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1 Executive Summary

The long term needs of a user while searching for some information are more likely to be satisfied by
the context in which the search is performed. However, current systems typically do not make use of
contextual information while presenting the results and fcontext-based search systems 6 ar e a
alternative to bridge this gap.

The present deliverable describes the progress made in the development of a context-based search
system in the last six months of the SALERO project. This report is divided into six main content
chapters.

Chapter 3 gives an overview of the architecture of the proposed system developed for context-based
search. In this chapter, the software modules provided in the system for search and indexing services
are explained along with the SOAP Web interface which enables the system utilization via Web services
(as explained in Chapter 8). Finally, the capabilities of the system while searching external resources
such as Flickr and YouTube are also described.

In Chapter 4, several new low-level features which have been developed and incorporated into the
system are described. A few of these features are motivated by the specific requirements of SALERO
experimental productions (e.g. the TAIK collection used in Chapter 8). An evaluation of these new
features and the investigation of fusion strategies was carried out on TAIK data, and an analysis is
presented about the challenges imposed by TAIK collection while retrieving images.

In Chapters 5, the AspectBrowser Interface for search and indexing are explained; Chapter 6 covers the
AspectBrowser Evaluation. In particular, while the section on the AspectBrowser Interface highlights the
ways in which the browser can be used under different situations, the chapter on the AspectBrowser
Evaluation deals with its use in some broad and complex tasks. Through user evaluations the
effectiveness of the proposed context based search system is demonstrated.

Chapter 7 gives a description of our efforts in integrating semantic search with content based search.
After providing motivations for integrating semantic and content based search methodologies, the
design of our proposed system is presented. The evaluation of the system is done on the PDP data and
the future research directions are identified.

Chapter 8, the final content chapter, is about SALREO Experimental Productions (EP). Two EPs, TAIK
and Video Disk Jockey, are explained in this chapter, both of which use the search system in their
operation, in different ways. In particular, Video Disk Jockey proposes the use of AspectBrowser system
for searching videos similar to a given video query.

The conclusions of this comprehensive report are drawn in Chapter 9.

© SALERO consortium: all rights reserved page 1
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2 Introduction

2.1 Purpose of thisD  ocument

This document describes the design and implementation of the context based search system, including
the search interface, the backend search system, and provides an introduction into the systems use in
other SALERO experimental productions.

2.2 Status of this D ocument

This is the final version of Deliverable D5.5.4

2.3 Related Documents

Before reading this document it is recommended to be familiar with the following documents:
e D2.3.1 User Requirements Document
e Db5.5.1 Context-based retrieval system and user interface
e D5.5.2 Retrieval algorithms based on contextual features

© SALERO consortium: all rights reserved page 2
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3 Architectural Overview

In this chapter, we give a high-level overview of the architecture of the context-based search system
and provide the software details. In the following chapters of this report, the underlying techniques used
by the different parts of the software are fleshed out further.

3.1 Introduction

The high-level architecture of the context-based search system is shown in Figure 3.1, below. The core
of the system is the search and indexing services which run on a central server. This is composed of
two services, one for searching, the other indexing, both of which expose a Java Remote Method
Invocation (RMI) interface. These provide the content-based search and retrieval functions which are
used by the rest of the system, and maintain the corresponding text and visual indexes. These services
also access remote search databases such as yahoo, Flickr and YouTube, enabling the searching of
these remote databases via the same java interface.

The Java RMI interfaces exposed by the search and indexes services are intended for use locally,
within the same network. To allow remote systems to use the content-based search, such as the
semantic search, AlanOnline and Video disk jockey, a SOAP interface is exposed via a Web server.
This interface allows these other SALERO modules to use the full functionality of the content-based
search and retrieval system. In addition, Web interfaces (the AspectBrowser and Indexing interface) are
also exposed, for use by end users.

Web search API's,
E.g. Yahoo! BOSS

Indexes Search/indexing services

Queries Search

results
SOAP Web service
Web server
Semantic Search and (__..---?
Annotation Service /
& :
e m— -
TR N R N L I . Y -
B e T gy B (A °
&" . o !
AspectBrowser Alan Online Video Disk Jockey
interface

Figure 3.1: The high-level architecture of the context-based search system

In the following sections, we introduce each of these separate modules.

© SALERO consortium: all rights reserved page 3
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3.2 Search and Indexing Services

The core of the context-based search and retrieval system is the search and indexing services. These
expose two Java Remote Method Invocation (RMI) interfaces which allow clients to index and search
multimedia content. Both of these services run as separate processes for reliability: if the indexing
process crashes, for example, the search process will continue to run.

