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EXECUTIVE SUMMARY 
 

In this report we define a representation formalism for describing multimedia documents 
containing any combination of video, still images, music, speech, and text.  A document 
description in this formalism includes metadata (author, title, etc.), as well as the results of 
automatic feature extraction for use in indexing, search, and browsing.  By defining a single 
representation format that covers all media, we intend to support cross-media search; for 
example, an image similarity search might retrieve both videos and still images; and a keyword 
search on titles might receive documents of all media types.  

The representation is based on the MPEG-7 standard, with extensions to cover media, features, 
and metadata not covered by the standard.  MPEG-7 provides a rich vocabulary for describing 
document structure and content, and its status as a standard means that SAPIR will be 
interoperable with other multimedia management systems. The SAPIR-specific extensions are 
defined in such a way as to preserve this interoperability.  

The report describes project activities undertaken as part of task T3.1 
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1 INTRODUCTION 

1.1 WP3 FOCUS AND OBJECTIVES 

WP3 (Media Analysis and Enrichment for Search) integrates all activities related to the 
preparation of multimededia content (music, video, audio, image and text) for searching, 
indexing and browsing.  The ultimate goal of this work package is to deliver demonstration 
processing modules that can be integrated into the SAPIR architecture, for all media. 

We take into account the guidelines that have been defined in Technology Quality Plan of D0.1, 
specifically the use of the MPEG-7 standard. 

1.2 DELIVERABLE OBJECTIVES AND OVERVIEW 

Our task for WP3.1 was to identify the features that will be extracted from each medium, and to 
define a single annotation format in which all of these features can be expressed.  In order to 
eliminate redundancy, and to allow true multimedia search in which a single query can be used 
to search multiple media, we have identified features that are comparable across multiple 
media, and designed the representation such that these features can be expressed in a single 
format regardless of medium. 

The remainder of this deliverable is organized as follows: 

In Section �2 we give a high-level description of the XML representation we will use to describe 
multimedia ContentObjects1, including a brief introduction to the MPEG-7 standard, which it 
uses and extends. 

In Section Error! Reference source not found. we describe the type of processing that will be 
performed on each of the media types, the features that will be extracted as a result of this 
processing, and how these features will be used for search.  We explain by way of examples 
how the features will be expressed in the representation.  We also list the types of metadata 
typically available for each medium. 

In Section �4 we identify features and metadata that are shared among multiple media, and 
explain how they will be represented in order to support cross-media search. 

In Section �5 we formally define the unified annotation format using the MPEG-7 Data 
Description Language. 

 

2 OVERVIEW OF CONTENTOBJECT DESCRIPTION FORMAT 
 

For each ContentObject to be indexed in the SAPIR system, a description will be generated that 
provides information to support indexing and browsing of the ContentObject.  This description 
will be an XML file in a format derived from MPEG-7 (ISO/IEC 15938). 

For the purposes of SAPIR, we can consider that an MPEG-7 description of a ContentObject 
describes a set of segments, and associates annotations with these segments.  Annotations 
include both metadata (e.g. title) and extracted features (e.g. color histogram). 

The segments of a ContentObject can stand in hierarchical relationships with each other.  
MPEG-7 allows for the decomposition of a complex multi-media ContentObject along several 
dimensions, including spatial (e.g. decomposition of a photograph into regions), temporal (e.g. 
decomposition of a movie into scenes), and decomposition by medium (e.g. separation of an 
                                                
1 Conformant to the SAPIR glossary [5], we use the term ContentObject to mean an audio, video, still image, or text 
document, or a document composed of any combination of these media.. 
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audio-visual recording into audio and visual components).  A ContentObject typically consists of 
a top-level segment which corresponds to the ContentObject itself, and zero or more 
decompositions that declare relationships between the top-level segment and subsegments of 
various kinds.  Annotations can be associated with segments at any level.  For example, the 
description of a film might have 

�  a top-level segment corresponding to the film 

�  a decomposition by media relating the top level segment to an audio segment and a 
visual segment 

�  a temporal decomposition of the audio segment into music and speech segments 

�  a temporal decomposition of the visual segment into shots 

and these segments might be annotated as follows: 

�  title, director, and year annotations on the top-level segment 

�  annotations on the speech segments indicating the results of speech recognition and 
named entity extraction 

�  annotations on the music segments indicating the results of musical pattern extraction 

�  annotations on the shot segments indicating the results of visual feature extraction 

MPEG-7 provides a predefined set of segment and annotation types, as well as a formalism 
(based on XML Schemas) for defining new types.  In SAPIR we will use a number of the 
predefined types, as well as some new types that we define in this document.  The predefined 
segment types that we will use are the following: 

�  MultimediaSegmentType 

�  AudioVisualSegmentType 

�  AudioSegmentType 

�  VideoSegmentType 

�  StillRegionType 

to which we will add the following segment type defined in the current document: 

�  TextualSegmentType 

The annotation types that are valid for each segment type will be listed in the following section. 

 

3 FEATURES AND METADATA BY MEDIA 
 

We will develop processing modules for speech, music, image, video, and text.  In the following 
sections, we describe, for each media type, the type of processing that will be performed, how 
the results of that processing will be represented in the XML description, and how they will be 
used for search.  We also indicate the types of metadata that we expect to be available for 
ContentObjects of that type, and we indicate how these types of information will be expressed in 
the XML description. 
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3.1 SPEECH 

We use an Automatic Speech Recognition (ASR) system for transcribing speech data. It works 
in speaker-independent mode. For best recognition results, a speaker-independent acoustic 
model and a language model will be trained in advance on data with similar characteristics.  

The ASR generates lattices that can be considered as directed acyclic graphs. Each vertex in a 
lattice is associated with a timestamp and each edge (u,v) is labeled with a word or phone 
hypothesis and its prior probability, which is the probability of the signal delimited by the 
timestamps of the vertices u and v, given the hypothesis. The 1-best path transcript is obtained 
from the path containing the best hypotheses using dynamic programming techniques. 

For indexing and search purposes, it is often more convenient to use a compact representation 
of a word lattice, called word confusion network (WCN). Each edge is labeled with a word 
hypothesis and its posterior probability, i.e., the probability of the word given the signal. The 
main advantages of WCN are that it provides an alignment for all of the words in the lattice and 
also posterior probabilities. Note that the 1-best path can be directly extracted from the WCN. 

For SAPIR, we will generate both word and phonetic transcripts. The transcripts will be indexed, 
used and combined during the search process.  The word transcript will contain the WCN. The 
phonetic transcript will contain the phonetic lattice. 

The units of indexing are the words and n-grams of phones extracted from the lattices.  Each 
occurrence of a unit of indexing is indexed with the following information: 

�  the begin time of the occurrence, 

�  the duration of the occurrence. 

In addition, if the information is available, we store 

�  the confidence level of the occurrence that is evaluated by its posterior probability, 

�  the rank of the occurrence among the other hypotheses beginning at the same time. 

3.1.1 Retrieval and ranking 

Both word and phonetic transcripts will be indexed. For ranking on word transcripts, we can use 
an extension of tf*idf (see Section �3.5.1.1) that takes into account the information provided by 
word lattices (e.g. word probability, relative position among the other alternatives, etc...) [7]. 
Concerning phonetic transcripts, we can use also the edit distance [6].  Work on indexing and 
retrieval for speech is ongoing in WP4 and WP5, and will be described in later deliverables. 

 

3.1.2 Feature representation 

We will use the MPEG-7 SpokenContentLattice Description Scheme [8,9].  Here is an example 
instance describing a Word Confusion Network (WCN).  The example uses the standard MPEG-
7 SpokenContentLattice type, but note that in Section �3.5.2 we will introduce an extension of 
this type that supports annotation of named entities. 

 

<Mpeg7 xml ns=" ur n: mpeg: mpeg7: schema: 2001"  
  xml ns: xsi =" ht t p: / / www. w3. or g/ 2001/ XMLSchema- i nst ance"  
  xml ns: mpeg7=" ur n: mpeg: mpeg7: schema: 2001"  
  xml ns: xml =" ht t p: / / www. w3. or g/ XML/ 1998/ namespace"  
  xs i : schemaLocat i on=" ur n: mpeg: mpeg7: schema: 2001 Mpeg7- 2001. xsd" > 
 
  <Descr i pt i on xsi : t ype=" Cont ent Ent i t yType" > 
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    <Mul t i medi aCont ent  xs i : t ype=" Audi oType" > 
      <Audi o> 
 <Audi oDescr i pt i onScheme xsi : t ype=" SpokenCont ent Lat t i ceType" > 
 
   <Header  xs i : t ype=" SpokenCont ent Header Type" > 
 
     <Wor dLexi con> 
       <Token>gl asses</ Token> 
       <Token>gr aphi c</ Token> 
       <Token>gr aphi cs</ Token> 
       <Token>gr ass</ Token> 
       <Token>my</ Token> 
       <Token>on</ Token> 
       <Token>scr een</ Token> 
       <Token>spl i ne</ Token> 
     </ Wor dLexi con> 
 
     <Speaker I nf o pr ovenance=" ASR" > 
       <SpokenLanguage>en</ SpokenLanguage> 
     </ Speaker I nf o> 
 
   </ Header > 
 
   <Bl ock audi o=" speech"  def aul t Speaker I nf oRef =" John"  num=" 1" > 
     <Medi aTi me> 
       <Medi aTi mePoi nt >T00: 00: 00: 0F25</ Medi aTi mePoi nt > 
       <Medi aDur at i on>P0DT0H0M04S00N25F</ Medi aDur at i on> 
     </ Medi aTi me> 
     <Node num=" 1"  t i meOf f set =" 2550" > 
       <Wor dLi nk wor d=" 1"  pr obabi l i t y=" 0. 508"  nodeOf f set =" 2" / > 
       <Wor dLi nk wor d=" 2"  pr obabi l i t y=" 0. 279"  nodeOf f set =" 2" / > 
       <Wor dLi nk wor d=" 3"  pr obabi l i t y=" 0. 110"  nodeOf f set =" 2" / > 
       <Wor dLi nk wor d=" 4"  pr obabi l i t y=" 0. 102"  nodeOf f set =" 2" / > 
     </ Node> 
     <Node num=" 2"  t i meOf f set =" 2760" > 
       <Wor dLi nk wor d=" 6"  pr obabi l i t y=" 1"  nodeOf f set =" 3" / > 
     </ Node> 
     <Node num=" 3"  t i meOf f set =" 2920" > 
       <Wor dLi nk wor d=" 5"  pr obabi l i t y=" 1"  nodeOf f set =" 4" / > 
     </ Node> 
     <Node num=" 4"  t i meOf f set =" 3050" > 
       <Wor dLi nk wor d=" 7"  pr obabi l i t y=" 0. 908"  nodeOf f set =" 5" / > 
       <Wor dLi nk wor d=" 8"  pr obabi l i t y=" 0. 092"  nodeOf f set =" 5" / > 
     </ Node> 
     <Node num=" 5"  t i meOf f set =" 3130" / > 
   </ Bl ock> 
 
 </ Audi oDescr i pt i onScheme> 
      </ Audi o> 
    </ Mul t i medi aCont ent > 
  </ Descr i pt i on> 
 
</ Mpeg7> 
 
Here is an example instance describing a phonetic 1-best transcript: 

 
<Mpeg7 xml ns=" ur n: mpeg: mpeg7: schema: 2001"  
  xml ns: xsi =" ht t p: / / www. w3. or g/ 2001/ XMLSchema- i nst ance"  
  xml ns: mpeg7=" ur n: mpeg: mpeg7: schema: 2001"  
  xml ns: xml =" ht t p: / / www. w3. or g/ XML/ 1998/ namespace"  
  xs i : schemaLocat i on=" ur n: mpeg: mpeg7: schema: 2001 Mpeg7- 2001. xsd" > 
 
