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1
SYSTEM AND METHOD FOR ARRANGING
ITEMS FOR DISPLAY

INTRODUCTION

The present invention relates to a system and a method for
arranging items for display and in particular, but not exclu-
sively to the viewing of images which can be displayed
graphically when using an image browsing system. The
present invention can also be used to arrange other digital
assets which are capable of being represented graphically on
a display.

BACKGROUND TO THE INVENTION

Humans can process a tremendous amount of visual and
multimedia information. However, they often have difficulty
precisely defining and describing such information. For
example, it is estimated that the brain can distinguish about
10,000 nuances in colour yet individuals can name only a
small number of colour terms (approximately 12). As a con-
sequence, accessing images when searching a database may
be challenging using text-based searches which typically use
metadata.

Content-based indexing and retrieval methods provide a
partial solution to this problem. Emphasis in many content-
based retrieval systems is on automated retrieval of relevant
items based on notions of similarity to a query item. For
example, content-based image retrieval (CBIR) can use fea-
tures of a selected image of a painting, photograph, print,
drawing, or other object to find visually similar images and
locate matches in a collection even if they do not share meta-
data with the original image.

Browsing provides an effective means for exploratory
search and a useful alternative to traditional content-based
retrieval in which users formulate textual or pictorial queries.
In addition, when exploring image and/or multimedia collec-
tions, users’ intentions might be very vague. They expect the
system to be able to provide a variety of cues and options to
guide their navigation.

Image and/or multimedia browsing systems need to enable
users to visualize collections of items (or their thumbnails or
icons) by laying them out appropriately for display. Many
systems categorize items into different classes and simply lay
them out on a 2D display as 1D lists for each class (Kang, H.
and Shneiderman, B. (2000). Visualization methods for per-
sonal photo collections browsing and searching in the photo-
finder. In /EEFE International Conference on Multimedia and
Expo, pages 1539-1542.). Such 1D lists do not portray well
the mutual relationships between items.

Alternatively, 2D map based visualizations (for example,
Nguyen, G. and Worring, M. (2006). Interactive access to
large image collections using similarity-based visualization.
Journal of Visual Languages and Computing, 19(2):203-224)
lay out items such that similar items appear close to one
another on a 2D display while very different images will be
further apart. The 2D map based techniques differ in the
manner by which they extract high-dimensional feature vec-
tors from items, measure pair-wise item similarity, and per-
form dimensionality reduction to map the distribution of
items from the high-dimensional space to a 2D display space
(Rodden, K. (2002). Evaluating similarity-based visualisa-
tions as interfaces for image browsing. PhD thesis, University
of Cambridge.).

For example, Rubner et al (Rubner, Y., Tomasi, C., and
Guibas, L. (1998). A metric for distributions with applica-
tions to image databases. In ICCV, pages 59-66, Bombay,
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India) used Earth Mover’s Distance to measure pair-wise
dissimilarity and performed multi-dimensional scaling
(MDS) to transform image colour and texture features to a 2D
space.

When a large number of items are visualized on a display
for browsing, the items will overlap and the extent of this
overlap will tend to increase with the number of items. Addi-
tionally, regions of the display space will often be empty.
These problems are exacerbated by dimensionality reduction
techniques that do not consider the sizes of the images used to
represent the items (e.g. image thumbnails or icons) when
mapping to display positions. Two very similar items will
probably be projected to very close positions such that one
will be heavily overlapped by the other. In order to reduce
overlap, after obtaining image positions on a 2D display by
dimensionality reduction, gradient descent methods have
been used to move overlapped images towards unoccupied
2D display regions. Basalaj (Basalaj, 2000) and Liu et al. (Liu
etal., 2004) used an analogue of MDS in a discrete domain to
display each image within a single cell of'a grid. While these
approaches can help to reduce image overlap, they mainly
deal with small numbers of images (about 20~200).

It is an object of the invention to improve the manner in
which items on a display are laid out or arranged.

SUMMARY OF THE INVENTION

In accordance with a first aspect of the invention there is
provided a system for arranging searchable items such as
digital images or multimedia icons for display, the system
comprising:
an Optimizer module which:

minimises a cost function for arranging items in a layout

space, the cost function being applied to one or more
predetermined characteristics of the items; creates a
mixture distribution by considering each item as having
a spatial distribution in the layout space; and
controls the entropy of the mixture distribution in order to

maximise the extent to which each item occupies a sepa-
rate position in the layout space;

a Renderer module that renders layouts so generated to a

display.

Preferably, the cost function penalises low entropy mixture
distributions and rewards layouts in the layout space in which
the distances between items depend upon the similarity of
their content.

Preferably, the layout space comprises one or more layout
regions in which items are contained.

Preferably, the spatial distribution of each item in layout
space is a Gaussian distribution.

Preferably, the Gaussian distribution is a Gaussian mixture
distribution.

Preferably, the mixture distribution has equal weights for
each Gaussian component.

Preferably, the items are laid out on the basis of content
similarity.

Preferably, the predetermined characteristics are features
describing aspects such as colour, texture, and/or shape.

Preferably, size and shape information of each item’s
thumbnail or icon can be embedded into the cost function.

Preferably, the entropy is the quadratic Renyi entropy.

Preferably, the step of processing the items comprises;
assuming that the items are distributed on a data manifold;
determining the structure of the data manifold;

and applying a manifold learning technique to map items to

a low-dimensional layout space so as to approximately
preserve the content structure of the items.
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Preferably, the cost function is further adapted to trade off
the entropy and the content structure preservation of the items
in the layout space.

Preferably, the parameter controlling the trade-off is user
defined. Advantageously, this will allow the user to experi-
ment trading off content structure preservation and layout
entropy.