3.2.1 Search Process

The search process exposes the following Application Programming Interface (API):
getAvailableCollections()
Returns a list of the collections which can be currently searched
getAvailableFeatures(String collectionID)

For the given collection, this method will return the list of features which can be used to search
that collection. Each collection may be indexed by different features, either due to the preference
of the indexer (some features are more appropriate for some types of collection), or due to the
available data (e.g. image collections have no text, and therefore cannot be searched using the
text feature)

loadCollection(String collectionID)

Makes the collection available for use, which will ensure the collection has been initialised and is
ready to be searched.

searchLite

Will carry out a search, returning a list of results as document identifiers (which are simple
strings). The parameters required are as follows:

e collectionID: The collection which will be searched
o textQuery: A text query which will be used if a text index is available
o features: A list of the features which should be used in the search
e examples: Document | Dé6s of example i mages
e images: Base-10 encoded images which will be used in the search
e startFrom: The starting index of the first result
e numberOfResults: The number of results required
searchFull

This will carry out a search in the same way as searchLite, but will return objects of class
Document, which contain extra meta-data such as URL, thumbnail image, title, etc.

searchFusion

Carries out a search as for searchFull , but
parameters, which allows the type of fusion to be set (either for fusing different examples, or
different features from different examples)

getimageURL(String collectionID, String documentID)

Returns the image URL for a document in a specified collection.
getThumbnail(String collectionID, String documentID)

Returns the thumbnail URL for a document in a specified collection.

The most important methods in the above interface is the search methods (searchLite, searchFull and
searchFusion), which can all be used to search a collection using both a text query and image
examples. Other methods allow a client to find out the features available to search a particular
collection, the list of collections which can be searched, etc.

3.2.2 Indexing Process

The indexing process exposes the following Application Programming Interface (API):
getAvailableCollections(String userID)
Returning a list of collections which have been created by a user.

© SALERO consortium: all rights reserved page 4
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createCollection(String userlID, String collectionID)

Creates a new stub collection which is owned and accessible by the supplied user. Use
setUsersPermissions to allow other users to search the new collection. This collection will be
empty i data should be transferred into a specified directory by FTP before indexing is started

index(String userlD, String collectionID)
Will start the indexing process for a collection.
indexingStatus(String userlID, String collectionID)

Indexing may take some time, depending on the size of the collection indexed. This methods will
return the percentage of the collection which has been indexed so far (which will be 100% when
finished).

setUsersPermission(String userID, String[] users, String collectionID)

Sets the users which will be able to search a collection.

getAvailableFeatures()

Returns a list of the features that the indexing service can handle, i.e. the complete list of visual
features which can be indexed and then subsequently searched.

getAvailableFeatures(String collectionlD, String userID)

Returns the features which were used to index the specified collection. A collection may not be
indexed with all available features, either due to the nature of the collection or by choice.

The above interface is designed to allow a client to create an empty collection, index it, and also get
information about how far the indexing process has progressed. This latter information is important for
implementing progress bars for end users, since indexing a large collection may take some time. One
aspect which is not dealt with in the above interface is the transfer of the actual data (images, videos
etc) to be indexed to the server. In testing it was found that transferring large quantities of data using
such a programmatic interface was unreliable (particularly with the SOAP interface described in the next
section). For this reason, a decision was made to use File Transfer Protocol (FTP) for uploading the
data, which is more appropriate for moving around large quantities of data. The createCollection method
creates an FTP directory on the server which can then be used by client programs or users to upload
data to. Calling index will then automatically index all uploaded content.

3.3 SOAP Web Interface

In addition to the internal interfaces described in the previous two sections, a SOAP interface, which is
exposed to the wider world via a Web service, was also defined, which contains the following methods:

search
Searches a specified collection (as searchLite from Section 3.2.1)
searchFuse

Searches a specified collection allowing the fusion techniques to be specified (as searchFuse
from Section 3.2.1)

getAvailableCollections
Returns all the collections available for searching (as getAvailableCollections from Section 3.2.1)
getAvailableFeatures

Gets the features which can be used in a search for a collection (as getAvailableFeatures from
Section 3.2.1)

getThumbnail
Get the thumbnail URL of a search result (as getThumbnail from Section 3.2.1)

For security reasons, no indexing functionality is included in this interface. Instead an indexing user
interface is provided (Section 5.2), to enable users to create and index new collections. The above soap
interface is used by the search system in the semantic search and annotation, the video disk jockey
(Section 8.2) and also AlanOnline (Section 8.1).