  <Descr i pt i on xsi : t ype=" Cont ent Ent i t yType" > 
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    <Mul t i medi aCont ent  xs i : t ype=" Audi oType" > 
      <Audi o> 
 <Audi oDescr i pt i onScheme xsi : t ype=" SpokenCont ent Lat t i ceType" > 
 
   <Header  xs i : t ype=" SpokenCont ent Header Type" > 
 
     <PhoneLexi con> 
       <Token>ah</ Token> 
       <Token>ay</ Token> 
       <Token>k</ Token> 
       <Token>s</ Token> 
       <Token>z</ Token> 
     </ PhoneLexi con> 
 
     <Speaker I nf o pr ovenance=" ASR" > 
       <SpokenLanguage>en</ SpokenLanguage> 
     </ Speaker I nf o> 
 
   </ Header > 
 
   <Bl ock audi o=" speech"  def aul t Speaker I nf oRef =" John"  num=" 1" > 
     <Medi aTi me> 
       <Medi aTi mePoi nt >T00: 00: 00: 0F25</ Medi aTi mePoi nt > 
       <Medi aDur at i on>P0DT0H0M04S00N25F</ Medi aDur at i on> 
     </ Medi aTi me> 
     <Node num=" 1"  t i meOf f set =" 238" > 
       <PhoneLi nk phone=" 2"  nodeOf f set =" 2" / > 
     </ Node> 
     <Node num=" 2"  t i meOf f set =" 249" > 
       <PhoneLi nk phone=" 5"  nodeOf f set =" 3" / > 
     </ Node> 
     <Node num=" 3"  t i meOf f set =" 260" > 
       <PhoneLi nk phone=" 4"  nodeOf f set =" 4" / > 
     </ Node> 
     <Node num=" 4"  t i meOf f set =" 281" > 
       <PhoneLi nk phone=" 3"  nodeOf f set =" 5" / > 
     </ Node> 
     <Node num=" 5"  t i meOf f set =" 299" > 
       <PhoneLi nk phone=" 4"  nodeOf f set =" 6" / > 
     </ Node> 
     <Node num=" 6"  t i meOf f set =" 330" > 
       <PhoneLi nk phone=" 1"  nodeOf f set =" 7" / > 
     </ Node> 
     <Node num=" 7"  t i meOf f set =" 348" / > 
   </ Bl ock> 
 
 </ Audi oDescr i pt i onScheme> 
      </ Audi o> 
    </ Mul t i medi aCont ent > 
  </ Descr i pt i on> 
 
</ Mpeg7> 

3.1.3 Metadata 

The following metadata are typically available for recorded speech: audio coding format, bit rate, 
sample rate, sample size, number of channels.  If this information is determined to be useful, it 
will be represented using standard MPEG-7 metadata fields as shown in Section �4. 
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3.2 MUSIC 

Music ContentObjects can be instantiated in three main forms: digital audio recordings with 
possible compression, MIDI (Musical Instrument Digital Interface) files with temporal 
information, and digital scores. All the forms may be of interest for the final user, depending on 
the required audio quality, on the available bandwidth, on the usage, and on copyright 
restrictions. Many formats correspond to audio and score forms, yet for the aims of this project, 
only open formats will be addressed, such as MP3 and aiff for audio or Lilypond [11] and Guido 

[12] for scores. 

The first step in music processing will regard the automatic extraction of high level features, 
which are shared by all the forms. The main content descriptors, are the rhythm and the melody 
of the leading voice. These will be automatically transcribed depending on the form: 

�  Audio: using state of the art techniques based on statistical models for the transcription 
of the prominent pitch (usually the voice or the soloing instrument), which achieve an 
accuracy of 82%; the effectiveness of these approaches have been compared at MIREX 
(Music Information Retrieval Evaluation eXchange) and an overview of different 
approaches can be found at [13]. 

�  MIDI and scores: using classification techniques for the identification of the channels (or 
the staves) that contain the main melody, and transforming the possible polyphonic 
signal to a monophonic one, experimental evaluation of an approach developed at UPD 
(unpublished yet) achieved an accuracy of 97.7%. 

The melodic information will be quantized, in order to take into account local variations of pitch 
and tempo. To this end, the fundamental frequency values will be quantized to the 12 semitones 
of the chromatic scale used in Western music, while rhythm will be normalized using state of the 
art techniques for music transcription. After quantization and normalization, melodic information 
will be described by two main parameters: 

�  Pitch intervals (PIT): that is the distance between two subsequent tones, which is an 
integer number that has positive values for ascending intervals and negative for 
descending ones, while PIT=0 means that the notes have the same pitch. 

�  Interonset interval log-ratio (IOI): that is the ratio, in logarithmic scale between the 
duration of two subsequent tones (where the duration is considered as the time between 
the onset of a tone and the onset of the following one); positive values of IOI mean that a 
note is followed by one with a shorter duration, while negative values mean the opposite 
(IOI=0 meaning that the notes have the same duration). 

The second step will regard the segmentation of the extracted melody in musical lexical units, 
which will be used as content descriptors. To this end, pattern analysis will be applied to the 
sequence of notes forming the melody, highlighting all different patterns of a length from 3 to 6 
notes. These thresholds have been experimentally evaluated with the test collection available 
for MIREX, in particular for the “Symbolic Melodic Similarity” task to which UPD participated. 
Patterns are computed taking into account different melodic features, namely rhythm, pitch 
contour, and the combination of the two. 

The final step in the representation will regard a suitable coding of the patterns, which differs 
according to the features to be represented. Given that all features undergo quantization, a 
textual representation will be used to describe the patterns, assigning a musical meaning to the 
symbols from a known alphabet. The size of the alphabet depends on the choice of the 
quantization step. Commonly used values are 15 symbols for PIT and 9 symbols for IOI. It is 
possible that future experimentation will suggest to increase/decrease the number of symbols, 
which does not pose particular problems because the approach is independent on the number 
of symbols (clearly the collection needs to be reindexed). The relative frequency within a 
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ContentObject is computed for each pattern, and each feature, together with the temporal 
information about the time location of all its occurrences. The latter information can be used for 
fast access to relevant excerpts of the retrieved ContentObjects. 

Music ContentObjects are thus described by a set of patterns, their relative frequency, and a list 
of timestamps.  Patterns are represented by sequences of symbols, from a predefined set (i.e., 
letters of English alphabet), the relative frequency is a floating point number, while timestamps 
are expressed in hundreds of seconds. 

This information is used to index the collection. It is important to note that there are alternative 
indexes depending on different features. Retrieval can be carried out using the Vector Space 
model, while the results obtained from different indexing schemes are merged using data fusion 
techniques in a single rank list. 

The user can query the system with the query-by-example paradigm. That is, she can record the 
excerpt of a song, or even sing it, and sent it as her query. Queries undergo a similar 
processing as ContentObjects, apart from the fact that queries are likely to be short and thus will 
not contain enough information to compute patterns. To this end, all the strings of a query will 
be used, quantized, and then described using the same notation of the ContentObject patterns. 
This allows us to perform retrieval using exact match techniques between patterns. 

3.2.1 Retrieval and ranking 

The representation of melodic and rhythmic information is based on melodic segmentation and 
on feature quantization, obtaining a set of sequences of symbols, named patterns, with their 
relative frequency and time stamps. Patterns may have different length and may overlap, that is, 
different pattern describes, to a different extent, the same melodic excerpt. This approach 
allows music ContentObjects to be retrieved using an exact match between patterns of the 
ContentObjets and of the query, assuming that a query by example paradigm is applied. In fact, 
possible mismatches between ContentObjects and queries are dealt through both feature 
quantization and through alternative representations of the content. It should be noted that the 
process is based on the use of different features (pitch intervals, note durations), which can be 
indexed separately. 

The well-known Vector Space Model can be applied at retrieval time, using a tf*idf scheme 
based on the relative frequency of patterns in music ContentObjects. Proximity functions are 
then exploited using the information of pattern time stamps. Finally, given that music 
ContentObjects have alternative representations, a data fusion approach is exploited to merge 
the individual results of the different weighting schemes. Data fusion can be applied directly 
using the average of the Retrieval Status Value given by each individual feature. It should be 
noted that the effort on music feature extraction exactly aims at applying to the music domain 
the main concepts and results of text retrieval techniques. 

 

3.2.2 Feature representation 

We have defined two new audio descriptors for representing melody and rhythm.  The definition 
is given in Section �5; an example is given below.  The PositionList for a pattern gives the time 
offset, in hundredths of a second, of occurrences of the pattern. 

<Mpeg7 xml ns=" ur n: mpeg: mpeg7: schema: 2001"  
       xml ns: xsi =" ht t p: / / www. w3. or g/ 2001/ XMLSchema- i nst ance"  
       xml ns: mpeg7=" ur n: mpeg: mpeg7: schema: 2001"  
       xml ns: xml =" ht t p: / / www. w3. or g/ XML/ 1998/ namespace"  
       xs i : schemaLocat i on=" ur n: mpeg: mpeg7: schema: 2001 Mpeg7- 2001. xsd 
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       ht t p: / / www. sapi r . eu/ schemas/ sapi r - mpeg7ext ensi ons- 2007- 07 
ht t p: / / www. sapi r . eu/ schemas/ sapi r - mpeg7ext ensi ons- 2007- 07. xsd"  
       xml ns: sapi r =" ht t p: / / www. sapi r . eu/ schemas/ sapi r - mpeg7ext ensi ons- 2007-
07" > 
  <Descr i pt i on xsi : t ype=" Cont ent Ent i t yType" > 
    <Mul t i medi aCont ent  xs i : t ype=" Audi oType" > 
      <Audi o> 
 <Audi oDescr i pt or  xs i : t ype=" sapi r : Mel odyDescr i pt i onType" > 
   <sapi r : Val ue> 
     <sapi r : Pat t er nCode> aa </ sapi r : Pat t er nCode> 
     <sapi r : Wei ght > 25 </ sapi r : Wei ght > 
     <sapi r : Posi t i onLi st > 1200 3400 4500 9800 </ sapi r : Posi t i onLi st > 
   </ sapi r : Val ue> 
   <sapi r : Val ue> 
     <sapi r : Pat t er nCode> a0 </ sapi r : Pat t er nCode> 
     <sapi r : Wei ght > 8 </ sapi r : Wei ght > 
     <sapi r : Posi t i onLi st > 1200 3400 4500 </ sapi r : Posi t i onLi st > 
   </ sapi r : Val ue> 
   <sapi r : Val ue> 
     <sapi r : Pat t er nCode> OOCAAa </ sapi r : Pat t er nCode> 
     <sapi r : Wei ght > 4 </ sapi r : Wei ght > 
     <sapi r : Posi t i onLi st > 600 5630 8800 </ sapi r : Posi t i onLi st > 
   </ sapi r : Val ue> 
   <sapi r : Val ue> 
     <sapi r : Pat t er nCode> BAAAAA </ sapi r : Pat t er nCode> 
     <sapi r : Wei ght > 4 </ sapi r : Wei ght > 
     <sapi r : Posi t i onLi st > 2550 6700 9130 </ sapi r : Posi t i onLi st > 
   </ sapi r : Val ue> 
 </ Audi oDescr i pt or > 
 <Audi oDescr i pt or  xs i : t ype=" sapi r : Rhyt hmDescr i pt i onType" > 
   <sapi r : Val ue> 
     <sapi r : Pat t er nCode> SS </ sapi r : Pat t er nCode> 
     <sapi r : Wei ght > 48 </ sapi r : Wei ght > 
     <sapi r : Posi t i onLi st > 1000 2200 6700 10200 </ sapi r : Posi t i onLi st > 
   </ sapi r : Val ue> 
   <sapi r : Val ue> 
     <sapi r : Pat t er nCode> SSESSS </ sapi r : Pat t er nCode> 
     <sapi r : Wei ght > 4 </ sapi r : Wei ght > 
     <sapi r : Posi t i onLi st > 5600 7800 10100 </ sapi r : Posi t i onLi st > 
   </ sapi r : Val ue> 
   <sapi r : Val ue> 
     <sapi r : Pat t er nCode> MMSSLS </ sapi r : Pat t er nCode> 
     <sapi r : Wei ght > 4 </ sapi r : Wei ght > 
     <sapi r : Posi t i onLi st > 4800 9800 10500 </ sapi r : Posi t i onLi st > 
   </ sapi r : Val ue> 
 </ Audi oDescr i pt or > 
      </ Audi o> 
    </ Mul t i medi aCont ent > 
  </ Descr i pt i on> 
</ Mpeg7> 
 

3.2.3 Metadata 

The following metadata are typically available in music ContentObjects: content type, file format, 
file format version number, bit rate, file name, file size, duration, author, song title, album title, 
year, genre, and “other information” (free text comments).  They will be represented in MPEG-7 
as indicated in Section �4.  All are standard MPEG-7 metadata except for file format version 
number (relevant for MIDI and score file formats) and file name.  The range of allowed content 
types will be those listed in the MPEG-7 ContentCS classification scheme plus with one 
additional type: “musical score”.  For the FileFormat element, in addition to the formats covered 
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by the MPEG-7 FileFormatCS classification scheme, we will add MIDI, Lilypond, and Guido files.  
These extensions are defined in classification schemes introduced in Section �5. 

