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& Four time-scales:

milliseconds.

microseconds”

€& Representations

e to store audio:
€ to create sound:
€ to control sound:
€ to render sound:
& of audio analysis :
& of sound'’s description:
ircam
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e Eric Scheirer (1998) “The temporal structure of the pressure
waveform has a significant effect on whether or not we find a
- sound pleasing or interesting.
This structure happens on several different time scales.
€ Notes in a musical composition change on a time scale of

hundreds of milliseconds.
& The timbre of sounds changes on a time scale of tens of

€ The actual sound waveform changes on a time scale of tens of

e sound/music descriptions -> time-less

wav, aiff, mp3, ...

Music-N, C-sound, Mpeg-4 SA
MIDI, ZIPI

mp4 audio BIFS

SDIF, SMS, ...

mp7, Dublin Core
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[
MIDI,ZIPI
description
Control
Music-N, C-sound, mp4 SASL mp7, SDIF
. description
description .
Score wav, aiff, mp3, ... mp4 audio BIFS Audio
storing description
Esondnpd Sha Audio Rendering =
description descripti
ption
Orchestra Content
SDIF, SMS
description
Analysis
ircam
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0. Signal representations basics
Ti me- donai n
. € sound pressure s(t)
e discrete time (sampling rate: 11025, 22050, 44100, 48000, ...)
& discrete values (quantization: 28bits=256 values, 216bits= 65536 values, ...)
& signal s(n)
==
W% = 01001110]011...
L
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0. Signal

Ti me-frequency/ Ti me- scal e domai n

representations basics

. e from the time-domain to the
frequency domain
€& most-used transforms:
€ Fourier Transform, Fast Fourier

Transform (FFT) algorithm

O decompose the signal on a set
of sinusoidal component

& Discrete Cosine Transform
& Wavelet Transform
O decompose the signal on a set
of well-localized in time and
frequency functions (time-
scale transforms)

e time/frequency domain
e perform a transform around a

given time: Short-Time
Fourier-Transform
€ 2-D representations:
Time | Frequency
color represents amplitude
& 3-D representations:

ircam

=== (entre height represents amplitude

Pompidou

G. Peeters 5

[t FIETTY

0. Signal representations
Si gnal nodel s domai n

basi cs

. & Most common signal models:
Periodic/Harmonic model
Sinusoidal additive model + noise
Source / Filter decomposition
€ LPC (linear predictive coding)
O estimates the filter coefficients or the

resonance, (in the case of speech:
formant/anti-formant)

& CELP: coded excitation LP (source signal
decomposed on a codebook)
& CEPSTRUM: representation of the shape of
the spectrum
€& MEL-CEPSTRUM: CEPSTRE using a Mel
scale for the spectrum (perceptual scale)
Granular, pitch-synchronous granular
model
€ represents the signal as a succession of
grains possibly at a periodic rate

o o o
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Synt hesi s al gorithns

0. Signal representations basics

. & Wave-table synthesis

€ Wave-shaping synthesis
€ apply a non-linear function to the
amplitude of a sound
(example: clipping that occurs when an
audio amplifier is overdriven)

broad range of musically useful timbres
dynamic spectra

o o

ircam
== (entre
Pompidou

Il

11H

ofa[zfaafs[e[r[e[ol TTT T TTTTI

e

F@O)
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Synt hesi s al gorithns

0. Signal representations basics

€ Additive synthesis:

(sinusoidal components)

D W

= create a complex waveform by addition of basic waveforms

LAV 1 1 1

osc osc osc
Freq Freq Freq
Ampl Ampl Ampl

osc
Freq
Ampl

———>» Analysis

Ampl envelope

-

ircam
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Re-synthesis
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0. Signal representations basics
Synt hesi s al gorithns

€ Subtractive synthesis:
. remove components by filtering a spectrally rich waveform
(waveform=white noise, saw-tooth, triangular, square waveform)

osC
Freq
Ampl

Filter

Ampl envelope

AD S R
/ \ Audi — ;
uee |||I||. |||I||. %!“Il:.

. TR | (1T
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0. Signal representations basics
Synt hesi s al gorithns

€ Source/Filter synthesis:
I based on physics: a periodic “source” signal is filtered by a filter
(ARMA filter) (see vowel synthesis = formant synthesis)

Source
. | —
oo 1 UMM
ARMA
filter
Audio —
Ircam
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0. Signal representations basics
Synt hesi s al gorithns

€ FM synthesis:

€ Principle: amplitude of modulating
& low frequency oscillator modulation frequency

modulating a VCO -> vibrato
effect

€ high frequency oscillator
modulating a VCO -> complex
spectrum (see Bessel
functions)

€& Complex spectrum: depends
on the magnitude of the
modulation

osc

\ MOD

carrier
frequency

amplitude
of carrier

\_¢

a set of “operators”

