the most powerful prefigure of human anatomy, organs, cells. 

And the application of medical image mining is used to investigate clinical image data, 

disease monitoring and treatment. [3][4]. Figure 1 a) Shows the sample COVID-19 images 

and b) Normal chest X-Ray images. 
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          Figure 2 :  a)  Shows the sample COVID-19 images 

 

                 

                      

        Figure 2 :  b) Normal chest X-Ray images. 
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The present work includes the data set of global pandemic COVID-19 infected patient’s 

chest  x-rays. The study is carried in order to analyze the image quality in decision making. 

The images are generally infected by noise which degrades the image quality and which 

results in delays in decision making. Hence, it becomes necessary to enhance the image 

quality by de-noising the image by applying image processing algorithms. The current 

paper focuses on image de-noising using a Dual-Tree Complex Wavelet Transform 

(DT_CWT) pre-processing algorithm. 

 

The remaining section of this work are well organized as follows, Section II contains 

review related work of this study, Section III we develop a method for denoising the covid 

-19 images based on Discrete Wavelet Transform (DWT) and proposed Dual-Tree 

Complex Wavelet Transform (DT_CWT), Section IV Experimental Result and finally, 

Section V concludes the study. 

 

1.1Types of Noise 

 

Undesired pixels in the image which gets added up to the image is referred as noise. These 

undesired pixels may get added up to the images any stage of image processing. These 

pixels may occur due to any of the following conditions such as, Environmental factors 

that affect the image sensor, Disturbances in image transmission channels, Presence of 

foreign particles on the surface of the image scanner and any other reasons. These noises 

are classified as follows. 

 

A. Gaussian Noise 

 

Gaussian noise is also referred as Amplifier noise. The presence of Gaussian noise in the 

image is found throughout the image. Hence, it is understood that each pixel in the affected 

image is sum of true pixel value along with the random value of the Gaussian noise. This 

noise is indicated by bell shaped curve as shown in figure 3 and 4 respectively. 
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Figure 3 Gaussian Noise 

 

 
 

 

 
 

                        Figure 4 Gaussian Noise Distribution 

 

B. Salt and Pepper Noise 

The common identification of salt pepper noise is the presence of black and white granules 

in the image. Salt and pepper noise is also defined as independent noise or impulse noise 

or random noise or spike noise. The figures 5 and 6 show the distribution of impulse noise. 
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Fig. 5 Salt and Pepper noise 

 

Figure 6 Salt and Pepper Distribution 

 

2.  Related Work 

Peter Ndajah et al., [5] proposed their paper and concluded that the error sensitivity 

metrics such as peak signal to noise ratio (PSNR), mean squar error (MSE), RMSE, SNR 

alone are not sufficient to determine the quality of de-noised images and a better metric 

Structural similarity index SSIM (structural similarity metric) should be used for its 

determination as its value is not affected by the dynamic range of image. 
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C.Sasi varnan, A.Jagan, et al., [6] (2011) in their research paper presented that the MSE, 

PSNR metrics does not give satisfactory result when they are used to measure image 

quality across different distortions but SSIM give better result for the same except in case 

of highly blurred images. The SSIM formula has major drawback that it is only applicable 

to measurement of still black and white images but needs to be modified for color images. 

 

Par minder Kaur et al., [7]  (2011) presented a research paper on the effect of Gaussian 

noise on PSNR value for digital images and came to the conclusion that as the level of 

Gaussian noise is increasing in test image, the PSNR value goes on decreasing for the 

same. 

 

D.L. Donoho et al., [8] (1994) proposed a new method for denoising an image using 

wavelet transform and they modify the coefficient to enhance the visual quality of an 

image. And the output shows the better performance than the PSNR (peak signal to noise 

ratio.  

 

Shaveta Thakral et al., [9] presented a paper & shows the performance of the Real, image 

and DWT image using various image and DWT using the wavelet flters finallt conclude 

that the biorthogonal, wavelet is best for decomposing signal. 