Preferably, the items are arranged in 2-D on the display.

Alternatively, the items are positioned to give the appear-
ance of a 3-D arrangement on a 2-D display.

Alternatively, the items are arranged in 3-D on a 3-D dis-
play.

Preferably, the display comprises a display space which
can be a part of a display such that the items are spread out
within the display space.

Preferably, the items are images or their thumbnails.

Alternatively, the items are icons for multimedia items
such as audio or video clips.

Preferably, the optimizer module comprises a number of
sub-modules.

Preferably, the optimizer module comprises an initializer
module which generates an initial layout of the items.

Preferably, the optimizer module comprises a Search
Engine which searches for an optimal layout based on the cost
function.

Preferably, the cost function is computed as a combination
of layout quality scores computed by a Multimedia content
module a Layout spread module and a Layout extent module.

Preferably, the multimedia content submodule computes a
score that measures the extent to which content structure is
preserved by the layout.

Preferably, the Layout spread submodule computes a score
that measures the entropy of the layout.

Preferably, the Layout extent submodule computes a score
that measures the extent to which the constraint that the items
are positioned within the layout region or regions is satisfied.

Preferably, the optimizer module further comprises a com-
biner module which combines these scores into an overall
score which the Search engine uses as a cost function value
for the layout.

Preferably, the search engine applies an optimisation
method to propose layouts to be scored.

Preferably, the search engine outputs an optimised layout
after a number of iterations in which layouts are proposed and
scored.

In accordance with a second aspect of the invention there is
provided a method for arranging searchable items such as
digital images or multimedia icons for display, the method
comprising:
creating mixture distributions by considering each item as
having a spatial distribution in the layout space; and minimis-
ing a cost function for arranging items in the layout space, the
cost function being applied to one or more predetermined
characteristics of the items;
controlling the entropy of the mixture distribution in order to
maximise the extent to which each item occupies a separate
position in the layout space; and
rendering the layouts so generated to a display.

Preferably, the cost function penalises low entropy mixture
distributions and rewards layouts in which the distances
between items on the layout depend upon the similarity of
their content.

Preferably, the layout space comprises one or more layout
regions in which items are contained.

Preferably, the spatial distribution of each item in layout
space is a Gaussian distribution.
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Preferably, the mixture distribution is a Gaussian mixture
distribution.

Preferably, the mixture distribution has equal weights for
each Gaussian component.

Preferably, the items are laid out on the basis of content
similarity.

Preferably, the predetermined characteristics of the item
are features describing aspects such as colour, texture, and/or
shape

Preferably, shape information of each item’s thumbnail or
icon can be embedded into the cost function.

Preferably, the entropy is the quadratic Renyi entropy.

Preferably, the step of processing the items comprises;
assuming that the items are distributed on a data manifold;
determining the structure of the data manifold;

and applying a manifold learning technique to map items to

a low-dimensional layout space so as to approximately
preserve the content structure.

Preferably, the cost function is further adapted to trade off
the entropy and the content structure preservation of the items
in the layout space.

Preferably, the parameter controlling the trade-oft is user
defined. Advantageously, this will allow the user to experi-
ment trading off content structure preservation and layout
entropy.

Preferably, the items are arranged in 2-D on the display.

Alternatively, the items are positioned to give the appear-
ance of a 3-D arrangement on a 2-D display.

Alternatively, the items are arranged in 3-D on a 3-D dis-
play.

Preferably, the display comprises a display space which
can be a part of a display such that the items are spread out
within the display space.

Preferably, the items are images or their thumbnails.

Alternatively, the items are icons for multimedia items
such as audio or video clips.

In accordance with a third aspect of the invention there is
provided a browser comprising:

a user interface with a display;
computing means adapted to run computer software for
arranging searchable items such as digital images or multi-
media icons on the display screen, the computer software
comprising:
an Optimizer module which:
minimises a cost function for arranging items in a layout
space, the cost function being applied to one or more
predetermined characteristics of the items; creates a
mixture distribution by considering each item as having
a spatial distribution in the layout space; and
controls the entropy of the mixture distribution in order to
maximise the extent to which each item occupies a sepa-
rate position in the layout space;
a Renderer module that renders layouts so generated to a
display.

Preferably, the cost function penalises low entropy mixture
distributions and rewards layouts in which the distances
between items on the layout depend upon the similarity of
their content.

Preferably, the layout space comprises one or more layout
regions in which items are contained.

Preferably, the spatial distribution of each item in layout
space is a Gaussian distribution.

Preferably, the mixture distribution is a Gaussian mixture
distribution.

Preferably, the mixture distribution has equal weights for
each Gaussian component.
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Preferably, the items are laid out on the basis of content
similarity.

Preferably, the predetermined characteristics of the items
are features describing aspects such as colour, texture, and/or
shape

Preferably, shape information of each item’s thumbnail or
icon can be embedded into the cost function.

Preferably, the entropy is the quadratic Renyi entropy.

Preferably, the step of processing the items comprises;
assuming that the items are distributed on a data manifold;
determining the structure of the data manifold;

and applying a manifold learning technique to map items to

a low-dimensional layout space so as to approximately
preserve the content structure.

Preferably, the cost function is further adapted to trade off
the entropy and the content structure preservation of the lay-
out in the layout space.

Preferably, the parameter controlling the trade-off is user
defined. Advantageously, this will allow the user to experi-
ment trading off content structure preservation and layout
entropy.

Preferably, the items are arranged in 2-D on the display.

Alternatively, the items are positioned to give the appear-
ance of a 3-D arrangement on a 2-D display.

Alternatively, the items are arranged in 3-D on a 3-D dis-
play.

