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Abstract 

Aim: The aim of this paper is to compress the x-ray images using wavelet and shearlet transform 

and compare the compression ratios to find a better transform. Materials and Methods: The sample 

size of each group was 30 and the total sample size was 60. Compression ratios (CR) were 

generated for images based on the transform used for size reduction. Results: Wavelet based CR 

was seen to be higher mean (6.61) when compared to shearlet (4.025). Hence wavelet transform 

seems better transform for compressing X-Ray images. Conclusion: We observed that wavelet 

transform seems to have a better compression ratio compared to shearlet transform (P=0.28, 

P<0.05, independent sample t-test). 
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1. Introduction 

 

We tried to compress the X-ray images using both wavelet and shearlet transforms. Until now, 

the X-ray images were not compressed using wavelet or shearlet transforms. Image compression is 

important for many applications that involve huge data storage, transmission and retrieval such as for 

multimedia, documents, video conferencing, and medical imaging (Chouakri, Djaafri, and              

Taleb-Ahmed 2013) (Mittal et al. 2016); (Bruylants, Munteanu, and Schelkens 2015)                   

mailto:paulina.gollapudi@gmail.com
mailto:nibeditadey.sse@saveetha.com
https://paperpile.com/c/DGijtE/b66U
https://paperpile.com/c/DGijtE/b66U
https://paperpile.com/c/DGijtE/IsFu
https://paperpile.com/c/DGijtE/1k3a


 

 

ISSN: 2237-0722  

Vol. 11 No. 1 (2021)  

Received: 22.01.2021 – Accepted: 28.02.2021 

 5942 

 

(Chouakri, Djaafri, and Taleb-Ahmed 2013). The objective of image compression technique is to 

reduce redundancy of image data in order to be able to store and transmit data in an efficient form 

(Sanchez and Bartrina-Rapesta 2014); (Juliet, Rajsingh, and Ezra 2016) (Nashat and Hussain Hassan 

2016). By image compression there won't be any loss in the data and also storage space was saved 

(Asraf, Akbar, and Jafri 2006) (Al-Jarrah et al. 2015) (Asraf, Akbar, and Jafri 2006). The shearlet is a 

multiscale structure, which permits productive encoding of anisotropic highlights in multivariate 

issue classes. Shearlets are regular expansions of wavelets (Easley, Labate, and Colonna 2009). The 

overall purpose of this paper is to compress the x-ray images using wavelet and shearlet transform 

and compare the compression ratios to find a better transform. 

In 2016, Nashat and team worked on improving spatial resolution, providing compression 

ratio and PSNR value, better performance quantitatively and visually for images in terms of several 

metrics (CR=6.45) (Chouakri, Djaafri, and Taleb-Ahmed 2013) (Nashat and Hussain Hassan 2016). 

The wavelet transform was applied to each vector and some of the high frequency components were 

suppressed based on threshold criteria (“Website” n.d.; Alarcon-Aquino 2013). Fractal image 

compression produces high compression ratio with good image quality, but consumes more time for 

encoding (CR=34.75) (Sridhar, Rajesh Kumar, and Ramanaiah 2014). The visual perception 

demonstrates the high quality of ECG signal restitution where the different ECG waves are recovered 

correctly, results obtained are evaluated in terms of compression ratio and mean square error which 

are, respectively, around 1:8 and 7% (Mittal et al. 2016) (Chouakri, Djaafri, and Taleb-Ahmed 2013) 

(Al-Jarrah et al. 2015). That was the motivation for researchers to try to present a better transform 

coding methodology. 

Previously our team has a rich experience in working on various research projects across 

multiple disciplines (Sathish and Karthick 2020; Varghese, Ramesh, and Veeraiyan 2019; S.R. 

Samuel, Acharya, and Rao 2020; Venu, Raju, and Subramani 2019; M. S. Samuel et al. 2019; Venu, 

Subramani, and Raju 2019; Mehta et al. 2019; Sharma et al. 2019; Malli Sureshbabu et al. 2019; 

Krishnaswamy et al. 2020; Muthukrishnan et al. 2020; Gheena and Ezhilarasan 2019; Vignesh et al. 

