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Fig 3.7 - Comparison between trellis and code-book with no constrains.
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Fig 3.9 - Trellis performance vs vector length.
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- Fig 3.10 - The ratio of vector lengths which can be coded on the trellis
and code book under the constraint of same amount of memory.
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Fig 3.11 - Comparison of code-book and trellis performances under the constraint
' of same amount of computations.
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Fig 3.12 - Comparison of code-book and trellis performances under the constraint
| of same memory requirements.
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Table 6.1 - Basic Scheme Performance,
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SNR [dB] R [b;rsfpel] PlaeTa | e | e | o
33.16 0.75 88 256x256 6.6 1
34.76 0.96 8x8 256x256 6.7 2
32.92 0.88 16%16 256x256 | 6.8 3
37.78 0.49 16x16 - 512%512 6.9 4

JTRUITRY NRAPN N?22730 N300 MReIn - 6.2 N710

Table 6.2 - The Performance of the scheme with clustering and adaptation.
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SNR [dB] R [bitsipel]l | P71 77112 171 MR | T
33.64 0.75 8x8 256256 6.10 1
35.2 0.92 8x8 256x256 6.11 2
33,28 0.88 16x16 256256 6.12 3
3744 041 16x16 512x5 12 6.13 4

JTE701 20N 1R - 6.3 11730
Table 6.3 - Final Scheme Performance.
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0.117 0.185 - 0.92 611 | 1
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0.091 0.062 0.41 613 | 4

JOTT9IR TR S0TEIR 0 - 6.4 1219
Table 6.4 - Typical Side-Information values.
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Fig 6.15 - Performance comparison for various values of R, ( 8x8 block size).
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Fig 6.16 - Performance comparison for various values of R, ( 16x16 block size).
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mngg mpn SNR [dB] R bitsipel 70
35.2 0,92 1
nuxmM a3t 33.6 0.76 2
32.6 0.61 3
30,9 0.67 4
[31]
32.5 1. 5
324 0.74 6
[33]
32.8 1. 7
215 0.5 8
[32] _ _
30.9 1. 9

.(256%256 Mm3 21710 NMINR TIT*p MB30 0D 001X RN - 6.5 218
Table 6.4 - Performance compcrison with other coding schemes (low resolution image 256x256 ).

a0 1Pn SNR [dB ] R bits Ipel T
MRMiT N30N 37.44 041 1
{341 - 32,19 0.557 2
{351 313 0.65 3

NMa ) MR T1IT'p MN30 U TI8'2 IRNWA - 6.6 117310
Table 6.4 - Performance Comparison with other coding schemes (high resolution image).
SNR =30.4dB R =0.78 bit/pel :[256%256] M1/ NID MR - 6.2 X
Fig. 6.2 - Results for [256x256] resolution image : R =0.78 bitipel SNR =30.4dB



SNR =30.4dB R =0.78bitlpel :[256x256] "X17117 NI MIRRIN - 6.2 ¥
Fig. 6.2 - Results for [256x256] resolution image : R =0.78 bit/pel SNR =30.4 dB

SNR =32.44dB R =1.01bit/pel :[256x256] M1 NIAD MIREIN - 6.3 T8
Fig. 6.3 - Results for [256x256] resolution image : R =1,01 bit/pel SNR =32.4dB
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SNR =31.7dB ,R =0.91bit/pel : [256X256] mR121171 M2aY MXXIN - 6.4 1%
Fig. 6.4 - Results for [256x256] resolution image : R =0.91 bit/pel SNR =31.7dB

SNR =35.6dB ,R =0.55bit/pel :[512x512] 12117 12D MIRNIMA - 6.5 "8 -
Fig. 6.5 - Results for [512x512] resolution image : R =0.55 bit/pel SNR =35.6dB
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SNR =33.16dB ,R =0.75bit/pel :[256X256] iPX12117 MAD MRS - 6.6 "%
Fig. 6.6 - Results for [256x256] resolution image : R =0.75 bit/pel SNR =30.16 4B

I ] & W

=533 B #;:i g ; e
. 3‘:-". " - .. " o all F
%‘ﬁ. .u%'-}é e 'ﬁﬁk!;’; Sy .

