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Abstract 
Image compression has become an important process in today’s 

world of information exchange. Image compression helps in 

effective utilization of high speed network resources. In 

surveillance application, image compression has played vital role. 

Efforts are made to enhance image compression ratio by 

combination of lossy and lossless compression technique. Here in 

this system, first the image is compressed using lossy 2D-DWT 

technique and then it is further compressed using a VLSI 

oriented lossless FELICS algorithm. The 2D-DWT uses haar 

wavelet for lossy image compression. The FELICS algorithm 

uses simplified adjusted binary code and Golomb-Rice code with 

storage-less k parameter for lossless image compression. Here, 

three different techniques viz. FELICS, JPEG and the proposed 

technique having a combination of 2D-DWT and FELICS are 

used to compress a class of images (COI). Different authors have 

worked with image compression technique and have measured 

one or two image quality parameters. Here we have worked with 

seven different image quality parameters with different class of 

images. Here combination of lossy and lossless compression 

techniques is used to improve overall compression ratio. 

Keywords: COI, 2D-DWT, FELICS, Image quality parameters, 

Lossless compression, lossy compression. 

1. Introduction 

Due to great innovation in display and information 

technology, the data storage capacity for storage of 

information has increased drastically. Now-a-days the high 

quality cameras produce high quality images. These high 

quality images require large amount of storage space. For 

such scenario, the data compression technique is applied to 

offer acceptable solution. Image compression is of two 

types lossy and lossless compression. For lossy 

compression technique, many standards have been 

developed such as JPEG [1] and JPEG 2000 [2] for still 

images.In the lossy image compression technique, the 

reconstructed image is not exactly same as the original 

image. The lossless image compression can remove 

redundant information and guarantee that the reconstructed 

image is without any loss to original image. Different 

image compression techniques are suggested by the 

researchers, but the technique with high data compression 

with low loss is always preferred. The Fast, Efficient, 

Lossless Image Compression System (FELICS) algorithm 

[3] used in this system comes in the category of prediction 

based algorithms. Prediction-based algorithms apply 

prediction technique to generate theresidual, and utilize the 

entropy coding tool to encode it. 

 

JPEG 2000 uses DWT for compression. Proposed system 

uses 2D-DWT along with FELICS to provide better 

compression ratio. Depending on the type of application, 

we can decide the level of decomposition of image using 

2D-DWT. We can have at the most 3-level decomposition 

of image, above 3
rd

-level the compression increases but the 

quality of image degrades drastically [4]. The system has 

three main blocks: 2D-DWT, FELICS and 2D-IDWT. The  

2D-DWT block decomposes the image up to desired 

decomposition level, the FELICS compresses the 

decomposed sub-band in a lossless manner and finally 2D-

IDWT block is used to reconstruct the image. The rest of 

this paper is organized as follows. In Section 2, presents 

VLSI-oriented FELICS algorithm. The proposed system 

using 2D-DWT and VLSI-oriented FELICS algorithm is 

discussed in Section 3. Experiment results and discussions 

are described in Section 4. Finally, the conclusions are 

given in Section 5. 

2. VLSI-oriented FELICS algorithm 

In this algorithm raster-scan order is used, and a pixel's 

two nearest neighbours are used to directly obtain an 

approximate probability distribution for its intensity, in 

effect combining the prediction and error modelling steps. 

 

FELICS utilizes two reference pixels around current pixel 

to yield the prediction template, and it can be divided into 

four cases. In case 1, since surrounding reference pixels  
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Fig. 1  Illustration of prediction template in FELICS. 

are not available for the first two pixels, P1 and P2, both 

current pixels are directly packed into bit stream with 

original pixel intensity. For case 2, successive pixels, N1 

and N2, are regarded as reference pixels for current pixel 

P5. For non-first row, cases 3 and 4 clearly define the 

relationship between current pixel and reference pixels. 

Between N1 and N2, the smaller reference pixel is 

represented as L, and the other one is H. As in Fig.4, the 

intensity distribution model is exploited to predict the 

correlation between current pixel and reference pixels. In 

this model, the intensity that occurs between L and H is 

with almost uniform distribution, and regarded as in-

range. The intensity higher than H value or smaller than L 

value isconsidered as above range and below range, 

respectively. For in-range, the adjusted binary code is 

adopted, and Golomb–Rice code is for both above range 

and below range [5]. 

 

 
 

Fig.2. Flowchart for the FELICS Algorithm. 

2.1 Adjusted Binary Code 

Fig. 3 shows that the adjusted binary code is adopted in in-

range, where the intensity of current pixel is between H 

and L. For in-range, the probability distribution is slightly 

higher in the middle section and lower in both side 

 
 

Fig.3. Probability distribution model in FELICS. 