The original file name is maintained separately from the file’s URI in order to preserve hints 
about title, artist, etc. that it might contain, while allowing the peer hosting the file to use a 
different file name from that used by the file’s creator, submitter, etc. 

 

3.3 IMAGE 

Images will be indexed using the following five standard MPEG-7 visual descriptors, as specified 
in [2]. A high-level introduction can be found in [4].  Reference software that generates valid 
descriptors is available in [3]. 

 

3.3.1 Scalable Color 

The Scalable Color descriptor is derived from a color histogram defined in the Hue-Saturation-
Value color space with fixed color space quantization. It uses a Haar transform coefficient 
encoding, allowing scalable representation of description, as well as complexity scalability of 
feature extraction and matching procedures. 

The histogram values are extracted, normalized and nonlinearly mapped into a four-bit integer 
representation, giving higher significance to small values. The Haar transform is applied to the 
four-bit integer values across the histogram bins. 

An MPEG-7 description can report 256, 128, 64, 32 or 16 Haar coefficients. Any coefficient can 
have a number of bitplanes from 0 to 8. In the SAPIR project we will make use of the 64 
coefficients and 8 bitplanes representation. 

3.3.1.1 Retrieval and ranking 

The suggested ([3], [4]) distance function to compare two “values” of the Scalable Color 
descriptor is the l1-norm based (sum of absolute differences) between the coefficient 
vectors. 
 

 

3.3.2 Color Structure 

The Color Structure descriptor is also based on color histograms (as Scalable Color) but aims at 
identifying localized color distributions using a small structuring window. The descriptor 
represents an image by both the color distribution of the image and the local spatial structure of 
the color. The information about color structure makes the descriptor sensitive to certain image 
features to which the color histogram is blind. 

The Color Structure descriptor is an array of 256, 128, 64 or 32 8 bit-quantized coefficients. In 
the SAPIR project we will use the 64 coefficients version. In SAPIR we assume Color Structure 
is always in the 64 Values version. 
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3.3.2.1 Retrieval and ranking 

The suggested ([3], [4]) distance function to compare two “values” of the Color Structure 
descriptor is the l1-norm based (sum of absolute differences) between the coefficient 
vectors.  
 

3.3.3 Color Layout 

The Color Layout descriptor captures the spatial layout of the representative colors on a grid 
superimposed on a region or image. Representation is based on coefficients of the Discrete 
Cosine Transform. It is especially useful for spatial structure-based retrieval applications, for 
example, sketch-based retrieval and video segment identification. 

The descriptor is obtained by applying the DCT transformation on a 2-D array of local 
representative colors in Y or Cb or Cr color space. The extraction process consists of four 
stages: image partitioning, representative color detection, DCT transformation and nonlinear 
quantization of the zigzag-scanned coefficients. The recommended number of coefficients is 6 
for luminance and 3 for each chrominance. This is the version of the descriptor that will be used 
in SAPIR. 

In SAPIR we will use the MPEG recommended number of coefficients for this descriptor, i.e. 6 
for luminance and 3 for each chrominance. 

3.3.3.1 Retrieval and ranking 

For matching two Color Layout descriptor “values”, {DY, DCr, DCb} and {DY©, DCr©, DCb©}, the 
following distance (which is a metric) has been suggested by MPEG in [4] and used in [3]: 

 

2 2 2( ' ) ( ' ) ( ' )yi i i bi i i ri i i
i i i

w DY DY w DCb DCb w DCr DCr� � � � �� � �  

 

where � �3,3,3,1,1,1yw � , � �2,2,2bw �  and � �4,2,2rw �  . 

3.3.4 Edge Histogram 

A useful descriptor for similarity search and retrieval is spatial distribution of edges in an image. 
The Edge Histogram descriptor represents local-edge distribution in the image. Specifically, 
dividing the image space into 4 x 4 subimages, the local-edge distribution for each subimage is 
represented by a histogram. To generate the histogram, edges in the subimages are 
categorized into five types: vertical, horizontal, 45° diagonal, 135° diagonal and nondirectional 
edges. Since there are 16 subimages, a total of 5 x 16 = 80 histogram bins are required. 

3.3.4.1 Retrieval and ranking 

For matching two Edge Histogram descriptor “values”, Ah and Bh , the following distance 

(which is a metric) has been suggested by MPEG and will be used in SAPIR: 
 

4 4
79
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Where ( )Ah i  and ( )Bh i  represent the normalized histogram bin values of image A and image B, 

respectively. ( )g
Ah i  and ( )g

Bh i  represent the normalized bin values for the global edge 

histograms of image A and image B, respectively, which are obtained from the corresponding 
local histograms ( )Ah i  and ( )Bh i . Similarly ( )S

Ah i  and ( )S
Bh i represent the histogram bin values 

for the semiglobal-edge histograms of image A and image B, respectively. 

 

3.3.5 Homogeneous Texture 

The Homogeneous Texture descriptor characterizes the region texture using the mean energy 
and the energy deviation from a set of frequency channels. The 2-D frequency plane is 
partitioned into 30 channel. The mean energy and its deviation are computed in each of these 
30 frequency channels (in the frequency domain). 

The first two components of the Homogeneous Texture descriptor, the mean and the standard 
deviation of the input image, are straightforward to compute. the remaining components are 
computed in the frequency domain directly. For a complete description see [2] and [4]. 

In SAPIR we will make use of the complete form of this descriptor which consist of the Average, 
the Standard Deviation, 30 coefficients for the Energy and 30 coefficients for the Energy 
Deviation. 

Note that Energy Deviation is optional in MPEG-7. In SAPIR we will assume that it is always 
present. 

3.3.5.1 Retrieval and ranking 

For matching two Homogeneous Texture descriptor “values” 4 distances have been suggested 
by MPEG and have also been reported in [3]. They differ for being rotation invariant,  scale 
invariant, both rotation and scale invariant or not rotation and scale invariant. 

In SAPIR we suggest to use the non-invariant distance (which is a metric). Given two 
Homogeneous Texture descriptor “values”, TD and TD©: 

 

( ) '( )
( )k

TD k TD k
k	

��  

 

where ( )TD k are the 62 values reported in the descriptors (1 for Average, 1 for Standard 

Deviation, 30 for Energy and 30 for Energy Deviation) and ( )k	  are normalization values. 
Normalization values have suggested and used by MPEG in [3]. 

 

3.3.6 Feature representation 

We will use the standard MPEG-7 StillRegion Description Scheme for images.  Here is an 
example instance: 

<Mpeg7 xml ns=" ur n: mpeg: mpeg7: schema: 2001"  
  xml ns: xsi =" ht t p: / / www. w3. or g/ 2001/ XMLSchema- i nst ance"  
  xs i : schemaLocat i on=" ur n: mpeg: mpeg7: schema: 2001 Mpeg7- 2001. xsd" > 
  <Descr i pt i on xsi : t ype=" Cont ent Ent i t yType" > 
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    <Mul t i medi aCont ent  xs i : t ype=" I mageType" > 
      <I mage> 
 <Vi sual Descr i pt or  xs i : t ype=" Scal abl eCol or Type"  
numOf Bi t pl anesDi scar ded=" 0"  numOf Coef f =" 64" > 
   <Coef f >- 121 8 - 3 87 12 14 22 37 31 13 11 3 50 14 19 21 - 3 1 0 11 - 8 
5 0 17 - 8 2 2 4 - 15 5 1 - 1 1 0 0 1 0 0 1 1 6 1 1 3 1 2 4 12 - 1 0 2 2 2 3 3 - 4 
15 0 0 - 2 1 0 - 3 - 6</ Coef f > 
 </ Vi sual Descr i pt or > 
 <Vi sual Descr i pt or  xs i : t ype=" Col or St r uct ur eType"  col or Quant =" 2" > 
   <Val ues>238 0 0 0 0 0 0 0 114 74 0 0 0 0 0 0 0 0 0 0 0 0 63 3 55 52 
0 0 0 0 0 0 0 0 0 0 100 54 0 0 8 0 0 0 0 0 0 0 0 0 0 0 9 0 0 0 0 0 0 0 0 0 0 
0</ Val ues> 
 </ Vi sual Descr i pt or > 
 <Vi sual Descr i pt or  xs i : t ype=" Col or Layout Type" > 
   <YDCCoef f >21</ YDCCoef f > 
   <CbDCCoef f >12</ CbDCCoef f > 
   <Cr DCCoef f >57</ Cr DCCoef f > 
   <YACCoef f 5>11 26 7 15 14</ YACCoef f 5> 
   <CbACCoef f 2>20 10</ CbACCoef f 2> 
   <Cr ACCoef f 2>13 24</ Cr ACCoef f 2> 
 </ Vi sual Descr i pt or > 
 <Vi sual Descr i pt or  xs i : t ype=" EdgeHi st ogr amType" > 
   <Bi nCount s>0 1 0 0 0 0 1 0 0 0 0 1 0 0 0 0 2 0 0 0 0 2 0 0 0 0 3 0 1 
0 0 0 0 0 0 0 0 0 0 0 0 5 0 0 0 0 7 0 0 0 0 7 0 0 0 0 7 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0</ Bi nCount s> 
 </ Vi sual Descr i pt or > 
 <Vi sual Descr i pt or  xs i : t ype=" HomogeneousText ur eType" > 
   <Aver age>85</ Aver age> 
   <St andar dDevi at i on>25</ St andar dDevi at i on> 
   <Ener gy>164 164 159 149 162 169 148 132 130 126 130 129 126 102 85 
109 79 90 95 49 44 80 40 33 81 0 0 44 0 0</ Ener gy> 
   <Ener gyDevi at i on>163 166 161 145 164 171 141 129 131 123 123 126 121 
98 74 100 70 87 96 38 42 74 37 31 92 0 0 52 0 0</ Ener gyDevi at i on> 
 </ Vi sual Descr i pt or > 
      </ I mage> 
    </ Mul t i medi aCont ent > 
  </ Descr i pt i on> 
</ Mpeg7> 
 

3.3.7 Metadata 

The following metadata are commonly found with images, and will be mapped into MPEG-7: 
location name, location coordinates, title, date taken, description (mapped to 
TextAnnotation/FreeTextAnnotation). 

