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EXECUTIVE SUMMARY

The growing amount of digital multimedia data available today calls for means to search and
discover this data. The MPEG-7 standard for multimedia content description can be used to
enable a definition of a query language for search in multimedia content. MPEG-7 is
expressed in XML and it defines descriptors of the multimedia content such as audio-visual
descriptors, location and time attributes as well as other metadata such as media author,
media Uri and more.

While most search solutions for multimedia today are based on text annotations, having the
MPEG-7 standard opens an opportunity for real multimedia content based retrieval.

In this report we propose an IR-style query language for such multimedia content based
retrieval that exploits the XML representation of MPEG-7. The query language is an
extension of the “XML Fragments” query language that was originally designed as a Query-
By-Example for text-only XML collections. We mainly focus on the unique characteristics of
similarity search for Multimedia content and show a first implementation in SAPIR.
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1 INTRODUCTION

The rapidly increasing amount of multimedia content available all around (WWW, mobile
phones, PDAs, etc) accelerates the need of standards for multimedia content description.
The first step towards standardization was by developing a standard for publishing
multimedia content also known as the ISO/MPEG-7*. MPEG-7 provides a rich content
description to multimedia data such as audio, video and image. It is expressed in XML and it
includes Audio and Visual descriptors as well as textual metadata descriptors. Examples of
MPEG-7 defined descriptors can be color and edge histograms for images, spoken lattice for
speech, melody for music and spatio-temporal descriptors such as location and time
describing image creation.

Searching multimedia content could be done in several ways such as free text query, query
by descriptors and of most interest is the Query-By-Example (QBE) paradigm [1] where the
user supplies an example of part of a document as a query input for searching for similar
documents. A body of literature on the analysis of Web search has developed over the past
ten years. Two main findings reported in this literature (Church et al. 2007[6], and Sapir D1.1
[7]) are especially relevant to query languages:

1 Search queries tend to be short and thus have the potential to be vague or
ambiguous; most studies report average query lengths of between 2 and 3 terms.

2 Searchers rarely avail themselves of advanced search features and Boolean
operators as a means to improve the precision of their queries and such facilities are
used in less than 20% of searches and in more recent studies in less than 5-10% of
searches.

In addition Relevance Feedback methods, see for example a survey in [12] can be used to
refine image retrieval by adding metadata to the query to get better results.

These findings indicate a need for more research on tools that help the users formulate and
refine their quest for information. This observation was supported by focus group
discussions conducted in SAPIR WP1, which revealed a concern among potential users
about lacking capabilities for formulating precise queries (Sapir D1.2 [8], p. 46).

The SAPIR project advocates audio-visual information to be part of a query for information
and a P2P crawling architecture to improve search efficiency. As an alternative to posing
specific questions (e.g. “lI want images depicting astronauts”, “I want the scenes from the
first moon landing”), the user might simply ask for similarity (“I want images similar to this
image”) regardless of the motive and the user’s previous knowledge of the motive. Thus,
search-by-example allows the user to ask totally new questions and thus to solve totally
different tasks. For multimedia content, the user can supply image, video, speech etc, as the
query input. For example, using the MPEG-7 standard to search for images, visual
descriptors of the query image can be compared with visual descriptors of the collection
images to find similar ones.

Thttp://mww.chiariglione.org/mpeg/standards/mpeg-7/mpeg-7.htm
) #" T + 0+ - kot
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This strategy however, depends on access to strong similarity search algorithms and might
benefit from refining the query with extra information (e.g. geographical position, date and
hours). Further, it accentuates the need for better (and standardized) query languages even
more than for text search as more elements could be included in the formulation of complex
gueries for obtaining better precision.

Searching multimedia content has a great interest in the industrial and academic
communities as made evident by the recent kickoff of more than ten new large research
projects for search in audio-visual content funded by the European Commission 6"
framework program. Moreover, recently, the International Organization for Standardization
has realized the urge of developing standards for searching multimedia content, and initiated
a call for proposal for MP7QF° (MPEG-7 Query Format, N8220). The call includes
requirements for Query Processing, Query Input Format and Query Output Format; in this
paper we mainly focus on the Query Input Format.

The purpose of this report is to define a Query Language for multimedia content that
supports QBE of audio-visual features combined with text, metadata and spatio-temporal
attributes and to show its implementation and usage in SAPIR. We focus on an IR style
Query Language where returned results should be “similar” to the structure and features of
the query. With respect to “similarity” on spatio-temporal attributes we mainly aim at finding
results that are close to a given location or time given in the query. A future work will support
more complex spatio-temporal relations between objects.