Preferably, the optimizer module comprises a number of
sub-modules.

Preferably, the optimizer module comprises an initializer
module which generates an initial layout of the items.

Preferably, the optimizer module comprises a Search
Engine which searches for an optimal layout based on the cost
function.

Preferably, the cost function is computed as a combination
of layout quality scores computed by a Multimedia content
module a Layout spread module and a Layout extent module.

Preferably, the multimedia content submodule computes a
score that measures the extent to which content structure is
preserved by the layout.

Preferably, the Layout spread submodule computes a score
that measures the entropy of the layout.

Preferably, the Layout extent submodule computes a score
that measures the extent to which the constraint that the items
are positioned within the layout region or regions is satisfied.

Preferably, the optimizer module further comprises a com-
biner module which combines these scores into an overall
score which the Search engine uses as a cost function value
for the layout.

Preferably, the search engine applies an optimisation
method to propose layouts to be scored.

Preferably, the search engine outputs an optimised layout
after a number of iterations in which layouts are proposed and
scored.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will now be described by way of
example only with reference to the accompanying drawings
in which:

FIGS. 1a to 1¢ show the convergence of item data using an
example ofa system in accordance with the present invention,
in particular FIG. 1(a) shows the value of a cost function with
respect to iteration number, FIGS. 1() and 1(¢) show visu-
alizations of an image collection based on the initial image
positions and the positions after convergence;

FIG. 2 is a graph which shows the relationships between
content structure error and image overlap using a method of
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6

the present invention and prior art alternative methods,
namely Moghaddam’s method and Nguyen’s method;

FIGS. 3a to 3d show visualisations of 100 images using
isomap, Moghaddam’s method, Nguyen’s method and an
example of the method of the present invention, respectively;

FIGS. 4a to 4i show visualisations of 1000 art images in
which FIGS. 4a to 4¢ show the distributions of initial image
positions, of the positions by a trade off between structure
preservation and image overlap, and of the positions by focus-
ing only on image overlap reduction. FIGS. 44, 4f and 4/
show the visualizations of the image collection correspond-
ing to the positions in FIGS. 4a, 45, 4c, whereas images 4e, 4g
and 4i show the visualisations of part of the image collection
after scaling the image positions around an image at the centre
of layout space; and

FIGS. 5a to 5i show visualisations of 1000 art images in
which FIGS. 54 to 5¢ show the initial image positions, of the
positions by a trade off between content structure preserva-
tion and entropy, and of the positions by focusing only on
entropy. FIGS. 5d, 5f'and 5/ show the visualizations of the
image collection corresponding to the positions in FIGS. 5a,
5b, 5¢, whereas images 5e, 5¢ and 5/ show the visualisations
of part of the image collection after scaling the image posi-
tions around an image at the centre of layout space.

FIG. 6 illustrates the image positions and corresponding
image visualizations for the art images by constraining all
image positions to lie within a rectangular layout region;

FIG. 7 is another example where textile samples are visua-
lised based upon mage position;

FIGS. 8a and 85 show plots of the time per iteration when
optimising a layout of 500 images and the accuracy of the
image approximation obtained respectively. FIG. 8¢ shows a
plot of the average computation time as a function of the
number of images in the layout and indicates the improved
scaling. FIG. 8d shows a layout of 100 images obtained using
the approximation of the present invention;

FIG. 9 illustrates the change of image positions in several
iterations with no threshold © on step size (first column) and
with a threshold of t=0.05;

FIG. 10 is a set of three figures which compare the ability
of'the present invention and two prior art techniques to spread
out images when the number of images is relatively large
relative to the available layout region.

FIGS. 114 to 114 illustrate a simplified explanation of the
variation in performance of the techniques described in rela-
tion to FIG. 10;

FIG. 12 shows a visualisation of 1000 images based upon
colour histograms using the present invention and the prior art
Isomap technique.

FIG. 13 is a block diagram of an embodiment of the present
invention; and

FIG. 14 is a more detailed block diagram showing an
example of an optimizer module in accordance with the
present invention.

DETAILED DESCRIPTION OF THE DRAWINGS

The present invention provides a system, method and
browser that allow items to be arranged for display based on
their content similarity. The invention can be used to arrange
items such as images according to features of their content
(such as shape, colour, texture and pattern) And such that
distances between items on in a display are related to the
similarity between them in terms of these features.

The first stage in this process is to compute the layout of the
items in a layout space. Once the layout has been computed it
can be used to produce renderings of the items for display on
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adevice such as a computer screen. Not all ofthe layout space
need be mapped to a display at any one time. For example, a
user might want to view a small part of the layout in detail, in
which case only items located in that small part of the layout
would actually be rendered onto the display space/window.

It will be appreciated that the terms layout, layout region
and layout space refer to processed data relating to items
before the data has been rendered into a viewable display
image.

In at least one example of the invention the purpose is to
make “good” use of the layout space by:
laying out the items approximately uniformly so that effective
use is made of the available layout region; Keeping the items
within the bounds of the available layout region (which might
be circular, rectangular, or annular for example); and
laying out the items in a way that depends on their content,
typically such that similar items are close to one another
(herein referred to as “content structure preservation™).

The invention optimises a cost function and uses a mixture
model formed in the layout space by associating each item
with a component in the mixture model. Maximising the
entropy of this mixture model has the effect of spreading the
images out in the layout space to occupy a predetermined
layout region. In particular, each item can be associated with
a Gaussian with a covariance matrix determined by the spatial
extent of the item, and the quadratic Renyi entropy computed
and optimised efficiently.

Without wishing to be bound by theory, the following
explanation of the mathematical description by which at least
the following embodiments of the invention operate, is given.