Each operator consists of:
& A digitally controlled oscillato
(DCO)
€ An amplifier
€ An envelope generator
€ minimum: two operators
€ a modulator

ircam e acarrier

o o
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0. Signal representations basics
Synt hesi s al gorithns
€ Physical modeling synthesis:
] & represent the object producing the sound
instead of the produced sound itself
& Most well-known physical model: Karplus-strong (plucked string)
€ require a different model for each instrument
€ Various modeling techniques for physical models
€ mass-spring paradigm
€ modal synthesis
€ wave-guide synthesis |5ving
Delay line Attenuation
z1 Filter
mouth Non-linear Radiation di
pressure excitation Filter iR
Delay line Attenuation
z1 Filter
c Ircam
== (entre -
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Representations to store audio

MIDI,ZIPI
description
Control
Music-N, C-sound, mp4 SASL mp7, SDIF
description description
Score wav, aiff, mp3, ... mp4 audio BIFS Audio
storing description
C-sound, mp4 SAOL q :
— Audio Rendering bz diblincore
c:;schr |pt;on description
rehestra Content
SDIF, SMS
description
Analysis
Pompidou G. Peeters 13
| . Repr esentations to store audio

€& Non-compressed audio representations

© Representation of the sound (sampled and
quantified) pressure: s(n)

Using PCM (Pulse Code Modulation)

for reading it
© Most format are based on “chunks”
€ data chunks

€ information chunks
endian, sampling rate, quantization, nbchannels
& extra chunks:
marker chunks
instrument chunks (play mode, loop points)
midi data chunk,
comments chunk (marker-+text)
application specific chunks
meta-information: name, author, copyright,
annotation chunks
wav: bitmap
es:
aiff (Audio Interchange File Format) (Mac)
wav PCM (RIFF wav) (Windows)
au, snd (sun/next station)

ololololoo

& Exam

o ooElo

ircam
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e
- & Store the audio signal and related information -

= information needed in order to read the file: big/little

g

Media information
-Sampling rate
-Sample size
-number of channels

G. Peeters 14
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| AIFF structure | EXample
FORM AIFF Chunk
vk FORM AIFF
D FORI"
- Common Chunk ckSize 176516
o " formTypa ALFF'
ckID = "COMM' oID " COMM"
Common
Chimk ckSize 18
numChannals
numSamplaFrames 88200
Sound Data Chunk e
okID = 'SSND' samploRata 44100.00
Marker . A
Chunk numMarkers 2
id 1
posttion 42100
Chunk format ma B:ll‘h'}'a‘l‘q'\ [T efe o]
XD postion BB200
o _ 8 el ol @] 4 1] ol olelo]
ckSize } header info D TInNgT"
Instrument ckSize 20
Chunk basaNete | 60
data detune | -3
Iownota | 57
hignNota | 63
Iowvalocty | 1
highvelogity [127
gain
Common chunk sustainLoon slyModa |1
sustainLoop. beginLoop 1
Fdefine  CommomID 'COMM'  /+ GxID for Common Chumk */ sustainLoop.andLoop 3
releasaLcop.playMode [
typedes struct { releazel oop beginLoop -
relessaloop.andLoop N
) exrn;
° e Sound &ID "88HD"
on Kaiee: Data ckSize 176408
short. nunChannels; Chunk offsat o
unsigned long mumsampl blockSiza 0
- ose soundData |__ch 1 | ch 2 wes[ ch1 [ cha |
Ircam first sampla frame 88200t sampla frame
=== Centre } commoncnuric;
Pompidou

|.

Representations to store audio

€& Compressed audio representations

& Examples:
aiff-c, aifc

MPEG-1 Layer 11 (subband-coding,
MPEG-2 AAC

o o™ o

€ QT (QuickTime)

& WMA (Windows Media Audio)
€ RA (Real Audio)

€& SWA (Shockwave Audio)

ircam
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€ Not a direct representation of the sound pressure

€ wav mu-law, a-law, DPCM, IMA ADPCM

masking)

& ATRAC3 (Adaptive Transform Acoustic Coding 3)

prediction

| Perceptual coders

Uncompressed
e Bata I

Mot Varisble Losshess
Processing H Gurzason H (*Huffman'} u
and Codiag Coding

Psychuacantic
Analysis

e —
Iniorstinn
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I1. Representations to create sound

MIDI,ZIPI
description
Control
Music-N, C-sound, mp4 SASL mp7, SDIF
-~ ription
description S| deic dF_’ 0
Score wav, aiff, mp3, ... mp4 audio BIFS uaio
C-sound, mp4 SAOL StOrIrjg dESCflpt.IOH
Audio Rendering e
ogs%npt;on description
rehestra Content
SDIF, SMS
description
Analysis

G. Peeters 17

Pompidou

I1. Representations to create sound
C- Sound

€ History of computer sound synthesis
1957: Max Mathews: Music | (IBM 704 computer)

1960: Music lll: concept of modular instruments (unit generators)
1962: Music 1V: orchestra/score model
1969: Music V
1980: Richard Moore: C-music
1985: Barry Vercoe: C-sound
& Concept:
€ Richard Boulanger

€ “C-sound is a sound renderer. It works by first translating a set of text-
based instruments, found in the orchestra file, into a computer data-
structure that is machine-resident. Then, it performs these user-defined
instruments by interpreting a list of note events and parameter data that
the program "reads" from: a text-based score file, a sequencer-
generated MIDI file, a real-time MIDI controller, real-time audio, or a non-
MIDI devices such as the ASCII keyboard and mouse.”

