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Abstract: Lossless coding guaranties that the decompressed image is absolutely identical to the image before
compression. This is an important requirement for some application domains, e.g. medial imaging, where not
only high quality 1s in demand, but unaltered archiving i1s a legal requirement. In this study an entropy
constrained vector quantization is proposed for lossless compression of image. The method consists of first
quantizing the input image using conditional entropy constrained vector quantizer and then coding the residual
images using entropy coder. Experimental results show that the new method outperforms standard entropy
constrained vector quantization to achieve lossless compression while also requining lower encoding

complexity and memory requirements.
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INTRODUCTION

Most data that is inherently discrete needs to be
compressed m such a way that it can be recovered
exactly, without any loss. The design of a data
compression system consists of two distinct stages: the
modeling and the coding. In the modeling part the
structure 1s selected which determine way the events are
to be conditioned and then relative frequencies of the
conditioned events are gathered. The coding is easily
implemented on all sources, stationary or no t and the
complexity of the model has no effect on the coding unit
(Langdon and Rissanen, 1982). Lossless compression
requires that the reproduced reconstituted bit stream be
an exact replica of the original bit stream. Examples include
text, experimental results, statistical database and images.
The wuseful algorithms recogmze redundancy and
mefficiencies in the encoding and are most effective when
designed for the statistical properties of the bit stream.

Lossless compression schemes can be crudely
classified as follows:

¢ Predictive schemes with statistical modeling, in which
differences between pixels and their surround are
computed and their context modeled prior to coding,

¢+ Transform based coding, in which images are
transformed into the frequency or wavelet domain
prior to modeling and coding.

» Dictionary based schemes, in which strings of
symbols are replaced with shorter (more probable)
codes.

¢ Adhoc schemes (such as run length encoding).

Lossless coding techniques:

*  Run length encoding

¢ Huffman encoding

»  Entropy coding (Lempel/Z1v)
s Area coding

Run length coding 1s easily implemented, either in
software or in hardware. Tt is fast and very well verifiable,
but its compression ability is very limited.

The basic idea in Huffman encoding is to assign
short codewords to those input blocks with high
probabilities and long codewords to those with low
probabilities. The compression ratio achieved by Huffman
encoding uncorrelated data becomes something like 1:2.
On slightly correlated data, as on images, the compression
rate may become much higher, the absolute maximum
being defined by the size of a single input token and the
size of the shortest possible output token (max.
compression = token size [bits]/2[bits]). While standard
palletized images with a limit of 256 colors may be
compressed by 1:4.
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There is a wide range of so called modified
Lempel/Ziv coding. These algorithms all have a common
way of working. The coder and the decoder both build up
an equivalent dictionary of Meta symbols, each of which
represents a whole sequence of input tokens. If a
sequence 1s repeated after a symbol was found for it, then
only the symbol becomes part of the coded data and the
sequence of tokens referenced by the symbol becomes
part of the decoded data later. As the dictionary is bwld
up based on the data, it is not necessary to put it into the
coded data, as it is with the tables in a Huffman coder.
This method becomes very efficient even on virtually
random data.

Huffman vs. entropy coding: A Huffman encoder takes a
block of input characters with fixed length and produces
a block of output bits of variable length. It 13 a fixed-to-
variable length code. Lempel-Ziv, on the other hand, 15 a
variable-to-fixed length code. The design of the Huffman
code 1s optimal (for a fixed block length) assuming that the
source statistics are known a priori. The Lempel-Ziv code
is not designed for any particular source but for a large
class of sources. Surprisingly, for any fixed stationary
source, the Lempel-Ziv algorithm performs just as well asg
if it was designed for that source. Mainly for this reason,
the Lempel-Ziv code is the most widely used technique
for lossless file compression.

Area coding 18 an enhanced form of run length
coding, reflecting the two dimensional character of
mmages. This 15 a significant advance over the other
lossless methods.

