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ABSTRACT

This paper presents a novel approach to colour
image representation using Binary Space Partitioning
(BSP) Tree. In the past, BSP tree has been used to
represent grey scale images. Extending the method to
colour images is however not straightforward. We
propose to apply the moment-preserving thresholding
technique to binarize the colour image, and determine
the partitioning lines from the binary image based on a
goodness-of-fit criterion. We present the results of this
new technique and its applications to image coding. We
also discuss the potential of the application of the
technique to content based image indexing and retrieval.
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1 INTRODUCTION

Image representation has been a popular research
area for the past few years. Recent approaches to
represent  images can be found in [4],[7],[9].[12].
Although it is evident that one of the driving forces in
image representation research isto efficiently coding the
image, it is not suggested until recently [6] that this area
has a significant potential for content access application
in the representation domain.

This paper presents a novel approach to colour
image representation based on Binary Space Partitioning
(BSP) Tree[1]. In the past, BSP tree has been used as an
efficient representation of grey scale images [7]. In this
paper we use the same principle of constructing the BSP
tree and extend the ideas to color images by applying the
moment-preserving thresholding technique [5][11] to
binarize the colour image, and determine the partitioning
lines from the binary image based on a goodness-of-fit
criterion.

The use of moment-preserving technique in image
processing has attracted some researchers in recent
years. Tabatabai and Mitchell [10] proposed an edge
detection technique based on fitting the first three grey-
level moments to the input data and computing edge

location. Tsai [11] developed a moment-preserving
thresholding technique for image segmentation purposes.
In a survey paper [8] Tsa's segmentation method was
reported to have a good performance when compared to
other thresholding techniques. Tsai and Yang [13] and
Pe and Cheng [5] used the moment-preserving
thresholding technique to detect edges in colour images.
The latter generalised the 3-dimension complexity of
digital color representation in the form of quaternions.
The method proposed in this paper uses this techniquein
processing the color data.

2 MOMENT PRESERVING
THRESHOLDING

The origina idea of moment-preserving
thresholding technique [11] was designed for grey-level
image and is briefly reviewed here. Given a grey-scale
image f with N number of pixels and its grey-level value
a (xy)denoted by f(x,y), the i grey-moment is
calculated as:
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Let F(f)® g be a function that operates on
f such that the 1% to thei™ moment of g are equal to the
1% to the i" moment of f respectively. Then F is said
to preserve up to the i” moment of the input data in the
output data. Arguably the more moments the operator
preserves the more information of the input image is
retained in the output image [13]. The output image ¢
has only two grey-level values h, and h, which

correspond to the pixels which values are below and
above athrehold T respectively. In order to preserve the
moment of the input image in the output image the
following constraints have to be met:
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where i is the maximum order of moment to be
preserved and p, and p, denote the fraction of pixels
having grey values h, and h, respectively.



= TTIT TAUUIIAU “UTTIIT THLT UL DUTUL DT QUL Al iU 1HTIAayT I T ULCDAIT Y ~ WOl cvuv

Pei and Cheng [5] extended the idea to color image
using quaternion numbers. The algebra of quaternionsis
the generalisation of complex numbers [2]. The three-
dimensional data set (RG,B) of color images can be

represented as a quaternion numbers g(n) :
a(n) =do(n) +0y(n)x +cx(n) Xj +03(n) k (4)
where q,(n) = 0,0,(n) = R q,(n) =G,q,(n) =B

The 3 quaternion moments are defined as follows:
iy = E[@ 1, = E[G>x4] , = E[Gx3* 4]
where * and E[{] are the complex conjugate and the
expected value of § respectively.

Instead of two grey values two quaternion numbers
z, and Z, are used.
z,(n) = z,,() + 2, () % +2,, () Xj +2,5(n) Xk ©
Z,(n) = 2, (N) + 2,,(N) % +2,,(N) Xj + 2, (n) X%

In addition, the scalar threshold term is extended to
a3-D hyperplane I, .

I, =axg, +b>q, +Cx, +d>q, +e= 0 ®
which solutionisgivenin[5] as:
a=1b= (2 - 71).
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3 CONSTRUCTION OF BSP TREE

The purpose of partitioning an image isto divide the
image into some polygons containing data of similar
characterigtics. One simple form of it is to partition the
image according to the raw data values, i.e., for a grey-
level image the polygons should contain a part of the
image having a similar grey-level. The extension of the
idea to color image is not straightforward. Should the
agorithm for a grey-leved image be applied
independently to each of the three channels of color data

or should we work directly on a 3-D data space? The
authors believe that treating the input data as apoint in a
3-D space gives a more meaningful result than just
considering the three components independently. Thisis
the underlying reason for using the binary quaternion
method.