The report is organized as follows — in section 2 we give a motivated example taken from
SAPIR scenarios and in section 3 we define the query syntax. In section 4 we describe the
SAPIR implementation for the defined syntax, followed by some examples. We conclude in
section 5 with a summary.

2 QUERYING MPEG-7 — A SCENARIO

Before we introduce the query syntax we start with a motivated example taken from SAPIR
scenarios ([8]). In SAPIR, the Journalist's helper scenario describes a service that allows
journalists to search ordinary people’s image storages or blogs for the right photo. Thus the
journalists benefit from other person’s proximity to particular events. A test of this scenario in
two focus groups revealed the following requirements with regard to query mode (D1.2, p.
27-28):

Search: The system should provide the ability to search for image content in the
SAPIR P2P networks. The system should provide the following modes of query :

0 Query by image example. When the user provides an example image, the
system must be able to perform a search for images which are similar to the
example image. The user must be able to configure what is regarded as a
similar image based on the following criteria: shape, color, texture and spatial
structure. Additional media types such as speech, music will be used similarly.

http://www.chiariglione.org/mpeg/working_documents/mpeg-07/mp7af/mp7qf-reg.zip
) # " T + 0+ - ret
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0 Text query. The system must be able to perform a search for a given text
either free text or text in metadata or in the multimedia content itself available
in the SAPIR networks.

o Context query. The system must be able to perform a search based on
contextual information about the multimedia. The context search must provide
support for search based on location, and time/date (seasons could also be
included).

o0 A combination of all or some of the above.

An example of a query tied to the Journalist’s helper scenario could be:

“I want images similar to this example image (see below) of an explosion taken
in Glasgow on December 5" 2007”

The images should be similar in the sense that they include fire and vehicle — in that order of
importance.

The search should pay equal attention to the text and audio-visual features.

Advanced search
Text

Location

Time

["] Include image

~ Weighted features
Shape
Color
Texture

Spatial
structure
Threshold ——78 ———

Figure 1 Example image used in query (left). A possible user interface on a mobile phone for
specification of features and weights (right).

The representation of MPEG-7 in XML and the QBE paradigm for multimedia search
motivate us to use the XML query language “XML Fragments” [4] as a query language for
multimedia content. The main motivation behind XML Fragments was the QBE paradigm.
The assumption was that similarly to full text search where the query and the document
collection are given in free text, this can hold also for querying XML collections. Thus, for
querying XML documents we use pieces of XML data or “XML Fragments” of the same

) #" T +,04 - ¥t
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nature as the documents that are queried and search for similarity between the two
structures.

Since XML Fragments queries are expressed in XML, the XML representation of MPEG-7
descriptors can be used as is to embed MPEG-7 descriptors in XML Fragments queries.
Still, while XML Fragments assumes text content, the comparison between multimedia
features requires specific similarity search that is done by metric distance function such as
Minkowski distances [2]. Moreover several similarity queries modes [3] should be supported
such as range search and K-nearest neighbours (Top-k) search. Thus, XML Fragments
needs to be extended to include similarity search queries for multimedia features.
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3 QUERY SYNTAX

In [5] we gave a detailed overview of the requirements from an MPEG-7 query language
and reviewed related work. We discuss there why XML query languages like Xpath or
XQuery are not adequate for querying MPEG-7 and propose our query syntax for complex
queries over MPEG-7 features.

It should be noted that the approved MPEG-7 query format from Oct 2007 [11] is also based
on XML syntax like our proposal. That proposal defines syntax for input query format and for
output query format. In the Input query format they define three main elements;
Representation (what to return), QueryCondition (conditions on the input including on
MPEG-7 features) and SortBy (how to sort the results).

For the SAPIR scenarios we mainly focus on the QueryCondition part from [11]. Still it
seems that the QueryCondition in [11] lacks some functionality like defining a similarity over
a combination of several MPEG-7 descriptors, hierarchies of descriptors with weights and
their combinations by a user defined aggregate function as we define below. We proposed
SAPIR contribution to be included in a future version of the standard and the board was
positively impressed by our suggestion.

In the coming months we will monitor the progress of the standard and try to extend it with
our defined functionality. Once it is approved we will consider transforming our language to
the QueryCondition part of [11].

