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CCOOMMPPRREESSSSIIOONN  OONN  CCOOLLOORR  IIMMAAGGEESS  

AAnniitthhaa..  SS,,  

AAssssiissttaanntt  PPrrooffeessssoorr,,  

GGoovviinnddaammmmaall  AAddiittaannaarr  CCoolllleeggee  ffoorr  wwoommeenn,,  

TTiirruucchheenndduurr..  

 

Abstract- This paper presents lossless color image compression algorithm. An input RGB color 

image is transformed into YCuCv color space by an RCT. The luminance image Y is encoded by 

any of the lossless grayscale image coders such as CALIC, JPEG-LS, or JPEG 2000 lossless. 

The chrominance image Cu and Cv are encoded using hierarchical decomposition & pixel 

prediction. For each context, a generic adaptive arithmetic coder [1] is used to encode the 

prediction error. The proposed method and several conventional methods have been tested on the 

various image sets. 

 

Index Terms- Lossless color image compression, reversible color transform, hierarchical 

prediction, context adaptive arithmetic coding, color transform coding. 

 

 

I.INTRODUCTION 

 Recent years have seen an increased level of research in image Compression. Certain 

application such as medical imaging, image archiving & remote sensing require or desire lossless 

compression. As cameras and display systems are going high quality and as the cost of memory 

is lowered. We may also wish to keep our precious and artistic photos free from compression 

artifacts. Hence efficient lossless compression will become more & more important.  

 

Lossless image Compression Algorithm: 

  

Among a variety of algorithm, the most widely used one may be lossless JPEG[2],JPEG-

LS[3],LOCO- I  [4],CACIC[5],JPEG 2000 & JPEG XR[6]. 
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JPEG - JPEG became an international standard in 1992.JPEG is the ISO/IEC international 

standard 10918-1: digital compression and coding of continuous – tone still images, or the ITU-T 

recommendation T-81. it might be used as an umbrella term to refer to all lossless compression 

schemes developed by the Joint Photographic Expert group 

 

LOCO-I : LOCO-I (Low Complexity Lossless Compression for Images) is the algorithm at the 

core of the new ISO/ITU standard for lossless and near-lossless compression of continuous-tone 

images. It is based on a simple fixed context model. Context model needs a statistical model, for 

a good prediction of pixel value. The model is tuned for efficient performance in conjunction 

with an extended family of Golomb-type codes, which are adaptively chosen, and an embedded 

alphabet extension for coding of low-entropy image regions. LOCO-I attains compression ratios 

similar or superior to those obtained with state-of-the-art schemes based on arithmetic coding. 

Moreover, it is within a few percentage points of the best available compression ratios, at a much 

lower complexity level. 

 

CALIC: Context-based, adaptive, lossless image codec It puts heavy emphasis on image data 

modeling. A unique feature of CALIC is the use of a large number of modeling contexts (states) 

to condition a nonlinear predictor and adapt the predictor to varying source statistics. The 

nonlinear predictor can correct itself via an error feedback mechanism by learning from its 

mistakes under a given context in the past. In this learning process, CALIC estimates only the 

expectation of prediction errors conditioned on a large number of different contexts rather than 

estimating a large number of conditional error  probabilities. The former estimation technique 

can afford a large number of modeling contexts without suffering from the context dilution 

problem of insufficient counting statistics as in the latter approach, nor from excessive memory 

use. The low time and space complexities are also attributed to efficient techniques for  

CALIC gave an average lossless bit rate of 2.99 b/pixel on the 18 8-b test images selected 

by JPEG for proposal evaluation, compared with an average bit rate of 3.98 b/pixel for lossless 

JPEG on the same set of test images.  

 

JPEG (Joint Photographic Experts Group) (1992) is an algorithm designed to compress images 

with 24 bits depth or grayscale images. It is a lossy compression algorithm. One of the 
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characteristics that make the algorithm very flexible is that the compression rate can be adjusted. 

If we compress a lot, more information will be lost, but the result image size will be smaller. 

With a smaller compression rate we obtain a 

better quality, but the size of the resulting image will be bigger. This compression consists in 

making the coefficients in the quantization matrix bigger when we want more compression, and 

smaller when we want less compression. The algorithm is based in two visual effects of the 

human visual system. First, humans are more sensitive to the luminance than to the chrominance. 

Second, humans are more sensitive to changes in homogeneous areas, than in areas where there 

is more variation (higher frequencies). JPEG is the most used format for storing and transmitting 

images in Internet. 

 

JPEG 2000 (Joint Photographic Experts Group 2000)  - is a wavelet-based image compression 

standard. It was created by the Joint Photographic Experts Group committee with the intention of 

superseding their original discrete cosine transform based JPEG standard. JPEG 2000 has higher 

compression ratios than JPEG. 

