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Abstract
This paper sets a new direction for vector quantiza-
tion (V@) employed for image compression. The tech-
nology of GF(2P) CA has been employed for the VQ
encoder in order to reduce the encoding time by more
than one order of magnitude.

1 Introduction

Transmission of images over communication links
faces a major problem in handling the large number
of bits transmitted to represent the images faithfully.
Hence the emphasis achieve better compression ratio
at higher speed with acceptable quality. Also with
the increasing demand for video telephony and other
such information appliances, the availability of more
efficient compression technology targeted specifically
for a particular class of images is needed for the In-
formation age . The technique of Vector Quantization
gives very good image fidelity with a very fast decom-
pression time. However, it suffers from a very high
processing overhead at the encoding stage.

In the above background, this paper sets a new di-
rection for use of Cellular Automata (CA) technology
for Image Compression. We have fully character-
ized a new computation model in terms of GF(27)
Cellular Automata in [1]. Based on this theory,
we have developed a scheme for realizing the Vec-
tor Quantization encoder where the search time has
been significantly reduced. The software version of the
scheme achieves a speed up by more than one order
of magnitude over the existing schemes. Significant
speed with real time performance can be achieved by
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implementing the hardware version of the scheme on
a VLSI chip.

In the above context, we briefly outline the CA pre-
liminaries in Section 2. The GF(27) CA based scheme
for encoding a 8x8 image block is next presented in
Section 3 along with the experimental results. The

VLSI architecture of the encoder is noted in Section
4.

2 CA Preliminaries

A Cellular Automata (CA) consists of a number of
cells arranged in a regular manner, where the state
transitions of each cell depends on the states of its
neighbors. For an n-cell one dimensional CA, it has
been shown in [2] that the linear operator is an n x n
matrix referred to as the T matrix, where the next
state of CA is given by T" x Current State. The com-
plete characterization of CA behavior based on the T
matrix has been reported in [2]. A brief introduc-
tion to a special class of CA referred to as Multiple
Attractor CA (MACA) [2] is next introduced as the
research reported in this paper employs MACA for
Vector Quantization.

2.1 MACA As A Classifier of Binary Pat-
terns

The state transition behavior of a 4-cell MACA is
shown in Figure 1(a). In general, an n-bit multiple-
attractor CA with k attractors can be viewed as a
natural classifier. The generic term Classifier is used
in the the sense that it classifies the set of n-bit pat-
terns into k distinct classes, each class containing the
set of states of an attractor basin [2]. Now, as per the
theorem 4.6 ( [2], Chapter 4) in the binary patterns of
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Figure 1: (a) A 2-depth MACA and (b) The corre-
sponding 1-depth MACA

k attractors there exists logak bit positions that gen-
erate pseudo-exhaustive patterns. This field (referred
to as PEF (Pseudo Exhaustive Field))will iden-
tify the class of patterns falling in a basin uniquely. A
special type of multiple attractor 1-depth CA referred
to as D1-MACA is employed to develop the classifier
for image data.

An MACA having the depth of 1 is referred to as
D1-MACA.

The theory and design procedure of building a
MACA is described in [2]. This theory has been ex-
tended in [1] to develop a GF(2P) MACA.

3 Application of GF(2?) CA for Vector
Quantization

A vector quantizer [3] maps the n-dimensional vec-
tors in the vector space R™ - range of R is from 0 to
255 - to a finite set of vectors, called the codebook.
Each vector of this codebook is called a code vector.
Associated with each code vector is a nearest neighbor
region called the Voronot region. The set of Voronoi
regions partition the entire vector space R" into non-
overlapping regions. The code vector chosen to rep-
resent any arbitrary input vector is the representative
vector of the Voronoi region it belongs it. This rep-
resentative vector is called a codeword. The set of
codewords represents the codebook.

A vector quantization basically consists of two op-
erations. The encoder - to encode each block, and a
decoder - to get back the block from the code. The
encoder, as shown in Figure 2, takes in the input vec-
tor and outputs the index of the code vector in the
codebook that gives minimum distortion.