We give here a short summary of the proposed query syntax while full details can be found
in [5]. The Query is based on XML Fragments [4] with the addition of a new tag
<Mpeg7Query>. Figure 2 describes the schema for the Mpeg7Query tag.

<?xml version="1.0" encoding="1S0O-8859-1" ?>
<schema xmlns="http://www.w3.0rg/2001/XMLSchema">

<xs:element name="Mpeg7Query”>
<xs:complexType>
<xs:sequence>
<xs:any namespace="##any" minOccurs="1" maxOccurs="unbounded"
processContents="lax"/>
</xs:sequence>
<xs:attribute name="range” use="optional’>
<xs:simpleType>
<xs:restriction base="xs:float”>
<xs:mininclusive value="0.0"/>
</xs:restriction>
</xs:simpleType>
</xs:attribute>
<xs:attribute name="myWeight” use="optional” default="1.0">
<xs:simpleType>
<xs:restriction base="float">
<xs:minExclusive value="0.0"/>
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</xs:restriction>
</xs:simpleType>
</xs :attribute>
<xs:attribute name="aggregateFunction” use="optional” default=" WeightedSum”>
<xs:simpleType>
<xs:restriction base="xs:string”>
<xs:enumeration value="WeightedSum”/>
<xs:enumeration value="FuzzyAnd’/>
<xs:enumeration value="FuzzyOr”"/>
</xs:restriction>
</xs:simpleType>
</xs:attribute>
</xs:complexType>
</xs:element>

</xs:schema>

Figure 2 — Schema for Mpeg7Query

The <Mpeg7Query> element can have several children (defined by the
<sequence><any.../</sequence> part) and three attributes. A child can be a combination of free
text, metadata, MPEG-7 nodes and <Mpeg7Query> elements. Several schema namespaces
can be added to the <Mpeg7Query> element to force schema checking on the child. The
processContents="lax" attribute would use the namespaces to validate defined elements and
will skip checking undefined elements. So giving an mpeg7 namespace for example will force
checking MPEG-7 descriptors but will still accept any well formed free text or metadata as a
child.

An <Mpeg7Query> element with a single child represents a Simple Query over the content
represented by that child. An <Mpeg7Query> element with several children represents a
Compound Query where each child is either a simple Query or a nested Compound Query.

The “range” attribute contains a nonnegative value specifying the range that is used for
similarity search over the Query. It is assumed that there is a distance function for each
descriptor that will be predetermined and standardized across the P2P network. When a range
is defined the query is run as a “range” query namely only results within the specified range are
returned. The returned results are sorted by similarity to the given descriptor using the
predefined distance function. Some example distance functions can be e.g. minkowsky distance
for Color descriptor, Edit distance for Speech phones, TFxIDF for text or milliseconds for time
fields.

The “myWeight” attribute contains a strictly positive value specifying the weight given to the
Query relative to sibling queries under the same parent. The weight attribute is optional and if
missing is defaulted to 1 like the weight of all other query parts that are not under an
Mpeg7Query tag.

The “aggregateFunction” attribute (relevant only for Compound Query) is used to define the
aggregate function to apply for the Queries under the Compound Query.

The current syntax defines the following AggregateFunctions

WeightedSum - X W, X,
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FuzzyAnd - X min(w, X,
FuzzyOr - X max(w,X;
Where the x, are the scores returned for the children of the Compound Query and the w,

are the weights assigned to each child in the Query.

In future version the schema can be extended to support more functions. The only restriction on
an aggregateFunction is that it should be monotonic.

The semantics of the query is to return documents which are most similar to the query,
considering all the query parts with respect to the defined Aggregate Function.

A query can contain several fragments such as in Figure 3 below. To make the query valid
XML is need to have a root element so it is assumed that an implementation should wrap a
query by the following <Mpeg7Query> element

<Mpeg7Query xmlns:xsi="http://www.w3.0rg/2001/XMLSchema-instance"
xsi:noNamespaceSchemal.ocation=
"http://www.sapir.eu/schemas/sapir-Mpeg7Query.xsd”>

</Mpeg.7“Query>

Where the ... denotes the Query itself.

