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Abstract

There exists a transform trellis code that is optimal
for stationary Gaussian sources and the squared-error
distortion measure at all rates. In this paper, we
train an asymptotically optimal version of such a code
to obtain one which is matched better to the statistics
of real world data. The training algorithm uses the
M-algorithm to search the trellis codebook and the
LBG-algorithm to update the trellis codebook. To adapt
the codebook for the varying input data, we use two
gain-adaptive methods, The gain-adaptive scheme 1,
which normalizes input block data by its gain factor,
is applied to images at rate 0.5 bits/pixel. When each
block is encoded at the same rate, the nonstationarity
among the block variances leads to a variation in the
resulting distortion from one block to another. To
alleviate the non-uniformity among the encoded image,
we design four clusters from the block power,in which
each cluster has its own trellis codebook and different
rates, The rate of each cluster is assigned through
requiring a constant distortion per-letter. This gain-
adaptive scheme 2 produces good visual and measurable
quality at low rates,

1. Introduction

Mazor and Pearlman! proved the existence of a
transform trellis code whose mean squared-error
performance approaches that of the rate-distortion
bound exponentially fast with increasing constraint
length, The corresponding coding theorem is valid for
any discrete-time stationary Gaussian source with
bounded conf;inuous power spectrum and all coding rates.
This coding scheme involves the concept of random
coding and is optimal when the block size goes to
infinity and will produce a good code with high
probability for a sufficiently large block size. This
code has been used with impressive results for encoding
speech? and images3.

To implement this coding scheme, we have to use a
finite shift register with constraint length X and a
block size N greater than K. The reproduction symbols
on the trellis branch are drawn at random from the rate
-distortion-theoretic optimal test channel probability
distribution. Optimality of the codebook is guaranteed

for infinite K, but for finite K, there is a high
probability that the codewords selected in this way
will not be representative of the distribution from
which they are drawn, Moreover, for real-world sources
which are inherently nonstationary, a random codebook
selected through a stationary model may not be well
matched. The transform trellis code used adaptations of
random codebooks to overcome these difficulties?. 3.5,
These considerations provide motivation for studying
methods for training of a transform trellis code with
the actual data., In this paper, first we shall describe
the training algorithm of the trained transform trellis
code. Then each adaptive scheme will be described and
applied to images at overall rates of 0,56 and 0.58
bits/pixel respectively. These results will be compared
with those obtained by others at comparable rates.

2.The Transform Trellis Code

2.1. Transform Trellis Code

Let Zj,j be an NXN image, i,j = 0,1,2,...,N-1, Ve
segnemt Zj, 3 into a pXp subblocks and denote the mth
subblock by Z™, 1, m=1,2,3,...,(N/p)2 and k,1 = 0, 1,
2, ....p-1. Let fmk,l,be a zero-mean subblock which is
generated by subtracting its block mean pm from Zmy, .
This block mean will be reinserted after the inverse
two dimensional Karhunen Loeve Transform(2D-KLT). For
these zero-mean subblocks, the 2D-KLT will be applied
to produce the uncorrelated transformed coefficients
U, 1 with variance Amk,1., If we assume the
distribution of each subblock is Gaussian, then the
rate-distortion function for a Gaussian subblock with
mean squared-error distortion wmeasure is given
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where R..,(me) is the optimal rate of m th block mean

squared-error,

In our simulations, we used the two dimensional
Discrete cosine Transform(2D-DCT) instead of 2D-KLT
because of its fast algorithm and closeness in
performance, The unitary 2D-DCT of imk,; is as follows
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2.2. The Structure of the Transform Trellis Code

