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METHOD AND APPARATUS FOR
REPRESENTING A GROUP OF IMAGES

BACKGROUND OF THE INVENTION

1. Field of the Invention

The invention relates to a method and apparatus for repre-
senting a group of images, especially in terms of colour, and
for searching for and retrieving images.

2. Description of the Background

There are various known techniques for representing an
image using visual features such as colour appearing in the
image. For example, in one known technique, each pixel is
assigned a colour value, and a colour histogram is derived by
setting bins for a number of ranges of colour values, and
counting the number of pixels in an image which have a
colour value in each of the ranges. The colour histogram is
then used as a representation of the image. In another known
technique, one or more dominant colours in an image are
identified, and the dominant colours are used to represent the
image.

SUMMARY OF THE INVENTION

The present invention is especially concerned with group
of images. The groups of images may, for example, be a
sequence of images (frames or fields) from a video, or any
group of images from any source where the images are asso-
ciated in some way. The group of images could, for example,
relate to a single scene or shot in a video. A term known in the
art for such a group of images is GroupOfFrames/GroupOft-
Pictures. In the following, this term will be referred to as
GoFGoP. In this specification, the term image will be used to
describe a frame/picture in a group, irrespective of whether it
is avideo frame or field or a still picture. Also, the terms image
and image region are interchangeable, except where apparent
from the context.

One approach for representing a group of images is to
select a single image from the group of images, and treating
the single image as representative of the entire group. The
single image is then represented using a known technique for
representing a single image. The single image may, for
example, be the first or last image appearing in a sequence, or
the group of images may be analysed to identify an image in
the group that is in some way especially representative of the
group, in terms of the visual feature of interest.

Another approach is to aggregate the group of images. The
existing MPEG-7 Visual Standard (ISO/IEC 15938-3) allows
for the description of colour in a video segment or a group of
pictures using a GoFGoP colour descriptor. This is described
in detail, for example, in the book: Introduction to MPEG-7
Multimedia content description interface Edited by Manju-
nath, Salembier and Sikora, ISBN 0-471-48678-7, section
13.5. Three techniques for aggregating a group of images are
described: average, median and intersection.

In each technique, a colour histogram is derived for each
image in the group, as described above. In the averaging
technique, the colour histograms are accumulated, and then
each accumulated bin value is divided by N, where N is the
number of images in the group, to produce an average histo-
gram. In the median technique, for each bin value, the histo-
gram values for the group are arranged in ascending/descend-
ing order, and the median value is assigned to the respective
bin. The intersection histogram is obtained by, for each bin,
taking the minimum histogram value from the histograms for
the group. In other words, the intersection histogram repre-
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sents the number of pixels of a particular colour or range of
colours (corresponding to a bin) that appears in all of the
images.

In each case, the aggregated histogram (average, median or
intersection) is then represented using a Scalable Color
Descriptor (section 13.4 of the book mentioned above) which
involves applying a Haar transform-based encoding scheme
to the values of the color histogram.

The paper “Automatic video scene extraction by shot
grouping” by Tong Lin and Hong-Jiang Zhang relates to the
grouping of shots into scenes. A group of frames forming a
shot is analysed to determine the dominant colour objects in
each frame, and then to determine the dominant colour
objects persisting throughout the group of frames. This pro-
duces a dominant colour histogram for a shot. Dominant
colour histograms for different shots are compared. If the
correlation between two shots is high, the shots are grouped
into a scene.

Aspects of the invention are set out in the accompanying
claims.

BRIEF DESCRIPTION OF THE DRAWINGS

An embodiment of the invention will be described with
reference to the accompanying drawings of which:

FIG. 1 is a block diagram of a system according to an
embodiment of the invention;

FIGS. 2a, 26 and FIGS. 3 to 5 are graphs illustrating a
method of merging of image descriptors according to an
embodiment of the invention;

FIG. 6 illustrates the combining of images to form a super-
image.

DETAILED DESCRIPTION OF THE DRAWINGS

A system according to an embodiment of the invention is
shown in FIG. 1. The system includes a control unit 12 such
as a computer for controlling operation of the system, the
control unit 12 including at least a memory and a processor, a
display unit 14 such as a monitor, connected to the control
unit 12, for displaying outputs including images and text and
a pointing device 16 such as a mouse for inputting instruc-
tions to the control unit 12. The system also includes an image
database 18 storing digital versions of a plurality of groups of
images and a descriptor database 20 storing descriptor infor-
mation, described in more detail below, for each of the groups
of images stored in the image database 8. In this example,
each group of images corresponds to a shot from a video
sequence. There are various known techniques for dividing a
video sequence into shots, which will not be described in
detail here. The invention can be applied to any group of
images, or image regions, including regions within images.
The images may be stored in groups, or, for example, there
may be an identifier indicating which images belong to the
same group.

