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ABSTRACT
The authors give a brief account of their combined 7+ years in
multimedia standardization, namely in the MPEG arena. They
discuss specifics on musical content description in MPEG-7
Audio and other items relevant to Music Information Retrieval
among the MPEG-7 Multimedia Description Schemes. In the
presentation, they will give a historical overview of the MPEG-7
standard, its motivations, and what led to its current state.

1. INTRODUCTION
MPEG-7, officially known as the Multimedia Content Description
Interface, is an ISO/IEC standard whose first version will be
finalized at the end of 2001. Its goal is to provide a unified
interface for describing multimedia content in all forms. Although
an obvious application for this is in multimedia information
retrieval, it by no means limits itself to that domain, also
encompassing broadcast-style scenarios, real-time monitoring, and
potentially semi-automated editing. The Audio part of the
standard includes descriptors for musical timbre and for melodic
similarity.

2. MPEG-7 AUDIO
2.1 Melody in MPEG-7
Of chief interest to the authors in MPEG-7 is the Melody
description scheme. The MPEG-7 Audio standard will include a
unified Description Scheme (DS) for melodic information, which
contains two variants at different levels of detail. Within the
Description Scheme, there are a series of features common, but
auxiliary, to either variant. These features include meter, key, and
scale used, and their use is optional. Of the two options for
representing the melody itself, the first, called MelodyContour, was
designed to facilitate the type of imprecise musical matching
required by the query-by-humming application with as little
overhead as possible. The second representation,
MelodySequence, is considerably more verbose as a precise
description of melody to facilitate search and retrieval using a
wide variety of queries [1].

Defining exactly what is or is not a melody can be somewhat
arbitrary. Melodies can be monophonic, homophonic, or
contrapuntal. Sometimes what one person perceives to be the

melody is not what another perceives. A melody can be pitched or
purely rhythmic, such as a percussion riff. The MPEG-7 Melody
DS does not attempt to address all of these cases and is limited in
scope to pitched, monophonic melodies.

Importantly for recognition purposes, people can still uniquely
identify melodies after they have undergone transposition (we still
recognize a familiar tune in a different key as being the same
tune). For this reason, absolute pitch is not the best descriptor for
melodic pitch information. What is important are the relative
intervals between successive notes in a melody, since interval
relations are also invariant to key transposition. This is a key fact
exploited by both MelodyContour and MelodySequence.

With MelodyContour, however, we do not assume that a query will
contain precise and accurate intervals. A more robust feature is
the melody contour, which is derived from interval information
and is also invariant to transposition [4]. Based on research and
experimental evidence, a five-level contour was chosen for
MelodyContour in MPEG-7, dividing the contour into small and
large ascending and descending intervals with one level indicating
no pitch change. Separation of the five contour levels is defined as
in table 1.

Table 1: The five levels of contour information in
MelodyContour

Contour value Change in interval

-2 Descent of a minor-third or greater

-1 Descent of a half-step or whole-step

0 No change

1 Ascent of a half-step or whole-step

2 Ascent of a minor-third or greater

In contrast, the MelodySequence makes no a priori assumptions
about the errors made in the query, and does not try to eliminate
them through quantization. Rather, it takes the approach that the
data set itself provides the best recovery for user error [5]. For a
query on a melody with n notes, the representation transforms the
query into n-1 dimensional interval space, to enable a comparison
between two melodies using an L2 norm. This approach has the
advantages of not eliminating any pitch or rhythm information,
and therefore is able to reconstruct melodies and queries after thePermission to make digital or hard copies of all or part of this

work for personal or classroom use is granted without fee
provided that copies are not made or distributed for profit or
commercial advantage and that copies bear this notice and the
full citation on the first page.



fact. MelodyContour and MelodySequence are compared in Tables
2 and 3.

Figure 1: The first measures of "Moon River"

Table 2: MelodyContour code for “Moon River”
<Contour>
<!—- MelodyContour description: “Moon River”-->
<!-- (7 intervals = 8 notes total) -->
  <ContourData>2 –1 –1 –1 –1 –1 1</ContourData>
</Contour>
<Meter>
  <Numerator>3</Numerator>
  <Denominator>4</Denominator>
</Meter>
<Beat>
  <BeatData>1 4 5 7 8 9 9 10</BeatData>
</Beat>

Table 3: MelodySequence code for “Moon River”
<MelodySequence>
  <!-- [+7 -2 -1 -2 -2 -2 +2]                -->
  <!-- [2.3219 -1.5850 1 -0.4150 -1.5650 0 0]-->
    <Note>
      <Interval>7</Interval>
      <NoteRelDuration>2.3219</NoteRelDuration>
      <Lyric>Moon</Lyric>
      <PhoneNGram>m u: n</PhoneNGram>
    </Note>
    <Note>
      <Interval>-2</Interval>
      <NoteRelDuration>-1.5850</NoteRelDuration>
      <Lyric>Ri-</Lyric>
    </Note>
    <Note>
      <Interval>-1</Interval>
      <NoteRelDuration>1</NoteRelDuration>
      <Lyric>ver</Lyric>
    </Note>
    <!-- Other notes elided                  -->
</MelodySequence>

2.2 Other features in MPEG-7 Audio
The other Description Scheme relevant to music is the musical
instrument timbre DS. This description scheme groups up to five
different features to estimate the perceptual similarity between
segmented musical tones. There are two different “timbre spaces”
possible, with harmonic, sustained, coherent sounds, and with
non-sustained, percussive sounds [6]. The different spaces use the
following features as shown in table 4.

Table 4: Timbre features

Harmonic Percussive

Harmonic Spectral Centroid Log Attack Time

Harmonic Spectral Deviation Temporal Centroid

Harmonic Spectral Spread Spectral Centroid

Harmonic Spectral Variation

Log Attack Time

The application-oriented Description Schemes within MPEG-7
audio also include a representation of spoken content (e.g. as an
output of a speech recognition engine) [3], robust audio
identification, and generalized sound recognition tools that use
spectral basis functions [2].

To complement the application-oriented Description Schemes,
there are general audio features that may apply to any signal.
These low-level audio descriptors form a basic compatibility
framework so that different applications have a baseline
agreement on such aspects as standard definitions of features,
standard sampling rates for regularly sampled descriptors, or how
to segment sounds hierarchically [7].

3. GENERAL MPEG-7 FEATURES
Typical descriptors for traditional information retrieval, such as
title, composer, and year of recording, are covered in detail in the
Multimedia Description Schemes (MDS) part of the standard,
particularly in the section on creation and production information.
Similarly, one may try to describe musical genre as a hierarchical
ontology, or describe musical instrument from a list of controlled
terms. The mechanisms by which one can create these ontologies
and dictionaries are in the MDS as the Controlled Term datatype
and the Classification Scheme DS. One may also describe aspects
of the medium itself, such as the encoding format or sound
quality, with the media description tools in the MDS [7].

Other important technologies in MPEG-7, such as the Description
Definition Language (DDL)—the XML Schema-based language
for giving the syntax of Description Schemes—and various
systems technologies for compressing MPEG-7 data, are sadly out
of the scope of this paper.
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