Firstly, the whole image is binarized using the
binary  quaternion  moment-preserving  (BQMP)
thresholding method. A partitioning line is then chosen
to divide the output image into two regions such that at
least one of the regions is relatively homogenous, i.e.,
for abinary imageit is either amost or completely black
or white. We do not require the partition line to always
produce completely homogenous regions since the white
and black pixels in the binary form of a natural image
will amost be scattered everywhere. Imposing this
congtraint tends to produce very smal and less
meaningful region.

The parameters of the partitioning line,
r =x:cosq +y:snq, of a binary image is chosen as

follows
(a.r )=agl Max MaxaE(Sqr) S S ) 9%:
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where
Star) = an”(xy):
{x,ylxcosq+ysinq<r }
Sréq r) é. nZi (X! y)
{x,ylxcosq+ysing?r}
1 X, y) =
nixy) =t V=R o
,0 else

Niqr) = St + Stan) »

Niar) = San *Sank ={Alk>3

The value of k determines the allowable impurities
in the partitioned region scaled by the size of the region.
For example, we have two possible lines, 1, and |,. The
first line produces a region of size 100 pixels and al of
the pixels have value z, (pure black). The second line
produces a region of size 1000 pixels but only 800 of
them are black. If k=1.1 then the first line is chosen and
if k=1.2 the second lineis chosen instead.

To obtain the best partitioning line the error function
is caculated as above for every possible line passing
through the image. In practice, since the number of lines
is infinite then quantization of the line is necessary.
Mathematicaly, a line can be expressed in a norma
form as a set of co-ordinate that satisfies the equation
r =x:cosq + y:snq . Therefore, line-quantization is a
process of quantizating the line parameter (r,q) .The

range of possible values of q is a periodic function of
period p . Therefore, choosing the range 0£qg <p is
sufficient to represent the whole possible values of q .
For the purpose of this paper q is quantized into 8
equally spaced values. The choice is arbitrary and is
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affected by the amount of computational cost and the
required accuracy of the partitioning line. The
guantization of r however is not that trivia since it
depends on g. The formulation for possible range and the
best quantization step of r isgivenin [7]. The set of line
with orientation g, that passes through an image V , has

r valuesrangefrom [r .. .r..], where

I min@;) = min {xcosy; + ysing;};
(xylv (14)
M max (@) = (Lnyf)aixv{xcosqi +ysing;}

with quantization step fr calculated by:

r @) = maq |cosq;|.|dng; [} (15)
After obtaining the best partitioning line, a color is
chosen to represent the part of the input image contained
in each region. In the interest of computational speed,
this paper caculates the element values of the
representative color as the mean of the red, green and
blue components of all the pixel colours in the region.
These color values together with the partitioning line
parameters are recorded and they are used as the
representation of the image at the first partition level.
The process, dtarting from 1) the BQMP
thresholding, 2) finding an optima line to 3) the
calculation of the mean color, is repeated for each
region. The data used for the BQMP thresholding is the
data from the original image. However, this time instead
of thresholding the whole image, we threshold the
regions resulted from the previous process independently
of each other. A region will not be partitioned if it
becomes too homogenous or if it becomestoo small. The
homogeneity criterion used is the value of the second
moment r,. If M, becomes too smal than the

partitioning for that region is stopped. The process is
repeated until no more regions can be partitioned or until
it reached certain number of iteration. Therefore, at the
end of the j™ iteration one has j number of image
representations at a hierarchical order.

A BSP tress representation of an imageisillustrated
in Fig. 1. When representing an image f with a tree

denoted as T;, we use the nodes of the tree as a
‘container’ of information in each partition region of the
image. The amount of information contained in a node
can be as much as is necessary. For the purpose of this
paper, we only store information regarding the average
color across the region and the partitioning line
parameters. To do this, first the average color of the
overal image is caculated and then we perform the
image partitioning using BQMP thresholding and binary
space partitioning for a number of iteration. The image
region information is stored from top to bottom as the
resolution increases. Therefore, the number of iteration
determines the height of the tree. The root node contains
the average color of the whole image and the first
partitioning line. The nodes, that correspond to regions
which are not partitioned (cell), contain only the color
information of the region.

