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Abstract. This paper outlines the technical details of a prototype sys-
tem for searching and browsing over a million images from the World
Wide Web using their visual contents. The system relies on two modali-
ties for accessing images — automated image annotation and NNk image
network browsing. The user supplies the initial query in the form of one
or more keywords and is then able to locate the desired images more
precisely using a browsing interface.

1 Introduction

The purpose of this system is to demonstrate how simple image feature extrac-
tion can be used to provide alternative mechanisms for image retrieval from
the World Wide Web. We apply two recently published indexing techniques —
automated image annotation using global features [1] and NNk image network
browsing [2] — to 1.14 million images spidered from the Internet. Traditional
image search engines like Google or Yahoo use collateral text data, such as im-
age filenames or web page content, to index images on the web. Such metadata,
however, can often be erroneous and incomplete. We attempt to address this
challenge by automatically assigning likely keywords to an image based on its
content and allowing users to query with arbitrary combinations of these key-
words.

As the vocabulary used for automatically annotating images is inherently lim-
ited, we use NNk image networks to enable unlimited exploration of the image
collection based on inter-image visual similarity. The idea is to connect an image
to all those images in the collection to which it is most similar under some in-
stantiation of a parametrised distance metric (where parameters correspond to
feature weights). This is unlike most image retrieval systems which fix the para-
meters of the metric in advance or seek to find a single parameter set through
user interaction. By considering all possible parameter sets, the networks pro-
vide a rich and browsable representation of the multiple semantic relationships
that may exist between images. NNk networks have proven a powerful browsing
methodology for large collections of diverse images [3]. In addition to showing the
local graph neighbourhood of an image we extract a number of visually similar
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subgraphs in which that image is contained thus providing users with immediate
access to a larger set of potentially interesting images.

Early experiments with our system are showing promising results, which is
particularly encouraging given the ‘noisy’ nature of images found on the World
Wide Web. In the next section we give short, formal descriptions of both indexing
frameworks, and we conclude with a number of screenshots.

2 Large Scale Image Indexing

2.1 Automated Image Annotation

We use a simple nonparametric annotation model proposed by [1] which is re-
ported to perform on par with other, more elaborate, annotation methods.

14,081 images were selected from the Corel Photo Stock for estimating statis-
tical models of image keywords, which were then used to automatically annotate
1,141,682 images downloaded from the internet. We compiled a diverse vocabu-
lary of 253 keywords from the annotations available in the Corel dataset.

Global colour, texture, and frequency domain features are used to model image
densities. The image is split into 9 equal, rectangular tiles; for each tile we
compute the mean and the variance of each of the HSV channel responses, as well
as Tamura coarseness, contrast and directionality texture properties obtained
using a sliding window [4]. Additionally we apply a Gabor filter bank [5] with
24 filters (6 scales × 4 orientations) and compute the mean and the variance of
each filter’s response signal on the entire image. This results in a 129-dimensional
feature vector for each image. Our choice of these simple features is motivated by
results reported in [1] which demonstrate that simple colour and texture features
are suitable for automated image annotation. Implementation details of Tamura
and Gabor features used in this paper can be found in [6].

2.2 NNk Networks

NNk networks were introduced in [2] and analysed in [7] and [8]. The motivation
behind NNk networks is to provide a browsable representation of an image col-
lection that captures the different kinds of similarities that may exist between
images. The principal idea underlying these structures is what we call the NNk

of an image. The NNk of image q are all those images in a collection that are
closest to it under at least one instantiation of a parametrised distance metric

D(p, q) =
k∑

f=1

wfdf (p, q).

where the parameters w are weights associated with feature-specific distance
functions df . Each NNk can thus be regarded as a nearest neighbour (NN) of q
under a different metric.

Given a collection of images, we can use the NNk idea to build image networks
by establishing an arc from image q to image p if p is the NNk of q. The number
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of parameter sets for which p is the NNk of q defines the strength of the arc. The
set of NNk can be thought of as exemplifying the different semantic facets of the
focal image that lie within the representational scope of the chosen feature set.

Structurally NNk networks resemble the hyperlinked network of the World
Wide Web (WWW), but they tend to exhibit a much better connectedness with
only a negligible fraction of vertices not being reachable from the giant compo-
nent. In collections of one million images, the average number of links between
any two images lies between 4 and 5. By being precomputed NNk networks allow
very fast interaction.

A soft clustering of the images in the networks is achieved by partitioning not
the vertex set but the edge set. An image can then belong to as many clusters
as it has edges to other images (for details see [9]).

3 Implementation

The search engine is implemented within the JavaServerPages framework and
is served using Apache Tomcat1. Figure 1 shows the result of a query ‘tower

Fig. 1. Initial search using keywords (query: ‘tower structure sky’)

Fig. 2. Two steps of the NNk browsing. The circle identifies the currently selected
image, other images are its immediate neighbours in the network.

1 A live version of this demo can be found at http://www.beholdsearch.com
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structure sky’. Below each image there are two links, one for using the image
as a starting point for exploring the NNk network and the other for viewing
different clusters to which the image belongs. Figure 2 shows two steps in the
image network after the second search result from the left has been selected as
the entry point.

4 Conclusions

Automated image annotation and image network browsing techniques appear to
be promising for searching and exploring large volumes of images from the World
Wide Web. It is particularly encouraging that representing images using very
simple global features often yields meaningful search and visualisation results.
Additionally, since most of the computation is done offline, the system is highly
responsive to user queries — a desirable attribute for a content based image
retrieval system.
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8. D Heesch and S Rüger. Image browsing: A semantic analysis of NNk networks. In
Proc Int’l Conf Image and Video Retrieval, pages 609–618. LNCS 3568, Springer,
2005.

9. D Heesch. The NNk technique for image searching and browsing. PhD thesis,
Imperial College London, 2005.


	Introduction
	Large Scale Image Indexing
	Automated Image Annotation
	$NN^k$ Networks

	Implementation
	Conclusions
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