ooooo

Ircam
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I1. Representations to create sound
C- Sound

€& C-sound concepts:
. . . s Edt Eu w || ®0 ™ Sourdead o g i@
e distinction between orchestra and DB N arciesra ¥ 3 CL S
score languages
e orchestra: modular instruments, “unit
] generator”, macro language
e distinction between sample rate and
control rate

€ i-rate variables:
changed at the note rate

e k-rate variables:
changed at the control signal rate

€ a-rate variables:
changed at the audio signal rate

& compilation creates algorithm which
then creates sound

€& latest versions: MIDI compatible,
real-time use

& Syntax example:

€ Unit generator list:
€& sinusoidal generator
ircam & reverb generator, ...

== (entre
Pompidou

0

. toot07.sco]
File Edt Bun Templste Window Help 0 I Soundeard out [~ B i@
0= orchestra ¥ ¥, e
44100 f1 o 2048 10 1
4410 £z 0 2088 10 1 0.5 0.3 0.25 0.2 0.187
10 £3 a 2048 10 1 ) 0.3 0 0.z 0
1 £4 o 2048 10 1 1 1 1 0.7 0.5
instr 7
ifuncl = pil in st dur amp frg atk rel wbrt whdp vhdl
ifuncz = pla i7 o 5 96 8.07 W03 .1 5 3 .99
i7 L] 5 96 §.0%9 W03 .1 5 & .99
ifadl = p3 * pi3 i7 1z & 96 8.07 .03 .1 5 & -89
ifadz = p3 - ifadl
irel - .01
idell = p3 * pl0
isus - p3 - (idell + irel)
iamp = ampdb (p4)
iscale = iamp * .166
inote - cpspen(ps)
K3 linseg 0, idell, p3%, isus, p3, irel, O =
k2 os3e1l k3, pd, 1
k1 linen iscale, pé, p3, p7
a6 oscil ki, inote#.398+k2, ifuncZ
as oscil k1, inote®1.002+kZ, ifuncz
a4 o3e1l k1, inote+kz, ifuncz
a3 ose1l K1, inote®.s97+kz, ifuncl
a2 oscil ki, inote#1.003+kZ, ifuncil
al oscil k1, inote+kZ, ifuncl ke
4l | 3 al il |
. Orc: Line Sco: Line
== (entre ;
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I1. Representations to create sound
MPEG 4 Structure Audio (Scheirer, 1998)

e “Netsound” (Casey, Smaragdis 1996): using C-sound to transmit sounds

€& C-sound intellectual properties issues -> Scheirer develops SA

“highly readable”, “highly modular”, “highly expressive”, “highly functional”
more understandable and concise than C-sound (“C-like” language)

€ 100 built-in “unit generator”, may be extended with new “unit-generator”
€ “cpuload” -> allows Dynamic voice-stealing algorithms in the orchestra

€ History:
over networks
- €& Structure Audio: “a Music Synthesis Language”
© SAOL: Structure Audio Orchestra Language
© SASL: Structure Audio Score Language
e
e
© new features
e ...
e SAOL may be controlled by
& SASL
& MIDI-file
€ real-time MIDI events
ircam
== (entre
Pompidou
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I1. Representations to create sound
MPEG 4 Structure Audio (Scheirer, 1998)

instr besps (pitch) {
keig vel, init;
asig sound;

if (linik) {
amp = 0.5; init

i
if (off) { turnoff

output (sound * vol

vol = portiamp,0.2);
sound = osciliwave, pitchl;

imports ksig amp, off;

=1z

.

1i

table wave iharm, 2048,1];

// controllers

J/ first time we're called

/f we got the 'offs contrecl
// smeoth the wolums =2ignal

=]
]

beepz 1 440
beepz 1 480

=]
n

nz: 1.
nz: 1.
ni: 1.

=

beep3 -1 22
beepz -1 44
beep3 -1 &&

oo

control nz2
control n2
control n3
control n2
control nz
control n3

RS
oooowno

a
Q
Q

amp
amp
amp
amp
off
off

HHooo

2

i
I
1
i
I

/

-

I

first note
second note

third note - unbounded initial duration
fourth note
fifth note

applies to third and fourth notaes

applies to fifth note

ircam
== (entre
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II.

Representations to create sound

“Unit generator”, Mdul ar graphical

conception Synth

& Nyquist, CLM, SuperCollider, jMax, MAX-MSP, Pure Data, Reaktor, ...

