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Abstract— The capabilities of hard disks of our computers and networks debit continue to increase, but our use of digital 

images will grow just as much. These have motivated the need to improve image compression algorithms. In professional 

fields such as medical imaging, huge amounts of data are acquired each day. Image compression has become a necessity to 

ensure their storage and transfer in the network. In this paper we present a study and analysis of the performance of an 

image compression technique based on the principle of compression by Discrete Wavelet Transform (DWT). The work is 

particularly referred to the compression of two-dimensional medical image using Haar wavelet with an idea to optimize the 

compression algorithm seeking to minimize total degradation and to obtain a Compression Ratio (CR) of nearly limited. 

DWT image compression includes: decomposition, hard and soft thresholding are applied for the detail coefficients, 

entropy encoding and computer wavelet reconstruction using the original approximation coefficients and the modified 

detail coefficients. Objective measures used to assess the quantitative and perceptual quality of the compressed image are 

the measures CR, the Mean Square Error (MSE) and Peak Signal-to-Noise Ratio (PSNR). The result is obtained and 

compared by applying different techniques of thresholding (local, soft and hard) to improve the quality of the reconstructed 

image. The optimal value of the threshold (T) is determined such that the reconstructed image is close to the original one as 

much as possible such that the maximum percentage of Retained Energy in the compressed image is obtained. Tests were 

conducted on the images to grayscale thoracic cage size 512 × 512. 

 
Index Terms— Compression, DWT, Medical image, Retained Energy, Thresholding. 

I. INTRODUCTION 

Not with standing the fast growth of data storage density and significant improvement in communication 

bandwidth, the demand for storage capacity and transmission bandwidth continues to exceed the capacity of 

existing technologies. One approach to mitigating this problem is to reduce the size of multimedia data transmitted 

over the communication channel via techniques data compression [1]-[2]. The image compression technique is 

based on reducing the quantity of data needed to represent a digital image by removing redundant data without 

significant loss of information .The objective and qualities that will be required of a compression algorithm is 

according to the intended application, for example: minimize storage space, reduce bandwidth or reduce the 

transfer time. Next come two antagonist qualities: the compression rate and the image quality after a cycle of 

compression/decompression. Into practice, it is extremely difficult to satisfy all these criteria. Thus, usually 

compromise between the two is necessary. Algorithms exist for lossless compression, but the rate of compression 

is limited. Algorithms with loss of information can create better compression ratio but playing on the damage 

transcoding is generally medical images without loss, which is saying for a reversible compression .The CR is 

then reduced relative to say loss techniques. The image of a fundamental change in the compression approach 

came after the DWT. This latter is a widely used tool in signal processing and medical imaging [3]-[4]-[5]. One of 

its main applications is the compression of images due to its ability to compact the energy of a small number of 

coefficients for efficient coding of the image. The image compression technique which is most commonly used is 

transform coding. The transformation coefficients should be uncorrelated to reduce redundancy and have a 

maximum of information stored in the smallest space. The performance of the DWT based coding depends on the 

level of decomposition and the threshold value. Latter is the value below which the detail coefficients are 

considered small enough to put to zero. The application referred to in this work is the image compression by Haar 

wavelets for the progressive transmission of image files over the internet. The use of Haar is more effective than 

the base sinusoidal discrete transforms, because it identifies edges and lines more directly, since the basic function 

is similar to an edge or line. The quantity of information kept by an image after a compression cycle / 

decompression is evaluated by the PSNR value and Retained Energy.  

 

This paper is structured as follows: A review of the use of DWT in image compression is presented in section I. 

Section II explains the proposed algorithm of compression obtained by applying two different techniques of 

thresholding in DWT domain. The simulation results, discussion and comparison are described in section III. The 

conclusion and future works are given in the last section. 
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II. WAVELET FOR IMAGE COMPRESSION  

Wavelet theory appeared in early 1990 [6]. It affects many areas of mathematics, particularly signal processing 

and image. Wavelet transform divides the information of an image into approximation (low frequencies) and 

detail (high frequencies) sub-signals [7]. The approximation (LL) sub-signal shows the general trend of pixel 

values and other three detail sub-signals show the vertical (LH), horizontal (HL) and diagonal (HH) details or 

changes in the images. The hierarchical structure shown in Fig.1. If these details are very small (T) then they can 

be set to zero without significantly changing of the image. The greater number of zeros the greater compression 

ratio. If the energy retained (amount of information retained by an image after compression and decompression) is 

100% then the compression is lossless as the image can be reconstructed exactly. This occurs when the threshold 

value is set to zero, meaning that the details have not been changed. If any value is changed then energy will be 

lost and thus lossy compression occurs. As more zeros are obtained, more energy is lost. Therefore, balance 

between the two needs be found out. 

 

 
Fig.1: Structure of wavelet decomposition (Tree-level) 

 

A. Compression by Thresholding  

Once DWT is performed, the next task is thresholding, which is neglecting certain wavelet coefficients for level 

from 1 to N.There are two types of threshold:  Hard threshold and Soft threshold [8]. Hard thresholding can be 

described as the usual process of setting to zero the elements whose absolute values are lower than the threshold. 

Soft thresholding is an extension of hard thresholding, first setting to zero the elements whose absolute values are 

lower than the threshold, and then shrinking the nonzero coefficients toward 0. Let T denote the threshold. The 

hard threshold signal is x if |x| > T, and is 0 if |x| ≤ T [9]. The soft threshold signal is sign (x) (|x| - T) if |x| > T and 

is 0 if |x| ≤ T [10]. 