The Journalist query (Figure 1 above) can be represented in our Query language as follows:

<Mpeg7Query myWeight="1">
<Description>
Explosion
</Description>
</Mpeg7Query>
<Mpeg7Query myWeight="1">
<Location>
<GeographicPosition>
<Point longitude= "-36.4" latitude= "18.45"/>
</GeographicPosition>
</Location>
</Mpeg7Query>
<Mpeg7Query myWeight="1">
<Date>
<TimePoint>2007-12-05T15 :44 :53</TimePoint>
</Date>
</Mpeg7Query>
<Mpeg7Query myWeight="2">
<VisualDescriptor type="ScalableColorType" numOfBitplanesDiscarded="0"
numOfCoeff="64">
<Coeff>-121 8 -3 ... </Coeff>
</VisualDescriptor>
<VisualDescriptor type="EdgeHistogramType”>
<BinCounts>0 1 ...0 5 0 </BinCounts>
</VisualDescriptor>
</Mpeg7Query>
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Figure 3 — Query syntax for the Journalist scenario

/0 ! " H# 10 2&# " " 3 4 " & & 5%
# " #&# 6" 0 " The audio-visual features (fire and vehicle) are described at
a high level. Fire would be represented by colors assembling this phenomenon in the image.
Vehicle would be described by edges constituting a vehicle. The query contains both Simple
gueries and Compound queries (e.g. the two Visual Descriptors create a Compound Query).

4 IMPLEMENTATION IN SAPIR

It should be noted that queries are most likely generated by some Ul that enables complex
queries combining audio-visual content by example, optionally combined with text. The
outputs of such Ul are queries expressed in XML Fragments using the syntax defined by the
schema in Figure 2 above.

For the rest of this report we assume queries in the above syntax and we describe the
SAPIR implementation for processing such queries. The Query processing in SAPIR
involves three steps; 1) Parsing and decomposition to sub queries 2) Mapping sub queries
to the appropriate indexers and 3) merging the results according to the defined
aggregateFunction. Those steps are described in the subsequent subsections.

/ & # ||6 O " " 7 " # & " # n # &u +

A ContentObject can be either text-oriented such as HTML documents or
XML documents, or multimedia objects such as images, audio, or video clips. A compound
ContentObject can contain several ContentObjects such as e.g. text and an image. Content
Objects are globally identified by a unique identifier, e.g. a URI. Thus, there is always a way
of testing two Content Objects for identity.

%Features describe certain properties of a ContentObject. A
Feature represents the basic unit in describing Content Objects and cannot be decomposed
into smaller units. For example, in the text-retrieval scenario, a document can be described
by features that are simple terms, tagged words, or by annotations (social tags) created by
humans. A speech document could be described by a set of phones, where each Feature is
a single phone.

FeatureGroups are complex features that consist of several Features. A ContentObject is
then described by several FeatureGroups that are extracted from it. For example, a tag can
be one FeatureGroup, a ScalableColor histogram can be one Feature Group, a Color
Structure can be another Feature Group and textures can be a third FeatureGroup.
FeatureGroups can be named and we assume that there is a common agreement about the
interpretation of named Feature Groups.

We assume that Features belonging to the same FeatureGroup use the same indexing and
same query processing techniques.

® Those notations are taken from the SAPIR architecture document that will be available as Deliverable D2.1



é;%

I
\l'l

DAPIR

Search in Audio-Visual

" #$ %N & & "

Queries can range from simple keyword queries to XML-by-example queries with

MPEG-7-style multimedia features. A query specifies to which FeatureGroups it refers and
can be correspondingly decomposed into sub-queries. A Simple Query corresponds to a
single FeatureGroup while a Compound Query corresponds to several FeatureGroups.
Queries can also have evaluation-mode parameters such as pipelined vs. full evaluation.
Nearest-neighbor (top-k) queries return scored results, but queries can also be range
queries or simple lookup queries.

4.1 QUERY PARSING

The first step in Query processing is to parse a query and decompose it to simple queries
and to compound queries.

In SAPIR we use an XML parser to parse the query as follows —

1

An <Mpeg7Query> is translated into a Compound Query, with myWeight and
aggregateFunction as appear in the <Mpeg7query> tag.

Each top level XML tag (that is not itself an <Mpeg7Query> tag) and each direct child of an
<Mpeg7Query> tag (that is not itself an <Mpeg7Query> tag) is translated into a Simple
Query. The Query is assigned a FeatureGroup that is the tag name concatenated with the
value of a type attribute if exist.

All free text (that is not under any tag) is grouped together into a Simple Query with
FeatureGroup=text.