[PAF formant synthesis works ]

ircam
== (entre
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T
- A Real-Time GUI for Csound in Max/MSP

[JooWon Part <joowen@csounds.com>

Keyboara Control |50 5 oworr 1@

cetwe Tramspose (T30 1O R Koy

G. Peeters 23
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Representations to control

sound

MIDI,ZIPI

description

Control

Music-N, C-sound, mp4 SASL

description
Score

C-sound, mp4 SAOL

description
Orchestra

SDIF, SMS

description

wav, aiff, mp3, ...

mp4 audio BIFS

mp7, SDIF

description
Audio

storing
Audio

description
Rendering

mp7, dublin core

Analysis

G. Peeters 24

description
Content
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I1l1. Representations to control sound
o P miol

€ MIDI (Musical Instrument Digital Interface) 1982/1983

e Goal:
allow musicians to connect synthesizers together
I & How:
instruct a synthesizer which sounds to use, which notes to play, how
loud to play it, ...
& Characteristic:
unidirectional asynchronous bit stream at 31.25 Kbits/sec
e Today’s usage:
used in digitized audio in games and multimedia applications
& Advantages

€ storage place:
transmit only the playing information not the sound
(1 minutes of audio: 10Mbytes in midi only 10Kbytes)

& easiness of manipulation

ircam
gce?;ﬁ:mu G. Peeters 25 |« [0
BN/ I11. Representations to control sound
Q.5 mial

€ MIDI messages
& Channel Voice Messages (16 channels)
carry musical performance data
& examples: Note On, Note Off, Polyphonic Key Pressure, Channel Pressure,
- Pitch Bend Change, Program Change, and the Control Change messages
Mode Messages
affect the way a receiving instrument will respond to the Channel Voice
messages
€ examples: reset all controller, Omni On/Off
System messages
& System Common Messages:
include MTC Quarter Frame, Song Select, Song Position Pointer, Tune Request,
and End Of Exclusive (EOX) -> Midi Time Code
& System Real Time Messages:
used to synchronize all of the MIDI clock-based
O Timing Clock, Start, Continue, Stop, Active Sensing, and the System Reset message
& Midi limitations:
€ 1) limited bandwidth -> synchronization
MIDI = 31.25 Kbit/s, serial transmission (possible that musical events which
originally occurred at the same time may not actually be played at exactly the
. same time)
IICAM e 2) dedicated to keyboard-like instruments

== (entre _
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BN/ I11. Representations to control sound
.Mdi Files - GM- GS - XG mlnl

& Standard Midi Files:

€& why ? midi has been developed for real-time, need to add a "time-
stamping" for the MIDI messages when stored

=

Ml e General Midi (GM): il
€& why ? problem with “pure” MIDI: no standard for the relationship
between patch numbers and specific sounds for synthesizers
& definition of a General MIDI Sound Set
(a patch map): 128 basic patches, MIDI Channels 1-9 and 11-16
& definition of a General MIDI Percussion map
(mapping of percussion sounds to note numbers): MIDI Channel 10
& Roland GS ?
why ? extension of GM Decause of GM limitations
additional controllers (synthesizer parameters, effect parameters)
scheme of variation tones (banks of GM sounds)
scheme of tone 'fallback’ (for non-existent banks)
€ Yamaha XG
€& a more powerful extension of GM
ircam
== (entre
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o oo o

I1l1. Representations to control sound
ZI Pl

ZIPI (Gibson/ Zeta Music, CNMAT)
Motivation:

& MIDI is based on keyboard controlling:
| a note cannot start without a pitch

€ not appropriate for controlling from guitar, violin, sustained
instruments

e
e

€ ZIPI characteristics
€ network oriented, dynamic assignment
e larger bandwidth: lower bandwidth=10 times MIDI

e ZIPI
€& Music Parameter Description Language (MPDL)
e MIDI
& Data dump
& Digital Audio

circam
== (entre -
Pompidou G. Peeters 28
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I1l1. Representations to control sound
ZI Pl

€ ZIPI Music Parameter Description Language (MPDL)
€ 1) note address
€ MIDI: address=channel, or address=pitch's note
€ ZIP1 MPDL: address=note whatever the pitch
€ ZIP1 MPDL: group of group of notes:
- “notes” (127) in “instruments” (127) in “families” (63) = 1.016.127 addresses

O MIDI: no way to articulate an entire chord with a single message
(note or channel based message)

& each ZIPI device has its own address space
€ 2) note descriptors

€ syntax: descriptor ID | value

& example of descriptor:

O articulation, pitch, frequency in Hz, Amplitude, Loudness, Brightness, Even/odd
harmonic balance, roughness, spatialization azimuth angle, timbre space X
dimension, ...

articulation: note sounds, note re-attacks
program change
Higher order-messages:

— modulation, housekeeping (defines notes priority), querying a synthesizer,
comments, time-tags (ensure synchronization when streaming ZIPl (minimum
delay to respect))
€ 3) in ZIPI: distinction between Controller and Synthesizer Messages

ircam (in MIDI both are mixed)

o000

. o G. Peeters 29
I11. Hybrid sound/control representations

MOD/ RVF

& MOD

tracker file format
contains both
I & musical score information

€ actual instrument sound samples that are
used to play a tracker song.

