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Abstract: In proposed method, a novel hybrid image codec 

is proposed which uses singular value decomposition (SVD) 

and adaptively scanned wavelet difference reduction 

(ASWDR) technique. The proposed hybrid method retains 

the advantage of high peak signal to noise ratio (PSNR) 

value at a particular level of compression. Image is first 

compressed by SVD to reduce some principal components 

(PC) which are not significant and then the reconstructed 

image (using 100 PC) is given as an input to the ASWDR 

method. In this hybrid method ASWDR is wavelet based 

compression which gives high compression ratio (CR), 

region of interest based capability, good perceptual quality 

and SVD gives high PSNR value. This method is validated 

over some standard test images and the obtained results are 

compared with ASWDR, SPIHT and a hybrid technique 

using both SVD and WDR that exists in literature. The 

superiority of the proposed method is well justified 

quantitatively and visually using the aforementioned 

techniques. The approach obtained a PSNR value equal to 

33.07 for lena image at a compression ratio of 64:1.  

Keywords: Hybrid image codec; Adaptively scanned wavelet 

difference reduction; Singular value decomposition; Image 
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I. INTRODUCTION 

With the increasing demand of computer technologies and its 

applications, there is a need to store a huge amount of data 

like images which require large storage space. Handling such 

huge amount of data not only increases the cost and space of 

storage but also make the transmission of images a slow 

process. To overcome these problems of storage and 

transmission, there is a need to find an efficient compression 

method which reduces the size of image by eliminating the 

redundancy without much degradation in the quality and 

information content of images. In image compression three 

type of redundancy exists one is statistical, second is psycho 

visual and last is the coding redundancy [1]. Image 

compression is done by reducing the number of data bits used 

to represent the image by using different encoding 

approaches. Compression of image can be classified into two 

categories, either lossy compression or lossless compression 

[2]. In the lossless approach there is no loss of information 

and reconstructed image is perfectly matched to the original 

but the CR is very less [3]. In the lossy approach of 

compression, various amount of image information is lost 

during quantization process and image can’t be reconstructed 

perfectly but possesses the advantage of high CR [4]. Image 

compression process is applicable in the both spatial as well 

as frequency domain. In comparison to spatial domain, the  

 

frequency domain approach gives better sparse 

representation of an image. Apart from above approaches 

there are  several transformation methods developed i.e. 

singular value decomposition(SVD) transform[2], Karhunen 

and Michel Loeve(KL) transform [3], discrete cosine 

transform (DCT) [4] and discrete wavelet transform(DWT) 

[5,6] also exist for image compression. The proposed work is 

organized as follow: first we explain the proposed image 

codec methodology, then the details of data set and the 

experimental results is presented in next section and finally 

conclusion and future work is given in last section. 

 

II. THE PROPOSED IMAGE CODEC PROCESS 

In this paper a hybrid image codec has been designed that 

uses two methods, firstly the input image is decomposed by 

SVD and then reconstructed image is further compressed by 

ASWDR as shown in Fig.1. These both are the lossy image 

compression techniques. SVD is an algebraic approach to 

solve matrices. In proposed approach SVD reduces the 

dimension of the input image to decompose the image into 

set of three matrices. Among these matrices one matrices 

represent the eigen values (singular values) also called 

principle component and rest two are the orthogonal matrix 

of the image. This eign values matrix are arranged in 

descending order so only higher order values are significant 

for image reconstruction[9] and among these eigen values 

only some of the eign value are significant and they are 

sufficient to reconstruct the image and rest of these eigen 

values are discarded. The selection of number of eign values 

are done by hit and trial method. The plot between PSNR, 

CR and number of singular values for the SVD method are 

shown in fig. 3. In proposed method Image is reconstructed 

using k=100 principal component (PC) at which desired level 

of CR and PSNR is achieved which are shown in fig.3 and 

finally this reconstructed image is further compressed by the 

ASWDR method. ASWDR is used to achieve high CR 

because SVD gives less CR at very high PSNR values[7]. In 

ASWDR method, firstly the reconstructed image is wavelet 

transformed and the wavelet coefficient’s indices are 

encoded using bit plane encoding process. It uses the wavelet 

difference reduction process on the index of wavelet 

transform coefficients in place of coefficient values. By this 

process compressed bit stream is achieved and to decode the 

image above steps are reversed. After decoding the important 

image parameters are calculated i.e. CR, PSNR and MSE are 

computed. The overall CR of the proposed method is given 

by multiplication of SVD based CR with the ASWDR based 

CR [8].   
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Fig.1 Block diagram of the proposed codec 

 

III. RESULTS AND DISCUSSIONS 

Set of images used in proposed method  

The proposed codec applied over the different standard test 

images like Lena, Goldhill, Barbara, Airfield images 

acquired from internet repository [10]. This codec is 

implemented in MATLAB R2015a platform. All of the 

image having dimensions are 512512, and bit depth was 

equal to 8 in matlab supported format(.tif).  