© SALERO consortium: all rights reserved page 5
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3.4 External Web Searches

In addition to indexing and searching image and video content which is stored on the local server, the
backend retrieval system is also able to carry out searches on external resources. Three are currently
provided by the system:

e Flickr image search, as provided by the Flickr services (http://www.flickr.com/services/)

e Yahoo Web search, which searches textual Web documents. Provided by the yahoo BOSS API
(http://developer.yahoo.com/search/boss/)

e YouTube video search, provided via the YouTube Data API
(http://code.google.com/apis/youtube/overview.html)

All three of these services can be searched in the same way as other multimedia content. When
searching these resources, the following restrictions apply:

e Only text queries can be executed due to the limitations of the respective APIs

e There may be maximum number of results for some of the services which stops the retrieval of
very large lists of results
Despite this, the ability to search these external resources using the same simple interface which is
used to search other multimedia content makes it very easy for client interfaces to enable users to
search multiple collections. An example of this is the functionality provided by the AspectBrowser
interface in Chapter 5.

3.5 Conclusions

In this Chapter we have provided a high-level overview of the context-based search and retrieval
system. In the following two chapters we outline in more details the different parts of the system, starting
with the techniques used in the backend retrieval system, with an emphasis on the developments made
to better match the requirements of the SALERO experimental productions. This is followed in Chapter
5 with a description of the two user interfaces for search and Indexing.

© SALERO consortium: all rights reserved page 6
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4 The Backend Retrieval System

In this Chapter techniques used in the backend retrieval system will be described. This include some of
the low level image features which can be used for search and retrieval, along with a variety of new
techniques for fusing results from different features and examples. The work reported here bulids upon
the work reported in the deliverable D5.5.3, and has been developed to better match the requirements
of the SALERO experimental productions.

In D5.5.3 we presented a detailed description on the features we used for retrieval in our system such
as colour histograms, edge histograms, homogenous texture, etc. and also some additional local visual
features (e.g. SIFT), followed by a short exploratory section discussing 3D features.

Due to inclusion of new datasets from partners, specifically TAIK data, used in the experimental
productions Alan01 and AlanOnline, a number of image features were investigated for type of data
used, each of which is described in the following sections.

4.1 System Requirement

The first point to be made is that the visual retrieval system is only required to generate a single result: a
single result is used by Alan0l1 as the initialising point for the sequence of other actions; in the
AlanOnline production, though it is possible to display multiple results, to provide multiple responses to
the input, this is not considered here. This requirement calls for high precision results, with the added
requirement that the system must always generate a result i even if there is nothing in the collection
which is similar to the input query, the closest should always, ideally, be selected.

Secondly, the matching required by the productions is largely visual in nature i each query input,
whether generated by the touch screen in AlanO1 or the online drawing canvas of AlanOnline, is only
required to be visually similar to the result image in some manner. But this visual similarity should be
understandable, i.e. users should be able to intuitively see why a result was produced for a query, or be
able to determine a property of the search result which matches the input query. If the system cannot
return results which cannot be interpreted as similar, the risk is that those interacting with the
productions will be less likely to engage with them.

The retrieval system is expected to retrieve the most semantically similar image from a small collection
of 50 images, but for an arbitrary hand drawing generated by Alan01/ AlanOnline via their respective
sketch interfaces.

Since the collections we are using in our case do not belong to a specific domain, it is difficult to predict
if the boundary based or region based algorithms will perform better. Additionally, since we have a very
small collection of shapes and the queries are expected to be generated by Alan01 and AlanOnline
through an interface where a user can draw any arbitrary image, the similarity retrieval of an object from
the collection becomes a big challenge. For instance, the image in the database for the object snake
shown in Figure 4.2(a) is very different from the user drawn snake shown in Figure 4.2(b) and yet the
system should ideally retrieve the snake shown in Figure 4.2(a).

(a (b
Figure 4.2: Examples of collection and query images

The problem of recognising arbitrary shaped images irrespective of various geometric transformations
such as, orientation, scaling, translation and shearing effects has been tackled in the fields of Robotics,
object recognition and computer vision, among others. Object recognition with shape features deals with
finding a match between certain features obtained from the shape of a query submitted with that of the
different instances of the model objects in the database.

© SALERO consortium: all rights reserved page 7
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A number of approaches have been proposed for 2D object recognition based on shape features.
Depending on the feature extraction mechanism, the proposed methodologies can be categorised into
two groups: boundary based methods or region based methods [Gonzalez, 2002].

The boundary based methods extract global/local features from the outer boundaries of an object. The
simplest way of representing a shape is via a chain code representation, where the direction of the
neighbour pixel to a reference pixel is recorded while a boundary is traversed in a clockwise or a
counter clockwise direction. Shape boundaries, also known as contours, are represented, by many
researchers, using statistical moment variants [Kim, 2000a; Kim, 2000b; Khotanzod, 1990.