3.4 VIDEO 

The video processing module segments a video into temporal units using different levels of 
granularity: keyframes, shots and clusters.  Shots and clusters represent the first level of 
decomposition, while keyframes are used at the second level. The MPEG-7 representation of 
the video will describe this multi-level segmentation in order to support indexing and searching. 

The shots are the temporal units used for the initial video decomposition, obtained by applying 
different possible criteria, such as a fixed temporal interval provided by the user (e.g. 5 seconds) 
or variable intervals obtained by video scene detection. The keyframes are the video 
representative images and one or more keyframes can be extracted for each shot. The clusters 
are the temporal units making up the final video decomposition and are obtained by grouping 
keyframes with similar features. It is worthwhile to specify here that only the representative 
images used to identify each video cluster are then exploited for final indexing.  
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Using this approach the cluster decomposition simply contains the information concerning each 
time interval used to segment the video and a reference to a given keyframe, that is an image 
which can be considered as representative of the video in that particular time interval and can 
be used for indexing and searching. The video segmentation in shots is also reported in the final 
MPEG-7 representation and contains the detailed informations about all extracted keyframes 
(not only those used for clustering), such as the temporal localization of the image inside the 
video and the extracted Visual Descriptors. Moreover it should be noted that the shot 
decomposition is part of the MPEG-7 standard and keeping it the final MPEG-7 representation 
can be useful for further studies about the video. 

The video module is composed by two different Analysis Engines (AE) for the video 
decomposition, one responsible for the shot segmentation and keyframes extraction (Shot AE) 
and one for video clustering (Cluster AE). The video analysis chain is the following:  

The input video is passed to the Shot AE, resulting in the segmentation of the whole video in a 
collection of shots, with one or more keyframes chosen for each shot. The image module is then 
invoked to analyse the extracted keyframes and obtain the resulting visual descriptors. In the 
MPEG-7 representation the collection of identified shots is reported as well as the temporal 
information about each shot (start time and total duration). Furthermore inside each shot 
element one or more keyframes are listed and for each keyframe both the temporal information 
(i.e. the time when the image appears in the video) and the extracted features are stored. A 
more detailed description of the MPEG-7 is reported below, it is worthwhile to just mention here 
that each shot and each keyframe are assigned an unambiguous identity so that they can easily 
be browsed later. Finally the Cluster AE is used to compare all the representative images 
extracted for each shot and group them according to their features. In the MPEG-7 
representation the cluster element contains the temporal data (i.e. the start time and the 
duration of the cluster) and references to the shots included in the cluster and to the 
representative image for that temporal interval, since the relevant information for both the 
keyframe and the shots used in the cluster are  already stored inside the relative shot element in 
the shot decomposition section. 

3.4.1 Feature representation 

The features for a video ContentObject are merely those of its audio and visual parts, as 
described in the respective sections.  The purpose of the video processing module is to 
generate metadata describing the ContentObject’s structure. 

3.4.2 Metadata 

The following metadata are typically associated with video files: URI, title and subtitle, author, 
language, list of contributors and roles, number of audio tracks, file format, coding format, bit 
rate, duration, frame rate.  These will be represented in MPEG-7 as listed in Section �4. 

In addition, the output of the video module is metadata about a hierarchical decomposition of the 
ContentObject.  The MediaSourceDecomposition and TemporalDecomposition elements of 
MPEG-7 will be used to express this structure.  The TemporalDecomposition scheme has a field 
called cr i t er i a,  which is unconstrained by the standard; we introduce the value cl ust er  for 
this attribute to indicate decomposition into clusters. 

Here is an example of an MPEG-7 description of the structure of a video. 

 
<?xml  ver s i on=" 1. 0"  encodi ng=" UTF- 8"  st andal one=" yes" ?> 
<Mpeg7 xsi : schemaLocat i on=" ur n: mpeg: mpeg7: schema: 2001 Mpeg7- 2001. xsd"  
xml ns: xs i =" ht t p: / / www. w3. or g/ 2001/ XMLSchema- i nst ance"  xml ns=" ur n: mpeg: mpeg7: schema: 2001" > 
  <Descr i pt i onMet adat a/ > 
  <Descr i pt i on xs i : t ype=" Cont ent Ent i t yType" > 
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    <Mul t i medi aCont ent  xs i : t ype=" Audi oVi sual Type" > 
      <Audi oVi sual  i d=" v- 2d764624- 512b- 4caa- 911c- edb4df 549184" > 
 <Medi aLocat or > 
   <Medi aUr i >/ home/ gal l o/ j ava/ j avaPr oj ect s/ dev/ WP3AV/ sr c/ mai n/ vi deo/ mpeg1vcd. mpg</ Medi aUr i > 
 </ Medi aLocat or > 
 <St r uct ur al Uni t  hr ef =" ur n: x- mpeg- 7- davp: cs: St r uct ur al Uni t CS: 2005: v i s. pr ogr amme" / > 
 <Medi aTi me> 
   <Medi aTi mePoi nt >T00: 00: 00: 0F25</ Medi aTi mePoi nt > 
   <Medi aDur at i on>P0DT0H0M26S22N25F</ Medi aDur at i on> 
 </ Medi aTi me> 
 <Medi aSour ceDecomposi t i on cr i t er i a=" modal i t i es" > 
   <Audi oSegment / > 
   <Vi deoSegment > 
     <St r uct ur al Uni t  hr ef =" ur n: x- mpeg- 7- davp: cs: St r uct ur al Uni t CS: 2005: v i s. pr ogr amme" / > 
     <Tempor al Decomposi t i on over l ap=" f al se"  gap=" f al se"  cr i t er i a=" v i sual  shot s" > 
       <Header  xs i : t ype=" Descr i pt i onMet adat aType" > 
  <I nst r ument > 
    <Tool > 
      <Name>SAPI R. EURI X. VA. SHOTS</ Name> 
    </ Tool > 
  </ I nst r ument > 
       </ Header > 
       <Vi deoSegment  xsi : t ype=" Shot Type"  i d=" s- 6a03b95e- 1cba- 4275- bac1- 9f bacd7f 891a" > 
  <St r uct ur al Uni t  hr ef =" ur n: x- mpeg- 7- davp: cs: St r uct ur al Uni t CS: 2005: v i s. shot " > 
    <Name>Shot </ Name> 
  </ St r uct ur al Uni t > 
  <Medi aTi me> 
    <Medi aTi mePoi nt >T00: 00: 00: 0F25</ Medi aTi mePoi nt > 
    <Medi aDur at i on>P0DT0H0M5S0N25F</ Medi aDur at i on> 
  </ Medi aTi me> 
  <Tempor al Decomposi t i on over l ap=" f al se"  gap=" t r ue"  cr i t er i a=" key f r ames" > 
    <St i l l Regi on i d=" k- a7e5e63b- 73ed- 4b7b- b62a- b7913386a381" > 
      <Medi aLocat or > 
        <Medi aUr i >/ home/ gal l o/ j ava/ j avaPr oj ect s/ dev/ WP3AV/ sr c/ mai n/ pr ocessor Resul t s / k-
a7e5e63b- 73ed- 4b7b- b62a- b7913386a381. j pg</ Medi aUr i > 
      </ Medi aLocat or > 
      <St r uct ur al Uni t  hr ef =" ur n: x- mpeg- 7- davp: cs: St r uct ur al Uni t CS: 2005: v i s. keyf r ame" > 
        <Name>Keyf r ame</ Name> 
      </ St r uct ur al Uni t > 
      <Medi aRel Ti mePoi nt  medi aTi meBase=" . . / . . / Medi aTi me[ 1] " > 
                         P0DT0H0M2S12N25F 
                       </ Medi aRel Ti mePoi nt > 
      <Vi sual Descr i pt or  xsi : t ype=" EdgeHi st ogr amType" > 
        <Bi nCount s>2 3 7 1 7 1 5 7 4 3 4 5 3 5 5 1 5 6 5 6 4 2 7 1 6 2 5 6 5 4 4 3 3 7 6 1 4 
4 6 6 4 4 4 7 3 1 7 5 6 2 4 6 5 7 1 4 3 6 7 5 6 5 5 3 3 6 6 5 3 2 7 3 4 5 2 6 2 3 6 5</ Bi nCount s> 
      </ Vi sual Descr i pt or > 
      <! - -  MORE VI SUAL DESCRI PTORS WOULD FOLLOW - - > 
    </ St i l l Regi on> 
  </ Tempor al Decomposi t i on> 
       </ Vi deoSegment > 
       <Vi deoSegment  xsi : t ype=" Shot Type"  i d=" s- 2985f ba6- a5e6- 4399- b93a- e7ed55b12ef 6" > 
  <St r uct ur al Uni t  hr ef =" ur n: x- mpeg- 7- davp: cs: St r uct ur al Uni t CS: 2005: v i s. shot " > 
    <Name>Shot </ Name> 
  </ St r uct ur al Uni t > 
  <Medi aTi me> 
    <Medi aTi mePoi nt >T00: 00: 05: 0F25</ Medi aTi mePoi nt > 
    <Medi aDur at i on>P0DT0H0M5S0N25F</ Medi aDur at i on> 
  </ Medi aTi me> 
  <Tempor al Decomposi t i on over l ap=" f al se"  gap=" t r ue"  cr i t er i a=" key f r ames" > 
    <St i l l Regi on i d=" k- 2979f 4d6- 197d- 4775- 8f 7b- d03232c00e80" > 
      <Medi aLocat or > 
        <Medi aUr i >/ home/ gal l o/ j ava/ j avaPr oj ect s/ dev/ WP3AV/ sr c/ mai n/ pr ocessor Resul t s / k-
2979f 4d6- 197d- 4775- 8f 7b- d03232c00e80. j pg</ Medi aUr i > 
      </ Medi aLocat or > 
      <St r uct ur al Uni t  hr ef =" ur n: x- mpeg- 7- davp: cs: St r uct ur al Uni t CS: 2005: v i s. keyf r ame" > 
        <Name>Keyf r ame</ Name> 
      </ St r uct ur al Uni t > 
      <Medi aRel Ti mePoi nt  medi aTi meBase=" . . / . . / Medi aTi me[ 1] " > 
                         P0DT0H0M2S12N25F 
                       </ Medi aRel Ti mePoi nt > 
      <Vi sual Descr i pt or  xsi : t ype=" EdgeHi st ogr amType" > 
        <Bi nCount s>7 3 4 6 1 5 2 5 7 5 6 1 4 4 5 7 2 0 1 0 6 4 2 5 3 2 4 7 6 5 6 2 4 5 5 7 3 
1 2 0 7 1 5 5 3 4 2 6 6 6 5 1 6 6 6 7 1 2 3 1 7 1 5 3 3 5 1 6 7 6 5 2 6 6 6 6 1 7 3 5</ Bi nCount s> 
      </ Vi sual Descr i pt or > 
      <! - -  MORE VI SUAL DESCRI PTORS WOULD FOLLOW - - > 
    </ St i l l Regi on> 
  </ Tempor al Decomposi t i on> 
       </ Vi deoSegment > 
              <! - -  MORE SHOTS WOULD FOLLOW  - - > 
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     </ Tempor al Decomposi t i on> 
     <Tempor al Decomposi t i on over l ap=" f al se"  gap=" f al se"  cr i t er i a=" c l ust er s" > 
       <Header  xs i : t ype=" Descr i pt i onMet adat aType" > 
  <I nst r ument > 
    <Tool > 
      <Name>SAPI R. EURI X. VA. CLUSTERS</ Name> 
    </ Tool > 
  </ I nst r ument > 
       </ Header > 
       <Vi deoSegment  i d=" c- bed79725- b79d- 430c- ac90- 7233f 7eea918" > 
  <St r uct ur al Uni t  hr ef =" ur n: x- mpeg- 7- davp: cs: St r uct ur al Uni t CS: 2005: v i s. c l ust er " / > 
  <Tempor al Decomposi t i on cr i t er i a=" key f r ames" > 
    <St i l l Regi onRef  i dr ef =" k- a7e5e63b- 73ed- 4b7b- b62a- b7913386a381" / > 
  </ Tempor al Decomposi t i on> 
  <Tempor al Decomposi t i on cr i t er i a=" vi sual  shot s" > 
    <Vi deoSegment Ref  i dr ef =" s- 6a03b95e- 1cba- 4275- bac1- 9f bacd7f 891a" / > 
    <Vi deoSegment Ref  i dr ef =" s- 2985f ba6- a5e6- 4399- b93a- e7ed55b12ef 6" / > 
  </ Tempor al Decomposi t i on> 
       </ Vi deoSegment > 
              <! - -  MORE CLUSTERS WOULD FOLLOW - - > 
     </ Tempor al Decomposi t i on> 
   </ Vi deoSegment > 
 </ Medi aSour ceDecomposi t i on> 
      </ Audi oVi sual > 
    </ Mul t i medi aCont ent > 
  </ Descr i pt i on> 
</ Mpeg7> 
 

3.5 TEXT 

The text to be processed and indexed in SAPIR will be of three types: 

�  The body of written ContentObjects such as web pages or XML documents.  The results 
of processing this type of text will be stored in a form analogous to those used for 
images, audio, and video: the text will be considered to be a segment, with which 
annotations are associated.  Since the MPEG-7 standard does not include segment 
representations for text, we define them in this document.  