 

Rachid Haddadi et al., [10] develop a method to process and remove the baseline wonder 

in the EG signal. They used an algorithm for QRS complex detection using DWT. And 

conclude that the algorithm is simple with low computational overhead And best 

detections sensitivity. 

 

Dr.K.V.Ramanaiah, SK. Umar Faruq et al., develop a method to reduce the no additive 

noise and enhance the image quality and finally conclude that the proposed DT_CWT 

algorithm is better than the existing algorithm. And they analyzed and evaluated the 

denoised images using the peak Signal Noise Ratio with RSME. 

 

Philibert Nsengiyumva, et al., presented a paper to detect the fabric defect and classify 

the fabric used Dual-Tree Complex wavelet transform. Also, they evaluated the DT_CWT 

performance and finally concluded that the proposed DT_CWT was better performed than 

the UDWT. 
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3. Methodology 

3.1 Dataset 

At the peak time of the first wave, there was limited no. of covid-19 images available in 

all open sources. After that, a group of researchers from different countries was gathered 

and collaborated with medical doctors to create a chest x-ray database of covid-19.  

 

This study includes the images of 3616 Covid-19 chest X-ray images, 10.2k normal chest 

X-ray images, 1345, and Viral pneumonia infected chest X-ray images from Kaggle which 

are contributed by the researchers worldwide.  Images are chosen randomly from the 

dataset.[11] 

 

3.2 Types of Filter 

 

A. Median Filter 

Median filter works by taking count of the pixel values in the image and compare with 

the neighbouring adjacent pixel value count, in order to conclude whether the adjacent 

pixel can be substituted by it. The median filter is different from mean filter by replacing 

the neighbouring pixel with the median value which gives more accurate pixel values. 

 

 

 

B. Discrete Wavelet Transform Filter (DWT) 

Discrete Wavelet Transform Filter (DWT) is most preferred filtering technique as it is 

capable to make the signal energy concentrate on the minor number of co-efficient in the 

image. Thus the Discrete wavelet transform holds the noisy image which consists of small 

number of co-efficient which poses high SNR value for the co-efficient, while there exists 

number of low SNR coefficients. The noisy pixels i.e. the coefficients with low SNR value 

are removed from the image and the image is reconstructed using inverse DWT. Hence, 

the image is free from noisy pixels. One of the advantage of using DWT is that it provides 

time and frequency localization in parallel. Also, wavelets methods are efficient in classify 

such noisy pixels very effectively when compared with other domain. 
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3.3 Proposed Methodology 

The noisy image from  the dataset is passed as input to the proposed methodology. 

Initially, the input images passes every phase to obtain the desired result. Each phase in 

the study is proposed with newer methods.  The current paper describes about the details 

of phase-I i.e., image pre-processing.  

The proposed algorithm gives a brief idea about decomposition-based image de-noising, 

where initially the noisy image (I) is decomposes into low frequency component as well 

as high-frequency components using discrete wavelet transform (DWT). The figure 7 

shows the detail description of research flow of phase: I. 

 

 

                        Figure 7:  Phase I Image De-noising using Proposed DT-CWT Algorithm 

 

The low frequency component contains the detail data of the image whereas the high-frequency 

components of the digital image contain the approximation data. The noise generally corrupts the 

high frequency components; as a result, the image degrades and provides a wrong conclusion. The 

figure 8 demonstrates the Noisy Image decomposition using of the DWT based decomposition 

method of a noisy image. The results of the DWT based decomposition, describes the spectral 

distribution of the low frequency and high-frequency data as Low-Low (LL), Low High (LH), 

High-Low (HL) and High-High (HH) frequency both in horizontal and vertical order. 
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Figure 8:  Noisy Image decomposition using DWT 

 

To de-noise the noisy image the conventional de-noising technique is applied to the HH. 

When the HH is processed through the conventional filter HH1 is produced. The new or 

de-noised image is generated by applying Inverse discrete wavelet transform (IDWT) to 

LL, LH, HL, and HH1 [6]. The proposed algorithm highlights that conventional filters 

when applied with DWT perform better as compared to the direct application of the 

conventional technique. 