Each of the image database 18 and the descriptor database
20 is connected to the control unit 12. The system also
includes a search engine 22 which is a computer program
under the control of the control unit 12 and which operates on
the descriptor database 20.

In this embodiment, the elements of the system are pro-
vided on a single site, such as an image library, where the
components of the system are permanently linked.

The descriptor database 20 stores descriptors of all the
images stored in the image database and additionally ofall the
groups of images in the image database. The image and group
descriptors are derived as described below.
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Each image has an associated image descriptor, which
expresses the respective image in terms of the dominant
colour or colours in the image. In this embodiment, the image
descriptors are derived essentially as described in our co-
pending application WO 00/67203, the contents of which are
incorporated herein by reference.

A brief summary of deriving an image descriptor follows.
Each image has a plurality of pixels, and each pixel has an
associated colour value, in the relevant colour space, such as
RGB.

The colour values and the corresponding pixels are clus-
tered in the colour domain in order to determine dominant
colours and which colours correspond to a respective domi-
nant colour. This is done using a suitable clustering algorithm,
such as the Generalized Lloyd Algorithm, as described in
section 13.3.1 of the MPEG-7 book mentioned above.

The cluster centroids resulting from the clustering proce-
dure are used as dominant colour values, and the sets of pixels
that form the perspective clusters are stored for computation
of additional fields (weight and colour variance) as discussed
below.

Alternatively, the dominant colours may be derived using a
histogram approach, as described in W000/67203.

In that case, a colour histogram for an image is derived, by
selecting a predetermined number of colour values, or ranges
of colour values, in the relevant colour space, and the number
of pixels in the image having each colour value, or a value in
the relevant range, is counted.

Generally, the histogram will have one or more peaks, and
the peaks (or a subset thereof, such as a predetermined num-
ber of the highest peaks) are selected as the dominant colours
and colour values/pixels are clustered in the colour domain
with respect to the dominant colours.

Once the colour values have been clustered, a colour vari-
ance value is determined for each dominant colour, express-
ing for each dominant colour the variance of the colour values
for the respective cluster centred on the dominant colour. The
dominant colour can be considered as a mean value for the
colour distribution in the relevant cluster.

The calculation of the variance can be expressed using the
following equation:

N-1

1
Cv;= ﬁz (m; - py)’
=0

where j indexes the color component, m, is j-th component of
the dominant color, p,; is j-th component of the k-th pixel
value, and the summation is over N pixels corresponding to
the dominant color under consideration.

The descriptor also includes a weight value for each domi-
nant colour, which is a measure of the relative significance of
each dominant colour in the image. In this example, the
weight is the ratio of the number of pixels in the cluster
corresponding to the dominant colour value to the total num-
ber of pixels in the image. The weight may be expressed as a
percentage.

The dominant colour values, and their respective variances
and weights are combined to form a colour descriptor of the
image. The descriptor may also have other components, such
as a degree n, indicating the number of dominant colours. The
descriptor may also include covariance values Cij, where i
and j represent colour components in the relevant colour
space, for each dominant colour and cluster, as well as vari-
ance values.
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The colour descriptor for each image is stored in the
descriptor database.

It is important to note that a dominant colour descriptor is
not the same as a histogram representation of an image. A
dominant colour descriptor includes the values of the domi-
nant colours in an image, which may have been determined in
earlier processing steps. A histogram representation of an
image includes the dominant colours, but there is no identi-
fication of the dominant colours. The dominant colour
descriptor may also include other values, such as values cor-
responding to variance of colour distribution with respect to
the or each dominant colour, but a histogram representation
does not involve calculating or determining the variance or
other such values. Other components of a dominant colour
descriptor may include, for example, a weight indicating the
influence of the dominant colour in the image, the number of
dominant colours in the image, and spatial homogeneity of
pixels corresponding to the dominant colors in the image.

A group descriptor for a group of images is derived as
follows, according to a first embodiment.

The image descriptors for each image in the group of
images is retrieved from the descriptor database. The image
descriptors are then combined to form a group descriptor.

