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Abstract

Colour quantization is an established method for
reproduction of high visual quality colour imagery 
systems with limited frame buffer resources. The 
increasing demand for fast and image/graphic inten
applications for cheap desktop platforms has called
greater savings in display and storage resources and s
easy to implement architectures. Because human v
information system processes visual information 
specific frequency ranges, it is possible to compress c
quantized image further by exploiting spatial vis
redundancies. This paper presents a technique w
reduces the frame buffer requirements of colour quan
images and at the same time maintains the visual qua
the images. The method has a simple hardware archit
and can be easily implemented using existing techno
Computer simulation results are presented to illustrat
effectiveness of the method.

1. Introduction

Most computer colour displays are based on a f
buffer architecture, in which the images is stored in a v
memory, from which controllers constantly refresh 
display screen [1]. Usually, digital images of natural sc
are captured as true colour images, where the colour of ea
pixel is represented by tristimuli of an appropriate co
space (e.g. RGB colour space) and each primary colou
ordinate is quantized to 8-bit resolution. Because the a
number of colours present in most natural images is m
smaller than the numbers of colours that can be repres
by true colour resolution, most of today’s colour C
displays use an 8-bit frame buffer in combination with
RGB colour palette. Typically, 256 colours properly cho
for an image are sufficient to form a reproduction tha
visually almost identical to the original.

Compared with 24-bit frame buffer architecture, a
reduction in buffer size is achieved using 8-bit frame b
and a colour palette. The growing number of multim
applications has created an increased demand for 
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efficient use of frame buffers to free up more space
support graphics and video applications. Compression
palettized colour images has attracted increasing interes
7].

In traditional colour quantization, a colour palette 
designed in 3-D colour space using some sort of cluste
techniques such as vector quantization [14]. T
representative colours are chosen from the ensembl
pixel colours present in the image according to so
statistically optimal criteria. This approach can be regar
as global colour quantization. This colour selection proc
exploits statistical colour redundancies, however, spa
redundancy of the image is not exploited.

From human vision perspective, visual information
processed over specific frequency ranges, norm
measured in cycle per viewing angle (c/deg). The ove
passband of the receptive field of the normal human ey
in the range of 1 - 10 c/deg, with maximum response in
range between 3 - 6 c/deg; outside that range, the resp
fall off quickly [3]. In a typical viewing geometry o
computer screen, only a single cycle within a small im
block (e.g. 4 x 4 block) is perceivable [4]. This suggests 
from human perception’s point of view, no more than t
colours are necessary to represent a small area of the im
Based on this reasoning, we designed our co
quantization scheme to compress palettized colour imag

The organization of the paper is as follows: In sect
2, traditional colour quantization techniques are brie
described. Section 3 explains the procedure of local co
quantization of colour quantized images. Section 4 pres
computer simulation results and  concluding remarks 
given in section 5.

2. Colour Quantization

Colour quantization of colour images has be
researched extensively over the past two decades. We f
convenient to discuss colour quantization in the contex
frame buffer image display, although colour quantizat
can also be used as a means for image data compressi
cience, Systems, and Applications       205
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the context of image display, an image is first colo
quantized, and a colour table, i.e., the palette, wh
contains the representative colours of the image
constructed. Each pixel of the image is represented b
index number, which identifies the colour entry in t
colour palette for that pixel. To display the pixel, the col
of the entry is reproduced. A schematic diagram o
palettized image display system is shown in Fig. 1.

R

G

B

Monitor

Colour Palette
r0 g0 b0

rN-1

gn bnrn

gN-1 bN-1

n

Colour Quantized Image

Figure 1 A schematic diagram of palettized image display sys

Considerable research work has been done tow
finding the colour palette [2, 9, 10]. These traditional col
quantization techniques design the colour palette in 
colour space using various forms of vector quantization
data clustering techniques [14]. These methods design
palette purely based on point level information and do 
exploit spatial redundancies that exist in natural image
more aggressive approach that forms low dimensio
spatial vectors for colour palette design was rece
introduced to achieve higher compression [5]. A differ
approach to achieve further data reduction is to ap
compress/coding techniques to colour quantized image
7]. We have investigated a simple and yet very effec
method to compress colour quantized images.

3. Local Colour Quantization of Colour
Quantized Images

The rationale for developing the current method is 
psychophysics of human visual system. From human vi
perspective, visual information is processed over spe
frequency ranges, normally measured in cycle per view
angle (c/deg). The overall passband of the receptive fie
the normal human eye is in the range of 1 - 10 c/deg, 
maximum response in the range between 3 - 6 c/deg; ou
that range, the response fall off quickly [3]. In a typi
viewing geometry of computer screen, only a single cy
within a small image block (e.g. 4 x 4 block) is perceiva
[4]. This suggests that from human perception’s point
view, no more than two colours are necessary to repres
small area of the image.

Exploiting this pychophysical evidence of human vis
system for image data compression is not new. The ea
The Sixth Color Imaging Conference: Color 
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work in this area may be traced back to the block trunca
coding (BTC) technique [11, 12]. Using BTC as a sou
coding technique for full colour image compression has 
been investigated [13]. We shall show the principle of B
can be used as an effective and simple method to com
colour quantized images. In addition to achieve reductio
data, and therefore frame buffer size, the present me
also has a very simple and elegant architecture and ca
easily implemented using special hardware.