A Compound Query with a single Simple Query child is transformed into a Simple Query
that inherits the weight and range of the parent Compound Query. A Compound Query with
a single Compound Query child is transformed into a Compound Query that inherits the
weight and aggregateFunction of the parent Query and the children of the child Query.

Formally we denote a Simple Query as a tuple Q(FeatureGroup, MyWeight, Range,
Content). For example Q(“text’, 2, 1, “example query”) represents a Query with
FeatureGroup=text, weight=2, range=1 and content="example query”.

We denote a Compound Query as a tuple — CQ(MyWeight, AggregateFunction,
Children). For example CQ(2, “sum”, [Q(“text”, 2, 1, “ex1”), Q(“VisualDecriptor_SC, 3, 2,
“<VD>...</VD>)] represents a CompoundQuery with weight=2, aggregateFunction=Sum
and two children.

For ease of representation we describe the output of the Query parser as a tree where
internal nodes represent Compound Queries (labeled by their AggregateFunction) and
leaves represent Simple Queries (labeled by their FeatureGroup). Edges represent children
of a Compound Query and are labeled by their weight (see Figure 5 below for an example).
We further use abbreviation in the graphical tree representation such as WS for
WeightedSum, SC for ScalableColor and EH for EdgeHistogram.

4.2 EXAMPLES

We give here some examples and show how they are decomposed to Sapir Queries. / 0

# 6 #& 0 8 9%&# " #& " &" + ;.<
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4.2.1 Example 1 - Text and Image

Task: “Find documents with title containing the word “twilight” and image similar to
the one described by the given VisualDescriptor” —

<title>Twilight</Title>
<Mpeg7Query range="1">
<VisualDescriptor type="ScalableColorType" numOfCoeff="64">
<Coeff>11 92 -3 87 ... -3 -6</Coeff>
</VisualDescriptor>
</Mpeg7Query>

Figure 4— simple text and image queries

Figure 5 - simple text and image queries parsed

Note that the VisualDescriptor part is defined as a range query while the text part is defined as
K-NN (K Nearest Neighbour).

4.2.2 Example 2 — Text and Image with weights

Task: “Find documents with title containg the word “twilight” and image similar to the
one described by the given VisualDescriptor. Give the text a higher weight than the
image”

<Mpeg7Query myWeight="2">
<title>Twilight</Title>
</Mpeg7Query>
<Mpeg7Query myWeight="1.5">
<VisualDescriptor type="ScalableColorType" numOfCoeff="64">
<Coeff>11 92 -3 87 ... -3 -6</Coeff>
</VisualDescriptor>
<VisualDescriptor type="EdgeHistogramType">
<BinCounts>2 2 6 7 ... </BinCounts>
</VisualDescriptor>
</Mpeg7Query>

Figure 6 —text and image with multiple VDs and weights
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Figure 7 - text and image with multiple VDs and weights parsed

Note that the right Compound Query has the default aggregateFunction (WeightedSum) and its internal
gueries each have a default weight=1.

4.2.3 Example 3—- Compound Text and Image

Task: “Find documents with title containing the word “twilight”, some free text
containing the words “free text”, and a description containing the word “sunset”, and
image similar to the one described by the given VisualDescriptors. Give the text a
higher weight than the image”

<Mpeg7Query myWeight="2">
<title>Twilight</Title>
free text
<description>sunset</description>
</Mpeg7Query>
<Mpeg7Query myWeight="1.5">
<Mpeg7Query myWeight="2">
<VisualDescriptor type="ScalableColorType" numOfCoeff="64">
<Coeff>11 92 -3 87 ... -3 -6</Coeff>
</VisualDescriptor>
</Mpeg7query>
<Mpeg7Query myWeight="3">
<VisualDescriptor type="EdgeHistogramType">
<BinCounts>2 2 6 7 ... </BinCounts>
</VisualDescriptor>
</Mpeg7query>
</Mpeg7Query>

Figure 8 - Text and Image with weights for the VDs

Figure 9 - Text and image with weights for the VDs
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4.2.4 Example 4 — Compound Text and Image with an aggregateFunction

Task: “Find documents satisfying constraints on the title, description, and free text,
and with an image similar to the one described by the given VisualDescriptor. Give the
text a higher weight than the image and use FuzzyAnd to merge text results with image

results.”