€& RMF (Rich Music Format)
e three types of information:
highly compressed sound samples,
control data (playback instructions, like MIDI),
specifications for interactivity

e
e

oo o

ircam
== (entre
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| V. Representations to render sound

MIDI,ZIPI

description
Control

Pompidou

Music-N, C-sound, mp4 SASL mp7, SDIF
description description
Score wav, aiff, mp3, ... mp4 audio BIFS Audio

C-sound, mp4 SAOL Stonr_]g descnpt_lon
— Audio Rendering mp7, dublin core
ogrs chr |pt;)n description
chestra Content
SDIF, SMS
description
Analysis

G. Peeters 31

| V. Representations to render sound

€& Multi-channel file formats
& Dolby Digital (Dolby AC-3) 5.1
& 5 discrete (independent) channels (center, left,

right, surround left, surround right) (from 20Hz
to 20,000 Hz)

& 6th channel dedicated for low frequency effects
(LFE) (3 Hz to 120 Hz).

€& DTS Digital Surround 5.1

. —

Rendering description formats
& MPEG-4 Audio BIFS

€ BIFS (Binary Format for Scenes)
in SNHC (Synthetic/Natural Hybrid Coding)
based on VRML
€ Sound attaches to objects:
sound node used to put sound in the scene
& MPEG-4 Version 2: Advanced Audio BIFS
€ Sound node
€ Sound BIFS

O Acoustic/physical approach
O Perceptual approach (SPAT)

(0]

ircam

o omaidou G. Pesters 32
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| V. Representations to render sound

== Centre

Two approaches:
Acoustic/physical approach
& Directive sound

€ source

€ location, direction, intensity,
speedOfSound

€ angles, directivity filters
& useAirabs, spatialize,
roomEffects
€ Acoustic Scene

e late reverberation,
reverbTime, reverblLevel,
reverbDelay

& center, size of bounding box
€ AcousticMaterial

€ acoustic reflectivity and
transmissions filters

=

ircam

Pompidou

€& Perceptual approach (SPAT)
€ Directive Sound
€ Perceptual Parameters

& source presence,
warmth,

brilliance,

room presence,
envelopment,

running reverberance,
late reverberance,
heaviness, liveness

0T P VA YA Y Y )

G. Peeters 33

Pompidou

V. Representations of audio analysis

MIDI,ZIPI

description
Control

Music-N, C-sound, mp4 SASL mp7, SDIF
description descnptlon
Score wav, aiff, mp3, ... mp4 audio BIFS Audio

C-sound, mp4 SAOL storing descr|pt.|on
Audio Rendenng mp7, dublin core
description —
orcchepst?a description
Content

SDIF, SMS

description

Analysis

G. Peeters 34
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V. Representations of
audi o anal ysi s

Audio analysis

€ What are the results of an
audio analysis used for ?
& Parameters for re-
synthesis
& STFT
& Sinusoidal models
& Source/filter

e ..
[

ircam
== (entre

Pompidou

i
‘ STFT ‘

‘ Lmtar ‘ Ener ‘
prediiction 9y

Fundamental
frequency

Sinusoidal
modeling

[ e ]

Features
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V. Representations of
audi o anal ysi s

Audio analysis

€ What are the results of an
audio analysis used for ?
e Parameters for re-
synthesis
& STFT
& Sinusoidal models
& Source/filter

e ...
I & Parameters for
description
€ Fundamental frequency
O pitch
& Spectral centroid
O brightness,
& Spectral Flatness
O Audio ID / Fingerprint
e classification, indexing
& high-level synthesis
€& What about manual
encoding ?

ircam
== (entre
Pompidou

I

‘ STFT ‘

‘ Lmtar ‘ Ener ‘
prediiction i v

Fundamental
frequency

Sinusoidal
modeling

[ e ]

Features

pectral shape,

Spectral Temporal shape Cross-
attack time) i l

Audio brightness

OO Melody } sound

identification richness tempo recognition

G. Peeters 36 [« [\
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audi o anal ysi s

V. Representations of

Audio analysis

e Parameters for re-
synthesis
& STFT
& Sinusoidal models
& Source/filter

==—

& Parameters for
description

O pitch
& Spectral centroid
O brightness,
& Spectral Flatness

& high-level synthesis

€ What about manual
encoding ?

ircam
== (entre
Pompidou

& What are the results of an
audio analysis used for ?

' Lmtar '
‘ STFT ‘ ‘ prediiction ‘ EnTgy ‘
Fundamental Sinusoidal
Filter
Teqseney | | moseing | | |

Features

€ Fundamental frequency

Spectral

pectral shape,
Temporal shape
(centroid, tilt,

‘ Spectral basis

O Audio ID / Fingerprint
e classification, indexing

attack time) i l
Audio brightness
identification ey ‘ tichness ‘ ‘ tempo ‘ ‘ ,elfgs’:i:’ion ‘
sound
Au_thor, Melody Structural recognition
Title, description
Recording T T
staff
| —

encoding
o~ peeters 37

V. Representations of audio analysis

OERAOERRNNEESE

Graphi cal representations: spectral representations
a g
g
E} .
-1} =
5
==

Ircam - CUIDADO I.S.T.
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V. Representations of audio analysis

Graphi cal representations: descriptors representations

ircam
== (entre
Pompidou

Tirne [sec]