 

A. Discrete Wavelet Transform 

 

The discrete wavelet transforms (DWT) is an effective and useful tool for decomposing 

the 2D signal. It provides the time and frequency domain representation. The development 

of discrete wavelet (DWT) was to overcome the shortcoming of the Short-time Fourier 

transform (STFT), the use of that to analyses non-stationary signals. A set of mutually 

orthogonal wavelet basis functions are generated when the discrete wavelet transform 

(DWT) decomposes a given signal. The discrete wavelet transform is invertible so that 

the original image can be recovered from its discrete wavelet transform (DWT) 

representation 
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Algorithm: Discrete Wavelet Transform 

 

 Input: Noisy Image 

    Output: De-noised image 

    Step 1: Apply Weiner filter on the noisy image to obtain IF. 

    Step 2: Calculate difference between noisy image and the image de-noised to obtain                  

                Method Noise (MN). 

    Step 3: Perform wavelet transform on the MN  image and decompose the image into 3 level  

                approximation and detailed coefficients. 

    Step 4: Calculate Threshold detailed coefficients using NeighSure shrink. 

    Step 5: Apply inverse Wavelet transform to obtain DWT  

    Step 6: Add DWT and IF to get de-noised image. 

 

B.  Dual Tree Complex Wavelet Transform  

 

The dual-tree CWT of a signal ‘x’ is applied by involving pair of DWTs in parallel on the 

same data which is illustrated in the figure 7. The dual tree becomes very expensive in 

terms of time as it gives N-point signal for 2V DWT coefficients. When the filters in the 

upper and lower DWTs are similar than there is no benefits acquired. On the contrary, 

when the filters are designed in a pattern that can handle the sub band signal of the upper 

DWT, it can be understood as the complex real part of wavelet transform. Similarly the 

lower DWT can be concluded as the imaginary part. The figure 7 shows the 

implementation of DT_CWT 
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Figure 8:  Implementation of DT_CWT 

 

The test images ‘s’ is the original image, ‘x’ is the noisy image ‘g’ is the image with 

additive white Gaussian noise. Both the original and noisy images are taken in same size 

along with their standard deviation ().  

 

Algorithm: Dual Tree-Complex Wavelet Transform  

 

Input: Noisy Image  

Output: De-noised image  

1. Calculate 10 tap filters to analyse different stages. 

2. Re-construct the filter by reversing the wavelet coefficients (w) of filter analysis. 

3. Perform the 2D Dual tree DWT to level J = 4 by applying filters banks on rows and  

     columns of an image. 

𝒈(𝒙, 𝒚) > 𝟒 ∗
𝒓𝒐𝒘

∑
𝒊 = 𝟏

𝒍𝒊𝒔𝒕
∑

𝒋 = 𝟏
𝒈𝟐

(𝒊,𝒋)
𝒓𝒐𝒘∗𝒍𝒊𝒔𝒕

⁄
 

 

4. Apply different soft threshold on each sub band of co-efficient (w). For j=1…J, k=1..2,  

    d=1..3, w{j}{k}{d}are the wavelet co-efficient.  
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5. The inverse DT DWT is performed to get the De-noised image. 

6. Calculate Mean Square Error (MSE) and Peak Signal to Noise Ratio (PSNR) for 

different thresholds. 

 

4. Experimental Results 

 

To validate the proposed algorithm the experiment was conducted and recorded over 

different images. These images are selected from the open source. To quantify the result 

average performance of subjective parameters such as Peak Signal to Noise Ratio (PSNR), 

Mean square error (MSE) and Structural Similarity Index (SSIM) are calculated. The 

results were compared with state of art traditional de-noising methods. Figure  9 a) shows  

the Input image , b) Result of Median filter, c) DWT De-Noise image and d) DT_CWT 

De-Noise image 

 

 

 

 

Figure 9 : a) Input image 
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Figure 9: b) Median filter image 

 

 

 

Figure 9:  c) DWT De-noise image 
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Figure 9 :  d) DT_CWT De-noise Image 

 

5. Performance Metrics 

 

The performance of the proposed method is method is evaluated using the performance 

metrics such as PSNR, MSE SSIM. The result of the proposed method is compared with 

the other traditional filtering methods like median and DWT. 