�  The output of speech-to-text processing applied in a previous processing step to an 
audio or audiovisual recording. 

�  Metadata contained in the descriptor of a multimedia ContentObject, such as the title 
and album tags in an mp3 file, or the description associated with a photograph.  
Metadata can be further subdivided into two categories: 

o metadata of known type, whether already in MPEG-7 format or in another 
format that the system knows how to map to MPEG-7.  The metadata 
themselves will be indicated using the standard MPEG-7 tags, and the results 
of text analysis for these metadata will be stored as “description metadata,” 
sometimes referred to as metametadata (see example below). 

o metadata of unknown type, expressed in XML using tags about which the 
system has no prior knowledge.  These metadata will be processed as if they 
were a text segment, i.e. a part of the ContentObject itself rather than 
metadata about the ContentObject. 

Four kinds of information will be generated by text processing: 

�  word-level indexing information: information about word occurrences in the text; used for 
keyword searching 

�  named entity information: annotation of names of people, places, dates; used for 
searches with semantic constraints 
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�  extracted facts: structured information induced from text; used for searches with 
semantic constraints 

�  summary: a selection of important sentences that allows a user to determine quickly 
whether a ContentObject is relevant 

 

The text processing module will generate word-level information for text from all written sources, 
but not for speech (the speech processing module generates a different representation of word-
level information for speech, see Section �3.1).  Named entity recognition and information 
extraction can be applied to all types of text including speech, though we may choose not to 
apply them to certain types depending on the quality of the results.  Summarization will be 
applied to textual ContentObjects and speech-to-text output, but not to metadata (more 
specifically, not to metadata of known type; see below). 

We will now describe the representations that will be used for each of the four kinds of 
information listed above. 

3.5.1 Word-level indexing information 

In order to support keyword search, we will extract word-level information from textual 
ContentObjects and from metadata.  We will not perform this type of processing on speech-to-
text output, because keyword search over speech is better supported by the probabilistic 
representation generated by the speech-to-text module (see Section �3.1).  For each word 
occurrence in a ContentObject, the following information will be represented: 

�  The word’s surface form (the form that actually appeared in the ContentObject) as well 
as its lemma (the root form of the word, e.g. “run” and “runs” both have the lemma “run”) 

�  A weight parameter indicating the importance of the word occurrence according to its 
syntactic function.  This is an experimental feature that may be eliminated if it doesn’t 
prove to be useful. 

�  Sentence boundaries.  It is not yet clear whether this information will be used, but it is 
available as a side-effect of the other processing. 

�  If the input ContentObject is an XML document, the low-level indexing information will be 
expressed in such a way that keywords can be indexed along with the XML context in 
which they appear, in order to support structured queries. 

Word-level information is expressed by annotating a copy of the original text with Sentence and 
Word tags. If the original text is XML-structured, then the Sentence and Word tags are 
embedded within the original structure, in order to support indexing and searching of text 
content with its XML context (e.g. “find documents with the word “Twilight” inside a <Title> 
element”). 

3.5.1.1 Retrieval and ranking 

In a text-retrieval scenario, a query is described by a set of terms, in lemma form. Documents 
containing these terms are retrieved from the document collection. In case no relevant 
documents are retrieved or in case the results are not satisfactory, the query can be expanded 
with new terms that are synonyms, similar or related to the terms given by the user. A document 
is described by features that are simple terms. A weight is associated with each term based on 
its number of occurrences.  This weight is a statistical measure used to evaluate how important 
a term is to a document in a collection or a corpus. Intuitively the relative importance of a query 
term decreases as the number of documents that contain this term increases. In other words, 
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the term offers less differentiation between the documents. One of the popular weighting 
schemas is tf*idf. It is often used by search engines to score and rank a document©s relevance 
to a given query. The number of occurrences of a term t in a document d is called term 
frequency and typically denoted as tftd. By contrast, the number of documents in a collection that 
contain a term t is called document frequency and denoted dft. To compute the weight wi,f of the 
ith term in the jth document we use the tf*idf measure: 

 

wi,j= (tfi,j/max{tft,j}) * log(N/dfi) 

 

where N is the total number of documents in the collection. 

In addition to tf*idf retrieval, we may support phrase search and/or structured queries such as 
XPath or XML Fragments [10].  The representation defined in the current document is sufficient 
to support these more advanced types of queries, but the indexing component that consumes 
the extracted features would need to be enhanced.  In particular, whereas for simple tf*idf 
retrieval it is sufficient to have a single TargetObject [5] that represents all occurrences of a term 
in a document, to support phrase search and structured XML search it will be necessary to have 
a separate TargetObject for each occurrence of a term or XML tag in a document. 

 

3.5.1.2 Feature representation 

This annotated copy of the text is stored in an AnnotatedTextContent element.  The location of 
this element depends on the source of the information.  For textual ContentObjects, including 
application-specific metadata that the system doesn’t know how to map to MPEG-7 metadata, 
the text will be represented as a text segment, and a TextDescriptor of type AnnotatedTextType 
(which includes an AnnotatedTextContent subelement) will be associated with the segment. For 
MPEG-7 metadata, the AnnotatedTextContent element will be stored in the Header element of 
the Segment containing the metadata. 

3.5.1.2.1 Textual ContentObjects and metadata of unknown type 

Consider the following XML document, which might be associated with an image. 

<phot o> 
    <t i t l e>Twi l i ght </ t i t l e> 
    <descr i pt i on> 
        Low l y i ng <em>f og</ em> i n Nor f ol k 
    </ descr i pt i on> 
</ phot o> 
 
If the system has no prior knowledge of this XML format, then the XML description will be 
treated as a text segment (thus the image and the XML description together form a compound 
multimedia ContentObject).  We might then build the following representation.  Note that 
TextSegmentType is not part of the MPEG-7 standard; it is defined in Section �5, with a structure 
analogous to those of existing Segment types. 

 

<Mpeg7 xml ns=" ur n: mpeg: mpeg7: schema: 2001"  
       xml ns: xsi =" ht t p: / / www. w3. or g/ 2001/ XMLSchema- i nst ance"  
       xml ns: mpeg7=" ur n: mpeg: mpeg7: schema: 2001"  
       xml ns: xml =" ht t p: / / www. w3. or g/ XML/ 1998/ namespace"  
       xs i : schemaLocat i on=" ur n: mpeg: mpeg7: schema: 2001 Mpeg7- 2001. xsd 
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       ht t p: / / www. sapi r . eu/ schemas/ sapi r - mpeg7ext ensi ons- 2007- 07 
ht t p: / / www. sapi r . eu/ schemas/ sapi r - mpeg7ext ensi ons- 2007- 07. xsd"  
       xml ns: sapi r =" ht t p: / / www. sapi r . eu/ schemas/ sapi r - mpeg7ext ensi ons- 2007- 07" > 
 
  <Descr i pt i on xsi : t ype=" Cont ent Ent i t yType" > 
    <Mul t i medi aCont ent  xs i : t ype=" Mul t i medi aType" > 
      <Mul t i medi a> 
 <Medi aSour ceDecomposi t i on> 
    
   <Segment  xs i : t ype=" sapi r : Text Segment Type" > 
     <sapi r : Text Descr i pt or  xs i : t ype=" sapi r : Annot at edText Type" > 
       <sapi r : Annot at edText Cont ent > 
  <phot o> 
    <t i t l e> 
      <sapi r : Sent ence> 
        <sapi r : Wor d l emma=" t wi l i ght "  wei ght =" 1" >Twi l i ght </ sapi r : Wor d> 
      </ sapi r : Sent ence> 
    </ t i t l e> 
    <descr i pt i on> 
      <sapi r : Sent ence> 
        <sapi r : Wor d l emma=" l ow"  wei ght =" 0. 5" >Low</ sapi r : Wor d> 
        <sapi r : Wor d l emma=" l i e"  wei ght =" 0. 5" >l y i ng</ sapi r : Wor d> 
        <em> 
   <sapi r : Wor d l emma=" f og"  wei ght =" 1" >f og</ sapi r : Wor d> 
        </ em> 
        <sapi r : Wor d l emma=" i n"  wei ght =" 0. 5" >i n</ sapi r : Wor d> 
        <sapi r : Name t ype=" pl ace" > 
   <sapi r : Wor d l emma=" Nor f ol k"  wei ght =" 0. 5" >Nor f ol k</ sapi r : Wor d> 
        </ sapi r : Name> 
      </ sapi r : Sent ence> 
    </ descr i pt i on> 
  </ phot o> 
       </ sapi r : Annot at edText Cont ent > 
     </ sapi r : Text Descr i pt or > 
   </ Segment > 
 
   <Segment  xs i : t ype=" St i l l Regi onType" > 
     <Vi sual Descr i pt or  xs i : t ype=" Col or St r uct ur eType"  col or Quant =" 2" > 
       <Val ues>238 0 0 0 0 0 0 0 114 74 0 0 0 0 0 0 0 0 0 0 0 0 63 3 55 52 0 0 0 
0 0 0 0 0 0 0 100 54 0 0 8 0 0 0 0 0 0 0 0 0 0 0 9 0 0 0 0 0 0 0 0 0 0 0</ Val ues> 
     </ Vi sual Descr i pt or > 
   </ Segment > 
 
 </ Medi aSour ceDecomposi t i on> 
      </ Mul t i medi a> 
    </ Mul t i medi aCont ent > 
  </ Descr i pt i on> 
 
</ Mpeg7> 
 

3.5.1.2.2 MPEG-7 metadata 

An MPEG-7 description can include textual metadata such as author names and free-text 
commentary. In the scope of the SAPIR project, this metadata may come from a pre-existing 
MPEG-7 description that is imported into the system, or it may be metadata originally expressed 
in a different format, but one that the system knows how to map into MPEG-7.  In both cases, 
word-level indexing information for the text will be stored in a DescriptionMetadata element.  
(Description metadata is also referred to as metametadata, since it is information about the 
MPEG-7 description itself.) 
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The example in the previous section assumed that the XML image description format was 
unknown to the system, so the XML description was treated as an ordinary (XML) text 
document.  If instead we assume that the image description format is known to the system, then 
the metadata from the original XML description will be mapped to elements in the MPEG-7 
description.  These elements will then be duplicated in the description metadata element, where 
they can be annotated with word-level indexing information, as shown below.  Note that in this 
case the XML structure internal to each metadata field, in particular the <em> tags in the 
description, has been stripped, since an MPEG-7 FreeTextAnnotation can contain only plain 
text.  