The trellis structure is completely determined by the
number of levels L, the branching factor q, and the
shift register constraint length K, for a given desired
rate R and the dimension of the transformed sequence N,
The number of nodes equals to gK-!, the number of
states of the first K-1 stages of the register. The
nusber of branches emanating from each node, or
branching factor, is q, the number of different
possibilities when the next transmission symbol enters
the register. Fig.1 shows a trellis with branching
factor q=2 and shift register length K=3. At level 1 of
the trellis, each branch is populated with a vector vmy
of ni reproduction letters. These vectors and their
lengths are obtained from Eq.(1) and (2). The detailed
rate assignment procedure js in Ref [5,8]. The optimal
distribution function of vmi ist
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Fig. 1: Structure of a trellis code

2.3. Training algorithm

The initial codebook is constructed from the average
spectrum of a training sequence and the reproduction
letters are generated randomly from the optimal
distribution function in Eq.(6) where the average
training sequence spectrum approximates the eigenvalue
spectrum, To train the trellis code, we use a search
algorithm called the M-algorithm® to find partitions of
codeword and the LBG-algorithm’ to calculate the
centroid of partitions. The trellis training algorithm
consists of three parts: For a given training sequence
and an initial codebook which is constructed from the
average spectrum of the training sequence, first, find
the minimum distortion path with M-algorithm. And
update the total distortion. Second, if the decrease of
the distortion ratio is small enough then quit.
Otherwise go to next step, Third, from the path-maps of
the training sequence, update each branch reproduction
letters by replacing the centroid of the training
sequence subvectors which have been encoded to that
reproduction letters. Go to step 1.

The following is the flow chart of the training
algorithm for a transform trellis code. To describe the

training algorithm, we use the following parameters:

Given
€2> 0, N and Ry.
Set i = 0.

INITIALIZATION:

Construct C*) from the average
spectrum of a training sequence (u)
for a given rate (Ry).

Set D=1 = oo,
UPDATE C:
by replacing each rep. subvector I* v—0
bro= T Siets ¥ sim DO
t=1+41

ENCODE: For each u j,find

the best codeword v;, and update
its distortion d(j) and store

the path-map of vj,
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Fig.2: Flow chart of the training algorithm,

m  Index of the trellis level

Index of the trellis branch
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7 Index of block
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Squared error distortion per block after ith iteration

CY)  Trellis codebook of after ith iteration
b%  Reproduction vector on mth level and kth branch
u; A training vector of jth block

#;m A subvector of u; at mth level
v;  The reproduced vector ol u;

vim A subvector of v; at mth level

I¥  The set of indices of which have been assigned b¥,

IiIX|| The cardinality of I%,

3. Simulations

We used seventeen images as a training sequence, Two
512X512 images (LENA, PEPPERS), which are not included
in a training sequence, and one 480X512 (GIRL) from
inside training sequence are used as a test sequence.
As a performance measure, we used the peak-to-peak
SNR(PSNR) which is defined by
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vhere P is 255 for an 8-bit gray level(0,1,...,255)
image, The mth original and reproduced subblock is
denoted by Zmx,1 and Ymy 1, respectively. For all our
simulations, we designed trellis codebook at the value
of K=3 and q=8 searched at the value of M=16 and the
block size p=186.

3.1. Gain-Adaptive Scheme 1

To cope with the widely varying dynamic range of input
data, we normalized transformed coefficients by their
block’s gain factor. For this gain-adaptive trained
transform trellis code, we designed the trellis
codebook at rate 0.5 bits/pixel. Fig. 3 describes the
block diagram of the gain-adaptive scheme 1, The
transformed coefficients, Umg, 1, are linearly arranged
as in the linear order of the normalized average
spectrum of the training sequence which has been used
to construct the initial trellis codebook. The block
gain factor, Gm, is defined as
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For the overall rate is 0.56 bits/pixel (0.5
bits/pixel for the codebook rates and 16 bits for block
mean and gain factor), the achieved PSNR of GIRL from
the inside training sequence, is 37.1 dB, and the
achieved PSNR’s of LENA and PEPPERS from the outside
training sequence, are 33.4 dB and 34,1 dB,
respectively. At low rates, when encoded with one
codebook at the same rate, some blocks with low
variances would benefit from this fixed rate assignment
for each block and others with relatively high
variances would not. This nonstationarity among the
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Figure 3: Block diagram of the GAIN-ADAPTIVE scheme 1

blocks leads to a varjation in the resulting distortion
from one block to another.