The group descriptor has a similar format to an image
descriptor (dominant colours, variances, weights etc). Pref-
erably, the number of dominant colours in the group descrip-
tor is between 1 and 8. However, the number of dominant
colours may be unlimited or may be set with a predetermined
maximum. The number of dominant colours in the image
descriptor also may be unlimited or may be limited by a
predetermined maximum. The maximum for the image
descriptors and the maximum for the group descriptors may
not necessarily be the same so that, for example, the image
descriptors may have more dominant colours than the group
descriptor.

In this example, there are two images in a group, and the
two respective image descriptors are combined as follows.

In general terms, the image descriptors are combined by
merging clusters in the images based on proximity of the
clusters in colour space.

FIGS. 2a and 25 are abstract representations of clusters in
colour space of the two images. FIG. 2a represents the first
image and FIG. 26 represents the second image. In each case,
the circles represent a cluster for a respective dominant
colour. For simplicity, the colour space is shown in two
dimensions, although the colour space will usually be in three
dimensions. Also, the clusters do not necessarily correspond
to circles in colour space, but are shown as such for simplicity,
and the circles do not give any indication of the weight of the
clusters. In the following, a representation such as in shown in
FIGS.2a and 25 (that is, a representation in terms of dominant
colours and respective clusters) will be described as a cluster
descriptor.

The two cluster descriptors of FIGS. 2a and 24 are com-
bined to form a cluster super-descriptor. This is illustrated in
FIG. 3.

Next, the distance between each pair of clusters (as defined
above) in the super-descriptor is determined, using a suitable
distance measurement in colour space. In this example, the
distance is the Euclidean distance in colour space.

In this example, there are two dominant colours and two
clusters in the first image, and three dominant colours and
three clusters in the second image, numbered 1 to 5 respec-
tively. Each dominant colour corresponds to a point in RGB
colour space, represented by a cross in FIGS. 2 to 5. The
distance between a pair of clusters is the distance in 3-D RGB
space between the centroids of the clusters. The distance
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between each pair of dominant colours in the first and second
images is calculated including, in this example, clusters from
the same image. The pair of dominant colours giving the
smallest distance measurement are selected.

Next, the clusters corresponding to the two dominant
colours are merged.

In this example, as shown in FIG. 3, the two closest clusters
are clusters 1 and 3, and these are merged as follows.

The dominant or representative colour value of the merged
cluster is a weighted average of the dominant colours of the
two clusters, where the weight is as defined above. Thus, for
two dominant colours m,, m,, and respective weights W1 and
W2, the merged dominant colour m has value:

M=W M +Wylh,

where w,, w, are the relative weights, W1/W1+W2 and
W2/W1+W2 respectively.

The variance of the merged cluster is also calculated, using
the variances of the two clusters merged together. In this
example, each colour component is treated independently,
and it is assumed that the variance of the merged cluster is a
weighted sum of two Gaussian distributions. This results in
the following formula for the variance of the merged cluster:

O =W O P+ W0 + W wa(m -m5),

where 0,°, 0, are the variances of the component clusters,
m,, m, are their means and w,, w, are the relative weights, as
defined above.

The weight W of the merged cluster is W1+W2.

The merged cluster is treated as a new cluster, with weight,
mean and variance as explained above.

This is illustrated in FIG. 4, where clusters 1 and 3 are
merged to form a new cluster 6.

Next, there is another iteration of the merging steps. The
two clusters 1 and 3 that were merged in the first iteration are
excluded from further consideration, and replaced by the
merged cluster 6, as shown in FIG. 4.

The merging steps are then repeated, by identifying the
closest pair of clusters, including the merged cluster 6, in
colour space and merging them, as outlined above.

In this example, in the second iteration, clusters 2 and 4 are
the closest pair of clusters. These are merged to produce a new
cluster 7, with dominant colour, weight and variance derived
as set out above from the dominant colours, weights and
variances of clusters 2 and 4. The merged cluster 7 replaces
clusters 2 and 4, as shown in FIG. 5.

The merging iterations are repeated until a predetermined
condition is met. For example, the predetermined condition
may be that merging is continued until a predetermined num-
ber of total clusters (sum of merged clusters, and original
remaining clusters in the first and second images) remains.
Alternatively, the predetermined condition may be that the
merging is continued until the distance between each remain-
ing pair of clusters is greater than a given value. Alternatively,
the method may involve a predetermined number of itera-
tions. More than one of the predetermined conditions may be
combined.

In the present case, the merging is repeated until a prede-
termined number (three) of clusters are remaining.