<Mpeg7 xml ns=" ur n: mpeg: mpeg7: schema: 2001"  
  xml ns: xsi =" ht t p: / / www. w3. or g/ 2001/ XMLSchema- i nst ance"  
  xml ns: mpeg7=" ur n: mpeg: mpeg7: schema: 2001"  
  xml ns: xml =" ht t p: / / www. w3. or g/ XML/ 1998/ namespace"  
  xs i : schemaLocat i on=" ur n: mpeg: mpeg7: schema: 2001 Mpeg7- 2001. xsd 
  ht t p: / / www. sapi r . eu/ schemas/ sapi r - mpeg7ext ensi ons- 2007- 07 
ht t p: / / www. sapi r . eu/ schemas/ sapi r - mpeg7ext ensi ons- 2007- 07. xsd"  
  xml ns: sapi r =" ht t p: / / www. sapi r . eu/ schemas/ sapi r - mpeg7ext ensi ons- 2007- 07" > 
  <Descr i pt i on xsi : t ype=" Cont ent Ent i t yType" > 
    <Mul t i medi aCont ent  xs i : t ype=" I mageType" > 
      <I mage> 
 
 <Header  xs i : t ype=" sapi r : Descr i pt i onMet adat aType" > 
   <sapi r : Annot at edText Cont ent > 
     <Cr eat i onI nf or mat i on> 
       <Cr eat i on> 
  <Ti t l e> 
    <sapi r : Wor d l emma=" t wi l i ght "  wei ght =" 1" >Twi l i ght </ sapi r : Wor d> 
  </ Ti t l e> 
       </ Cr eat i on> 
     </ Cr eat i onI nf or mat i on> 
     <Text Annot at i on> 
       <Fr eeText Annot at i on> 
  <sapi r : Sent ence> 
    <sapi r : Wor d l emma=" l ow"  wei ght =" 0. 5" >Low</ sapi r : Wor d> 
    <sapi r : Wor d l emma=" l i e"  wei ght =" 0. 5" >l y i ng</ sapi r : Wor d> 
    <sapi r : Wor d l emma=" f og"  wei ght =" 1" >f og</ sapi r : Wor d> 
    <sapi r : Wor d l emma=" i n"  wei ght =" 0. 5" >i n</ sapi r : Wor d> 
    <sapi r : Wor d l emma=" Nor f ol k"  wei ght =" 0. 5" >Nor f ol k</ sapi r : Wor d> 
  </ sapi r : Sent ence> 
       </ Fr eeText Annot at i on> 
     </ Text Annot at i on> 
   </ sapi r : Annot at edText Cont ent > 
 </ Header > 
 
 <Cr eat i onI nf or mat i on> 
   <Cr eat i on> 
     <Ti t l e>Twi l i ght </ Ti t l e> 
   </ Cr eat i on> 
 </ Cr eat i onI nf or mat i on> 
 <Text Annot at i on> 
   <Fr eeText Annot at i on> 
     Low l y i ng f og i n Nor f ol k 
   </ Fr eeText Annot at i on> 
 </ Text Annot at i on> 
 
 <Vi sual Descr i pt or  xs i : t ype=" Col or St r uct ur eType"  col or Quant =" 2" > 
   <Val ues>238 0 0 0 0 0 0 0 114 74 0 0 0 0 0 0 0 0 0 0 0 0 63 3 55 52 
0 0 0 0 0 0 0 0 0 0 100 54 0 0 8 0 0 0 0 0 0 0 0 0 0 0 9 0 0 0 0 0 0 0 0 0 0 
0</ Val ues> 
 </ Vi sual Descr i pt or > 
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      </ I mage> 
    </ Mul t i medi aCont ent > 
  </ Descr i pt i on> 
</ Mpeg7> 
 
 

3.5.2 Named entity recognition 

Named entity recognition, i.e. the identification of expressions such as person and place names, 
and dates, will be performed on text from all sources, including speech. 

For written (non-speech) ContentObjects, the results of named entity recognition will be added 
in-line to the representation of word-level information described in the previous section.  For 
example, the example of Section �3.5.1.2.1 would be enriched with a Name element as follows to 
signal the place name “Norfolk:” 

               . . .  
    <descr i pt i on> 
      <sapi r : Sent ence> 
        <sapi r : Wor d l emma=" l ow"  wei ght =" 0. 5" >Low</ sapi r : Wor d> 
        <sapi r : Wor d l emma=" l i e"  wei ght =" 0. 5" >l y i ng</ sapi r : Wor d> 
        <em> 
   <sapi r : Wor d l emma=" f og"  wei ght =" 1" >f og</ sapi r : Wor d> 
        </ em> 
        <sapi r : Wor d l emma=" i n"  wei ght =" 0. 5" >i n</ sapi r : Wor d> 
        <sapi r : Name t ype=" pl ace" > 
   <sapi r : Wor d l emma=" Nor f ol k"  wei ght =" 0. 5" > 
                         Nor f ol k 
                       </ sapi r : Wor d> 
        </ sapi r : Name> 
      </ sapi r : Sent ence> 
    </ descr i pt i on> 
               . . .  
 
The possible values of the type attribute are person, place, organization, and date.  (Other 
types, including specializations of the above, may be introduced for particular applications.) 

If the text is the output of speech recognition, then the results of named entity recognition will be 
added to the speech representation. Sentence boundaries, which are detected as an 
intermediate step in the text processing, will also be included in the representation.  The 
following example shows how Name and Sentence elements will be added to the speech 
representation.  The example is identical to that used in Section �3.1.2 except for the addition of 
Name and Sentence elements. 

<?xml  ver s i on=" 1. 0"  encodi ng=" i so- 8859- 1" ?> 
<Mpeg7 xml ns=" ur n: mpeg: mpeg7: schema: 2001"  
  xml ns: xsi =" ht t p: / / www. w3. or g/ 2001/ XMLSchema- i nst ance"  
  xml ns: mpeg7=" ur n: mpeg: mpeg7: schema: 2001"  
  xml ns: xml =" ht t p: / / www. w3. or g/ XML/ 1998/ namespace"  
  xs i : schemaLocat i on=" ur n: mpeg: mpeg7: schema: 2001 Mpeg7- 2001. xsd 
                      ht t p: / / www. sapi r . eu/ schemas/ sapi r - mpeg7ext ensi ons- 2007- 07 
ht t p: / / www. sapi r . eu/ schemas/ sapi r - mpeg7ext ensi ons- 2007- 07. xsd"  
  xml ns: sapi r =" ht t p: / / www. sapi r . eu/ schemas/ sapi r - mpeg7ext ensi ons- 2007- 07" > 
 
  <Descr i pt i on xsi : t ype=" Cont ent Ent i t yType" > 
    <Mul t i medi aCont ent  xs i : t ype=" Audi oType" > 
      <Audi o> 
 <Audi oDescr i pt i onScheme xsi : t ype=" sapi r : SpokenCont ent Lat t i ceType" > 
 
   <Header  xs i : t ype=" SpokenCont ent Header Type" > 
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     <Wor dLexi con> 
       <Token>gl asses</ Token> 
       <Token>gr aphi c</ Token> 
       <Token>gr aphi cs</ Token> 
       <Token>gr ass</ Token> 
       <Token>John' s</ Token> 
       <Token>on</ Token> 
       <Token>scr een</ Token> 
       <Token>spl i ne</ Token> 
     </ Wor dLexi con> 
 
     <Speaker I nf o pr ovenance=" ASR" > 
       <SpokenLanguage>en</ SpokenLanguage> 
     </ Speaker I nf o> 
 
   </ Header > 
 
   <Bl ock audi o=" speech"  def aul t Speaker I nf oRef =" John"  num=" 1" > 
     <Medi aTi me> 
       <Medi aTi mePoi nt >T00: 00: 00: 0F25</ Medi aTi mePoi nt > 
       <Medi aDur at i on>P0DT0H0M04S00N25F</ Medi aDur at i on> 
     </ Medi aTi me> 
     <Node num=" 1"  t i meOf f set =" 2550" > 
       <Wor dLi nk wor d=" 1"  pr obabi l i t y=" 0. 508"  nodeOf f set =" 2" / > 
       <Wor dLi nk wor d=" 2"  pr obabi l i t y=" 0. 279"  nodeOf f set =" 2" / > 
       <Wor dLi nk wor d=" 3"  pr obabi l i t y=" 0. 110"  nodeOf f set =" 2" / > 
       <Wor dLi nk wor d=" 4"  pr obabi l i t y=" 0. 102"  nodeOf f set =" 2" / > 
     </ Node> 
     <Node num=" 2"  t i meOf f set =" 2760" > 
       <Wor dLi nk wor d=" 6"  pr obabi l i t y=" 1"  nodeOf f set =" 3" / > 
     </ Node> 
     <Node num=" 3"  t i meOf f set =" 2920" > 
       <Wor dLi nk wor d=" 5"  pr obabi l i t y=" 1"  nodeOf f set =" 4" / > 
     </ Node> 
     <Node num=" 4"  t i meOf f set =" 3050" > 
       <Wor dLi nk wor d=" 7"  pr obabi l i t y=" 0. 908"  nodeOf f set =" 5" / > 
       <Wor dLi nk wor d=" 8"  pr obabi l i t y=" 0. 092"  nodeOf f set =" 5" / > 
     </ Node> 
     <Node num=" 5"  t i meOf f set =" 3130" / > 
 
   </ Bl ock> 
 
   <sapi r : Name t ype=" per son"  bl ock=" 1"  f i r s t node=" 3"  l ast node=" 4" > 
     <sapi r : Sur f aceFor m>John</ sapi r : Sur f aceFor m> 
   </ sapi r : Name> 
   <sapi r : Sent ence bl ock=" 1"  f i r s t node=" 1"  l ast node=" 8" / > 
 
 </ Audi oDescr i pt i onScheme> 
 
 
      </ Audi o> 
    </ Mul t i medi aCont ent > 
  </ Descr i pt i on> 
 
</ Mpeg7> 
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3.5.3 Extracted facts 

For some applications, special-purpose processing modules will extract application-specific 
kinds of information, particularly relationships among named entities.  We will not attempt in this 
document to define a representation formalism capable of supporting information extraction for 
arbitrary applications; we merely define the representation to be used in one particular 
application, namely the Music and Text scenario that will be implemented in the course of the 
SAPIR project (see deliverable D1.1). 

The information to be extracted in the Music and Text scenario will consist of descriptions of 
musical recordings, including their title, composer, performers, date, and publisher.  For 
example, from the text 

"Respect" is a 1967 hit and the signature song of the R&B singer Aretha Franklin, written and 
originally released by Volt recording artist Otis Redding in 1965.2 

two structures describing recordings could be constructed: 

 

title   Respect 

composer   Otis Redding 

performer  Aretha Franklin 

date   1967 

 

title   Respect 

composer  Otis Redding 

performer  Otis Redding 

publisher  Volt 

date  1965 

 

This information will be used to allow search using semantic constraints.  In the Music and Text 
scenario, it will enable queries such as “find songs composed by Otis Redding.” 

All of the information to be extracted in the Music and Text scenario corresponds to metadata 
tags defined in MPEG-7, so we will use those tags to represent the results of information 
extraction.  (Other applications might require the introduction of non-MPEG-7 tags.)  However, 
note that in this scenario we do not assume that the music file and the text that describes it will 
be found together in a single multimedia ContentObject.  Rather, we allow that a text 
ContentObject found in one place on the network describes music found in another place, and 
more generally that a single text ContentObject may describe more than one musical 
recordings, all of which are to be found elsewhere. Therefore, the results of information 
extraction for a ContentObject will be represented as an MPEG-7 collection.  The following 
MPEG-7 description corresponds to the example given above. 