Given a set of items {I}, i=l, . . . , N, with extracted
high-dimensional feature vectors {x,} and image (or thumb-
nail oricon) sizes {s,}, the problem of interest is to lay out the
items in a predetermined region or regions of a layout space
by trading off two requirements: (1) the distance between
items in the layout space should depend on the similarity of
their content, and (2) items should spread out so as to make
good use of the layout region.

The first requirement can be achieved by manifold learn-
ing. By assuming that the items are distributed on a lower-
dimensional nonlinear manifold embedded in the high-di-
mensional space, manifold learning techniques can be
applied to detect and discover the structure of the data mani-
fold and unfold the manifold into a vector space. Once the
original high-dimensional data points can be faithfully
embedded into the lower-dimensional vector space, the rela-
tive proximity of images in the database will be approxi-
mately preserved in the lower-dimensional (e.g., 2D or 3D)
space. This is referred to as content structure preservation.

A large collection of high-dimensional items can be visu-
alized in a 2D or 3D space for browsing, exploration, and
organization. According to the criteria used for manifold
structure and structure preservation, many different manifold
learning techniques have been proposed, e.g., [somap (Tenen-
baum et al., 2000), Laplacian eigenmaps (Belkin and Niyogi,
2002), diffusion maps (Nadler et al., 2005), and maximum
variance unfolding (Weinberger et al., 2005). In principal, any
manifold learning technique can be used. Here Isomap is used
as an example. Isomap first constructs a sparse graph based on
{x,} in which there is a one-to-one correspondence between
items and vertices in the graph.

Edges are constructed between similar items by the
K-nearest neighbor (KNN) method. Each edge is assigned a
weight W,; which is the dissimilarity between the two neigh-
boring items. An approximation, D, to the geodesic distance
between any two items is then obtained as the shortest path
between their corresponding vertices on the graph. Without
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loss of generality, {D,} are normalized such that the maxi-
mum D, is limited by the layout region size. Isomap can
determine image positions {y,} in the lower-dimensional
(e.g., 2D or 3D) vector space by minimizing E:

E=2,_ 1N2j: 1N(dij—Dzj)2 1

where d; is the Euclidean distance between y; and y,.

Note that when two items I, and I; are similar in content, the
distance D,; between them will be small and accordingly the
two items in the lower-dimensional space will probably
appear close to each other.

For the second requirement, we propose a method to mea-
sure the quality of item spread in the layout region in terms of
entropy. Given an image position y, in the lower-dimensional
layout region, a Gaussian distribution G(y,, 2,) is used to
approximate the spatial distribution of this image in the space,
where 2, is determined by item size and shape, the number of
images, and the size of the layout region. Then, the Gaussian
distributions of all the items to be arranged in the layout
region can be combined to obtain a Gaussian mixture with
equal weight for each Gaussian component, i.e.,

@

N
1
PO =5 E G(y—y;, Z]
i=1 !

In order to spread out items in a layout region R, the
entropy of the Gaussian mixture in the layout space can be
maximised. Instead of traditional Shannon entropy, the use of
Renyi’s quadratic entropy measure is proposed here. The
quadratic Renyi entropy, H, of a Gaussian mixture can be
efficiently estimated as a sum of pair-wise measures between
Gaussian components (Torkkola, 2003), i.e.,

®

=1 =1 !

The region, R, can be used well by maximizing H (or
minimizing —H). This has the effect of arranging items so that
the amount of empty space is kept small and the overlap
between items is kept small, and so items are spread more
uniformly over the region. The two requirements have to be
traded off. That means, the problem is to minimize E,,

E,=(1-ME,~\H, @

subject to the constraint that each item should stay within the
region R, and where Ag[0,1] is a trade-off parameter. A should
be determined in an application dependent way. When A is
close to 0, the emphasis is on preserving manifold structure.
When A is close to 1, the emphasis is on maximising entropy.

This optimisation problem can be solved using any number
of well known optimisation methods. Here we use a penalty
function method to penalise item positions outside R. Intu-
itively, the larger the Euclidean distance from the item posi-
tion y, to the layout region R, the worse the item is positioned,
and therefore the higher the penalty. Denote by E, the mean
penalty cost of all image positions, i.e.,
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where f(y,) is a monotonically increasing non-negative func-
tion of the Euclidean distance (i.e., min,zlly-y,||) from y, to
the layout region R. Then, the problem can be finally trans-
formed to minimize E,

E=E,+YE,, (6)

where y is a constant to balance E, and E,.
Gradient-based optimisation can be used to find a (local)
minimum of E. From Equation (4),

JE,
y—
Byj

_/U__/\BH )

—+
Byj Byj

The gradient of E, with respect to y, has been derived by
Kruskal (Cox and Cox, 2001):

JE;
Byj

®

(i —y5)

=-23

i#j

(dyj — Dyj)
djj

From Equation (3), we can derive the gradient of H with
respectto y;:

DN TSRS L

i

where =22 G(y,~y,, Z+2).

For the gradient of B, with respect to y,, a discrete approxi-
mation is adopted because, in general, it is difficult to para-
metrically represent the function f(y,) due to the freeform
shape of the layout region. In the approximation, the k-th
component of the gradient of E, with respect to y, is computed

by

I, (10)

IE, | ii P+ 8w) = f(3))
0y _N‘_:1 d

where d is the discrete unit scale and u, is the basis vector for
the k-th dimension of the layout region.

For optimsation, good initial item positions {y,} can be
easily obtained by minimizing E, using the Isomap algorithm.