In the above example, merged clusters are considered in
further iterations. However, they may be excluded from fur-
ther iterations. Also, in the above example, clusters may be
merged with other clusters within the same image, but in an
alternative, clusters may be merged only with clusters appear-
ing in another image, in the first and/or any subsequent itera-
tion. This reduces the number of distance measurements.
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Although described in terms of clusters, it is understood
that the merging operates on the values in the descriptors ie
dominant colour, variance and weight and it is not necessary
to analyse the clusters themselves.

Once the iterations have been completed, the remaining
clusters are used to form a group descriptor. More specifi-
cally, for each final cluster, there is a representative or domi-
nant colour, a respective variance, and a respective weight.
These are combined, together with a degree m indicating the
number of final clusters, to form a group descriptor. The
group descriptor may also include other factors, such as an
indication of the colour space, or colour quantization used in
the representation. The group descriptor is a GoFGoP domi-
nant colour descriptor.

In the above example, there are only two images in the
group of images. However, the method is also applicable to
groups containing more than two images. The cluster descrip-
tors for each image in the group could all be combined, to
form a super descriptor, as above. Alternatively, the group of
images could be combined in sub-groups, for example, in
groups of two or three, in sequence or not in sequence, and
then the descriptors for the sub-groups combined in a similar
way.

Where there are a large number of images in a group, the
above method potentially involves a large number of clusters,
and a large number of calculations of distances between clus-
ters.

In view of the above, a variation of the above method takes
account of the fact that most images in a video shot or a
collection will be very similar and the corresponding descrip-
tors will be similar. This means that most clusters can be
merged on a per-frame basis without significant loss of pre-
cision.

In more detail, the variation considers the images of a
group of images in a sequence. As in the example described
above, the image descriptors have already been derived and
are stored in the descriptor database. The cluster descriptors
for afirst and second image in a group of images are retrieved.
Next, the distances between each cluster in the pair of images
are determined, If the distance between any pair of clusters is
below a predetermined threshold, the pair of clusters are
merged. The merged clusters and any remaining clusters in
the pair of images are collected in a super-descriptor, as in the
example above. The cluster descriptor for the next image is
then retrieved and merged with super-descriptor for the first
two images in the same way, by merging clusters that are
close, and forming a new super-descriptor. When the cluster
descriptors for all the images have been considered, the
resulting super-descriptor is merged using all remaining clus-
ters as set out in the first example.

In the above description, the cluster descriptors have
already been derived. Alternatively, the image may be
retrieved or supplied, and the descriptor derived from the
image before performing the cluster merging.

In the first embodiment described above, a descriptor of a
GoFGoP is derived by aggregating the descriptors for each
image in the group.

In a second embodiment, the images are aggregated in the
image or pixel domain, and then a dominant colour descriptor
is derived from the aggregated image to produce a GoFGoP
dominant colour descriptor. Thus, if there are N images 8 in
the group, each image containing mxm pixels, the super-
image 9 can be considered as an (Nxm)xm array of pixels, as
shown in FIG. 6.

In contrast to the first embodiment, the second embodiment
does not use the image descriptors for each image, but works
directly with the images.
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After the images have been aggregated, a dominant colour
descriptor is derived from the super-image, using the tech-
nique described above in relation to the first embodiment.

An advantage of the second embodiment is that there is no
loss of precision in the extraction process. However, a large
amount of complexity, especially memory, may be required in
considering all the images. To overcome the problem of com-
plexity, the images may be temporally and/or spatially sub-
sampled.

In the above, the images are aggregated in the image or
pixel domain, and then a dominant colour descriptor is
derived from the aggregated image to produce a GoFGoP
dominant colour descriptor. Alternatively, each image could
be aggregated in the colour domain (for example, in the form
of a histogram for each image) and the dominant colour
descriptor derived from the aggregated histograms. For
example, a colour histogram for each image may be derived,
or may be retrieved from a memory. Next, the colour histo-
grams are combined by adding them together to form a super-
image histogram, which may be normalised by the number of
images forming the super-image. Finally, a dominant colour
descriptor is derived from the super-image histogram, using
the technique described above in relation to the first embodi-
ment. In other words, the peaks (dominant colours) of the
super-image histogram are selected, as well as the respective
variances and weights. Other techniques for aggregating the
images before deriving the dominant colour descriptor may
used. For example, instead of adding together the histograms
for each image, the average, median or intersection of the
group of images may be calculated. The dominant colour
group descriptor is then derived from the resulting average,
median or intersection histogram.