<Mpeg7 xml ns=" ur n: mpeg: mpeg7: schema: 2001"  
  xml ns: xsi =" ht t p: / / www. w3. or g/ 2001/ XMLSchema- i nst ance"  
  xs i : schemaLocat i on=" ur n: mpeg: mpeg7: schema: 2001 Mpeg7- 2001. xsd" > 
  <Descr i pt i on xsi : t ype=" Cont ent Ent i t yType" > 
    <Mul t i medi aCont ent  xs i : t ype=" Mul t i medi aCol l ect i onType" > 
                                                
2 Source: Wikipedia 
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      <Col l ect i on xsi : t ype=" Cont ent Col l ect i onType" > 
        <Cont ent  xs i : t ype=" Audi oType" > 
          <Audi o> 
            <Cr eat i onI nf or mat i on> 
              <Cr eat i on> 
                <Ti t l e>Respect </ Ti t l e> 
                <Cr eat or > 
                  <Rol e hr ef =" ur n: mpeg: mpeg7: cs: Rol eCS: COMPOSER" / > 
    <Agent  xs i : t ype=" Per sonType" > 
      <Name> 
        <Gi venName>Ot i s</ Gi venName> 
        <Fami l yName>Reddi ng</ Fami l yName> 
      </ Name> 
    </ Agent > 
                </ Cr eat or > 
                <Cr eat or > 
                  <Rol e hr ef =" ur n: mpeg: mpeg7: cs: Rol eCS: SI NGER" / > 
    <Agent  xs i : t ype=" Per sonType" > 
      <Name> 
        <Gi venName>Ar et ha</ Gi venName> 
        <Fami l yName>Fr ankl i n</ Fami l yName> 
      </ Name> 
    </ Agent > 
                </ Cr eat or > 
                <Cr eat i onCoor di nat es> 
                  <Dat e> 
                    <Ti mePoi nt >1967</ Ti mePoi nt > 
                  </ Dat e> 
                </ Cr eat i onCoor di nat es> 
              </ Cr eat i on> 
            </ Cr eat i onI nf or mat i on> 
          </ Audi o> 
        </ Cont ent > 
        <Cont ent  xs i : t ype=" Audi oType" > 
          <Audi o> 
            <Cr eat i onI nf or mat i on> 
              <Cr eat i on> 
                <Ti t l e>Respect </ Ti t l e> 
                <Cr eat or > 
                  <Rol e hr ef =" ur n: mpeg: mpeg7: cs: Rol eCS: COMPOSER" / > 
    <Agent  xs i : t ype=" Per sonType" > 
      <Name> 
        <Gi venName>Ot i s</ Gi venName> 
        <Fami l yName>Reddi ng</ Fami l yName> 
      </ Name> 
    </ Agent > 
                </ Cr eat or > 
                <Cr eat or > 
                  <Rol e hr ef =" ur n: mpeg: mpeg7: cs: Rol eCS: SI NGER" / > 
    <Agent  xs i : t ype=" Per sonType" > 
      <Name> 
        <Gi venName>Ot i s</ Gi venName> 
        <Fami l yName>Reddi ng</ Fami l yName> 
      </ Name> 
    </ Agent > 
                </ Cr eat or > 
                <Cr eat i onCoor di nat es> 
                  <Dat e> 
                    <Ti mePoi nt >1965</ Ti mePoi nt > 
                  </ Dat e> 
                </ Cr eat i onCoor di nat es> 
              </ Cr eat i on> 
            </ Cr eat i onI nf or mat i on> 
          </ Audi o> 
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        </ Cont ent > 
      </ Col l ect i on> 
    </ Mul t i medi aCont ent > 
  </ Descr i pt i on> 
</ Mpeg7> 
 

 

3.5.4 Text summary 

For longer ContentObjects, a brief summary will be generated automatically.  The summary will 
be used to present the results of a search in a form that is easy to browse. 

A ContentObject’s summary will be expressed using the MPEG-7 TextualSummaryComponent, 
as in the following example.  Note that the example contains an annotated copy of the entire 
textual ContentObject in the TextDescriptor/AnnotatedTextContent element, as well as a 
summary of the ContentObject in the TextualSummaryComponent element. 

<Mpeg7 xml ns=" ur n: mpeg: mpeg7: schema: 2001"  
       xml ns: xsi =" ht t p: / / www. w3. or g/ 2001/ XMLSchema- i nst ance"  
       xml ns: mpeg7=" ur n: mpeg: mpeg7: schema: 2001"  
       xml ns: xml =" ht t p: / / www. w3. or g/ XML/ 1998/ namespace"  
       xs i : schemaLocat i on=" ur n: mpeg: mpeg7: schema: 2001 Mpeg7- 2001. xsd 
       ht t p: / / www. sapi r . eu/ schemas/ sapi r - mpeg7ext ensi ons- 2007- 07 
ht t p: / / www. sapi r . eu/ schemas/ sapi r - mpeg7ext ensi ons- 2007- 07. xsd"  
       xml ns: sapi r =" ht t p: / / www. sapi r . eu/ schemas/ sapi r - mpeg7ext ensi ons- 2007-
07" > 
 
  <Descr i pt i on xsi : t ype=" Summar yDescr i pt i onType" > 
    <Summar i zat i on> 
      <Summar y xsi : t ype=" Sequent i al Summar yType"  component s=" t ext ual " > 
        <Text ual Summar yComponent > 
          <Fr eeText > 
            " Respect "  i s  a 1967 hi t  and t he s i gnat ur e song of  t he 
            R&amp; B s i nger  Ar et ha Fr ankl i n,  wr i t t en and or i gi nal l y  
            r el eased by Vol t  r ecor di ng ar t i s t  Ot i s  Reddi ng i n 1965.  
          </ Fr eeText > 
        </ Text ual Summar yComponent > 
      </ Summar y> 
    </ Summar i zat i on> 
  </ Descr i pt i on> 
 
  <Descr i pt i on xsi : t ype=" Cont ent Ent i t yType" > 
    <Mul t i medi aCont ent  xs i : t ype=" sapi r : Text Type" > 
      <sapi r : Text > 
 <sapi r : Text Descr i pt or  xs i : t ype=" sapi r : Annot at edText Type" > 
   <sapi r : Annot at edText Cont ent > 
     <! - -  A l ong document ,  annot at ed wi t h sapi r  Sent ence,  Name,  
     and Wor d t ags.  - - > 
     <sapi r : Sent ence> 
       <sapi r : Wor d>bl ah</ sapi r : Wor d> 
       <sapi r : Wor d>bl ah</ sapi r : Wor d> 
       <sapi r : Wor d>bl ah</ sapi r : Wor d> 
     </ sapi r : Sent ence> 
   </ sapi r : Annot at edText Cont ent > 
 </ sapi r : Text Descr i pt or > 
      </ sapi r : Text > 
    </ Mul t i medi aCont ent > 
  </ Descr i pt i on> 
 
</ Mpeg7> 
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Note that unlike all the other annotations used in this document, a summary cannot be 
associated with an arbitrary segment of a ContentObject, only with the entire ContentObject. 

3.5.5 Metadata 

The following metadata are typically associated with text documents: author, title, creation date. 

 

4 UNIFICATION OF FEATURES ACROSS MEDIA 
 

The following features and metadata are common to more than one medium.  In order to 
support cross-media search, this information should be indexed in a consistent way for all 
media.  

�  Time: speech, music, and video are all media in which temporal offsets and durations 
can be used to delimit segments of the ContentObject.  Different formats are used for 
describing time in the description schemes for the three media: 

o Video frames, and blocks in the speech representation, are located in time 
using ISO 8601 format. 

o Lattice nodes in the speech representation are located using an integer 
representing the number of hundredths of seconds past the start of the block. 

o Pattern occurrences in the music representation are located using an integer 
representing the number of hundredths of seconds past the start of the 
segment. 

Since the ISO 8601 and hundredths-of-seconds representations are both already 
present in the MPEG-7 standard, we will not attempt to replace them with a single 
common representation of time.  They should, however, be mapped to a common 
representation in the indexing component in order to allow cross-media browsing, e.g. 
finding the point in a video where a particular phrase was spoken.  

�  Words: the text and speech modules both identify words in the content they process, but 
they generate different representations (the speech representation contains probabilistic 
information reflecting uncertainty in the results of speech recognition). Word occurrences 
for both speech and text can be entered into a single shared index, to support searching 
and browsing both media types, while also supporting search of speech data using 
algorithms designed specifically for speech. 

�  Entity names: the text processing module will extract names from both native text and 
the results of speech-to-text processing.  As for keywords, names from both media can 
be stored in a single index to support cross-media search.  

�  Intellectual property rights: the SAPIR description of files of all media types will include 
IPR information.  The details of the IPR representation will be specified at a later time 
(this is the goal of WP6). 

�  Creation and format metadata: many types of metadata, such as creator name and file 
format, are valid for several or all of the media types.  For metadata fields covered by the 
MPEG-7 standard, we use that MPEG-7 representation as the common representation 
for all media, with the exception of information about the publisher of a work, which will 
be represented in the IPR representation rather than the standard MPEG-7 
Dissemination elements.  For metadata not covered by MPEG-7, we have defined 
extensions to MPEG-7. 
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The following table lists the elements of MPEG-7 metadata that will be used in the SAPIR 
project: 

Metadata Type MPEG-7 XPath (relative to Segment) 

URI MediaLocator/MediaURI 

Content type MediaInformation/MediaProfile/MediaFormat/Content 

File format MediaInformation/MediaProfile/MediaFormat/FileFormat 

Bit rate MediaInformation/MediaProfile/MediaFormat/BitRate 

File size MediaInformation/MediaProfile/MediaFormat/FileSize 

Audio coding  format MediaInformation/MediaProfile/MediaFormat/AudioCoding/Format 

Sample rate MediaInformation/MediaProfile/MediaFormat/AudioCoding/ 

Sample[@rate] 

Sample size MediaInformation/MediaProfile/MediaFormat/AudioCoding/ 

Sample[@bitsPer] 

No. of audio channels MediaInformation/MediaProfile/MediaFormat/AudioCoding/ 

AudioChannels 

No. of audio tracks MediaInformation/MediaProfile/MediaFormat/AudioCoding/AudioChan
nels[@track] 

Video coding format MediaInformation/MediaProfile/MediaFormat/VisualCoding/Format 

Frame rate MediaInformation/MediaProfile/MediaFormat/VisualCoding/Frame[@ra
te] 

Duration MediaTime/MediaDuration 

Author and other 
contributors 

CreationInformation/Creation/Creator 

(more specific roles such as composer, performer, singer also 
available) 

Title CreationInformation/Creation/Title 

Multiple titles allowed, distinguished with “type” attribute (songTitle, 
albumTitle, secondary, …) 

Year CreationInformation/Creation/CreationCoordinates/Date 

Genre CreationInformation/Classification/Genre 

Language3 CreationInformation/Classification/Language[@type=”original”] 

CreationInformation/Classification/Language[@type=”dubbed”] 

CreationInformation/Classification/CaptionLanguage 

                                                
3 In the course of the SAPIR project, only English-language speech and text content will be 
indexed (only US English for speech), but this does not preclude handling documents containing 
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Location 

(place name) 

CreationInformation/Creation/CreationCoordinates/Location/Name 

Location 

(GPS coordinates) 

CreationInformation/Creation/CreationCoordinates/Location/Geograph
icPosition/Point (has sub-elements longitude, latitude, altitude) 

Date taken CreationInformation/Creation/CreationCoordinates/Date 

“Description”, “Other 
information” (free text 
comments) 

“Description”, “Other information” (free text comments) 

 

 

In addition to the above, we define the following metadata elements that are not part of the 
MPEG-7 standard: 

File name CreationInformation/Creation/FileName 

Version of file format MediaInformation/MediaFormat/FileFormatVersion 

 

We extend the standard MPEG-7 classification schemes with the following types, which can be 
used as values for the FileFormat and ContentType metadata elements. 