The method is not limited by the dimensionality of the
layout region, nor by the shapes of the items. However, in
order to experimentally evaluate it, in the following, we con-
sider a 2D layout region and each image I, is assumed to be
rectangular with height h, and width w,. In this case, the
covariance matrices X, are diagonal, i.e.,

IR

i
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Note that o,; and 0, should not be very small or very large
because in both cases, H (Equation 3) will converge to a
constant function and therefore the image layout cannot be
effectively spread. Here we propose a method to automati-
cally determine o,, and o,, by image sizes, layout region size,
and the number of images to spread out, i.e.,

(12

oo [IRIN
i1 == i
2 w-h

hi  [IRI/N

T =+ —
T2 w-h

where IR| is the area of the layout region, and w and h are the
mean width and height of all images to spread out.

[RI/N

w-h

is a global scale for each item such that the combination p(y)
(Equation 2) of all items’ spatial distributions can effectively
cover the layout region for spreading out the items to an
approximately uniform distribution. For a fixed layout region
R, the greater the number of items and the larger the mean
item size, the smaller the global scale. For a fixed set of items,
the larger the layout region, the larger the global scale. Every
pair (0,,, 0,,) is linearly related to the corresponding item size
and the global scale.

The performance of the present invention is now described
with reference to its use on a number of image databases
including two image databases, the first having 1000 images
of textile designs from a commercial archive and a second
which comprises 1000 art images from a public museum
collection. Two kinds of features were used to represent
images. Colour histograms with 512 bins were extracted by
regularly quantizing hue into 32 values and saturation into 16
values in the HSV color space. Texture features were
extracted by performing multi-resolution Gabor transforma-
tion and then computing the mean and variance of the coef-
ficients of the transformation at each level of image resolu-
tion, giving 108 texture features.

For both kinds of features, Euclidean distance was used to
determine the nearest neighbors for constructing the manifold
structure. In the tests, the default layout region size was 0,~
VIRT=1, and each image I, was resized such that the maximum
of its height and width was a pre-set value s,,,,=0.08. In
addition, in order to quantitatively and qualitatively compare
the proposed algorithm with two existing ones, y=0 in Equa-
tion 4 because E, was not used in existing algorithms. In this
case, for each 2, 0,,=w,/2 and 0,,=h,/2 without global scal-
ing.

In the evaluation, the performance of the structure preser-
vation was measured by structure error e,

e~ming{Z,._ oo IN(I?).dij_Dij)z} 13)

where the normalization factor § with minimum e, can be
analytically computed,
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[ is necessary to compute e, because, intuitively, the structure
of the image distribution should be the same if all d,; are
scaled by the same amount.

The second measurement for evaluation is the overall
image overlap e, which is the sum of all pair-wise image
overlap \/z_y in the display space, i.e.,

€, =2, 1N2j: 1N\/Z_;j> 15)

where the area z;; of the overlap region can be directly com-
puted from the image positions, y, and y,, and the image sizes,
(w,, h,) and (w, h)). Note that before computing image over-
lap e,, all y;’s and y,’s have to be normalized such that all
images are positioned in the default display space o,~1.

With reference to the attached figures, a first example com-
prising 100 images were uniformly sampled from the set of
fabric images as shown in FIGS. 1a and 15. Each image was
represented by the Gabor features, and A was set to 0.5.

FIG. 1a is a graph 1 that illustrates the value of the cost
function with respect to the iteration number. It shows that the
cost value decreased to a stable value after about 70 iterations.

FIGS. 16 and 1¢ are the visualizations of all the 100 images
based on the initial image positions and the positions after
convergence. The images are of patterned pieces of fabric on
a grey background. Both FIGS. 16 and 1c¢ contain the same
number of fabric images. FIG. 15 shows the images clustered
together at the centre of the layout space 3, whereas the
images in FIG. 1c¢ are clearly more spread out across the
layout space 5. This can be seen from a visual comparison of
the layout spaces in FIGS. 1 b and 1¢ and noting that a greater
area of the layout space is covered by images in FIG. 1¢. In
other words, the visualizations show that image overlap has
been reduced to some extent, while the position distribution
of images remains quite similar. For example, the images 7
and 9 from FIGS. 16 and 1c have remained in the same
position and the overlaps between the several images near the
left display boundary denoted by reference numerals 11 and
13 have largely reduced while they are still close to each other.

An embodiment of the system and method of the present
invention was quantitatively and qualitatively compared with
two existing algorithms in balancing image overlap and struc-
ture preservation: Moghaddam’s algorithm (Moghaddam et
al., 2004) and Nguyen’s algorithm (Nguyen and Worring,
2006). For fair comparison, the same E_ was used for structure
preservation in the cost function of each of the three methods.
In both Moghaddam’s method and Nguyen’s method, each
image was approximated by a circular image with radius
Sl 2. The same 100 images and Gabor features were used as
above. The trade-off parameter A was gradually varied from O
to 1. For every A value, the structure error e, and overlap e,
were measured based on the convergent result of each algo-
rithm.

From the relationships between structure preservation and
overlap as shown in FIG. 2, we can see that for any given
structure error, this method of the present invention can
always obtain equivalent or less image overlap than the other
two algorithms. In addition, the minimum image overlap (i.e.,
~2) obtained by the method of the present invention is much
less than those (i.e., ~4.5 and ~4 respectively) obtained by the
other two methods. This can be perceptually verified from the
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corresponding visualizations of the image collection (FIG. 3).
Compared to the initial visualization obtained by Isomap as
shown in FIG. 3a there was much less image overlap in the
visualizations obtained by Moghaddam’s method and Nguy-
en’s method (FIGS. 3(b) and (c¢)). However, the smallest
image overlap appears in the visualization obtained by the
method of the present invention as shown in FIG. 3(d). It can
be seen that, in FIG. 3(d), almost every image is clearly
visualized with very small overlap by other images. It is
submitted that this embodiment of the method of the present
invention performs better probably because of the following
two reasons.