In a variation of the second embodiment, which applies to
aggregation in the image/pixel domain and in the colour/
histogram domain, the group of images are temporally sub-
sampled, as described below. In this example, the cluster
descriptors for each image is derived or retrieved. Itis decided
which images in the group to use in deriving the GoFGoP
descriptor on the basis of similarity of the cluster descriptors.

The first image in a sequence from the group of images
forms the initial super-image. The following images are dis-
carded until the similarity between the cluster descriptor ofan
image and the last image added to the super-image (initially
the first image) fulfils a predetermined decision condition. If
an image meets the condition, it is added to the super-image.
The following images in the group are then compared with the
latest image added to the super-image until the predetermined
condition is met again, and so on until all the images in the
group have been considered. The dominant colour descriptor
is then derived from the resulting super-image.

One possible decision criterion for image similarity is the
value of the matching function between the respective Domi-
nantColor descriptors, such as described in our co-pending
application WO00/67203, or using a matching function as
described in the MPEG-7 book mentioned above. Another
criterion could be the result of “on-line” merging described
above. The “decision criterion” in this case would be fulfilled
if all clusters have been merged into the existing descriptor.
Another approach that would avoid extracting Dominant-
Color for all images would be to compute a crude colour
histogram and use the histogram matching function value as
the criterion.

Both of these criteria require additional parameters to be
specified: a threshold below which the matching function
value is considered small in the first case, and merging thresh-
old in the second case. An alternative approach, which would
be particularly applicable in case of limited memory, would
be to adapt the threshold so that a the number of images
collected does not exceed a specified limit.
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A third embodiment derives a GoFGoP dominant colour
descriptor from the group of dominant colour descriptors for
the group of images. More specifically, for a group of images,
the respective dominant colour descriptors are retrieved from
the descriptor database (or derived if they have not already
been derived).

For each dominant colour descriptor, the distance between
the descriptor and each of the remaining descriptors for the
group is measured. This results in a set of distance measure-
ments for each descriptor, which may be added together to
give an overall distance measurement for each descriptor. The
descriptor which has the smallest overall distance measure-
ment is selected as a representative descriptor, and is treated
as the GoFGoP dominant colour descriptor.

Other ways of selecting the representative descriptor may
be used, preferably involving tests or comparisons involving
at least some of the image descriptors for the images in the
group. As another example, this could be done based on the
distortion measure as defined in MPEG-7 if done for whole
descriptors.

It is possible to pre-reject very close descriptors to reduce
the computation. Various methods are set out above for deriv-
ing a GoFGoP descriptor, especially a GoFGoP dominant
colour descriptor.

There are various uses for the GoFGoP descriptor, such as
in searching for and retrieving groups of images. For
example, a user may wish to search for groups of images
corresponding to an input image or group of images.

An outline of a search method is set out below.

Referring to FIG. 1, a query image is input by a user using
suitable means such as a scanner or a digital camera, or by
selecting a query image from a range of images displayed by
the computer, or by selecting a region of any such images. A
dominant colour descriptor for the image is derived, as
described above. The query dominant colour descriptor is
then compared with each of the GoFGoP dominant colour
descriptors stored in the descriptor database. The GoFGoP
dominant colour descriptors are in the same format as a single
image dominant colour descriptor, and so matching can be
performed, for example, using a matching function as set out
in WO 00/67203 or similar, or a matching function as set out
in section 13.3.2 of the MPEG-7 book mentioned above. The
query descriptor may optionally also be compared with single
image descriptors that may be stored in the database.

The results of the matching function are ordered, and the
groups of images for which the matching function indicates
the closest matches are retrieved. One or more images from
the closest matches may be displayed.

Other methods of posing a query may beused. A query may
be posed by selecting a group of images and extracting a
GoFGoP descriptor as described above for the group. The
group can be selected explicitly, for example, by selecting a
range of frames or implicity, for example, by selecting a
keytrame in a video, where a “shot” including the keyframe is
then derived using a suitable algorithm.

A system according to the invention may, for example, be
provided in an image library. Alternatively, the databases may
be sited remote from the control unit of the system, connected
to the control unit by a temporary link such as a telephone line
or by anetwork such as the Internet. The image and descriptor
databases may be provided, for example, in permanent stor-
age or on portable data storage media such as CD-ROMs or
DVDs.

The system described above as an embodiment of the
invention is in the form of a computer system. The computer
system may be a standard computer which has been pro-
grammed using suitable programs for executing a method
according to an embodiment of the invention. The programs
may be stored in any suitable storage medium including fixed
or permanent storage or removable storage means. The sys-
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tem may be modified using specific hardware and/or soft-
ware, including, for example, specific chips. The invention
may also be implemented in a specifically adapted apparatus,
including specific hardware and/or software.