G Root node
Color and line
(7 omain
Color G
|O3 information
only /

FIG 1. Binary Space Partitioning Tree Representation
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4 APPLICATIONSAND RESULTS

4.1 Image Coding

The method was applied to a set of images, six of
which are shown as thumbnails in Fig 2. The actua
dimension of the images are 512x512, 24 hit pixels. The
shown images have been reduced to fit the page as

appropriate.

FIG 2: Coding Test Images from left to right and top to
bottom wise: peppers, lenna, van, carl, buildl, build2.

Thetreeis coded in atop-down fashion. Initialy the
root node of the treeis coded then the | eft child node and
the right child node. The process is repeated for the rest
of the nodes in aleft-right and top down manner. One bit
is used to code the current node indicating whether it is
partitioned or not. If it is, the line parameters, g and r,
are coded otherwise the color values are coded instead.
The angle orientations are restricted to 8 possible values
(3 bits). This value is chosen after performing severd
experiments to decide the most appropriate humber of
possible line orientations. The normal distancer valueis
coded by utilizing the reduced PLD domain as describe
in[7]. In order to efficiently code the color values, they
are first converted to Y1Q color space. This reduce the
bandwidth of two out of three color channels hence
applying a reduction of coding redundancy technique
can minimize the bit rate close to its entropy vaue.
Huffman coding [13] was used to code the low
bandwidth Q and | channels. The probability
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distributions of the two channels are developed from the
BSP tree of the test image set.

Fig 3 shows the reconstructed images of build2
image at different level of partitions. This is to
demonstrate how the image finer details emerge as the
partition level increases. In the interest of compactness
not al of the results of each partition level are shown.

FIG 3. Coding of build1 image. From left to right and
top to bottom wise: Original image (24 bpp), 1% partition
(4e-4 bpp), 2™ (6e-4 bpp), 4™ (2e-3 bpp), 8" (0.03 bpp),
10" (0.1 bpp), 12" (0.27 bpp), 16™ (0.82 bpp) and 20"

(1.3 bpp).

For comparison purpose, JPEG compression
standard is performed on the same image set and its
result is plotted on the same rate distortion graphs which
areshowninFig 4.

Although the graphs show that JPEG has a superior
performance at low bit rate compression, BSP method
has a good potential in high bit rate compression. As can
be seen from the graphs that as the bit rate increases the
distortion rapidly decreases for BSP method but only
dightly for JPEG.

The result of the two methods can also be inspected
visudly. In Fig 5 the original peppers image and the
compressed image from both methods are shown. The
size of all of the images is reduced to 77% to fit to the
page. It is shown that the proposed method gives
comparableresult visually with JPEG.

4.2 Content Based Image I ndexing

Intuitively, similar images are partitioned in a
similar way. For example images containing a horizon
are most likely to be partitioned initially by a horizontal
line. Furthermore, the top polygon usually represent the
sky hence its color is sky blue while the bottom one is
usually dark brown if it is earth, or green if grass or deep
blue if it is a sea. Fig 6 shows how similar images are

partitioned in such a way so that one can easily see the
correlation between the partition of two similar images.

By examining the resulting polygons one could
expect to be able to index images effectively. Since this
representation is in the form of a hierarchical tree
therefore one could perform the indexing in a
hierarchica manner, i.e., at increasing resolution level.
However, a more thorough investigation is still needed
in order to realize the full potential of the BSP
representation scheme.

5 SUMMARY

A new representation for color images have been
developed. The method can be regarded as an extension
to the existing BSP representation for grey scale image.
The partitioning is done by thresholding the colour
image in 3D space and a goodness of fit criterion is
tested for all possible linesto decide the partitioning line.
The proposed representation is used in image coding
application. It was shown that it has a good potentia in
coding image better than JPEG at higher bit rate. A brief
discussion on the possibility of using the representation
inimage indexing application have also been made.
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FIG 4. Rate distortion graphs for the test images. Red lines are due to BSP coding and blue lines are due to JPEG
compression standard.

FIG 4. The origina images and their first three level of partitioned image (edge enhanced for better visualisation)
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FIG 5: Compression result of peppersimage. From left to right and top to bottom order. Original image (24 bpp),
compressed image with BSP (1.4 bpp) and compressed image with JPEG (1.4 bpp)