Firstly, both width and height of each image are embedded
in the cost function, by which the pair-wise image overlap can
be more effectively approximated. In the two previous meth-
ods, each image was approximated by a circular image. Sec-
ondly, in the proposed cost function (Equation 5), the cost
term -H is smooth and has a larger region of effect on the
pair-wise distance. In comparison, the cost terms for image
overlap in both previous methods are piecewise smooth func-
tions with no effect on pair-wise distance when there is no
image overlap between two images, making it difficult to find
a good minimum.

The performance of the algorithm for large collections of
images was tested using the two sets of 1000 images. Gabor
features were used to represent the fabric images and colour
histograms were used to represent the art images.

FIGS. 4a to i illustrate the image positions and the corre-
sponding image visualizations in the 2D display for the art
image set. In the initial image distribution obtained by Isomap
shown in FIG. 4a, most images are clustered around the
display centre and a few images are irregularly distributed at
boundaries. By trading off the structure preservation and
image overlap, the images are more uniformly distributed
without strong clusters as shown in FIG. 45. If image overlap
reduction is emphasised (i.e., A=1), the images are most uni-
formly separated from their neighbours as shown in FIG. 4c.

The corresponding image visualizations shown in FIGS.
4d, 4f and 4/ show that similar images are still positioned
close to one another when the requirement of structure pres-
ervation is relaxed. In this black and white version of the
images, different coloured areas are represented by reference
numerals 21 a-c, 23 a-c, 25 a-c and 27 a-c.

In order to show the effect of the method of the present
invention on image overlap reduction, the three distributions
are zoomed in around one image near the display centre and
then the corresponding visualizations are shown in FIGS. 4e,
4g and 4i. Note that the image positions are scaled by the
zoom operation but the images themselves are not. FIGS.
4(e), (g) and (i) clearly show that the image overlap can be
effectively reduced by the method of the present invention.

In image browsing, the present invention can provide an
effective way for users to zoom in on a large collection of
images to view image details with less image overlap.

FIG. 5 illustrates the image positions and corresponding
image visualizations for the textile images, and the zoom-in
visualizations around an image near the display centre pro-
duced by scaling the coordinates of the image positions
around the selected image. Similar observations can be made
as above for the art images. Here the images are distributed
according to texture features instead of colour features. From
FIGS. 5d, 5f and 5/, we can see that in the areas identified
with reference numerals 31 ato ¢, 33 a to ¢ and 35 a to ¢, the
roughness of image textures changes smoothly from top to
bottom in the display space. The smooth change of texture can
help users to browse a large collection of images and find
images of interest with specific texture information.
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FIGS. 5e, g and i clearly show that the image overlap can be
effectively reduced by the method of the present invention.

All the above experimental results were obtained when
v=0. FIG. 6 illustrates the image positions and corresponding
image visualizations for the art images by setting y=10 which
is enough to constrain all image positions in the layout region.
Compared to FIGS. 4/ and 54, it shows that the image layouts
are more spread out across the entire layout space and there-
fore the image overlap is reduced.

FIG. 7 is another example where 10 textile samples are
visualised based upon image position. FIG. 7a is a visualisa-
tion using the present invention, FIG. 7b is a visualisation
using [somap, FIG. 7¢ uses the technique of Moghaddam et al
and FIG. 7d uses the technique of Nguyen et al. The visuali-
sation obtained using the present invention shows almost no
image overlap as compared to those produced using prior art
techniques as illustrated in FIGS. 75, 7¢ and 7d.

The high entropy layout method (HELD) method
described herein generates layouts for the items that conform
to the available layout region, approximate the high dimen-
sional data distribution and result in rendered displays that are
populated evenly with items. The items are taken to form a
distribution in the low dimensional layout space. Distribu-
tions with low entropy are penalised since they result in
layouts which are overpopulated and case other regions to be
sparsely populated or empty.

In one aspect, the present invention describes a formulation
for content-based visualisation of image collection based on
combining existing manifold based learning method with
Renyi entropy to create a system and method which arranges
the images in a computationally more efficient manner and
one in which the images displayed on a graphical user inter-
face are better separated and organised to assist the user in
selecting one or more of the items from those displayed upon
the screen. In addition, an entropy approximation may be
used which involves pairwise measures over a small neigh-
bourhood to increase the efficiency of the system and method.

In this case, the following formula represents the special
case where the summation is only over each images’ near
neighbour. The set of near neighbours of the image i is
denoted by F(i)

N N

1
H= —log{m E E
=1L jeF()

(16)

i

G(yi = Yjs Z +ZJ:]}

The approximation provides a good compromise between
reducing computational expense and maintaining accuracy.
The set of nearest neighbours to be included in the covariance
matrix, specifically, those within 30, of each images centre.

0,‘_2
Z :[ 0 (aoo';)z]

Where a is the aspect ratio of the image As previously
described, maximizing Renyi’s quadratic entropy will mini-
mise the presence of empty space in the layout region and will
minimise image overlap.

FIG. 8 explores the effect of making the approximation on
computational time and accuracy. A set of 500 textile images
were arranged with and without the approximation and the
results were compared. FIGS. 8a and 856 show plots of the
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time per iteration when optimising a layout of 500 images and
the accuracy of the image approximation obtained respec-
tively. FIG. 8¢ shows a plot of the average computation time
as a function of the number of images in the layout and
indicates the improved scaling. FIG. 84 shows a layout of 100
images obtained using the approximation of the present
invention. Although the approximation arguably produces a
slightly inferior layout it is better than the layouts produced
by existing known competitor products and uses less comput-
ing power.