Vector quantization with lossless: Vector quantization is
a lossy process so, why this lossy compression technique
used to achieve lossless? Tt's a fact that quantization
often produce a structure where high order statistical
dependencies can be exploited. Moreover the output of
quantizer can be made smaller than that of the original
signal; the complexity of high order statistical modeling is
reduced. This 13 especially the case when structurally
constrained quantizers are employed (Yu et al., 1994).
Entropy coding 1s now bemg used frequently in
conjunction with vector quantization for image coding. Its
use 15 motivated by the fact that the probability
distribution of VQ coded images 1s generally skewed or
non-uniform. While the average bit rate can most often be
reduced by entropy coding the VQ
improvement in the rate distortion performance is usually
attainable by embedding the entropy coding in the design
process such that both the VQ codebook and entropy
coder are optimized jointly (Kossentini and Wilson, 1996).

codewords,

MOTIVATION

The advantage of residual VQ over other VO methods
(Faoua and Mark, 1995), 1s achieved mainly by exploiting
the statistical dependencies among the VQ stages. The
hybrid techmque of quantization and entropy coding of
the residual signal has been shown to give up good
compression performance.

RVQ, at subsequent stages, input residuals are
quantized and output residuals are computed, leading to
successive rtefinement in the accuracy of the overall
representation. Each stage VQ mdex or symbol 1s then
mapped mte a variable-length codeword based on
probabilities that are conditioned on previous stage
output.

This method outperforms standard-constrained
residual vector quantization while also requiring lower
encoding complexity and memory requirements.

Entropy constrained residual vector quantization (EC-
RVQ) has been shown to be a competitive compression
technique. Tts design procedure is an iterative process
which typically consists of three steps: encoder update,
decoder update and entropy coder update.

An adaptive arithmetic coder was used to encode the
output of stage RVQ’s and the residual images, the
comparison ratios were slightly larger. Even better
compression performance may be attained by using larger
vector sizes and exploiting any statistical dependencies
between the multistage images and the residual one. The
entropy 1s used as a measure so that the comparison was
fair. Preliminary experimental results are encouraging
further study.

Like EC-VQ, EC-RVQ is memoryless vector quantizer.
This is because the EC-RVQ design algorithm minimizes
the distortion subject to a constraint on the first order or
zero order conditional entropy of the vector quantizer
output (Kossentini and Wilson, 1996).

PROPOSED FRAMEWORK

We have designed a lossless image compression
CEC-VQ architecture, based on a single stage vector
quantizer and entropy coder.

The advantage of high-order entropy coding over the
normally used first-order entropy coding has been
revealed in Shannon’s information theory. The high-order
entropy of a source can be effectively exploited by using
either the jomnt probability of (L + 1) symbols or the
conditional probability of the current symbol with the
knowledge of its L. previous symbols (Lei et al., 1993).

Tn particular, the structure of vector quantizer used in
(Kossentini et al, 1995) has been shown to be very
successful n providing more accurate estimates of the
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Table 2:  Bit rate (bpp) of LENA (Compressed image ) using 4 and 8
training set of image
Code book size

Bit rate (bpp) 256k 128k &k 32k 16k

4 images 4.925 4.995 5.084 517 5.34
T-set

8 images 4.913 4.956 5.084 517 5.34
T-set

schemes of this type (Kossentini and Wilson, 1996).
Experimental Resulted Bit rate validate it in this study.

Table 2 shows the reduced bit rate that was achieved
after the compression of 8-bit gray scale images of Lena.
In Table 2, we can clearly justify that in a training set of 8
or 4 images, the compression 1s exactly the same. It 15 only
when the size of the codebook increases then a fractional
difference 1s mtroduced.

The work proposed by Faouzi and Mark (1995) was
further built upon thus leading to an entirely new
framework. They used high order entropy; whereas we
have introduced lossless compression using entropy
constrained VQ. This method is more efficient and has a
lower complexity as compared to the work done by the
afore-mentioned authors.

CONCLUSIONS

The goal of the present study was to obtain perfect
reconstruction of an image. Here, the decompressed image
should be a replica of the origmnal. We have obtained
100% lossless umage compression. Our system was tested
on different images using codebooks of different sizes
such as 256, 128, 64, 32 etc.

The codebook generation was a time consuming
process. There 1s room for improvement mn the sense that
it could be made more efficient. This framework has
experimented on &-bit gray level images. Enhancements
can be made for 16-bit and colored images.

In this study, we only consider 4 x 4 vectors;
relatively large vector size provides an information
theoretic benefit while
complexity and memory and the block sizes can be

still requiring manageable
increased.
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