2019; Ke et al. 2019; Vijayakumar Jain et al. 2019; Jose, Ajitha, and Subbaiyan 2020). Now the 

growing trend in this area motivated us to pursue this project.  

We found that none of the literature had evidence of compressing x-ray images with two 

different transforms. MATLAB© was used for coding. The aim of our study is to compress X-Ray 

images using Wavelet transform and Shearlet transform and compare them for a better transform. 

 

 

https://paperpile.com/c/DGijtE/b66U
https://paperpile.com/c/DGijtE/tG8b
https://paperpile.com/c/DGijtE/N93P
https://paperpile.com/c/DGijtE/EDM8
https://paperpile.com/c/DGijtE/EDM8
https://paperpile.com/c/DGijtE/LEOe
https://paperpile.com/c/DGijtE/pGTG
https://paperpile.com/c/DGijtE/LEOe
https://paperpile.com/c/DGijtE/TZra
https://paperpile.com/c/DGijtE/b66U
https://paperpile.com/c/DGijtE/EDM8
https://paperpile.com/c/DGijtE/ORLz+DcBi
https://paperpile.com/c/DGijtE/b7Ty
https://paperpile.com/c/DGijtE/IsFu
https://paperpile.com/c/DGijtE/b66U
https://paperpile.com/c/DGijtE/pGTG
https://paperpile.com/c/DGijtE/BYYzU+Yun6b+Deuw3+9FRxC+muE5d+7W2Hy+uETxp+pXPw4+h6kx1+lVAEU+QE8Wy+Bn959+zfKlL+N6A5r+Tx5CG+rZNUd
https://paperpile.com/c/DGijtE/BYYzU+Yun6b+Deuw3+9FRxC+muE5d+7W2Hy+uETxp+pXPw4+h6kx1+lVAEU+QE8Wy+Bn959+zfKlL+N6A5r+Tx5CG+rZNUd
https://paperpile.com/c/DGijtE/BYYzU+Yun6b+Deuw3+9FRxC+muE5d+7W2Hy+uETxp+pXPw4+h6kx1+lVAEU+QE8Wy+Bn959+zfKlL+N6A5r+Tx5CG+rZNUd
https://paperpile.com/c/DGijtE/BYYzU+Yun6b+Deuw3+9FRxC+muE5d+7W2Hy+uETxp+pXPw4+h6kx1+lVAEU+QE8Wy+Bn959+zfKlL+N6A5r+Tx5CG+rZNUd
https://paperpile.com/c/DGijtE/BYYzU+Yun6b+Deuw3+9FRxC+muE5d+7W2Hy+uETxp+pXPw4+h6kx1+lVAEU+QE8Wy+Bn959+zfKlL+N6A5r+Tx5CG+rZNUd


 

 

ISSN: 2237-0722  

Vol. 11 No. 1 (2021)  

Received: 22.01.2021 – Accepted: 28.02.2021 

 5943 

 

2. Materials and Methods 

 

The compression of images was done using MATLAB© code. At first we have taken 30           

X-ray images for compression using wavelet (haar) transform and 30 images were compressed using 

shearlet transform. The sample size of each group is 30 and the total sample size was 60. This sample 

size was determined for G power 80% and alpha 0.05 utilizing clinical.com in reference to (Nashat 

and Hussain Hassan 2016)(Sophia and Anitha 2017). 

For group 1 sample preparation, we resize the images to 512*512 dimensions for wavelet 

transform and compression was performed. Then in the same way for group 2 sample preparation we 

resize the images for shearlet transform upto 512*512. After preprocessing the image was 

compressed. In wavelet transform, the input image undergoes decomposition, then the decomposed 

image will be compressed finally reconstructed as output. While in shearlet transform the JPEG 

image was converted to the GIF image by pre-processing. The pre-processed original image was 

given as input for the transform. Initially the image will be compressed and then restored. 