In order to investigate the effect of the step size a during
optimisation, the method of the present invention was applied
to the 1000 art images with A=1.0 and y=1.0. Each image was
represented by a colour histogram and the function f(y,) of
equation 5 was the square of the Euclidean distance from y, to
the layout region R.

FIG. 9 illustrates the change of image positions in several
iterations with no threshold © on step size (first column) and
with t=0.05 (second column). When the threshold was not
used a large number of image positions changed abruptly in
the first iteration which resulted in images “jumping over”
each other and a significant loss of structure. In comparison,
when t=0.05, the changes in image position were limited
initially; the largest movements being those of the outlying
images that can be observed on the right hand side. Subse-
quently, the dense central part of the layout underwent diver-
gence. In both cases, the resulting position distribution was
similar as shown in FIG. 9¢. Step size control makes possible
the use of conjugate gradients descent without loss of struc-
ture. This is an important aspect of the method since without
it inferior visualisations were obtained

In addition, the use of the threshold T can make the opti-
mization insensitive to a large range of y (e.g. 0.1 to 100) and
to different types of function f(y,) (i.e. linear and square of the
Euclidean distance from y, to R.)

A further experiment was performed to compare the ability
to spread out images when the number of images was large
relative to the available layout region.

The set of 1000 images was automatically arranged on
colour histograms. After initialisation with Isomap, A was set
to 1 in order to spread out the images as much as possible in
the layout region. FIG. 10 shows the resulting locations of the
1000 images. A system in accordance with the present inven-
tion (FIG. 10q) yielded the most even distribution of images
and a substantially constant image density over the layout
region. Results based on Moghaddam et al showed a tight
cluster (FIG. 104) and the results for Nguyen et al in FIG. 10¢
showed a more even spread although a significant image
density variation.

FIGS. 114 to 114 illustrate a simplified explanation of the
variation in performance of the techniques described in rela-
tion to FIG. 10. In this example, four square images of width
w=1.0 were arranged in a rectangular region of with 2.0 and
height 1.0. Two of the images’ positions are fixed so that
together they fill the region. The origin is the bottom left hand
corner of the layout region therefore the images have hori-
zontal coordinates 0.5 and 1.5. The other two images are
moved antisymetrically between the two fixed ones such that
when one of them is at u(0.5=u=<1.5) the other is at 2.0. FIG.
11a shows a schematic of this experiment for three values of
u. FIGS. 115 to 11d show the values of the overlap cost terms.
The overlap cost using the present invention is minimized
when the four images are positioned such that the distance
between any image and its nearest neighbour is approxi-
mately the same. FIG. 115. FIG. 11¢ shows that the overlap
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cost for Moghaddam et al’s method is minimized when the
two moveable images are positioned directly over the two
fixed images.

FIG. 11d shows that the overlap cost for Nguyen et al’s
method is minimized when the moveable images overlap
each other only slightly.

FIG. 12 shows a visualisation of 1000 images based upon
colour histograms using the present invention and the prior art
Isomap technique. The parameter y was set to 10 and the
method took approximately 10 seconds per iteration (without
the neighbourhood approximation). In an initial distribution
by Isomap (FIG. 12a) most images were clustered around the
centre of the layout with fewer images irregularly distributed
near the boundaries. When entropy was emphasised (A=1) the
image density became approximately constant (FIG. 125). To
better illustrate the point, the visualizations were zoomed in
around one image near the layout centre. The resulting visu-
alizations are shown in FIGS. 12¢ and 12d. The image posi-
tions were rescaled by the zoom operation but the images
themselves were not rescaled.

FIG. 13 is a block diagram which shows an embodiment of
the present invention. In this example, the invention com-
prises a series of software modules loaded onto a computer.
The system 101 comprises an optimizer 105 which processes
multimedia data 103 to provide an optimized layout in a
layout region of a layout space and which is used to produce
renderings on a display device under the control of the user.

The user has control over the notion of dissimilarity used
when comparing item content (i.e. the concept used to orga-
nise the multimedia data), and the extent to which the pres-
ervation of the content structure of the data should be traded
offagainst the requirement to make use of the available layout
region. The user can also specify the size and shape of the
layout region to be used.

FIG. 14 shows the Optimzer module of an embodiment of
the invention in more detail. The optimizer module 110 com-
prises a number of submodules. The Initializer module 119
generates an initial layout of the multimedia data or items
111, for example by applying the Isomap algorithm. The
Search Engine 123 searches for an optimal layout based on a
cost function which is a combination of layout quality scores
computed by the three submodules Multimedia content 113,
Layout spread 115, and Layout extent 117. The multimedia
content submodule 113 computes a score that measures the
extent to which content structure is preserved by the layout.
The Layout spread submodule 115 computes a score that
measures the entropy of the layout. The Layout extent sub-
module 117 computes a score that measures the extent to
which the constraint that the items are positioned within the
layout region or regions is satisfied. The Combiner module
121 combines these scores into an overall score which the
Search engine 123 uses as a cost function value for the layout.
The Search engine 123 applies an optimisation method to
propose layouts to be scored. The Search engine outputs an
optimised layout 125 after a number of iterations in which
layouts are proposed and scored.

Embodiments of the present invention can exist as, for
example, a method for arranging searchable items such as
digital images or multimedia icons on a display in which case
the method can take the form of a computer program loaded
onto computing means. [t can also comprise a system for
arranging searchable items such as digital images or multi-
media icons on a display in accordance with the invention and
may comprise a combination of hardware and software. It is
anticipated that the system and method of the present inven-
tion can be incorporated into or used in conjunction with
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existing image browsing software and hardware to improve
their performance in the manner described above.