Once this index of code vector is found, it is sent to
the receiver end of the communication channel. The
decoder on receiving this index, replaces it with the
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Figure 2: Encoder and Decoder

associated codeword found from the codebook kept on
the receiver side.

In building the codebook, a training set of 12 pic-
tures are used for the present work . All the pictures
are the upper half of the human body.

We have used the standard LBG algorithm [3] to
design the codebook. The size of our codebook is 8192
which is constructed using 14900 training vectors col-
lected from the 12 images. Each vector is an image
block of 8z8 pixels (each pixel of 8 bits), that can
be represented as a string of symbols (in GF(28)) of
length 64.

3.1 Designing the Codebook

We now discuss the design and working of the
GF(2?) CA based classifiers which effectively
act as a codebook for our scheme. In order to ex-
pose the underlying principle we illustrate the design
with a simple example. We assume that each of the
pixel value is coded with 2 bits, that is the pixel values
range from 0 to 3. We also assume that there are four
classes in which all the training image blocks of size
2 x 2 can be clustered. Each block is represented by
a GF(22) symbol string of length 4. A few example
classes are illustrated below:

Class P1 {3210,1212,2122,2111} - 1212
Class P2 {2310,1221,1222,1211} - 1221
Class P3 {3201,1122,1212,2131} - 1122
Class P4 { 3211,2120,2121,2113} - 2120

Let us assume that the second element in each class
represents the codeword of that class. Therefore our
codeword array is the set {1212,1221,1122,2120} - this
is the Codebook for the present case. This is stored in
a linear array that can be addressed by two bits as
shown in the following table.

00 | 1212
01 | 1221
10 | 1122
11 | 2120




This table is stored at the decoder. The index to the
table is sent from the source after encoding the im-
age block with the index value. The standard Vector
Quantization techniques store this codebook at the
source and identify the index by searching the code-
book. By contrast in our scheme we store the
set of CA configurations that are used to build
the multi class Classifier (Section 2.4) for the 4
classes (P1 to P4) out of which the codebook has been
built. The subsequent discussions illustrate this design
methodology with reference to the above example.

Since we have used 2 x 2 blocks with 4 pixel val-
ues, we need a 4 cell GF(22) CA which will be used in
two stages to build the classifier. As discussed earlier,
we first obtain the CA T1 which classifies the tempo-
rary classes X1 given by {{P1},{P2}} and X2 given by
{{P3},{P4}}. Next we find the CA T2 which classifies
{P1} and {P2} and also CA T3 which classifies {P3}
and {P4}. Figure 3 illustrates the scheme. These CA
configurations {T1,T2,T3} are stored in a memory re-
ferred to as CA configuration (CAC) memory. We
also store 0 or 1 in the PEF (Pseudo Exhaustive
Field ) Memory to be accessed with the pseudo ex-
haustive field of the attractor of the CA chosen as the
two class classifier at a particular level — 0 for the
class corresponding to the left edge and 1 for the class
corresponding to the right edge as shown (Figure 3).
Thus the conventional codebook for our case gets re-
placed with the CA configurations stored in the CAC
memory.
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Figure 3: The logical structure of Classifier
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GF(2%) CA Based Classifiers

Our training set consists of 14900 vectors, each be-
ing a 8 x 8 pixel block. By employing LBG algorithm
(noted above), the 14900 blocks are grouped in 8192
classes.

3.2 Searching the codebook

For a given input codeword(c), we need to identify
the codebook entry (that is, the codeword) closest to

(c).

Suppose we have to identify the class of an input
pattern p; = 3201. The Classifier is configured with
the CA configuration T1 and allowed to run for one
clock pulse with p; as the initial state. The PEF mem-
ory location addressed by the PE field of the attractor
of the CA (represented by T'1) will have a (1) and thus
indicates that p; belongs to class X2. We then recon-
figure the CA with configuration T3 and with p; as
the initial state, run it for one cycle. The (0) value
of the PEF memory location for the attractor of T3
indicates that p; = 3201 belongs class P3 addressed
by the bits 10 . Thus we need to send the codebook
index (10) to the decoder that identifies the input as
1122 from the table that represents the conventional
codebook.