 

II. THE WAVELET TRANSFORM: 

 

Wavelet based techniques for image compression have been increasingly used for image 

compression. [7] The wavelet uses sub band coding to selectively extract different sub bands 

from the given image. These sub bands can then be quantized with different quantizers to give 

better compression. The wavelet filters are specifically designed to satisfy certain constraints 

called the smoothness constraints. The wavelet filters are designed so that the coefficients in 

each sub band are almost uncorrelated from the coefficients in other sub bands [8]. The wavelet 

transform achieves better energy compaction than the DCT and hence can help in providing 

better compression for the same Peak Signal to Noise Ratio (PSNR). A lot of research has been 

done on the performance comparison of the DWT and DCT for image compression. A 

comparative study of DCT and wavelet based image coding can be found in [9]. The Embedded 

Zerotree Wavelet or popularly known as EZW is an efficient coding scheme developed by 

Shapiro . The author in this landmark paper introduces an efficient coding scheme based on the 

multi-resolution nature of wavelet transforms. The resulting algorithm gave a better performance 
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at low bit rates over the then existing schemes. The EZW marked the beginning of a new era of 

wavelet coding and ignited a lot of research work in this field. The two important features of the 

EZW coding are significance map coding and successive approximation quantization. This 

algorithm exploits the energy compaction properties and the self-similar and hierarchical nature 

of the wavelet transform. The hierarchical nature facilitates coding as it forms a tree structure. 

Inter band prediction is used to code the positions of the significant coefficients. The EZW 

algorithm does not code the location of significant coefficients but instead codes the location of 

zeros. The EZW algorithm was further extended by Amir et. al to give a new scheme called the 

Set Partitioning in Hierarchical Trees (SPIHT) [10]. SPIHT achieved better performance than the 

EZW without having to use the arithmetic encoder and so the algorithm was computationally 

more efficient. The SPIHT uses a more efficient subset partitioning scheme. Due to this, even 

binary encoded transmission achieves almost similar performance compared to EZW. The better 

performance of the SPIHT over EZW can be attributed to better wavelet filters  (7/9 orthogonal 

wavelet filters instead of length 9 QMF filters), separation of the significance of the child nodes 

from that of the grand child nodes, and separation of the child nodes from the parent.In this 

work, the authors study the performance difference by comparing the entire coding scheme on 

the same footing. The authors indicate that the wavelet transform outperforms the DCT by 

around 1 dB PSNR. Some interesting results have been described by the authors in this work. 

Wavelet based JPEG like image coding has been shown to increase the PSNR by 1 dB over 

baseline JPEG. DCT-Based Embedded Image coding has been suggested in [11]. This results in 

a modified EZW algorithm based on the fact that the 8 x 8 DCT of the image can be viewed as a 

64-subband decomposition and hence the tree structures introduced by shapiro can be used. The 

drawback of EZW and SPIHT algorithms are that they are not ‗resolution scalable‘. EBCOT 

(embedded block coding with optimized truncation) proposed by Taubman is both ‗SNR 

scalable‘ and ‗resolution scalable‘. This algorithm is block based i.e. it encodes blocks 

independently (Embedded block based coding).Due to this, a particular region of interest (ROI) 

can be decoded separately without decoding the full image. Also the embedded bit stream 

includes the information about the number of bits to be decoded, to give the optimal 

reconstructed quality at a given bit rate  
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WAVELET TRANSFORM BASED EMBEDDED ZEROTREE CODING 

 

 This scheme efficiently exploits the parent-child relationship of the DWT coefficients to 

code and compress them efficiently. Symbols are used to represent the four different kinds of 

node types (ps, ns, ztr and iz) in the dominance table. The significance table contains the 

elements 0 and 1. From our analysis, it was found that arithmetic coding of the dominance table 

and the significance table together achieved better compression ratios and this was  adopted in 

this project. In this case only 4 symbols were used to represent all the different kinds of symbols 

in the dominance table and the significance table. The presence of the arithmetic encoder part 

however makes the scheme computationally inefficient. This also forms one of the advantages of 

the SPIHT scheme over the EZW.  

 

III. COLOR TRANSFORM: 

 The purpose of this paper is to develop a hierarchical prediction methods in lossless 

compression are based on the raster scan prediction which is sometimes inefficient in the high 

frequency region. In this paper we design an edge directed predictor and context adaptive model 

for this hierarchical scheme. For the compression of color images RGB is first transformed to 

YCuCv by an RCT [12].         

   

i . RCT      

  reversible color transform for 16-bit-color (hicolor) picture coding. The work is 

motivated by the increasing needs of multimedia applications on low-end devices such as mobile 

phones and PDAs. They have limited resources and up to 16-bit displays. Current image/video 

coding systems can hardly manage this case effectively. To enhance coding efficiency on this 

condition, a reversible color transform customized for hicolor systems is derived from Y'CrCb 

and JPEG2000 Reversible Component Transformation (RCT) [15]. The transform proves simple 

but highly-decorrelating, and able to reduce the computation time of decoding. Comparison 

experiment demonstrates the effectiveness of this transform with equal or even higher coding 

efficiency on low-end devices with 16-bit display mode. 
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V. ENCODING 

 

I. Huffman coding 

            It is an entropy encodingalgorithm [14] used for lossless data compression. The term 

refers to the use of a variable-length code table for encoding a source symbol (such as a character 

in a file) where the variable-length code table has been derived in a particular way based on the 

estimated probability of occurrence for each possible value of the source symbol. It uses a 

specific method for choosing the representation for each symbol, resulting in a prefix code that 

expresses the most common source symbols using shorter strings of bits than are used for less 

common source symbols. 