" #$ %N & & "

<Mpeg7Query aggregateFunction="FuzzyAnd">
<Mpeg7Query myWeight="2">
<title>Twilight</Title>
free textl
<description> descriptionl </description>
</Mpeg7Query>
<Mpeg7Query myWeight="1.5">
<Mpeg7Query myWeight="2">
<VisualDescriptor type="ScalableColorType" numOfCoeff="64">
<Coeff>11 92 -3 87 ... -3 -6</Coeff>
</VisualDescriptor>
</Mpeg7query>
<Mpeg7Query myWeight="3">
<VisualDescriptor type="EdgeHistogramType">
<BinCounts>2 2 6 7 ... </BinCounts>
</VisualDescriptor>
</Mpeg7query>
</Mpeg7Query>
</Mpeg7Query>

Figure 10 - A root node with an AggregateFunction

Figure 11 - Aroot node with an AggregateFunction

4.2.5 Example 5—spoken query and text
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Task: “Find documents with the given spoken term and similar to the given image.
Give the speech part weight 2 and the image part weight 3”.

<Mpeg7Query myWeight="2">
<AudioDescriptionScheme xsi:type="sapir:SpokenContentLattice Type">
<Header xsi:type="SpokenContentHeaderType">
<WordLexicon>
<Token>paris</Token>
<Token>paras</Token>
<Token>party®</Token>
<Token>monuments</Token>
<Token>monument</Token>
</WordLexicon>
<SpeakerInfo provenance="ASR">
<SpokenLanguage>en</SpokenLanguage>
</SpeakerInfo>
</Header>
<Block audio="speech">
<Node num="1" timeOffset="0">
<WordLink word="1" probability="0.508"/>
<WordLink word="2" probability="0.279"/>
<WordLink word="3" probability="0.213"/>
</Node>
<Node num="2" timeOffset="35">
<WordLink word="4" probability="0.908"/>
<WordLink word="5" probability="0.092"/>
</Node>
<Node num="3" timeOffset="79"/>
</Block>
</AudioDescriptionScheme>
</Mpeg7Query>
<Mpeg7Query myWeight="3">
<VisualDescriptor type="ScalableColorType" numOfCoeff="64">
<Coeff>11 92 -3 87 ... -3 -6</Coeff>
</VisualDescriptor>
<VisualDescriptor type="EdgeHistogramType">
<BinCounts>2 2 6 7 ... </BinCounts>
</VisualDescriptor>
</Mpeg7Query>

Figure 12— Combination spoken query and image query
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Figure 13 - spoken query and image query parsed

4.2.6 Example 6 — Music and text

Task: “Search for music through the author name and an example made of two melodic
patterns, the first is repeated twice and interleaved by the second.”

<Mpeg7Query myWeight="3">
<Author> The Beatles </Author>
</Mpeg7Query>
<Mpeg7Query myWeight="2">
<AudioDescriptor type="sapir:MelodyDescriptionType">
<sapir:Value>
<sapir:PatternCode> OOCAAa </sapir:PatternCode>
<sapir:Weight> 2 </sapir:Weight>
<sapir:PositionList> 0 500 </sapir:PositionList>
</sapir:Value>
<sapir:Value>
<sapir:PatternCode> AbOB </sapir:PatternCode>
<sapir:Weight> 1 </sapir:Weight>
<sapir:PositionList> 300 </sapir:PositionList>
</sapir:Value>
</AudioDescriptor>
</Mpeg7Query>

Figure 14 - A music and text query

Figure 15 - Music and text query parsed

4.2.7 Example 7 — Music with multiple features

Task: “Search for music through an example for which both melodic and rhythmic
information is used, with different weights.”

The excerpt consists of three short melodic patterns that are based on the same rhythmic
pattern. A fuzzy AND is used to merge the results, as it often happens, melody is given a higher
weight.
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<Mpeg7Query aggregateFunction="FuzzyAnd">
<Mpeg7Query myWeight="2">
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<AudioDescriptor type="sapir:MelodyDescriptionType">
<sapir:Value>

<sapir:PatternCode> OOa </sapir:PatternCode>

<sapir:Weight> 1 </sapir:Weight>
<sapir:PositionList> 0 </sapir:PositionList>

</sapir:Value>

<sapir:Value>

<sapir:PatternCode> OOc </sapir:PatternCode>

<sapir:Weight> 1 </sapir:Weight>
<sapir:PositionList> 150 </sapir:PositionList>

</sapir:Value>

<sapir:Value>

<sapir:PatternCode> OOb </sapir:PatternCode>
<sapir:Weight> 1 </sapir:Weight>
<sapir:PositionList> 300 </sapir:PositionList>
</sapir:Value>
</AudioDescriptor>
</Mpeg7Query>