Despite the fact that boundaries are very helpful to preserve the shape of an object, they are very
sensitive to noise i the presence of additional pixels or the absence of a few pixels on the boundary
completely varies the representative feature of the object. Most methods which work on boundaries are
sensitive to starting points and also to the directions in which the boundary is traversed. They generally
work in only limited setups. In addition to these disadvantages, there are many applications where the
boundary features are not relevant and hence demand the use of region characteristics, i.e., the
characteristic of an object within the boundary of the object.

Statistical moments being applicable to all areas in general, were also used to compute region features
by a few researchers [The, 1986; Taubin, 1991]. Other, features such as those of the MPEG7
framework was used in [Prasad, 2004]. A few simpler region features can be found in [Gonzalez, 2002].

Almost all methods proposed so far for shape retrieval, have a fixed model dataset, containing images
which may be occluded, distorted or otherwise transformed. The free style drawings in the collection
open up a new research question in the field of shape representation and retrieval. Hence, we have
used a variety of boundary based and region based features to investigate the suitability of these
feature for free style hand drawn shape recognition and retrieval as explained in later sections.

4.2 Features Used i n the Back end

Due to the system requirement of retrieving the most semantically similar image and the collection
properties, we mainly focus on the shape based features. In the back end, we implemented one of the
best performed content based feature and five shape based features. The back end also allows the
front end to use different combination of these six features or only one single feature to achieve the best
retrieval performance. The details of these features are as follows:

4.2.1 Edge Histogram Descriptor

The spatial distribution of edges in an image is a very useful descriptor for similarity search and retrieval
[Manjunath, 2002]. To compute an edge histogram descriptor, the image is first divided into 4*4 pixel
sub-images, and then the local-edge distribution for each sub-image is represented by a histogram.
Edges in the sub-images are then grouped into five different types; these are vertical, horizontal, 45
degree, 145 diagonal and non-directional edges. In total, 80 histogram bins are required to represent
each edge histogram.

Since considering the local-edge histogram alone may not be sufficient for image matching, global-edge
descriptors are also implemented in addition to local edge descriptors. Additionally, edge distribution
information for the whole image, horizontal and vertical semi-global-edge distributions, as well as local
edge distributions are also used to improve the matching performance. The global-edge histogram and
semi-global-edge histograms are estimated from the local 80 bins. The global-edge histogram is
calculated by accumulating the five types of edge distributions for all sub-images. The semi-global-edge
histograms are estimated from the grouped sub-images, which are grouped in the following ways:
grouping of four vertical sub-images, grouping of four horizontal sub-images and grouping of four
neighbour sub-images. In this case, 13 different segments are created. The corresponding edge
histograms for each segment are then calculated using the local-edge histograms. After combing the
local, the semi-global and the global histograms, a new histogram with 150 bins is constructed for
similarity matching.

To calculate the similarity between two images in the edge domain, the following distance measure
using two edge histograms A and B is adopted:

EdgeSirtAB) = > |n,() — ()] +5* X [ () — R ()] + X — he (i)

© SALERO consortium: all rights reserved page 8
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where h, and hg are the normalized histogram bin values of image A and B, and where hf’\ and hg

are the normalized histogram bin values for the global-edge histograms of image A and image B,
respectively.

4.2.2 Contour Shape Descriptor

Object shape features provide a powerful clue to identity objects [Bober, 2001]; the contour shape
extractor used in the system is implemented in two steps: (i) locate the objects in the image and extract
its outer contour, followed by (ii) extract the contour features.

Given an image, it is first transformed to obtain a monochrome image where object and background are
represented in contrasting colours. An edge extractor is first applied to obtain the edge information of
the object, followed by a morphological open-close operation in order to smooth the computed contours
and connect any breakage in the contours.

Although there are many edge detection algorithms available, we make use of very simple convolution
in the spatial domain to obtain the boundaries of the object. The structuring elements (also called masks
or filters) shown in Figure 4.3 are used to obtain inner and outer boundaries of objects in an image.

1111 1

X X |1 X
1] (111

1

1| x 1| x X |1

1 1|1 111

1|1 111

1| x X |1

Figure 4.3: The extracted contour of apple image in Figure 4.5.

From all such generated region contours, the largest closed contour is selected and used to represent
the object. Since it is usually the outer boundary of the image object, it preserves object shape. An
example of the largest extracted contour of an apple image is illustrated in Figure 4.4. This is with the
assumption that there is only one object in an image but may have many regions within itself.

Given the extracted contour, we follow the contour in a clockwise manner and keep track of the direction
as we go from one contour pixel to the next, represented using a chain code [Kim, 2000a]. Given a
contour pixel, the next contour pixel is a pixel from its 8-connected neighbours. A unique number, from 0
to 7, is used to represent each direction. Looping through all the contour pixels, any contour can be
represented as a numerical array for similarity matching.