V. Representations of audio analysis
SDI F

€& SDIF (Sound Description Interchange Format)
1998 (CNMAT, Ircam, IUA/UPF)
& Meta-format (// XML)
& Definition of a file formats and structures: chunk-based
© Frame-based (self defined)
& Stream ID
& Frame type/matrix type examples:
- — 1FQO Fundamental Frequency Estimates,
— 1STF Discrete Short-Term Fourier Transform,
— 1TRC Sinusoidal Tracks,
— 1RES Resonance / Exponentially Decaying Sinusoids
€ Extensible !
e Tools:
& compliant software for coding/ decoding, visualization
e libraries for SDIF files manipulation
& Conclusion:
€ allows any type of descriptions although only signal-based
analysis/features are defined
© SDIF extensions:
& XML DTD for Frame/Matrix definition

Frame

Malrix
Structure simple 1

Matrix

Structure simple N

IICAM & SDIF 7 XML: for streams relationship -
= ceg;ﬁ:piduu & SDIF to MPEG-4 cross-coder source code G. Peeters”
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V. Representations of audio anal ysis

& SM

o o> 0

& SM

(vl ordiilt o

[0

ircam
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S: File Format

based on SDIF

+ a set of chunks specific to SMS

different levels of spectral abstraction useful in a variety

of applications that go from high quality audio coding to
synthesis applications that use banks of spectral data
& SMS Generic chunk: mono, stereo, quadraphonic

& SMS Generic Track chunk: Track_ID, Magnitude_Threshold,
Spectral_Range

& SMS Note chunk: Default_Magnitude_Threshold, Note_Type
(pitched, unpitched), pitch

& SMS Note Track chunk: Note_Track Type (whole note,
attack, steady state, release, articulation)

S: Score Format

Time statements,

Event statements,

Synth parameters

Controller parameters:

Key Velocity Wind pressure, Key Number Embouchure ,
Key Pressure Lip pressure , Pitch-bend wheel Lip, frequency ,
Mod wheel Wind keypads , Switch pedal , Continuous pedal

Drum head striking X position , Drum, head striking Y
position , ...

SMS Generic
Track chunk

SMS Note
Track chunk
SMS Note
Subtrack chunk

SMS Envelope
chunk

SMS Relevant
Point chunk

SMS Loop

chunk

G. Peeters 41

VI .

Pompidou

Represent ati ons of sound’s description

MIDI,ZIPI

description
Control

Music-N, C-sound, mp4 SASL mp7, SDIF
description deicr&ptlon
Score wav, aiff, mp3, ... mp4 audio BIFS udio

C-sound, mp4 SAOL storing description
- Audio Rendenng mp7, dublin core
Ogicr:;pst;?: description
Content
SDIF, SMS
description
Analysis

G. Peeters 42

Ircam - CUIDADO I.S.T.

26/03/2003

21



& Content description ?

& Data related to the sound content
or
describing the sound content

€ Information chunk in wav/aiff
e ID3v1/v2
& Dublin Core

€& MPEG-7 Multimedia Description
Interface

ircam
== (entre
Pompidou

€ Meta-data description of a sound ?

& Data contained in the sound content
or
not contained in

& Examples

.’ VI. Representations of sound s description

bos + ID3 tag editor

[D-\mpamp3RCwin B arb:

103wl
W 1D3v1 Tag

.41 9651 966 0F.

Tack#[5

yonmp3

W D32 Tag

Tile ['Gare de Lyon"”

Title ['Gare de Lyor™

Atist [Barbara

Album ["Barbara 4 1364 1365 1966™
“Year [1965 Gene |Chanson E

st [Barbara
Albuum ['B arbra 4 1964 1965 1965
‘Year 1965 Gerre |Chanson -

Commert [ Comment =]
HPEG info |
Size: 1504540 bytes —
Header found al: 1324 bytes Lo
Length 118 seconds —
L Oiig. Aist
128Kkbit, 4565 frames Bt
44100Hz Joint Stereo
s No URL

Copyrighted: N

iignal: No Encoded by|

Emphasis: None

Update Cancel Undo Changes || CopytoiD3v1 | Copyirom 10341 |
&
Locaatin
@y
o
& Colecion
© 8 bume
Q0 Ebvies
G e
G indva
1 dngepaten
[Sp
=T
2 patp
S Sas
3 vaces
o Tl Cor- [Res]Eorai | Tolel oo o o: o | oo
T irgneer Ve Sédo T 400 STk 2SS E2
B Sound0l way Wav Stééo 16 44100 30087KE  27/09/1587 Metslic.
PeSndia Vv S T8 00 W81 02031565 e ey
EETTT——| fae  en
Spéckcaions baskn ik
Wi Stk 1 . 4100 e, 5713516, 2070971957 it Rough
Eloioic Aond

Nem = Expresse Shap
L el — Maeisl > Smooh
Meod > sat
o o) Pocuive Spaiing
Cess > Fowerdl Spectal
Commentses Efects > Funchy Symheic
S i

g -
|

v K

Dublin Core

VI. Representations of sound s description

€ Dublin Core (1995):
& description of electronic media

€& 15 elements

€& web resources oriented
€ simpler than MARC

ircam
== (entre
Pompidou

1 Title & name given to the resource

2 Creatar En entity primanly resporsible for
miaking the content of the resource

3 Subject The topic of the content of the resowrce

4 Dieseription | An account of the content of the
resource

5 Fublisher &1 entity responsihle for making the
resource availdhl

[ Contrbator | An entity responsible for making
condributions to the content of the
resource

7 Date & date associated with an event in the
life eycle of the reecurce

8 Type The nature or genre of the content of the
resource

o Format File format or mime type (MPEG-1,
QuickTirme, RealVideo...)