3.2. Gain-Adaptive Scheme 2

In gain-adaptive scheme 2, we classified the zero-mean
subblocks based wupon its block power, which is
considered to represent the activity level of each
block. The decision threshold of each cluster is
determined such that each cluster has the same power.

In our simulations, we designed four clusters and the
codebook of each cluster is designed for the normalized
average spectrum of each cluster as in gain-adaptive
scheme 1, Table 1. shows the assigned rate of each
cluster and its decision threshold. The difference
between the gain-adaptive schewe 1 and 2 is that the
latter method uses different rate and structure of the
trellis for subblocks of different classes.

Each input subblock is classified through its block
power, so the receiver, which has the same classifier
as in encoder, can select the cluster from the received
gain factor. The designed average rate for this
gain-adaptive scheme 2 is 0.45 bits/pixel for the
training sequence, Because the side information (8 bits
for block mean and 8§ bits for gain factor) is 16/256
bits/pixel, the overall rate for the training sequence
is 0.51 bits/pixel. The resulting PSNR of GIRL (inside
training sequence) was 38.2 dB. ¥When these cluster
codebooks are applied to LENA and PEPPERS (outside
training sequence), the PSNR's achieved were 33,8 dB
and 34,3 dB, respectively, at the same overall rate of
0.58 bits/pixel. This rate discrepancy is due to the
different block variance distributions of the inside
and outside the training sequence. Although the
improvesents in dB over the previous adaptation method
vere minimal, the improvement in visual quality was
indeed noticeable. The transform trellis code3, which
performed two passes on the input image, achieved 37.4
dB (PSNR) for the lower right quadrant of LENA at rate
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0.56 bits/pixel, We compared these results with the
performance of other coding schemes which perform one
pass on the LENA(512X512) image, The PSNR of this
gain-adaptive scheme 2 is 0.3 dB to 2.7 dB better than
that of the sliding block entropy coding!®, pruned
tree-structured vector quantization!!, and finite state
vector quantization!? at comparable rates,

Cluster (c) | Decision Prob(c) | Rate
Threshold (dB) % | {bits/pixel)
1 53.00 82.75]0.3 1
2 56.5 9.95| 1.1
3 58.8 4.69 | 1.125
4 0o 2.61 | 1.25

Table 1: Specification of each cluster

4, Summary and Conclusions

The trained transform trellis code was proposed and
applied to encode images with gain adaptations. As a
transform, a 16 x 16 two dimensional discrete cosine
transform is used. To avoid the large distortion which
occurs from the limited codeword choices and large
variances of low coefficients during initial build-up
of the trellis, we linearly order the two dimensional
average variances of the training sequence in ascending
order of magnitude, Then this linearly ordered average
variance spectrum is normalized by dividing its power,
The initial codebook is constructed from the normalized
average spectrum at the value of K=3 and q=8 and
searched for M, the minimum number of paths retained at
each level, equals to 16. Gain-adaptive scheme 1 used
one codebook with same rate for each subblock for
norpalized input data, When encoded at the same rate
for each block, the nonstationarity of the image leads
to a blocking effect. To alleviate this blocking
effect, in gain-adaptive scheme 2, we constructed four
clusters based on the block power. Each subblock is
classified by the block power and each cluster has its
own trellis codebook and scanning order. The receiver
knows the cluster by decoding the received index of the
gain factor. So, we need no side
indicate the index of clusters. This gain-adaptive
scheme 2 achieved good visual quality and the PSNR for
the LENA(512X512) is 0.3 dB to 2.7 dB better than that
of others at comparable rates.
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