 

sections. Therefore, the shorter codeword is assigned to 

the middle section, and longer one is assigned to both side 

sections. To describe the coding flow of adjusted binary 

code, the coding parameters should be first computed as 

follows: 

 

delta = H – L 

range = delta + 1   

 upper_bound = ceil log2 (range)                      

lower_bound = floor log2 (range)  

 threshold = 2
upper_bound

 – range  

 shift_number = (range – threshold) / 2  

 

The adjusted binary code takes the sample of P–L to be 

encoded, and range indicates that the number of possible 

samples should be encoded for a given delta. The 

upper_boundand lower_bounddenote the maximum 

andminimum number of bits to represent the codeword for 

each sample, respectively. Particularly, the lower_boundis 

identical to upper_bound, while the range is exactly equal 

to the power of two. The threshold and shift_numberare 

utilized to determine which sample should be encoded 

with upper_boundbit or lower_boundbit. 

2.2 Golomb-Rice Code 

For both above range and below range, the probability 

distribution sharply varies with exponential decay rate, and 

the efficient codeword should be more intensively 

assigned to the intensity with high probability. Therefore, 

Golomb–Rice code is adopted as the coding tool for both 

above range and below range. With Golomb-Rice code, 

the codeword of sample x is partitioned into unary and 

binary parts:   

Golomb-Rice code: -Unary part: floor(x/2
k
)  

        Binary part: x mod 2
k
 

     Where k is a positive integer.  

 

The entire codeword is concatenated with unary part and 

binary part, and one bit is inserted between both for 

identification. 



IJCEM International Journal of Computational Engineering & Management, Vol. 15 Issue 4, July 2012 

ISSN (Online): 2230-7893 
www.IJCEM.org 

IJCEM 

www.ijcem.org 

112 

3. Proposed Technique using 2D-DWT and 

FELICS algorithm 

The proposed technique has two main blocks an encoder 

and decoder. The 2D-DWT is a lossy image compression 

technique [6]. It uses the haar wavelet to decompose the 

image in smaller sub-bands. The FELICS is a lossless 

image compression technique. It uses adjusted binary 

codes and Golomb-Rice codes for encoding. It is a 

prediction based technique.  

 

3.1 Encoder 

As shown in Fig. 4, the encoder has two blocks, 2D-DWT 

and FELICS encoder. The image which is to be 

compressed is given as input to the 2D-DWT block. In this 

block the input image is decomposed to desired level using 

wavelet transform. After having the 2D-DWT of the 

image, we get four sub-bands viz. LL, LH, HL and HH. 

Out of these four bands only LL band has the approximate 

information of the image. Hence this band is given to 

FELICS encoder for further lossless compression. Other 

bands are not used and are made zero and hence these 

bands are not transmitted. At the output of FELICS 

encoder we get the compressed image data which can be 

transmitted. 

 

 
 

Fig.4. Block Diagram of Encoder. 

 

3.2 Decoder 

As shown in Fig. 5, the decoder has two blocks, FELICS 

decoder and 2D-IDWT. The compressed image data 

received from the encoder is given as input to the decoder. 

This compressed data is decoded by the FELICS decoder. 

At the output of FELICS decoder we get the LL band of 

the compressed image. This LL band along with three 

other bands which were made zero during encoding, are 

now given to the 2D-IDWT block for reconstruction of 

image hence at the output of the 2D-IDWT block we get 

the reconstructed image.  

 

 
 

Fig.5. Block Diagram of Decoder. 

4. Image Quality Parameters 

For comparing the images obtained from the three 

techniques we have considered various image quality 

parameters such as Compression Ratio (CR), Mean Square 

Error (MSE), Peak Signal to Noise Ratio (PSNR), 

Normalized Cross-Correlation (NCC), Average Difference 

(AD), Structural Content (SC) and Normalized Absolute 

Error (NAE) [7]. Here for calculating various image 

quality parameters original image matrix and compressed 

image matrix are used. I1 (m, n) indicates an element of 

original image matrix and I2 (m, n) indicates an element 

from compressed image matrix. Also M and N indicate the 

number of rows and columns of image matrix. For 

calculating the image quality parameters the dimensions of 

original and compressed images must be same. 

4.1 Compression Ratio (CR) 

The compression ratio is calculated as the ratio of the file 

size of original image to file size of reconstructed image. 

 

CR = 
                        

                          
 

 

Higher value of compression ratio indicates that the 

reconstructed image is more compressed. As the 

compression ratio increases the quality of image degrades. 

 

4.2 Mean Square Error (MSE) 

 
The Mean Square Error is defined as, 

 

MSE = 
∑ [  (   )   (   )]

 
   

   
 

 

The large value of MSE indicates that image is of 

poorquality.  

 

4.3 Peak-Signal to Noise Ratio (PSNR) 

 
Peak Signal to Noise Ratio (PSNR) is defined as, 

 

PSNR =        (
    

   
) 

 

PSNR should be as high as possible, low value of PSNR 

means the image quality is poor. 

 

4.4 Normalized Cross-Correlation (NCC) 

 
Normalized Cross-Correlation (NCC) is defined as, 

 

NCC = 
∑ [  (   )    (   )]   

∑ [  (   )    (   )]   
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Value of NCC close to 1, means the image quality is good. 

 

 

4.5Average Difference (AD) 

 
Average Difference is defined as, 

 

AD= 
∑ [  (   )   (   )]   

   
 

 

The large value of AD means that the pixel values in the 

reconstructed image are more deviated from actual pixel 

value. Larger value of AD indicates image is of poor 

quality. 