ii. Arithmetic coding: 

   Adaptive Arithmetic coding as a normative part of the new ITU-T/ISO/IEC 

standard H.264/AVC for video compression is presented. By combining an adaptive binary 

arithmetic coding technique with context modeling, a high degree of adaptation and redundancy 

reduction is achieved. The Context based adaptive arithmetic coder (CBAC) framework also 

includes a novel low-complexity method for binary arithmetic coding and probability estimation 

that is well suited for efficient hardware and software implementations.CABAC significantly 

outperforms the baseline entropy coding method of H.264/AVC for the typical area of envisaged 

target applications. For a set of test sequences representing typical material used in broadcast 

applications and for a range of acceptable video quality of about 30 to 38 dB, average bit-rate 

savings of 9%–14% are achieved. It is a special kind of entropy coding. Unlike  Huffman coding 

arithmetic coding does not use a discrete number of bits for each symbol to compress.  The 

central concept behind arithmetic coding [16] with integer arithmetic is that given a large-enough 

range of integers, and frequency estimates for the input stream symbols, the initial range can be 

divided into sub-ranges whose sizes are proportional to the probability of the symbol they 

represent[4, 5]. Symbols are encoded by reducing the current range of the coder to the sub-range 

that corresponds to the symbol to be encoded. Finally, after all the symbols of the input data 

stream have been encoded, transmitting the information on the sub-range is enough for 

completely accurate reconstruction of the input data stream at the decoder. 

 

http://en.wikipedia.org/wiki/Entropy_encoding
http://en.wikipedia.org/wiki/Entropy_encoding
http://en.wikipedia.org/wiki/Entropy_encoding
http://en.wikipedia.org/wiki/Lossless_data_compression
http://en.wikipedia.org/wiki/Variable-length_code
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IV. HIERARCHICAL DECOMPOSITION AND PIXEL PREDICTION 

 

The chrominance channels Cu and Cv resulting from the RCT usually have different 

statistics from Y , and also different 

from the original color planes R, G, and B. In the chrominance channels, the overall signal 

variation is suppressed by the color transform, but the variation is still large near the object 

boundaries. [13]Hence, the prediction errors in a chrominance channel are much reduced in a 

smooth region, but remain relatively large near the edge or within a texture region. For the 

efficient lossless compression, it is important to accurately estimate the pdf of prediction error 

for better context modeling, along with the accurate prediction. For this, we propose a 

hierarchical decomposition scheme in which shows that pixels in an input image X is separated 

into two sub images: an even sub image Xe and an odd sub image Xo. Then, Xe is encoded first 

and is used to predict the pixels in Xo. In addition, Xe is also used to estimate the statistics of 

prediction errors of Xo. In actual implementation, Xe is decomposed once more as will be 

explained later. For the compression of Xo pixels using Xe, directional prediction is employed to 

avoid large prediction errors near the edges.  

 

VI. EXPERIMENTAL RESULTS 

 

Compression method may be the CALIC , which shows higher coding gain than the 

JPEG-LS (or LOCO-I) ,  at the cost of higher computational complexity. For the compression of 

color image, the JPEG2000 and JPEG-XR lossless provide better coding gain than the 

independent encoding of each channel by CALIC and also than the encoding by CALIC after 

RCT. Hence, for fair comparison, we also perform experiments with the same RCT, the results 

of which are denoted as ―JPEG2000 with RCT  and ―JPEG-XR with RCT ‖ in Table I. It can be 

seen that the recent RCT improves the coding gain though not significant. On the average, the 

proposed algorithm improves 7.10% and 18.89% over JPEG2000 and JPEG-XR  respectively 

 

Fig 1 : The digital camera images. 
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TABLE I 

AVERAGE OF COMPRESSED BIT RATES (bpp) FOR 24 KODAK IMAGES 

 

In Table I. that different color transforms are used in each of the methods stated above. 

Hence, for fair comparison, we also perform experiments with the same RCT, the results of 

which are denoted as ―JPEG2000 with RCT  and ―JPEG-XR with RCT ‖ 

 

Table II 

COMPRESSED BIT RATES OF CLASSIC IMAGES 

Image Size CALIC JPEG2000 JPEG-XR 

Lena 512*512 13.1787 13.5848 14.0942 

Peppers 512*512 13.8661 14.8000 15.3245 

Mandrill 512*512 18.1511 18.0939 18.2553 

 In table II different classic images are compressed using various algorithms. 

Table III 

COMPRESSED BIT RATES FOR THE DIGITAL CAMERA IMAGES 

In table III  different digital camera  images are compressed using various algorithms. 

COMPRESSION BPP 

JPEG2000 9.5353 

JPEG2000 WITH RCT 9.4586 

JPEG-XR 10.9214 

JPEG-XR WITH RCT 10.8587  

Image Size JPEG2000 JPEG-XR 

Ceiling 4288*2848 7.5571 8.8331 

Locks 4288*2848 7.4574 8.8296 

Berry 4288*2848 7.2468 8.6646 
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