In addition, the browser will be a device which allows a
user to perform the task of selecting items from a database.
The device or system of the present invention can include
browsing and the browser can specify a region of the physical
display upon which the search results will be shown.

Inuse, abrowser could begin a search of'a database of items
based on a query item where it was asked to find the closest
match, a text query or a sketch query.

In addition, the search could begin with a set of items on a
display that are representative and thus provide an overview
of the data set. When a user begins browsing they may have
little or no idea of what they seek. They may be seeking
inspiration. As they browse through the displays laid out
according to various criteria, they may happen across inter-
esting items, and their search might become more directed. In
this case, the emphasis is on the user browsing through the
space of items to efficiently find items of interest. In these
cases and others, the user interface upon which the items are
displayed should respond in real-time, forming a closed inter-
action loop between the user and the system.

Improvements and modifications may be incorporated
herein without deviating from the scope of the invention.

The invention claimed is:

1. A system for arranging searchable items such as digital
images or multimedia icons for display, the system compris-
ing:

an optimizer module which:

creates a mixture distribution in a layout space by con-
sidering each item as having a spatial position in the
layout space;

minimizes a cost function for arranging items in the
layout space, the cost function being a function of the
entropy of the mixture distribution; and

controls the mixture distribution in order to maximize
the extent to which each item occupies a separate
position in the layout space; and

a renderer module that renders layouts so generated to a

display.

2. A systemas claimed in claim 1 wherein, the cost function
is maximized for low entropy mixture distributions and is
minimized for layouts in the layout space in which the dis-
tances between items depend upon the similarity of their
content.

3. A system as claimed in claim 1 wherein, the layout space
comprises one or more layout regions in which items are
contained.

4. A system as claimed in claim 1 wherein, the spatial
distribution of each item in layout space is a Gaussian distri-
bution.

5. A system as claimed in claim 4 wherein, the spatial
distribution is a Gaussian mixture distribution.

6. A system as claimed in claim 5 wherein, the mixture
distribution has equal weights for each Gaussian component.

7. A system as claimed in claim 1 wherein, the items are
laid out on the basis of content similarity.

8. A system as claimed in claim 1 wherein, the predeter-
mined characteristics are features describing aspects such as
color, texture, and/or shape.

9. A system as claimed in claim 1 wherein, size and shape
information of each item’s thumbnail or icon can be embed-
ded into the cost function.

10. A system as claimed in claim 1 wherein, the entropy is
the quadratic Renyi entropy.

11. A system as claimed in claim 10 wherein a pair-wise
formulation of the Renyi entropy is used.
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12. A system as claimed in claim 1 wherein, the step of
processing the items comprises; assuming that the items are
distributed on a data manifold; determining the structure of
the data manifold; and applying a manifold learning tech-
nique to map items to a low-dimensional layout space so as to
approximately preserve the content structure of the items.

13. A system as claimed in claim 1 wherein, the cost func-
tion is further adapted to trade off the entropy and the content
structure preservation of the items in the layout space.

14. A system as claimed in claim 13 wherein, the parameter
controlling the trade-off is user defined. Advantageously, this
will allow the user to experiment trading off content structure
preservation and layout entropy.

15. A system as claimed in claim 1 wherein, the items are
arranged in 2-D on the display.

16. A system as claimed in claim 1 wherein, the items are
positioned to give the appearance of a 3-D arrangement on a
2-D display.

17. A system as claimed in claim 1 wherein, the items are
arranged in 3-D on a 3-D display.

18. A system as claimed in claim 1 wherein, the display
comprises a display space which can be a part of a display
such that the items are spread out within the display space.

19. A system as claimed in claim 1 wherein, the items are
images or their thumbnails.

20. A system as claimed in claim 1 wherein, the items are
icons for multimedia items such as audio or video clips.

21. A system as claimed in claim 1 wherein, the optimizer
module comprises a number of sub-modules.

22. A system as claimed in claim 1 wherein, the optimizer
module comprises an initializer module which generates an
initial layout of the items.

23. A system as claimed in claim 1 wherein, the optimizer
module comprises a search engine which searches for an
optimal layout based on the cost function.

24. A system as claimed in claim 1 wherein, the cost func-
tion is computed as a combination of layout quality scores
computed by a multimedia content module a layout spread
module and a Layout extent module.
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25. A system as claimed in claim 24 wherein, the multime-
dia content submodule computes a score that measures the
extent to which content structure is preserved by the layout.

26. A system as claimed in claim 24 wherein, the layout
spread submodule computes a score that measures the
entropy of the layout.

27. A system as claimed in claim 24 wherein, the layout
extent submodule computes a score that measures the extent
to which the constraint that the items are positioned within the
layout region or regions is satisfied.

28. A system as claimed in claim 23 wherein, the optimizer
module further comprises a combiner module which com-
bines these scores into an overall score which the search
engine uses as a cost function value for the layout.

29. A system as claimed in claim 28 wherein, the search
engine applies an optimization method to propose layouts to
be scored.

30. A system as claimed in claim 29 wherein, the search
engine outputs an optimized layout after a number of itera-
tions in which layouts are proposed and scored.

31. A computer system comprising:

a user interface with a display;

computing means adapted to run computer software for

arranging searchable items such as digital images or
multimedia icons on the display screen; and

a non-transitory computer-readable medium on which is

stored the computer software, the computer software
comprising:
an optimizer module which:
creates a mixture distribution in a layout space by
considering each item as having a spatial position
in the layout space;
minimizes a cost function for arranging items in the
layout space, the cost function being a function of
the entropy of the mixture distribution; and
controls the mixture distribution in order to maximize
the extent to which each item occupies a separate
position in the layout space; and
a renderer module that renders layouts so generated to
the display.