10 Tdentifier A n unarabiguous reference to the
resource within a given context

11 Sowrce & Reference to a resource from which
the present resource is derived

12 Language & language of the mtellectual content of
the resomce

13 Helatinn & reference to a related resource

14 Croverage The extent or scope of the conterd of the
resouIce

15 Rights Information about rights held in and
over the resource

G. Peeters 44
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VI .
MPEG- 7

Represent ati ons of sound’s description

e

MPEG-7 Multimedia Content

Description Interface

~ Description Description
& new ISO standard ISO/IEC 15938 esariplo orip | |
€ a meta-data standard, not a
compression standard) Content ‘ Content
description ent
€ Question : " How to find ? " currently:
efficient text-based search, "Audiovisual Contert Contert
data should be just as searchable as text"
€ Descriptions: characterize, enable —
1 L = . Multimedia Summary
search/filtering, enable navigation content description -
— I
€& Description generated manually or & 3 E ¥ s
automatically | | ntr | | e, || Mot | [ asimede
MPEG-7 : normalization of meta-data
format (bit-stream), not of the extraction " E 1
methods EAE ESIEAEAE
scheme
€ lIdea: description linked to the actual A/V 0
data (not necessarily located on the same [ " [cia couce Matching pitch
place) decomposition | |decomposition Hint speciral flatness spngiwac.:)r/“em
timbre
& Standardization: enables interoperability g i
between metadata databases and

applications

ircam

== (entre

Pompidou

Relation

G. Peeters 45
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VI .
MPEG- 7

Represent ati ons of sound’s description

e

MPEG-7 Multimedia Content

Mpeg-7

Description Interface

Description Description
metadata Unit
& Bibliographic-like information
= . Content Content
€ media et
description management
€ meta (creation / production / usage)
Content Content
entity abstraction
Multimedia Summary
content description o
[
+ i3 i3 k3 1
Video Audio Audio Visual Multimedia
(still region) segment segment segment segment
l . l
Audio
Media Media Cregtion Audio
//\ =
Temporal Media source Matching
decomposition | | decomposition Hint spectral fiatness melody
timbre spoken content
Point of -
view

ircam

== (entre
Pompidou
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VI. Representations of sound s description YMPEG™
MPEG 7
€ MPEG-7 Multimedia Content
Description Interface |
Description Description
metadata Unit
& Bibliographic-like information
= S Content Content
€ media description management
€ meta (creation / production / usage)
. & Content description
Multimedia Summary ‘ ‘
content description
3 5 5 3 1
Image Video Audio Audio Visual Multimedia
(still region) segment segment segment segment
[ i |
Media Media Cregtion Usage
Information locator Inforrhation
pitch melo
specttalfaness spgken“;ﬁ‘em
.
Ircam
= Ceg:‘f;m " G. Peeters 47 [ [ ]

VI. Representations of sound s description LMPEG™
MPEG- 7
€ MPEG-7 Multimedia Content
Description Interface | | |
Description Description
metadata Unit ‘ ‘
& Bibliographic-like information
Content Content
description management

€ media
€ meta (creation / production / usage)
Content Content
= =— entity abstraction
. & Content description
Multimedia Summary ‘ ‘
content description
e Structure description (table of contfni.‘. : : : :
Image Video Audio Audio Visual Multimedia
(still region) segment segment segment segment

Audio

Media Cregtion Usage Audio
Information | | information | | descriptor

descriptor-
scheme

Matching
Hint spectral flatness
timbre

Inforien
Temporal Media source
decomposition | |decomposition

melody
spoken content

Point of
view

ircam

== (entre
Pompidou

G. Peeters 48

Ircam - CUIDADO I.S.T.

24



[]
0

VI. Representations of sound s description YMPEG™
MPEG 7
€ MPEG-7 Multimedia Content
Description Interface |
Description Description ‘ ‘
metadata Unit
& Bibliographic-like information
= = Ci Content
€ media desi?ilpel?;n ‘mangg:r:ent
€ meta (creation / production / usage)
~ +
-Content -Content
Content description S abs"

Multimedia
content

Summary
description

& Structure description (table of content)
Image Video Audio Audio Visual Multimedia
(still region) segment segment segment ‘ segment
& Semantic description (index) [ T
retion ac i Audio
EAEEAEA e
© Navigation and access control I —
Temporal Media source Matching jitch
& summary decomposition | | decomposition Hint spectr[:\mﬂamess . ?e‘ﬂdy
timbre poken content