<Mpeg7Query myWeight="1.5">
<AudioDescriptor type="sapir:RhythmDescriptionType">
<sapir:Value>

<sapir:PatternCode> OOa </sapir:PatternCode>
<sapir:Weight> 2 </sapir:Weight>

<sapir:PositionList> 0 150 300 </sapir:PositionList>
</sapir:Value>

</AudioDescriptor>
</Mpeg7Query>
</Mpeg7Query>

Figure 16 - Music with Melody and Rhythm
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Figure 17 - Music with Melody and Rhythm parsed

4.2.8 Example 8 —Video Search

Typical video search tasks can be

“Find video clips with images resembling a given example and the given speech said
during that scene”.
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“Find video clips with images resembling a given example and the given music during
that scene”.

In D3.1 [8] a Video is decomposed into two different parts - <AudioSegment> and
<VideoSegment> where the <VideoSegment> contains KeyFrames with their time.

In order to support the above search tasks we plan to investigate a slightly different
decomposition of a Video into ContentObjects where each ContentObject contains both an
<AudioSegment> and a <VideoSegment> with the relevant audio (music and/or speech) and the
temporal information.

Having that decomposition into ContentObjects, the first task above is similar to example 5
above while the second task can be achieved by a variant query to that in example 6 above.

The Video search will be investigated in the coming months.

4.3 QUERY EXECUTION

After the query is parsed and decomposed to Simple and Compound Queries the next step
is to execute the simple queries and to merge the results according to the
aggregateFunctions.

We assume that ContentObjects are indexed in SAPIR in Overlays where each Overlay
supports one or more FeatureGroups. The next step in query execution then is to map the
Queries generated by the Query parser to Overlays.

At this stage of the SAPIR project we have implemented two Overlays — a “text” Overlay that
supports all text related FeatureGroups and an “Image” Overlay that supports all relevant
VisualDescriptor FeatureGroups. If we consider for example the query in example 4
(Figures 10, 11 above) then the left hand Compound Query can be fully executed by the text
Overlay and the right hand Compound Query can be fully executed by the Image overlay.
The mapping of the above query to Overlays is straightforward by mapping the Compound
text Query to the text Overlay and the Compound Image Query to the Image Overlay.

Each Overlay then returns a list of ContentObjects sorted in decreasing order of similarity to
the sub query given to it. The last step in the query execution then is to merge the two lists
into a single list of ContentObjects that are most similar to the given query with respect to
the top level aggregateFunction. The merging algorithm is a TA (Threshold Algorithm) [10]
but is outside the scope of this deliverable and will be described in a coming deliverable
D5.2.

While the query syntax allows unlimited depth of nesting of Compound Queries, at this
stage of the project we handle only queries that have at most depth 2 of Compound queries
nesting. In next stages of the project we will consider also queries with depth greater than 2
and also handle cases where some Compound Queries can not be fully executed by a
single Overlay.

For example, consider the uncommon case (Figure 18 below) where the left Compound
Query contains both text and a VisualDescriptor and similarly for the right Compound Query.
In this case the Query processing sends each leaf Query to a separate Overlay and
performs a TA for each Compound Query at each level of the query tree.



" #$ %N & & "

In general we would like to minimize the number of contacts to Overlays by combining
several Compound Queries and even Queries from different Compound Queries and send
them together to an Overlay. This requires careful normalization of scores and optimizations
that are outside the scope of this document.

Figure 18 - Map to Overlays - worst case

5 SUMMARY

We presented a Query-By-Example language for IR style search in Audio-Visual MPEG-7
content where both the collection and the queries are expressed in XML. The proposed syntax
exploits the XML representation of MPEG-7 descriptors and supports (weighted) similarity
search queries, comprising both range and top-K queries for any combination of valid MPEG-7
descriptors combining both Audio-visual descriptors, text and spatio-temporal attributes. The
syntax extends the XML Fragments with a new MPEG-7 defined tag <Mpeg7Query> and is
extensible to support queries over any MPEG-7 descriptors.

We showed the SAPIR implementation for the Query syntax for a restrictive subset of complex
gueries combining both audio visual and text features.
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