There are two methods of thresholding: Global thresholding and Local thresholding. In global thresholding, a 

single threshold value for all the decomposition level is used. Whereas in local thresholding, different threshold 

values for different decomposition level are used. 

 

B. Entropy encoding 

An entropy encoder further compresses the quantized values lossless to provide better compression. It uses a 

model that assigns codes to symbols based on the probabilities of occurrence of the symbols so that; the resultant 

output code stream would be smaller than the input stream. The most commonly used entropy encoders are the 

Huffman encoder, RLE (Run-length encoder), Arithmetic encoder, LZW (Lempel-Ziv-Welch) encoder [11]. An 

entropy encoder supplementary compresses the quantized values lossless to provide a better overall compression. 

It uses a model to perfectly determine the probabilities for each quantized value and produces an appropriate code 

based on these probabilities so that the resultant output code stream is smaller than the input stream. The most 

commonly used entropy encoders are the Huffman encoder and the arithmetic encoder, even for applications 

requiring fast execution, simple RLE is very effective [12]. 

 

C. Quality measure of image compression 

Normally the quality of an image compression scheme can be measured in terms of two parameters. Here they are: 
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a) Compression efficiency: The size of compression is often measured by the Compression Ratio (CR), which 

is defined as the ratio between the original (uncompressed) images to the compressed image. 

 

 

b) Distortion measurement: At present, the most widely used objective distortion measures are the MSE and 

the related PSNR. The MSE is defined by [13]-[14] as in: 

 

I and I‟ are respectively the original image and compressed image sizes  where  and  are their 

components. The smaller value of MSE, the better compressed image represents the original image. 

                  Mathematically the PSNR is given in decibels as [14]:  

 

For example for an image coded on 8 bits, . A large number of PSNR implies a better image. 

PSNR measures the fidelity between two images while the MSE measures the difference between two images. 

Generally when PSNR is 40 dB or greater, then the original and the reconstructed images are virtually 

indistinguishable by human observers [8]. 

III. THE PROPOSED COMPRESSION ALGORITHM 

The introduced algorithm is described as follows: 

1. Input medical image of size of 256x256x8 at gray scale (X). 

2. Enter decomposition level (N). 

3. Enter Haar wavelet family (W). 

4. Find the DWT coefficients (approximation and detail) of original image. 

5. Enter the local threshold value (T). 

6. Decompose the approximate coefficient to N level by W. 

7. Reconstruct the matrix X based on the multi-level wavelet decomposition structure. 

8. Find the Retained Energy in the compressed image. 

9. Find the compression ratio (CR). 

10. Compute Mean Square Error (MSE). 

11. Compute Peak Signal to Noise Ratio (PSNR). 

IV. SIMULATION RESULTS, DISCUSSION AND COMPARISON 

A. Hard thresholding  

We have implemented the developed algorithm, using Haar wavelet transform and applying hard threshold. Tests 

were conducted on the images to grayscale thoracic cage [15] size 512 × 512 of 8 bit depth at five decomposition 

levels (1, 2, 3, 4 and 5). Each decomposition level (DL) is observed with different local threshold value T. Final 

results are observed in terms of CR, MSE, PSNR and Retained Energy (Table I). 
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Table I. Haar Wavelet Transform (hard thresholding) 

 

B. Soft Thresholding 

Again we implemented the proposed algorithm, using DWT and applying soft threshold on the same image. Each 

decomposition level is observed with different local threshold value T (Table II). 

Table II. Haar Wavelet Transform (soft thresholding) 

 
 

After analyzing the results shown in Tables I and II, we find that when the decomposition level (DL) increases, the 

percentage of Energy Retained and  PSNR values decreases, while MSE increases and  CR undergoes small 
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variations. MSE is greater if DWT apply more than one level and the value of the threshold increases. Then to 

achieve the objective of our compression technique, just work on the first level of decomposition and not choosing 

large values of thresholding (T). The examples illustrating these experimental results are presented in Fig.2 and 

Fig.3. Over Fig.4 and Fig.5, we conclude that the choice of the hard thresholding technique is more efficient than 

the soft thresholding technique and CR remain constant for both thresholding techniques implemented. 

 

 
Fig.2: Graphical representation of result using hard thresholding 

 

Fig.3: Graphical representation of result using soft thresholding 
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Fig.4. Comparison of Retained Energy and CR values for various thresholding methods 

 

Fig.5. Comparison of PSNR and MSE values for various thresholding methods 
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V. CONCLUSION 

In this paper we presented one technique of compression of medical image based on Haar DWT. The proposed 

algorithm applying local threshold and two thresholding techniques (hard and soft ) on thoracic  image of size 

256x256 of 8 bit depth. Furthermore, based on PSNR, MSE and Retained Energy, we can conclude that the local 

threshold with hard thresholding is the best choice. In local thresholding the best trade-off between PSNR and 

compression is provided by decomposing to levels 1 to 3 and threshold to a value range from 5 to 10. For CR, it 

keeps the same values within two thresholding techniques. Therefore; this model shows that the local threshold 

and hard technique can be successfully used to compress medical images. 

 

To authenticate and ensure the integrity of a medical image to be transmitted via a wireless network (Internet), we 

need a watermarking technique. Compression and watermarking are intertwined. So we have intended to improve 

the results obtained for the compression technique must not be a source of interference for watermarking. 
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