Relation

Ircam
= ceﬂ:,r,:mu G. Peeters 49 [ [0 ]
VI. Representations of sound s description LMPEG ™
& Part 1. MPEG-7 Systems: The tools that are
needed to prepare MPEG-7 Descriptions for efficient l
transport and storage, and to allow synchronization Sescro Sescro
between content en descriptions. Tools related to rﬁzg'g:g" esﬁ'ﬂ'ﬁl'on ‘ ‘
managing and protecting intellectual property
& Part 2. MPEG-7 Description Definition
Language: The language for defining new Content ‘ Content
Description Schemes and perhaps eventually also for description management
new Descriptors.
& Part 3. MPEG-7 Visual: The Descriptors and
Description Schemes dealing with (only) Visual entity abstraction
- descriptions —
& Part 4. MPEG-7 Audio: The Descriptors and ‘Mgg'n'?:ﬁ'a ‘ Proiitiid ‘ E ‘
Description Schemes dealing with (only) Audio :
descriptions ‘ \mage v.;eo Autiio AudiO‘V\Sua\ m
& Part 5. MPEG-7 Multimedia Description (Sl egion) | | segment | | segment segment segment
Schemes: The Descriptors and Description Schemes
dealing with generic features and multimedia L . l i
descriptions nformaion ‘ orar | [ oraton | | ormason | | cesir | | dssibor
& Part 6. MPEG-7 Reference Software: A software e e S
implementation of relevant parts of the Temporal || Media source Matching pich oo
& Part 7. MPEG-7 Standard MPEG-7 Conformance:  |*mson] |decompositon it spectra faness || poken Sontent
Guidelines and procedures for testing conformance of Point of " -
MPEG-7 implementations.
Ircam
= ceﬂ:,r,:mu G. Peeters 50 [ [0 ]
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VI. Representations of sound s description LVPEG™
MPEG- 7
€ MPEG-7 Structure Description
Audio Program
v i 1 i
Segmer]t | Segment| Segment Jegment
] : 2
Segment Segment Segment
Y Y A J
Segment Segment Segment
Q Audio D ‘ Audio DS
. Ircam
== Centre -
Pompidou G. Peeters 51 [«=#s [T ]
VI. Representations of sound s description LMPEG™
MPEG- 7
€& MPEG-7 Audio Low-level audio descriptors
€& Basic:
Instantaneous waveform and power values
& Basic Spectral:
A log-frequency power spectrum, and spectral features including spectral centroid,
spectral spread, and spectral flatness
€& Signal parameters:

Fundamental frequency of quasi-periodic signals, and harmonicity of signals

N
o

Timbral Temporal:
Log attack time and temporal centroid

(0]

Timbral Spectral:

Specialized spectral features in a linear-frequency space, including a spectral centroid,
and spectral features specific to the harmonic portions of signals, including harmonic
spectral centroid, spectral deviation, spectral spread, and spectral variation.

(0]

Spectral Basis representations:
Features used primarily for sound recognition, but generally useful as projections into a
low-dimensional space to aid compactness and recognition.

€& Silence Descriptors

ircam
o G. Peeters 52
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Timbre descriptors aim at describing perceptual features of instrument sounds. Timbre is currently
defined in the literature as the perceptual features that make two sounds having the same pitch and
loudness sound different. The aim of the Timbre description tools is to describe these perceptual features
with a reduced set of descriptors. The descriptors relate to notions such as "attack", "brightness" or
“richness" of a sound.

€& Sound recognition tools

The sound recognition descriptors and description schemes are a collection of tools for indexing and
categorization of general sounds, with immediate application to sound effects. Support for automatic
sound identification and indexing is included as well as tools for specifying a taxonomy of sound classes
and tools for specifying an ontology of sound recognizers. Such recognizers may be used to automatically
index and segment sound tracks.

- & Spoken Content description tools

The Spoken Content description tools allow detailed description of words spoken within an audio stream.
In recognition of the fact that current Automatic Speech Recognition (ASR) technologies have their limits,
and that one will always encounter out-of-vocabulary utterances, the Spoken Content description tools
sacrifice some compactness for robustness of search. To accomplish this, the tools represent the output
and what might normally be seen as intermediate results of Automatic Speech Recognition (ASR). The
tools can be used for two broad classes of retrieval scenario: indexing into and retrieval of an audio
stream, and indexing of multimedia objects annotated with speech.

(0]

Melody description tools (Melody, Melody contour)

The Melody Contour DS is a compact representation for melodic information, which allows for efficient
and robust melodic similarity matching, for example, in query-by-humming. The Melody Contour DS uses
a 5-step contour (representing the interval difference between adjacent notes), in which intervals are
quantized. The Melody Contour DS also represents basic rhythmic information by storing the number of
the nearest whole beat of each note, which can dramatically increase the accuracy of matches to a query.
For applications requiring greater descriptive precision or reconstruction of a given melody, the Melody
DS supports an expanded descriptor set and high precision of interval encoding.

ircam
o G. Peeters 53

VI. Representations of sound s description YMPEG™
MPEG- 7

€& MPEG-7 Audio High-level audio description tools (Ds and DSs

€& Musical Instrument Timbre description tools

VI. Representations of sound s description LMPEG™
MPEG- 7

& MPEG-7 Audio Examples:
summary

melody

€ spectrum flatness

o o

ircam
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