In the above description, the colour representations have
been described in terms of red, green and blue colour com-
ponents. Of course, other representations can be used, such as
a representation using a hue, saturation and intensity, or YUV
co-ordinate system, or a subset of colour components in any
colour space, for example only hue and saturation in HSI.

The embodiment of the invention described above uses
descriptors derived for images and groups of images. How-
ever, the image descriptors may be for regions of images, and
similarly GoFGoP descriptors may be based on regions of
images. Regions may be rectangular blocks, or regions of
different shapes and sizes could be used. Alternatively,
descriptors may be derived for regions of the image corre-
sponding to objects, for example, a car, a house or a person. In
either case, descriptors may be derived for all of the image or
only part of it. Also, a GoFGoP group descriptor could be
derived for a single image by applying the above methods to
a plurality of regions in a image forming a group of image
regions.

In the search procedure, instead of inputting a simple
colour query or selecting an image block, the user can, for
example, use the pointing device to describe a region of an
image, say, by encircling it, whereupon the control unit
derives a descriptor for that region and uses it for searching in
a similar manner as described above. Also, instead of using
images already stored in the image database for initiating a
search, an image could be input into the system using, for
example, an image scanner or a digital camera. In order to
perform a search in such a situation, again the system first
derives descriptors for the image or regions of the image,
either automatically or as determined by the user.

Appropriate aspects of the invention can be implemented
using hardware or software.

In the above embodiments, the cluster distributions for
each representative colour are approximated using Gaussian
functions, and the mean, variances and covariances of those
functions are used in the descriptor values. However, other
functions or parameters can be used to approximate the com-
ponent distributions, for example, using basis functions such
as sine and cosine, with descriptors based on those functions.

The invention claimed is:

1. A method of representing a group of images using at
least one processor to process signals corresponding to the
images, the method comprising:

obtaining image dominant colour representations for each

image in the group of images, the dominant colour rep-
resentations expressing the images in terms of one or
more of dominant colour values, and where each of the
image dominant colour representations has one or more
components including at least one image dominant
colour value, and a variance indicating colour distribu-
tion variance of the image with respect to the dominant
colour value, said variance being calculated for each
image dominant colour using

=
Cv;= ﬁz (m; - py)’
=0
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where j indexes the color component, m, is j-th component
of the image dominant color, P, is j-th component of the
k-th pixel value, and the summation is over N pixels
corresponding to the image dominant color under con-
sideration;
determining, using a processor, the values of one or more
colours that are dominant for the group of images by
combining the image dominant colour representations;

generating a group dominant colour representation for the
group of images based on the combined image dominant
colour representation.

2. A method of claim 1 where each of the image dominant
colour representations has one or more components including
optionally for each dominant colour value, a weight indicat-
ing the influence of the dominant colour in the image, the
number of dominant colours in the image, and spatial homo-
geneity of pixels corresponding to the dominant colours in the
image.

3. A method as claimed in claim 1 further comprising
temporally or spatially sub-sampling the group of images.

4. A method as claimed in claim 3 wherein images are
omitted or included depending on their similarity to other
images in the group.

5. A descriptor for a group of images derived by a method
according to claim 1.

6. A computer-readable storage medium storing computer-
executable process steps for implementing a method as
claimed in claim 1.

7. A computer system comprising:

an image database storing images or groups of images;

a descriptor database storing descriptors for the images or

groups of images in the image database; and

a control unit programmed to perform the method as

claimed in claim 1.

8. An apparatus for representing a group of images by
deriving a group dominant colour representation of the group
of'images, wherein at least some of the images in the group of
images are represented by a respective image dominant
colour representation in terms of one or more dominant
colour values for the image, and where each of the image
dominant colour representation has one or more components
including at least one image dominant colour value, and a
variance indicating colour distribution variance of the image
with respect to the dominant colour value calculated for each
image dominant colour using

=
v = ﬁz (m; - py )’
=0

where j indexes the color component, m, is j-th component of
the dominant color, Py, is j-th component of the k-th pixel
value, and the summation is over N pixels corresponding to
the dominant color under consideration, the apparatus com-
prising a processor which derives a group dominant colour
representation of the group of images by combining a plural-
ity of said image dominant colour representations.

9. The apparatus of claim 8 further comprising a storage
unit storing at least one of: one or more groups of images, one
or more image dominant colour representations, and one or
more group dominant colour representations.

#* #* #* #* #*
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