The algorithmic steps for the general search scheme
to generate the codebook index are as follows:

Experimental Results

The algorithms are coded in C and run on a DEC
workstation. The algorithm is tested with many dif-
ferent pictures outside the training set. The results of
the experiments are shown below. Table 1 gives the
PSNR values of the training set images when com-
pressed and decompressed using this scheme. Table 2
gives the results of employing the scheme on images
outside the training set.

1
Table 1 Table 2
1. | Lena 33.53
- 1. | sample 1 | 25.53
2. | Julie 34.56 5 T samole 2 | 2556
3. | Girl1256 | 32.69 P
- 3. | sample 3 | 26.69
4. | Girl3 37.98
4. | sample 4 | 27.98
5. | ash 35.98 5. | sample 5 | 25.98
6. | Michelle | 37.89 P

Encoding Speed - We note below a comparison of
the time required to run the software version of the
proposed algorithm with that of a corresponding Full
Search algorithm.

Per Block CA Search | Full Search
Memory Accesses 5x64x13 | 64+ 64 x 8192
Number of comparisons | 1 x 13 8192 x 64

These tables establish the claim that the software
version of the scheme achieves a speedup of more
than one order of magnitude over the existing encod-
ing schemes. The hardwired version achieves a sig-
nificantly higher speedup achieving real time perfor-
mance. This claim has been substantiated in the VLSI
design of the encoder proposed next.



4 The VLSI Architecture Of the En-
coder

The hardwired version of the proposed CA based
scheme can be economically realized. The simple, reg-
ular, modular and cascadable structure of CA makes
it amenable for VLSI designs. The basic nodules of
the encoder block, noted in Figure 4 are described
below.

1. Input Register: It holds the 8 x 8 image block to
be encoded.

2. Programmable CA (PCA) [2]: A CA with
switches (Figure 4(a)) that can be programmed
to realize different CA configurations at different
time steps. It consists of 4 modules listed below :

(a) 64 cell 3 neighborhood GF(2%) CA DFFs —
64 x 8 = 512 DFFs

(b) 512 x 8 switch array — each DFF can have
programmable 8 neighborhood;

(c) 512 x 8 bit CA Configuration Register
(CACR) — to control the 512 x 8 switches.

(d) 512 x 7 2-input XOR gates — The input to
a DFF comes out of a 8 input XOR gate

3. Pseudo Exhaustive Field (PEF) Extractor —- the
PE field location can be precomputed (as noted
in Chapter 4 of [2]) and stored in the CAC mem-
ory(noted below).

4. 512x1 PEF Memory — It stores a 0/1 to identify
the next lower level class the input 8 x 8 image
block belongs to.

5. A 13 bit address generation circuit — This accu-
mulates the 13 address bits that encode the input
8 x 8 image block.

6. CA Configuration (CAC) Memory — It is a
8192 x 512 x 8 bit DRAM memory organized as
32 banks of 8192 x 128.

7. The controller — This block controls the sequen-
tial operations on the data path.

Execution Time
The steps 2 to 5 are executed 13 times to encode a 8 x 8
image block with 13 bits. Each of the steps (b) to (e)
can be completed in one clock cycle. The slowest oper-
ation will be the access time to the DRAM bank. Pro-
viding allowance for low cost DRAM with cycle speed
of 400nsec and other associated delay of the control
circuit, the encoder of Figure 4 can be operated with
a 20MHz clock with cycle time of 500 nsec. So for the
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Figure 4: The VLSI architecture of GF(2?) CA Based
VQ Encoder

execution of steps (b) to (e) it needs 4 x 500 = 2 mi-
croseconds. This has to be repeated 13 times to encode
a 8 x 8 block. That is, the net time to encode a block
is 26 microseconds. Hence time to encode a 352 x 240
image is 26 x ((352 x 240)/(8 x 8)) = 26 x 1320 = 34.32
millisecond. Thus the proposed GF(2P) CA based en-
coder achieves real time performance in the sense that
it can handle close to 30 images per second.

5 Conclusion

This paper has reported a new algorithm for signif-
icantly reducing the encoding time of Vector Quanti-
zation based image compression schemes.
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