Using chain codes is efficient because of the constraints on their construction. Only a starting point is
represented by its location; the other points on the shape curve can be represented by successive
displacements from grid point to grid point along the curve. Since the chain code is invariant under
boundary rotation, it makes the similarity matching between two contours relatively easy.

Figure 4.4; The structuring elements used for finding boundaries of an object in the image
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4.2.3 Block Ratio

The fact that the shape features for irregular, free style drawings can be very complicated we have also
studied the pixel distribution of the object in an image. However, depending on the pressure an artist
applies on the instrument used to draw the picture, the concentration of pixels in regions may vary. It is
more appropriate therefore to thin the boundaries of the object to obtain a single pixel thickness shape.
This helps to generate a fair matching irrespective of the thickness due to different pressures. However,
employing any thinning algorithm will distort the shape of the object, hence we extract the boundaries of
the object as explained in the previous section.

Figure 4.5: The boundaries of guitar and the minimum bounding rectangle

Once the boundaries of the object are extracted, a minimum bounding rectangle (MBR) is used to fit the
object. An MBR is the smallest rectangle that can completely contain an object in an image. The object
within the MBR can be normalized, i.e., scaled down or up, to obtain a standard sized image for easier
matching. The minimum bounding rectangle is then partitioned into a number of blocks, as shown in
Figure 4.5. The ratio of object pixels and the background pixels are computed for each block and are
recorded as a feature descriptor.

4.2.4 Centroid Profile

The boundary pixels of the object are used to generate another feature descriptor for the image, a
AiSignatureo for the object. ettboundgry, thes cemtrg of thé gbjeat is
computed. With this centre, the object is scanned in a counter clockwise direction from 0 degree to 360
degrees with a certain interval. The distance of the pixel at, say, d degrees, from the object centre is
computed and recorded as another feature descriptor. Figure 4.6, shows an instance during the
generation of the centroid profile for a guitar object, showing the direction angles at intervals of 45
degrees.

Figure 4.6: Centroid profile of guitar, showing the direction angles at intervals of 45 degrees,
used in the Object Signhature feature

4.2.5 Object Signature with reference to Axis of least inertia

The centroid profile feature computed in the previous section, does not take care of geometric
transformations like rotation and flipping. Hence, we try to extract some features with a reference axis
that is invariant to transformations. For this purpose we first compute the axis of least inertia.
Theoretically, the axis of least inertia passes through an object in a way to pierce through the points
which balance the object and for any object there can be only one such axis. This property promises to
yield the same axis for an object irrespective of the angles they are transformed into.

Let 5 ={5:.52.52.. 521 be a set of ™ points on the boundary of an object. Let (*i3:} be the co-
ordinates of a point % for t = 1. 2. 3. ...m,

The centre "%z 75 of the object is computed as given in (1)

1 1%
.-—=—Zr;-= ¥ =—Z:-';- e (1]
17 s Ul

Lei]
L=i]
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TheslopeangleEoftheaxisofleastinerti a is estimated as foll ows.-
axis and the axis of least inertia. The axis of least inertia is defined by the line for which the integral of
the square of the distance to points on the object boundary is minimum [Tsai, 1995]. This integral is
given by

E = %[I:a +c)—(a—c)cos2a — .:.’.‘-".5'1'??,2{'::} - (2)

Where,

m

a=) (-7

i=1

b= 22[1 — %)y, —7)

c= i(" - 7)

The derivatives,

dE ( Jsin2 b s d*E 2 Yeos2 Db cim
— —_ 17 — ] _ —_ o L2k 17 o
T a—c)sin2a — b cos2a; T o a— c)cos b'sin
dE -
P 0, then

1 1 o T s
o= Etdn ( J’ R .i.:(.i —

ia—c 2 2
Finally the slope of the axis of least inertia is computed as,
T £ d’E 0
0T = [ T =
g = 2 oot
o otherwise,

Once the axis of least inertia of an object is computed, an axis perpendicular to the axis of least inertia
passing through the centre of the object is computed. This divides the object into four co-ordinates with
the axis of least inertia aligned to the 0 axis. This enables to extract a reference axis, that is, the axis of
least inertia irrespective of the orientation of the object. The block ratio, and the signature features
explained in previous sections are then extracted with respect to this reference axis.