 

Statistical Analysis 

 

The data of X-Ray images were collected from the Kaggle dataset. For statistical analysis we 

used SPSS 22 (Statistical Package for the Social Sciences) and the analysis done was an independent 

sample t-test. From the analysis we observed that wavelet transform has a higher compression ratio 

compared to the shearlet transform. 

 

3. Results 

 

From Table 1, it was observed that the overall sample size was 60. 30 images were used for 

wavelet transform and 30 for shearlet transform for compression. The wavelet original image size 

ranged from 124 kb to 210 kb and for shearlet 121 kb to 211 kb. The compressed images were 

generated in the range of 23.7 to 26.8 kb with compression ratio in an average of 5.12 to 7.83 for 

wavelet. For Shearlet, the compressed image sizes ranged from 38.7 to 41.5 kb with compression 

ratios from 2.7 to 5.3. 
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Table 1 - Represents the Total Sample Size was 60- Wavelet (30) and Shearlet (30) 

SL.

No 

Original 

X-ray 

image 

size(KB) 

Compressed 

by wavelet 

Wavelet 

compression 

ratio 

Original 

X-ray 

image 

size(KB) 

Compressed 

by shearlet 

Shearlet 

compres

sion 

ratio 

1 157 25.4 6.181 193 40.4 4.7 

2 150 24 6.25 193 40.8 4.7 

3 125 24.4 5.122 134 41.5 3.2 

4 144 25 5.76 198 41 4.8 

5 167 26.3 6.34 150 40.7 3.6 

6 135 23.8 5.67 250 40 4.9 

7 193 25.3 7.62 154 39.5 3.8 

8 194 25.3 7.66 211 39.5 5.3 

9 193 25.5 7.56 139 39 3.5 

10 134 23.7 5.65 193 40.2 4.8 

11 198 26.1 7.58 134 39.5 3.3 

12 134 24.5 5.46 190 39.4 4.8 

13 149 24.5 6.08 190 39 4.8 

14 135 24.5 5.51 183 40.2 4.5 

15 130 24 5.41 180 40.5 4.4 

16 124 24 5.16 185 38.7 4.7 

17 146 23.7 6.16 185 39.7 4.6 

18 194 26 7.46 188 39.1 4.8 

19 134 24 5.58 121 40.3 3 

20 158 24.2 6.5 179 40.8 4.38 

21 196 26 7.53 144 39 3.6 

22 190 26.3 7.22 135 39 3.46 

23 204 26.3 7.75 125 38.9 3.21 

24 197 26.6 7.40 122 39.7 3.07 

25 196 26.7 7.34 122 39.9 3.05 

26 192 24.5 7.83 211 39.8 5.3 

-27 164 23.9 6.86 122 39.5 3.08 

28 194 26.3 7.37 110 40.2 2.7 

29 210 26.8 7.83 122 40.3 3.02 

30 172 26.7 6.44 153 40.4 3.7 

 

Figure 1 represents the wavelet compression of X-ray images. The input image was 

decomposed using the transform that splits the input image into 8 subunits and finally compressed. 

The reconstruction of the same lead to output images of reduced sizes. In the same way, Fig. 2 

represents the compression of X-ray images using shearlet transform. The input images were              

pre-processed based on the code and then the compressed images were restored.  
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Fig. 1 - Represents Compression of X-ray Images Using Wavelet Transform 

 

  

Fig. 2 - Represents the Image Compression Using Shearlet Transform for X-ray Images 

 

 

From Table 2, we observed the statistical analysis between the compression ratios of the two 

transforms. Wavelet based CR was seen to be of higher mean (6.61) when compared to shearlet 

(4.025). Hence wavelet transform is proposed to a better transform for compressing X-Ray images. 

Table 3 addresses the comparison of wavelet based compression ratio with shearlet transforms based 

compression ratio for 30 X-ray images there is a statistical insignificance between both the data 

(P=0.284) (P<0.05,independent sample t test).  

