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i
—CD, MP3

g

— MIDI

Musical Instrument Digital
Interface (MIDI)

AN

= = =1

Sourd Baund
MIDT G 1 MIB In

Mastar Syrih Slava Syrth

MIDI In I- MIDI Out rf’rﬁ“

L=

MIDlIn |

TR, SRR g g
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MIDI #4% Bt i 4

000000 4D 58 68 84 00 00 00 06 000100 1100FO0 -m S A
000010 00 00 00 19 00 FF 59 02 FF 00 00 FF 58 04 < J

000020 04 02 18 08 00 FF 51 03 O0A2C2A00 FF 2F 00 y «'\
000030 00 00 14 21 00 00000 BO 07 7F 00 80 |:‘> Encode 10010101

000040 00 00 AD 00 FF 05 02 A7 410090 4F 7F 81 70 80

Decode 10010101

000050 4F 2A 00 FF 05 02 AABA 0090 - - -

MP3 4 1 Es@(PCM)$e

e castnets, 1.11MB g oo « PCM Encoder

« castnets128, 104KB q ©o

e castnets96, 78.1KB ¢ ©on Qv Sample JJ—r’—r Quantize | [0101010]
» castnets48, 39.2KB Qo7

« ftb_samp, 4.30MB §: ©29 * PCM Decoder

. 9

ftb_samp128, 399KB . (0:26) ] %
[0101010] | Quantize JJ_W—F Interpolate




Fourier =32

Ci=5,+8S;

C=5,+8;+

i
1

-vll-—f———A- Ci= 5+ S+ S+ S,

Amplitude

Co= S+ 5;+..+ S,

C. E. Speaks, Introduction to Sound, 3rd ed., Singular Publication Group, 1999.

#7 2% (Spectrum)

=

Sawtooth

Square =

Phase

Amplitude
= 4
Amplitude

Triangular

[l
[
N

White Noise

C. E. Speaks, Introduction to Sound, 3rd ed.,
Singular Publication Group, 1999.

Grand Piano Note C2

Amplitude

—4 L L L L L L L

time (s)

J. Bensa, Analysis and Synthesis of Piano Sounds using Physical and Signal Models,
PhD thesis, Université de la Méditérranée, Marseille, France, 2003

Spectrum of Grand Piano
Note A3

100

Amplitude
(dB)

50,

50}

-100

0 2000 4000 6000 8000 10000 12000
Froquency (Hz)

J. Bensa, Analysis and Synthesis of Piano Sounds using Physical and Signal Models,
PhD thesis, Université de la Méditérranée, Marseille, France, 2003
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> 8 6 8 8 B BBE

sound intensity level

*M. Bosi and R. E. Goldberg, Introduction to Digital Audio Coding
and Standards, Kluwer Academic Publishers, 2003.

g Slesds

Masker

dB

Masking
Threshold

VT

Masked Signals

*M. Bosi and R. E. Goldberg, Introduction to Digital Audio Coding
and Standards, Kluwer Academic Publishers, 2003.

i
i
gl

&

-

e FM

o PT

» Physical Model

- ﬁFJ Fljﬁl"’t} (0:23) = fﬁﬁ‘éf ¢ (0:23) T JFF{W & (0 23)
IR, TR
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Physical Modeling
Synthesis

» Synthesize sound of a musical
instrument through computation
based on its sound-generation model

* The artificial instrument can have the
same parameters as the real
instrument

» Expressivity of control is unlimited

Ideal Vibrating String

String Tension

2011/4/19

Lx o K
] /\(a Mass/Length
Position
Ky"'=&
K A string tension yA y(t,X)

£A linear mass density yA % y(t,X)

YA string displacement y'A ai y(t,X)
- — oX

Piano Physics at Purdue

! PPP ! *. Giordano .