4.2.6 Horizontal and Vertical projection profile

As mentioned earlier with reference to Figure 4.2, the objects drawn by a user do not necessarily
preserve the exact size, but they have the same structure, such as the rectangularity, elongations, etc.
Hence, after finding the axis of least inertia we, try to capture the structure by projecting the frequency
of the pixels on to the x- and y- axes. The x-axis is aligned along the axis of least inertia and the axis
perpendicular to the axis of least inertia is assumed to be the aligned with the y-axis. Figures 4.7(b) and
(c) show the horizontal and vertical projection of the example image shown in Figure 4.7(a).
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Figure 4.7: (a) An example image (b) Projection along the x- axis (c) Projection along the y-axis

4.3 Fusion techniques

As reported in D.5.5.3, depending on the query submitted by the user, many modalities can be used to
retrieve the relevant data. This is diagrammatically represented in Figure 4.8. When the user issues a
multimedia data, many modalities like audio features, temporal video features, textual features and
image features are retrieved. Since each of these modalities have many features from their own
domain, such as ASR script, metadata and concept labels as in textual features; voice, music or
instrument detection features as in Audio etc,. The second level of fusion would be fusing the results
originating from various modalities used for retrieval. Since we deal with only video and images, we limit
to describing result fusion mechanisms from various visual features in this section. However, the result
of fusion from different systems will be presented in Chapter 7.

In general the fusion of results from different features, and also of the features from the different image
examples, is a major problem. What should be the criteria to merge the results and at what levels to
merge the results is an open issue. On one hand, the fusion can be done at feature level and on the
other hand it can be evaluated at semantic level; moreover it could be application dependent.

© SALERO consortium: all rights reserved page 12
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Figure 4.8: An architectural view of the various level of result fusion (2a) Fused result from
various textual features (b) Fused result from Audio features (2c) Fused results from video
features (2d) Fused results from Image features.

Each of the image features previously described in this chapter (and also in D.5.5.3) generates a
separate result list for a given query image. We have implemented and tested six different fusion
methods:

Reciprocal Rank
Reciprocal rank is a simple summing of the reciprocal of the rank of each result [Bober, 2001]. For an
image i and rank list j, the reciprocal rank is defined as:

1
Z,—ll position(image)

Where position(image;) is the rank position of image i in rank list j.
Borda Count

The Borda count method gives a number of points to each image at a given rank, and then sums the
points to determine the final ranks. We use the system described in [Bober, 2001], where if there are n
possible image results across all ranked lists being merged, an image at rank i will be given n-i points.

Borda is a voting method in which voters rank the candidates in an order of preference. Points are given
for the position of a candidate in a voter's rank order. The candidate with the most points wins.

The number of points given to a candidate for each ranking is determined by the number of candidates
standing in the election. Thus, under the simplest form of the Borda count, if there are five candidates in
an election then a candidate will receive five points each time they are ranked first, four for being ranked
second, and so on, with a candidate receiving 1 point for being ranked last. In other words, where there
are n candidates a candidate will receive n points for a first preference, n i 1 points for a second
preference, ni 2 for a third, and so on.

Condorcet Method

The Condorcet method takes into account the relative positions of the ranked images, building up a
matrix of which image results come above, below, or are tied in rank with other images described in
[Bober, 2001].

r(image) =
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Version of D5.5.4 Design and Implementation of the 00 SALERO
2009-06-26 Context Based Search System 00

The Condorcet method is based on democratic election strategies. The document which beats each of
the other documents in a pair wise comparison wins. For example, there are three candidate
documents, a, b, and c, in five systems, A, B, C, D, and E. They have following relations: A: a>b>c - B:
a>c>b - C:a>b=c - D:b>a - E:c>a. Then, the pair-wise winners can be represented in following manner:

Win Lose Tie

a 2 0 0
b 0 1 1
c 0 1 1

Considering the rules, the final ranking of documentsisa>hb =c¢
Weighted Voting

The features are first weighted for its suitability to retrieve most effective results for a topic. A voting
method then counts the number of ranked lists an image result is part of, and ranks primarily on this
number and the feature weights.

CombSum, CombMin, CombMax

These methods use the minimum, maximum or sum of the similarities generated by the different
features for each result image. In this scheme, the similarity scores for an image result across all ranked
lists are used as input, where a new score is generated by taking the minimum, maximum or the sum of
the scores [Zahn, 1972].

The first four methods described in this section are based solely on the ranks of the results, whereas the
final three utilise the similarity scores generated by the similarity matching function used in retrieval.

4.4 Evaluation of the Retrieval S ystem with  the TAIK Collection

Image retrieval plays a central role in the multimedia art productions (Chapter 9) that consist of two
individual parts: Alan01 7 a physical installation, and AlanOnline 1 the installation's online counterpart.
In both cases the image retrieval system triggers the associational story in motion. The main input is a
canvas where the user can create line drawings which are then used as a reference for the image
retrieval. However, for the specific needs of the installation, the retrieval is made from a limited set of
about 50 symbolic images. The graphical presentation and selection of these has been made bearing in
mind the nature of the interface. The symbols are similar to what you would expect a user might draw in
a short time of five to ten seconds. Another requirement for the selection of the symbols is that they are
connected to the context of Alan Turing's life.