The palettized image is divided into small blocks a
each block is quantized into two colours using a sim
clustering algorithm. A K-means clustering algorithm [1
is used to find the two representative colours for each s
block (Notice the clustering is performed on the colours
the block, not the colour indices. Details will be explain
shortly). The original palette is used to determine the co
indices of the two locally quantized representative colo
A bitmap is used to identify the two different colours. T
scheme is illustrated in Fig. 2.

Colour quantized image
 block (colour indices)

Colour Palette

r0 g0 b0

rN-1

gn bnrn

gN-1 bN-1
Colour image  block

(each pixel is a 3-D vector)

Clustering

Bit map

2 representative
colours  (3-D)

2 representative
colours  indices

Figure 2 Local colour quantization of colour quantized image

Data clustering techniques, such as the K-me
algorithm are normally computationally intensive and s
optimal. The clustering task we have at hand is relati
simple because there are only a small number of 
dimensional (3-D) samples (16 for 4 x 4 blocks), and o
two clusters are to be produced. There are many diffe
techniques to make the algorithm converge quickly [14
our simulation, we have used the following strategy. F
the mean vector of the entire block is calculated. Sec
two cluster centers are initialized by applying a very sm
amount of random noise to the mean vector. Third, K-me
iteration process is applied until converge. It was found 
it is only necessary to go through all the sample twic
obtain the final two representative colours. Because
samples are spatially close to each other, many of 
Science, Systems, and Applications       206



te
d
a
ou
io

iv
h
4
e

niz
el

n 
T
on
 N
 4
he
th

l

ua
 
ur
a
la
t

ch
u
b

et
x 

d

ta
e.

 the
 is
, in
an

Copyright 1998, IS&T
might have the same or very similar colours af
quantization, this may explain the fast convergence spee

Assuming a 256 colour palette and a 4 x 4 block, e
block is encoded by a 16-bit bitmap and two 8-bit col
indices. The bit rate is 2 bits per pixel (12:1 compress
over true colour image). Although this bit rate is relat
high when compared to source coding techniques suc
JPEG [15], the present method achieves a further 
compression over the original colour quantized (palettiz
image. The merits of such an approach should be recog
by its simplicity, good visual image quality and moderat
high data/buffer reduction rate.

This coding scheme can be easily implemented i
simple frame buffer architecture as shown in Fig. 3. 
display a 4M x 4N colour image, the frame buffer uses 
4M x 4N x 1 bit memory to store the bitmap and two M x
x 8 bit memories to store the two colour indices of each
4 block. The bits from the bitmap memory control t
switch which connects the correct colour index to 
palette.

4Mx4Nx1bits

MxNx8bits

MxNx8bits

R

G

B

Monitor

Colour
palette

0

1

Figure 3 A simple video buffer architecture for displaying loca
colour quantized palettized colour image

4. Simulation Results

Computer simulations have been performed to eval
the effectiveness of the technique. We subject tested
visual difference between palettized images (256 colo
and their locally colour quantized counterparts by p
comparison method. Two images were disp
simultaneously on an 18 inches monitor, we asked 
subjects to view the screen at a distance of about 18 in
We found that using a block size of 4 x 4 to locally colo
quantize the images, no visually difference was detecta
For most of the natural images, the subjects could not d
any visual difference for a block size as large as 6 
(corresponding to less than 1.5 bit per pixel).
8]
een

rrots
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(a)

(b)

Figure 4 (a) Palettized Parrots image, 8 bits /pixel. (b) Local
colour quantized image of (a), 2 bits / pixel
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Figure 5, S-CIELAB ∆E distribution between colour quantized an
local colour quantized Parrots image, average ∆E=1.2

The ultimate aim of the work is to achieve da
reduction while maintaining the visual quality of the imag
In this sense, subject testing is the best way to judge
effectiveness of the method. However, subject testing
susceptible to the influence of many uncertainty factors
other word, the results can be unreliable. Recently, 
objective colour image metric, the S-CIELAB system [
was introduced to measure the visual difference betw
two colour images. Fig. 5 shows the S-CIELAB ∆E between
a palettized image and its compressed version of the Pa
cience, Systems, and Applications       207
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image (shown in Fig. 4) using a block size of 4 x 4. Fig
shows the S-CIELAB ∆E for a block size of 6 x 6 and Fig. 
shows the same for a block size of 8 x 8.
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Figure 6, S-CIELAB ∆E distribution between colour quantized an
local colour quantized Parrots image, average ∆E=1.6
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Figure 7, S-CIELAB ∆E distribution between colour quantized an
local colour quantized Parrots image, average ∆E=1.8

5. Concluding Remarks

In this paper, we have introduced a technique 
palettized colour image coding. The technique can red
frame buffer requirements while maintaining the visu
quality of the image. It should be noted that while t
amount of compression achieved by this technique is 
quite modest (typically 12:1 compression which 
significantly better than most conventional colo
quantization schemes), the merit of this work should 
considered as achieving reduction in frame buffer size 
maintaining the simplicity of hardware architecture.
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