Evaluation Metrics 

The quantitative evolution parameters used for the proposed 

method are as follows- 

Compression Ratio (CR): CR of an image is defined by the 

ratio of bits required to constitute given input image to the  

compressed image and is given as,  
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i jI   is the input image and 

^

i jI  is the reconstructed image 

 And m, n are the rows and columns of the input image 

respectively. 

Experimental results and discussion on performance of 

proposed method 
This lossy image codec is applied over different set of test 

images. The experiment results are shown in Table I, II and III. 

These tables provide the values of PSNR at a fixed value of 

compression (CR). Last column of tables shows the %age 

improvement of proposed method with respect to Rufai et al. [8].  

 

 

Table [1] PSNR values in dB at the CR 64:1 
Image/ 
Method 

Walke
r JS. 

ASW

DR 

Said 
et al. 

SPIH

T 

Rufa
i et 

al. 

[8] 

Propose
d 

Percentage 
Improved 

(%) w.r.t. 

[8] 

Lena 30.48 30.61 1.88 33.07 3.732 

Goldhill 27.25 27.37 3.98 34.78 2.354 

Barbara 23.97 23.22 7.77 29.07 4.681 

Airfield 22.20 22.41 7.65 28.92 4.593 

 

Table [2] PSNR values in dB at the CR 32:1 
Image/ 
Method 

Rufai 
et al 

ASW

DR 

Said 
et al. 

SPIH

T 

 
Rufa

i    et 

al 
.[8] 

Propos
ed 

Percentage 
Improved 

(%) w.r.t. 

[8] 

Lena 33.44 33.51 6.78 37.97 3.249 

Goldhill 30.15 30.17 6.62 37.79 3.194 

Barbara 27.07 26.92 30.6

7 

32.07 4.564 

Airfield 25.50 25.46 30.4

5 

31.79 4.400 

 

Table [3] PSNR values in dB at the CR 16:1 
Image 

/Method 

Walker 

JS. 

ASWD
R 

Said et 

al. 

SPIHT 

Ruuf

ai et 

al. 
[8] 

Propos

ed 

Percentag

e 

Improved 
(%) w.r.t.      

[8] 

Lena 36.52 36.77 9.58 40.81 3.107 

Goldhill 32.62 32.66 7.85 38.98 2.985 

Barbara 30.74 30.82 3.57 35.12 4.617 

Airfield 28.03 28.05 2.45 33.89 4.437 

 

To validate the subjective quality which is the indication of 

visualization of image by human eyes is given in Fig. (2). This 

fig.2 show the lena image and compressed image using 

ASWDR, SPIHT, Rufai et al.[8] and proposed technique. It is 

seen that the proposed codec provides the best subjective quality 

of image than the existing method.  

 

 
             (a)                  (b)               (c)         (d) 

Fig.2 (a) Original ‘lena’ image, and Compressed image at 

CR 16:1 using different method of compression (b) SPIHT 

(c) Rufai et al.[8]. (d) Proposed method 
 

Loss of the information between original and the compressed 

image is mathematically calculated by MSE (mean square error). 

From the experiment, it is also observed that by increasing the 

CR the PSNR decreases (Fig.4). 

The relationship between PSNR values(in dB) and CR with 

respect to the  different  number of singular values(PC) used in 

the proposed method for the lena image of size 512 × 512 is 

shown in fig.3.  
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Fig.3 Graph showing the relationship between PSNR, CR 

and number of singular values for the SVD method in case of 

‘Lena’ image 
 

The relationship between PSNR and CR for ‘Barbra’ image is 

shown in Fig.4. This plot shows that proposed method give 

highest value of PSNR at particular of compression when 

comparing to the state of art techniques. 

 
Fig.4 Comparison of PSNR(dB) vs CR for different 

technique in case of ‘Barbra’ image 

 

IV. CONCLUSION 

In the proposed work a new hybrid codec is projected. From 

the experimental investigation at different CR values it shows 

that this method of compression give the higher PSNR value 

and also good visual effect when compared to existing state 

of art techniques. The CR of the proposed method is 

calculated by multiplication of SVD based CR with the 

ASWDR based CR. The subjective and quantitative results 

proved the superiority of this codec. Significantly the average 

percentage improvement is 3.73, 10.98 and 7.83 in 

comparison to the existing state of art works at CR value 

equal to 64:1. 
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