 

4.6Structural Content (SC) 

 
Structural Content is defined as, 

 

SC = 
∑ [  (   )    (   )]   

∑ [  (   )    (   )]   
 

 

The large value of Structural Content (SC) means that 

image is of poor quality. 

 

4.7Normalized Absolute Error (NAE) 

 
Normalized Absolute Error (NAE) is defined as, 

 

NAE = 
∑ [   (  (   )   (   ))]   

∑ [  (   )]   
 

 

Value of NAE close to 0, means the image is of good 

quality. 

5. Experiment Results and Discussions 

Here in this paper, a same image is compressed by three 

different image compression techniques. First technique 

consists of FELICS algorithm, second technique consists 

of JPEG and third technique is the proposed technique 

which consists of the DWT technique followed by the 

FELICS algorithm.  

 

This experiment is carried out on different class of images 

these images are taken from the website 

http://sipi.usc.edu/database and the performance of these 

techniques is compared on the basis of various image 

quality measures such as Compression Ratio (CR), Mean 

Square Error (MSE), Peak-Signal to Noise Ratio (PSNR), 

Normalized Cross-Correlation (NCC), Average Difference 

(AD), Structural Content (SC) and Normalized Absolute 

Error (NAE).Here M1, M2, M3 and M4 indicate various 

image compression techniques used. 

 

Table 1: Results for Lenna and Baboon image 

 
 

Table 2: Results for Bridge and Boat image 

 
 

Table 3: Results for Medical and Satellite image 

 
 

M1 is lossless FELICS technique, M2 is lossy JPEG 

technique, M3 is a combination of 2-level DWT and 

FELICS technique and M4 is a combination of 3-level 

DWT and FELICS technique. The results of two sample 

images of Lenna and Baboon are shown below. 
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Fig. 6. a) Image compressed by FELICS algorithm b) Image 

compressed byJPEG  c) Image compressed by 2-level 

DWT+FELICS d) Image compressed by 3-level DWT+FELICS. 

Fig. 7. a) Image compressed by FELICS algorithm b) Image 

compressed by JPEG  c) Image compressed by 2-level 

DWT+FELICS d) Image compressed by 3-level DWT+FELICS. 

 

 

 

6. Conclusion 

Result produced with combination of lossy and lossless 

compression yields in better compression ratio with slight 

degradation of quality of images which can be acceptable 

for surveillance kind of application. 

 

FELICS can be implemented in VLSI to improve the 

performance. It is observed that no improvement is 

observed in COI of satellite and medical image where 

lossy compression might not be permitted.  

 

This effort gives comprehensive study of image 

compression with different kind of COI with variety of 

image quality parameters.  

 

References 
[1] Information Technology-Digital Compression and Coding 

of Continuous-Tone Still Image, ISO/IEC 10918-1 and ITU-

T Recommendation T.81, 1994. 

[2] JPEG 2000 Part 1 Final Draft International Standard, 

ISO/IEC FDIS15444-1, Dec. 2000. 

[3] P. G. Howard and J. S. Vitter, “Fast and efficient lossless 

image compression,” in Proc. IEEE Int. Conf. Data 

Compression, 1993, pp. 501–510. 

[4] Yi-Qiang Hu, Hung-Hseng Hsu and Bing-FeiWuAn, 

“Integrated Method to Image Compression Using the 

Discrete Wavelet Transform”  IEEE International 

Symposium on Circuits and Systems,June 9-12, 1997, Hong 

Kong. 

[5] Tsung-Han Tsai,  Yu-Hsuan Lee, and Yu-Yu Lee, “Design 

and Analysis of High-Throughput Lossless Image 

Compression Engine using VLSI-Oriented FELICS 

Algorithm” IEEE trans. on VLSI Systems, Vol. 18, No.1, 

January 2010. 

 

[6] VellaiappanElamaran and Angam Praveen, “Comparison of 

DCT and Wavelets in Image coding”, 2012 International 

Conference on Computer Communication and Informatics 

(ICCCI -2012), Jan. 10 – 12, 2012, Coimbatore, INDIA 

[7] V.S.Vora, Prof.A.C.Suthar, Y.N.Makwana, and S.J. Davda 

“Analysis of Compressed Image Quality Assessments”, 

Published in International Journal of Advanced Engineering 

& Application, Jan. 2010 

 

 

 
Sunil Kore received his B.E degree in Electronics and 
Telecommunication from University of Pune at Pune and M.E. 
degree in electronics from Shivaji University at Kolhapur in 1983 
and 1991respectively. 
He has worked as scientific officer at Tata Institute of Fundamental 
Research (TIFR). Currently he is an Associate Professor of 
electronics engineering at Walchand College of engineering, 
Sangli, Maharashtra. 

 
Akshay Bhosale received his B.E. degree in Electronics from 
Shivaji University at Kolhapur in 2008 and is pursuing M.Tech in 
electronics from Walchand College of engineering, Sangli 
He has worked at Aplab Ltd., Thane as a production Engineer from 
July 2008 to Aug 2009. 