The idea of the drawing interface is therefore to enable a non-textual input to an art piece, which can
still be translated to symbols and their textual meanings. From there on, the associational narrative
structure script of the art piece can start to function.

In order to evaluate which of the combinations of features and fusion techniques produced the best
results, a small evaluation was carried out which simulated a series of known item searches. Two image
collections were used, the first being the collection of target images, the other a set of hand-drawn
guery images.

As a first step, a set of relevance judgements was manually created, where each query image was
matched to its ideal target image (anex amp|l e i s given in Figure 4.9).
also defined for each query zero or more alternative images which were deemed to be acceptable
results for the query, but not ideal (Figure 4.10). This latter list was defined to enable us to consider the
matching between query and target(s) as a fuzzy mapping, in order to model what was thought to be
Afacceptabl eo in t RAan0l angp Alan@néne,twhdre tloenoutputf generated need not
always be exact. Indeed, the collection may not necessarily contain any images similar to the query.
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Hand drawn query Target image from

Figure 4.9: Example query image and associated target image

O &6 VO

Figure 4.10: Alternative matches for the query in Figure 4.9

Once the manual relevance judgements were constructed, each query image was matched to 47
collection images, for each combination of feature, fusion technique, and ten different rank list depths. In
addition to the three features defined in Sections 4.2.1, 4.2.2, and 4.2.3 which consisted of Edge
Histogram (Eh), Contour Shape (Cs), and Signature (S), two other colour based features were used for
comparison purposes: Colour Histogram (Ch) and Colour Layout (Cl). Both of these features were as
defined by the MPEG-7 standard Fehler! Verweisquelle konnte nicht gefunden werden.. While these
features were not expected to perform as well as the others, they are commonly used in a number of
other retrieval situations, and provide an interesting comparison to the features described in this
chapter.

The fusion techniques were as described in Section 4.3, consisting of the reciprocal rank (Rrank), voting
(Vote), Borda, Condorcet, Min, Max, and Sum methods. Since each of these fusion methods operate on
ranked lists, we also altered the depth of the ranked lists fused to between one and ten, in order to
investigate the impact of fusion depth. By increasing or decreasing the depth, we introduce more or
fewer image results for fusion. In the situation where only a single feature is used to perform the
retrieval, the fusion is of course not required.

Table 4.1 shows the ten feature, fusion and rank list depth combinations which identified the greatest
number of correct target images (left), or the greatest number of alternative target images (right).
Combinations are coded as a list of features, the fusion technique, followed by the ranked list size. Note
that it is only if the top result of the ranked list matches either the target image or one of the alternative
targets will a correct result be counted 1 if the correct result appears at rank position two or below, the
combination will be counted as a fail. While absolute, this reflects the needs of the Alan01 and AlanOnline
systems. Additionally it should be noted that when searching for an alternative target image, the ideal
target is also considered as a correct response to the query.
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% of ideal targets % of alternative targets
Combination %Corr | Combination %Corr
Eh/Cs/S-Vote-4 32 Cl/Cs/S-Vote-10 47
Cs/S-Vote-7 32 Cl/S-Vote-9 42
Cs/S-Vote-4 32 CI/Eh/Cs/S-Vote- 42
10
Cs/S-Vote-3 32 Cl/Cs/S-Vote-9 42
CI/Eh/Cs/S- Cl/Ch/Cs/S-Vote-
Vote-10 32 9 42
Ch/Cs/S-Vote-3 32 Cl/Ch/Cs/S-Vote- 42
10
Eh/S-Rrank-9 26 Cl/S-Vote-8 37
Eh/S-Rank-10 26 Cl/S-Vote-10 37
Eh/Cs/S-Vote-3 26 _C;I/Eh/Cs/S—Vote 37
Eh/CS/S-Min-10 26 Eh/S-Vote-4 32

Table 4.1: The percentage of target images and alternative images (including target) identified by
the top ten feature, fusion and result list combinations

It can be seen in Table 4.1 that the best techniques for identifying the target image are correct for 32%
of the queries; when alternative targets are also included; this increases to over 40% of queries being
correctly recognized. The best combinations for both situations are, however, different. For detecting a
single ideal target image, the top 6 combinations include the Contour Shape and Signature features at
various sizes of rank list. When also allowing for the alternative target images, the Colour Layout is
present in 9 out of the top 10 best combinations, while a combination of Colour Layout and Signature
performs as well as other combinations which include Contour Shape.

Looking at the fusion techniques, the voting method dominates the best performing combinations in
both retrieval situations. Rank list size does vary, however, with there being a trend for smaller ranked
lists when retrieval aims to only return the single ideal target image. The best performing combination
which is common to both situations combines Colour Layout, Edge Histogram, Contour Shape, and
Signature together with voting fusion and a ranked list size of 10.