 

Table 2 - Represents the statistical analysis between the CR generated by wavelet and shearlet transform. Wavelet based 

compression ratio was higher (6.6146) than the shearlet transforms (4.0257). Hence, proving to be a better compression 

transform than its counterpart (shearlet) 

 Group Statistics 

  Group N Mean Std. Deviation Std. Error Mean 

comp_ratio wavelet 30 6.6146 .92531 .16894 

shearlet 30 4.0257 .80440 .14686 
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Table 3 - Represents the result of an Independent sample t test, for wavelet based compression ratio of X-ray images. There 

was a statistical significance between wavelet and shearlet data (p=0.284) (p<0.05 Independent sample t test). 

Independent Samples Test 

  Levene's Test 

for Equality of 

Variances 

t-test for Equality of Means 

F Sig. t df Sig. 

(2-

taile

d) 

Mean 

Differe

nce 

Std. 

Error 

Differenc

e 

95% Confidence 

Interval of the 

Difference 

Lower Upper 

Com

p_rat

io 

Equal 

variances 

assumed 

1.16 .28 11.5 58 .000 2.5889 .22385 2.140 3.037 

Equal 

variances 

not 

assumed 

    11.5 56.8 .000 2.5889 .22385 2.140 3.037 

  

Figure 3 depicts Bar chart representation of the comparison between wavelet and shearlet 

transform compression ratio for X-ray images. There was a statistical insignificance between the data 

(P=0.28) (P<0.05, independent sample t test). Wavelet transform which appears to produce higher 

standard deviation (0.9) when compared with shearlet transform which appears to produce lower 

results with lower standard deviation (0.8). 

 

Fig. 3 - Comparison between wavelet and Shearlet transform compression ratio for X-ray images. Wavelet transform 

appears to produce the most consistent results with higher standard deviation (0.92), when compared with shearlet 

transform which appears to produce lower results with lower standard deviation (0.8). X Axis: Wavelet vs Shearlet 

transform group Y Axis: Mean value of compression ratio +/- 1 SD. 
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4. Discussion 

 

In this study we observed that wavelet transform appears to be a better transform compared to 

shearlet transform based on its compression ratios. This has been depicted in Table 2 and Fig. 3. 

Improvements in both compression ratio and computational time have been reported (CR=28.85) 

(Hnesh and Demirel 2016). The results reported good image quality in terms of several metrics 

((Reddy et al. 2016)). Experimental results illustrate that the proposed compression algorithm 

produces high compression ratio and has a good fine detail ((Zuo et al. 2015)). Achieve higher 

compression ratios than existing standard lossless compression techniques and also meets the legal 

requirement of medical image archiving ((Asraf, Akbar, and Jafri 2006)). The proposed procedure 

when applied on Computed Tomography (CT) liver image yields significantly better compression 

rates without loss in the originality ((Sran, Gupta, and Singh 2013)). Since wavelet transforms are 

mostly reported as a better compression alternative to conventional methods, we were unable to 

report any negative citations for the same. From the above data, different transforms are used in 

image compression but none of them compared the CR of different transforms. So this study helps to 

find better transforms with better CR. Our paper will be the first of its kind to compare different 

transforms for X-Ray images. Although the statistical data was insignificant, the experimental data 

defines that wavelet transform as a better transform for compressing X-Ray images. The use of 

shearlet as a compression transform for X-ray images is the novelty we have opted for in this study. 

Our institution is passionate about high quality evidence based research and has excelled in 

various fields ((Vijayashree Priyadharsini 2019; Ezhilarasan, Apoorva, and Ashok Vardhan 2019; 

Ramesh et al. 2018; Mathew et al. 2020; Sridharan et al. 2019; Pc, Marimuthu, and Devadoss 2018; 

Ramadurai et al. 2019). We hope this study adds to this rich legacy.  

Limitation we faced in our study was that the images had to be preprocessed before the 

compression based on the code. By optimising the code we can perform compression without any 

changes in the image. 

The code can be enhanced so we can perform compression regardless the size, dimensions of 

the image and get a better compression ratio. 
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5. Conclusion 

 

Wavelet transform has better compression ratio compared with shearlet transform. Even 

though the statistical data was insignificant, the experimental data defines that wavelet transform was 

better than shearlet transform. 
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