 

5.1 Peak Signal To Noise Ratio (PSNR) 

 

PSNR reflects the relationship between de-noised image and original image [9]. A higher 

PSNR means better quality of the de-noised image. It is shown in equation 1, 

 

𝑷𝑺𝑵𝑹 = 𝟏𝟎 𝒍𝒐𝒈𝟏𝟎 𝑴𝑨𝑿𝟐 𝑴𝑺𝑬 − 𝒆𝒒𝒖 𝟏 

Where,  

 MAX represents maximum intensity of the de-noised image and 

 MSE is the Mean Squared Error of the original image and de-noised image. 
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5.2 Mean Square Error (Mse)  

 

The Mean Square Error (MSE) is the cumulative error between the compressed image and 

the original image [9]. The lower, the MSE better the quality of the compressed image. It 

is calculated as show in equation 2.:  

 

𝐌𝐒𝐄 =
𝟏

𝐩𝐪
 ⅀𝐚=𝐨

𝐩=`𝟏
⅀𝐛=𝟎

𝐪−𝟏
 [𝐈 (𝐚, 𝐛) − 𝐤 (𝐚, 𝐛)]𝟐 − 𝐞𝐪𝐮 𝟐 

 

Where p q: Dimension of the image. I (a, b): Intensity of pixels (a, b) in original image. K (a, b): 

Intensity of pixels (a, b) in de-noised image. 

 

5.3 Structural Similarity Index (SSIM) 

 

Structural Similarity Index (SSIM) is a perceptual metric that quantifies image quality 

degradation which is caused by processing such as data compression or by losses in data 

transmission. It is used for measuring the similarities between two images [9]. It is a full 

reference metric i.e. the measurement of quality of image is based on an initial 

uncompressed or distortion free image as reference. SSIM quality assessment index is 

based on the computation of three terms, namely the luminance term, the contrast term 

and the structural term. The overall index is a multiplicative combination of the three 

terms. 

 

The Table 1 show the performance comparison of proposed de-nosing method with DWT 

and median filters. The Peak signal-to-noise ratio , Mean Square Error, and structural 

similarity index measure are the valuation metrics used to evaluate the performance of the 

proposed DT_CWT de-noising algorithm. 

 

FILTERS PSNR MS SSIM 

MEDIAN 25 0.8 0.88 

DWT 27 0.6 0.96 

DT_CWT 35 0.3 0.98 

 

  Table:1 Performance Comparison of Proposed De-nosing Method 
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Figure 10 shows the pictorial representation of  peak signal to noise ratio (PSNR) value 

comparision of proposed method with the existing methods. It is found that the proposed method 

has high PSNR value with 35 when compared with DWT showing 27, Median  with 25 

respectively. 

 

 

 

Figure 10: PSNR value Comparision 

 

Figure 11 shows the pictorial representation of mean square error (MSE) value comparision of 

proposed method with the existing methods. It is found that the proposed method has low MSE 

value with 0.3 when compared with DWT showing 0.6, Median  with 0.8 respectively. 

 

 

    

 

Figure 11:  MSE value Comparision 
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Figure 12 shows the pictorial representation of structural similarity (SSIM) value comparision of 

proposed method with the existing methods. It is found that the proposed method has high SSIM 

value with 0.98 when compared with DWT showing 0.96, Median  with 0.88 respectively. 

 

 
 

Figure 12:  SSIM value Comparision 

 

 

6. CONCLUSION 

 

Wavelet Transforms (WT) working on the frequencies of sub-bands split from an image is a 

powerful method for analysis of images. The proposed Dual-Tree Complex Wavelet Transform 

(DT_CWT) method presents better results when compared with the traditional filtering techniques 

like median filter and DWT filters. The PSNR, MSE and SSIM value for the images are calculated 

and compared with the other existing filters in which the proposed method shows better results 

with high PSNR value. 
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