To expand on Table 4.1, Figures 4.11 and 4.12 show the distribution of the different retrieval
combinations for different performance levels on the x-axis. Figure 4.11 shows that there are a
significant number of possible combinations (over 200) which can return the correct image 21% of the
times. On Figure 4.12, to retrieve any of the images classed as acceptable, it can be seen that the
distribution is skewed to the right i only very few of the combinations performed better than 26%
correct, although there are again many combinations that were able to perform at a level of 21% correct
results.
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Figure 4.11: Number of retrieval combinations for different performance levels (retrieval of single
target image)
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Figure 4.12: Number of retrieval combinations for different performance levels (retrieval of any
acceptable target image)

4.5 Summary

The Alan01 and AlanOnline concept and production present a very demanding challenge to an image
retrieval system, where a visual retrieval is required which is consistent with the behaviour of the human
visual perceptive system, and which can present high precision results for input queries. The level of
accuracy of the results has to be high to ensure that the retrieval within the production doesn't just
become a technical gimmick. Instead it should be an integral part of the artwork.

In the present production, one of the central issues has become the predictability of the retrieval results,
an aspect which is not typically considered important in the field of image retrieval. In an interface that
uses this technology, the user is tempted to start to test the system or even play against it. Seeing the
results which the system has delivered previously affects the imagery that a user starts to draw
henceforth. If a user tries to replicate the images he/she has seen in previous results, the following
results need to be consistent in order to avoid the feeling of randomness in the system, and to ensure
that the communicated illusion of the installation is not broken.

When the resulting image set is limited and preselected, the level of graphic detail also needs to be
relative to the systembs ability to recogni ze
added factor is limiting the number of search results. In a conventional image retrieval system, if the
user is presented with the top ten retrieval results, it is typically considered sufficient if a significant ratio
of those results is relevant i t he f act that the highest ranked
whole result list unusable, which is the case here.

From the point of view of the retrieval, the implementation of an image retrieval system tailored to the
needs of the Alan01 / AlanOnline production has been a very challenging endeavour. While the image
collection to be searched is small, the reality has been that creating a content based image retrieval
system which is acceptable for production use has been extremely difficult, and is likely to continue to
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be difficult. Problems include the lack of training data, and the difficulty in the judgment of relevance
within the context of the work. While initially the aim was to concentrate purely on visual similarity, in
practice this is difficult: we naturally think in terms of the semantics of the image. |.e. the knowledge that

an image is an fiappled or ficomputerd can overri

between two images. Working on the problems raised by the Alan01 and AlanOnline productions has
resulted in a rethinking of the needs and roles of the content based image retrieval.

The ability to convert non-textual input into textual concepts or symbols is fascinating and opens up
endless opportunities in the context of interactive art. Image retrieval technology shows great promise
as a tool for creating sophisticated installation and artwork interfaces, potentially allowing the creation of
rich user interfaces, but ones which can still be used immediately by a visitor, whether adult or child.

The preliminary tests on the Alan01 / AlanOnline deliv er y sy st e ms @uceadmgadirig tmini-
narratives are promising. With the logic of the associational narrative structure script working, future
concentration is on the rhetoric of physical space, user body movement, and the use of moving image
and sound to support the logic. The final success of the production will be defined on how successfully
we are able to tie up the rhetoric with logic, actual user interaction modes and tempo with the nonlinear
narrative elements.
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5 The AspectBrowser Interface

This Chapter provides a description of the AspectBrowser search interface, which is designed to allow
users to search video and image databases and external Web search engines, and the Indexing
interface, which is used to create and index image and video collections. Both interfaces are
complementary, allowing users to provide new data collections which can then be searched by others,
which also providing a search interface which can be search both local and remote resources.

5.1 The AspectBrowser Search interf ace

The AspectBrowser is the content-based search engine which has been designed to search both
SALERO-sourced data (typically image and video) and also provide a meta-search for the Web. It is
designed around the idea of a search being splitintoanumberof faspectso, each
explicitly on the interface, and allows the user to search using text or visual queries on a range of
databases.

Figure 5.1: The AspectBrowser interface at startup

The aspectual interface is a development of the system described in [Villa, 2008], a screenshots of the
interface at startup is shown in Figure 5.1. The interface is built around the concept of search aspects,
where each aspect contains the following main elements:
1. aname, which is by default set to the last query executed, but which can be explicitly set by the
user when desired

2. alist of selected documents, i.e. the Web pages which the user judges as being relevant to the

aspect
3. the current search query entered by the user
4, the list of search results for the current

the corresponding Web page in a pop-up window

5. a history of the searches carried out in the aspect, and a list of any deleted documents; and
finally

6. the position of the aspect within the overall sequence of aspects.
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