SNR =34.76dB R =0.96 bit/pel : [256x256] MX1?71T1 MAV MRXIMN - 6,7 1'%
Fig. 6.7 - Results for [256x256] resolution image : R =0.96 bit/pel SNR =34.76dB



i
M

(ILE —

SNR =3292dB R =0.88bit/pel : [256x256] 1"X12111 M2V MRXI - 6.8 18
Fig. 6.8 - Results for {256x256] resolution image : R =(.88 bitipel SNR =3292dB

SNR =37.78dB R =0.49bitlpel : [512x512] iTX177T7 N2V MKX - 6.9 M
Fig. 6.9 - Results for [512x512) resolution image : R =0.49 bit/pel SNR =37.78dB



SNR =33,64dB ,R =0.75 bit/pel RN - 6.10 17N
Fig. 6.10 - Results for [256x256] resolution image : R =0.75 bit/pel SNR =30.644B

SNR =352dB R =0.92bitipel : [256X256] MX17117 MAV MRS - 6.11 'Y
Fig. 6.11 - Results for [256x256] resolution image : R =0.92 bit/pel SNR =35.2dB
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SNR =33.28dB ,R =0.88 bitipel : [256x256] PX171T1 M2D MRYIA - 6.12 118
Fig. 6.12 - Results for [256x256] resolution image : R =0.88 bit/pel .SNR =33.2848B
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SNR =37.41dB R =041bit/pel :[512x512) 12117 T2AY MR - 6.13 18
Fig. 6.13 - Results for [512x512] resolution image : R =0.41 bitipel SNR =37.414dB
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ABSTRACT

In this research we present a coding scheme which encodes the Discrete Cosine Transform
(DCT) coefficients of images using a vector quantizer based on a trellis diagram. A coding
scheme composed of an optimal transform (KLT) and a trellis based vector quantizer is asymptot-
ically optimal, i.e its performance converges to the rate distortion function for a Gausse-Markov
signal. This source model is considered to be a good model for images. The reason for using a
trellis diagram rather then a code book for vector quantization, stems from the linear dependence
of.its complexity on the coded vector length. This relative simplicity however, doesn’t neces-
sarily degrades its performance. As we show in this work, the performance of the trellis under
computations’ amount constraint is superior, in the range of the parameters that were checked, to
those of the code book under the same constraint.

In the proposed scheme, the source image is divided into blocks, and each block undergoes
a two dimensional discrete cosine transform (DCT). The transformed coefficients are less redun-
dant and are almost uncorrelated, and hence an efficient compression is enabled. The
transformed blocks are classified by a clustering algorithm into several classes. The clustering
algorithm is based on the LBG algorithm which is usually used to construct code-books from a
training sequence. At the end of the clustering process, each of the classes obtained include
blocks having similar spectral content. A representative spectrum is estimated for each class and
used to construct a trellis diagram for each class. The same estimated spectrum is sent as side
Jinformation to the receiver, and is being used there to construct the same trellis diagram for the
decoding process. The same spectrum is also used to to allocate rates among the classes. This rate
allocation is essential for efficient exploitation of the allowed overall rate by allocating higher
rates to classes'with high AC energy, ' '

The blocks in each class are encoded by the trellis diagram that corresponds to that class,
To further improve the scheme’s performance, particularly to reduce the blocking-effect problem,
which characterizes transform coding schemes which operate at low bit rates, a scalar quantizer is
used to encode the high magnitude coefficients of the error image in the transform domain, The

values and locations of those coefficients are encoded by Huffiman codes and sent as side infor-
mation to the receiver.

In the decoding process, each block is decoded by the corresponding trellis diagram, and a
correction of the coefficients that were quantized by the scalar quantizer is being done. The block
is_inverse transformed to obtain the reconstructed block. The same procedure is repeated for
every block in the image. ‘

The Gausse-Markov model assumption is not a very good one, because of the non-
stationary nature of images. The deviation of the images from the assumed model is compen-
sated in the proposed scheme by the clustering process and the scalar quantizer used. The



performance obtained with the proposed scheme is characterized by two measures as follows:

a)| The signal to noise ratio (SNR) computed from the error between the original image and the
reconstructed one,

b). The subjective quality of the reconstructed image.

The results obtained -were very good and even excellent. For the the woman image (
"LENA" ) compression to rates below 1 bit /pel with high SNR values and very good image qual-

ity is achieved (more then 324B at 0.6 bit/pel , and 3548 at 0.9 bit fpel ). For a high resolution

image ( image size of [512x512] ) rates below .5 bits Ipel were obtained with excellent perfor-
mance ( 3748 ). To our knowledge such good results were not reported earlier in the literature
with any coding scheme on the same test image,

The complexity of the proposed coding scheme is indeed very high. However, most of the
_eomplexity is in the encoder part of the scheme. This fact enables employment of the proposed
scheme in image storage and retrieval systems, where the decoder’s simplicity is a essential pro-
perty. With the continued development of VLSI technology, this scheme could in the future be
implemented also in real-time systems.