 

Possible values for ContentType, in addition to terms defined in ContentCS: musical score 

<Cl assi f i cat i onScheme ur i =" ht t p: / / www. sapi r . eu/ schemas/ Cont ent CS- 2007- 07"  
  domai n=" / / Medi aI nf or mat i on/ Medi aPr of i l e/ Medi aFor mat / Cont ent " > 
  <Ter m t er mI D=" 1" > 
    <Name xml : l ang=" en" >scor e</ Name> 
    <Def i ni t i on>Musi cal  scor e</ Def i ni t i on> 
  </ Ter m> 
</ Cl assi f i cat i onScheme> 
 
Possible values for FileFormat, in addition to terms defined in FileFormatCS: midi, guido, 
lilypond. 

<Cl assi f i cat i onScheme ur i =" ht t p: / / www. sapi r . eu/ schemas/ Fi l eFor mat CS- 2007- 07"  
  domai n=" / / Medi aI nf or mat i on/ Medi aPr of i l e/ Medi aFor mat / Fi l eFor mat " > 
  <Ter m t er mI D=" 1" > 
    <Name xml : l ang=" en" >mi di </ Name> 
    <Def i ni t i on>MI DI  f i l e f or mat </ Def i ni t i on> 
  </ Ter m> 
  <Ter m t er mI D=" 2" > 
    <Name xml : l ang=" en" >gui do</ Name> 
    <Def i ni t i on>Gui do scor e f i l e f or mat </ Def i ni t i on> 
  </ Ter m> 
  <Ter m t er mI D=" 3" > 
    <Name xml : l ang=" en" >l i l ypond</ Name> 
    <Def i ni t i on>Li l ypond scor e f i l e f or mat </ Def i ni t i on> 
  </ Ter m> 
                                                                                                                                                        

multiple languages including English, or documents containing non-linguistic content in addition 
to non-English language. 



������������������ � �

� � � � � � �� � �� 	 
 � � 
 � � �
 	 �� � � � � � � � �

� 
 � � �� � �	 � �� � ���������������������������������

� � � � �� �� 	 � � 	 
 �� � � � � 
 �� 	 � �� � 
 � � � � � ! � � 
 � � "	 
 � �#� 
 �� $$%�
�

� �� � � �� �� 	 
 &	 � � "� � �� $$' (� $$%� � 23/07/2007�11:07:10 

</ Cl assi f i cat i onScheme> 
 
 
 

5 DDL SCHEMAS FOR EXTENSIONS TO MPEG-7 
The following schemas define the extensions to the MPEG-7 format described in this document.  
The examples given in the previous sections are valid with respect to the MPEG-7 standard 
extended by these schemas. 

 

<schema xml ns=" ht t p: / / www. w3. or g/ 2001/ XMLSchema"  
        t ar get Namespace=" ht t p: / / www. sapi r . eu/ schemas/ sapi r - mpeg7ext ensi ons- 2007- 07"  
        xml ns: sapi r =" ht t p: / / www. sapi r . eu/ schemas/ sapi r - mpeg7ext ensi ons- 2007- 07"  
        xml ns: mpeg7=" ur n: mpeg: mpeg7: schema: 2001"  
        xml ns: xsi =" ht t p: / / www. w3. or g/ 2001/ XMLSchema- i nst ance"  
        xs i : schemaLocat i on=" ur n: mpeg: mpeg7: schema: 2001 Mpeg7- 2001. xsd"  
        el ement For mDef aul t =" qual i f i ed"  at t r i but eFor mDef aul t =" unqual i f i ed" > 
  <i mpor t  namespace=" ur n: mpeg: mpeg7: schema: 2001"  schemaLocat i on=" Mpeg7- 2001. xsd" / > 
 
 
    <! - -  METADATA - - > 
 
  <compl exType name=" Medi aFor mat Type" > 
    <compl exCont ent > 
      <ext ensi on base=" mpeg7: Medi aFor mat Type" > 
 <sequence> 
   <el ement  name=" Fi l eFor mat Ver si on"  t ype=" st r i ng"  mi nOccur s=" 0" / > 
 </ sequence> 
      </ ext ensi on> 
    </ compl exCont ent > 
  </ compl exType> 
 
  <compl exType name=" Cr eat i onType" > 
    <compl exCont ent > 
      <ext ensi on base=" mpeg7: Cr eat i onType" > 
 <sequence> 
   <el ement  name=" Fi l eName"  t ype=" st r i ng"  mi nOccur s=" 0"  maxOccur s=" unbounded" / > 
 </ sequence> 
      </ ext ensi on> 
    </ compl exCont ent > 
  </ compl exType> 
 
 
 
  <! - -  MUSI C - - > 
 
  <compl exType name=" Mel odyDescr i pt i onType" > 
    <compl exCont ent > 
      <ext ensi on base=" mpeg7: Audi oDType" > 
 <sequence> 
   <el ement  name=" Val ue"  t ype=" sapi r : Pat t er nType"  maxOccur s=" unbounded" / > 
 </ sequence> 
      </ ext ensi on> 
    </ compl exCont ent > 
  </ compl exType> 
 
  <compl exType name=" Rhyt hmDescr i pt i onType" > 
    <compl exCont ent > 
      <ext ensi on base=" mpeg7: Audi oDType" > 
 <sequence> 
   <el ement  name=" Val ue"  t ype=" sapi r : Pat t er nType"  maxOccur s=" unbounded" / > 
 </ sequence> 
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      </ ext ensi on> 
    </ compl exCont ent > 
  </ compl exType> 
 
  <compl exType name=" Pat t er nType" > 
    <sequence> 
      <el ement  name=" Pat t er nCode"  t ype=" NMTOKEN" / > 
      <el ement  name=" Wei ght "  t ype=" mpeg7: unsi gned16" / > 
      <el ement  name=" Posi t i onLi st " > 
 <si mpl eType> 
   <l i s t  i t emType=" mpeg7: unsi gned16" / > 
 </ s i mpl eType> 
      </ el ement > 
    </ sequence> 
  </ compl exType> 
 
 
  <! - -  NAMED ENTI TI ES ( used i n speech,  t ext )  - - > 
 
  <s i mpl eType name=" NamedEnt i t yType" > 
    <r est r i c t i on base=" st r i ng" > 
      <enumer at i on val ue=" per son" / > 
      <enumer at i on val ue=" pl ace" / > 
      <enumer at i on val ue=" or gani zat i on" / > 
      <enumer at i on val ue=" dat e" / > 
    </ r est r i c t i on> 
  </ s i mpl eType> 
 
 
  <! - -  SPEECH - - > 
 
  <compl exType name=" SpokenCont ent Lat t i ceType" > 
    <compl exCont ent > 
      <ext ensi on base=" mpeg7: SpokenCont ent Lat t i ceType" > 
        <choi ce mi nOccur s=" 0"  maxOccur s=" unbounded" > 
          <el ement  name=" Name" > 
            <compl exType> 
       <compl exCont ent > 
  <ext ensi on base=" sapi r : SpokenCont ent Annot at i on" > 
    <sequence> 
      <el ement  name=" Sur f aceFor m"  t ype=" st r i ng" / > 
    </ sequence> 
    <at t r i but e name=" t ype"  t ype=" sapi r : NamedEnt i t yType" / > 
  </ ext ensi on> 
       </ compl exCont ent > 
            </ compl exType> 
          </ el ement > 
          <el ement  name=" Sent ence"  t ype=" sapi r : SpokenCont ent Annot at i on" / > 
        </ choi ce> 
      </ ext ensi on> 
    </ compl exCont ent > 
  </ compl exType> 
 
  <compl exType name=" SpokenCont ent Annot at i on" > 
    <at t r i but e name=" bl ock"  t ype=" mpeg7: unsi gned16" / > 
    <at t r i but e name=" f i r s t node"  t ype=" mpeg7: unsi gned16" / > 
    <at t r i but e name=" l ast node"  t ype=" mpeg7: unsi gned16" / > 
  </ compl exType> 
 
 
  <! - -  TEXT - - > 
 
  <compl exType name=" Text Segment Type" > 
    <compl exCont ent > 
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      <ext ensi on base=" mpeg7: Segment Type" > 
 <sequence> 
   <choi ce mi nOccur s=" 0"  maxOccur s=" unbounded" > 
     <el ement  name=" Text Descr i pt or "  t ype=" sapi r : Text DType" / > 
     <el ement  name=" Text Descr i pt i onScheme"  t ype=" sapi r : Text DSType" / > 
   </ choi ce> 
 </ sequence> 
      </ ext ensi on> 
    </ compl exCont ent > 
  </ compl exType> 
 
  <compl exType name=" Text DType" > 
    <compl exCont ent > 
      <ext ensi on base=" mpeg7: DType" / > 
    </ compl exCont ent > 
  </ compl exType> 
 
  <! - -  cur r ent l y  not  used,  j ust  def i ned by anal ogy t o t he ot her  medi a - - > 
  <compl exType name=" Text DSType" > 
    <compl exCont ent > 
      <ext ensi on base=" mpeg7: DSType" / > 
    </ compl exCont ent > 
  </ compl exType> 
 
  <compl exType name=" Annot at edText Cont ent Type" > 
    <sequence> 
      <any pr ocessCont ent s=" ski p"  mi nOccur s=" 1"  maxOccur s=" unbounded" / > 
    </ sequence> 
  </ compl exType> 
 
  <compl exType name=" Annot at edText Type" > 
    <compl exCont ent > 
      <ext ensi on base=" sapi r : Text DType" > 
 <sequence> 
   <el ement  name=" Annot at edText Cont ent "  t ype=" sapi r : Annot at edText Cont ent Type" / > 
 </ sequence> 
      </ ext ensi on> 
    </ compl exCont ent > 
  </ compl exType> 
 
  <compl exType name=" Descr i pt i onMet adat aType" > 
    <compl exCont ent > 
      <ext ensi on base=" mpeg7: Descr i pt i onMet adat aType" > 
 <sequence> 
   <el ement  name=" Annot at edText Cont ent "  t ype=" sapi r : Annot at edText Cont ent Type" / > 
 </ sequence> 
      </ ext ensi on> 
    </ compl exCont ent > 
  </ compl exType> 
 
  <compl exType name=" Text Type" > 
    <compl exCont ent > 
      <ext ensi on base=" mpeg7: Mul t i medi aCont ent Type" > 
 <sequence> 
   <el ement  name=" Text "  t ype=" sapi r : Text Segment Type" / > 
 </ sequence> 
      </ ext ensi on> 
    </ compl exCont ent > 
  </ compl exType> 
 
</ schema> 
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6 SUMMARY 
 

In this document we have presented the features that will be extracted for the different media to 
be handled by the SAPIR system (music, speech, text, video, and still images), as well as the 
metadata that will be associated with files of these types, and we have defined a representation 
format for storing and communicating this information.  Since we aim to support cross-media 
search, we have pointed out certain types of information (both extracted features and metadata) 
that may be present for ContentObjects of more than one media type.  When possible, we have 
defined a single representation format for such information regardless of media; in some cases 
this was impractical, so the indexing component should map the different representations into a 
single index. 

The representation format is based on the MPEG-7 standard, with some SAPIR-specific 
extensions, and its definition is expressed in DDL, the formalism in which MPEG-7 itself is 
defined.  We have also given example descriptions for each media type. 

With this representation formalism defined, the work that remains to be done in WP3 is to build 
a chain of processing modules that, given a multimedia ContentObject of any supported type, 
generates a description of that ContentObject in the formalism defined here. 
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