EED END WAT MRy IAD NRD

o U nar £

a3

(0:28)

N

httb://WWW.physics.purdue.ed u/piano/

Digital Waveguide

Techniques
- + + +
(n) vin-1) yin2 yin-3
z7! z’!
ynT.0) ¥ (nT.34)
Vin+1) Vint
Fal z7!
(x=10) (x=¢ch) (x=2ch (x=3cI

*J. O. Smith




Digital Waveguide
Synthesis
Slide Flute (CCRMA) &) 2y

*J. O. Smith

Harpsichord (CCRMA) .%I (0:13)

*J. O. Smith

« Marimba (CCRMA) .%I (0:19)
*J. O. Smith

» Titanic (NTU) _%, (1:07)
S

Amplitude

Amplitude

R, W, M

T+ % ETheremin

(0:44)
http://video.google.com/videoplay?docid=4959544989168783908&q=theremin

T+ % ETheremin
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Hypercello/Yo-Yo Ma

http://brainop.media.mit.edu/Archive/Hyperinstruments/hypercello.html

Chris Chafe, CCRMA
j:f.a__ '

http://www-ccrma.stanford.edu/~cc/sc2000.jpg

Sensor Chair

http://brainop.media.mit.edu/Archive/Hyperinstruments/chair.html

Bt p

http://www.digitaltrumpet.com.au/
*S. Marshall and J. Morrison
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']
o —fl

SRS Pl
HEH % (2006)
PR

(0:12)

- granular synthesis f’%’ZEI(’J@IF”, Qo2
- IER 05
a0

[~ SRR RS {0

B MHE TR
4

Tod Machover’s
Hyperscore
Kyuanghwa Song New vork, usa &gl (419
by

http://lwww.hyperscore.com/featured_songs.html

hH ®E > =
W pfﬂ'ﬁ] -f‘-'?-?

=

- 22X
‘—ZC

2
Stockhausen: Elektronische STUDIE II (1954)
- D

iy N "

TR, SRR g g

R S ol M O N

7

*irZf - Harmonization (use MAX/MSP)

(Algorithmic Music)

i) (0:46)

10
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BB S R

N
74 tidal wave.pd - Hy/peoject noise fexercises_test = = ]
Fie Edi Put Find Windows Media Help

*[{fiZi %, (Pure Data), 2010

Stockhausen &di@'ﬁ:ﬁ%%a‘% $'bﬁl
TR R

TLH-9 B A A By

o ¥ ELY D U] % (2004) 4 F
% #(CD) ¢§.

David Cope’s Classical Music
Composed by Computer

« Invention No. 2 (After Bach) & @29

» Mozart, Opera Act 2, Scene 8 &)= a9
(After Mozart)

« Printemps (After Stravinsky) &- @

*Published by Centaur Records, 1997

2011/4/19
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Integrated Recognition
Model

I
+
A\

—»  Pitch Recognition

STFT

uoniuboday| wyiAyy

—p Chord Recognition

_ 1

Wavelet
—

Time-frequency

. Pattern recognition
analysis AT

Timbre Recognition | ﬁg

Spectral Shapes of
Flutes and Trumpets

i

Slope of the Attack

........

‘Acoustic Piano

o Trumpgt’ ; nsen
/ Acoustic Guitar / String Ensembles
el (i : "!-I'.'ﬁr".h"" i I Mﬂlhhulul “l ll

i

i
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Results of Timbre Recognition Unit Results of Timbre Recognition Unit
in Monophonic Environments in Polyphonic Environments
AP AG \ TR FL SE Recognition AP AG \ TR FL SE Recognition
Rate Rate
AP 16 2 0 0 0 0 88.89% AP 10 7 0 0 0 1 55.56%
AG 6 10 0 0 0 2 55.56% AG 7 6 1 1 1 2 33.33%
Vi 0 0 13 0 0 5 72.2204 Vi 0 2 8 2 1 5 44.44%
TR 0 0 0 15 2 1 83.33% TR 2 2 0 1 2 1 61.11%
FL 0 0 0 2 16 0 88.89% FL 1 0 2 2 10 3 55.56%
SE 0 0 1 0 0 17 | 94.44% SE 2 2 5 1 0 8 44.44%
ATy Total Recognition rate = 80.56% AT Total Recognition rate = 49.07%
Models of Chord Results of Chord Recognition
Classification Unit
Mumber of the | MNumber of Fecognition
tested measures | Cotrectly Rate
recognized
4 N cochlea ) Cerebral L otion S g | 8 100.00%
— Cortex g;li\eethovm’ 5 )
symphony
Close to me
. o 8 8 100.00%
N Wavelet | | Neural Recognized
Transform ——— Network Chords gr;lallél);;y 32 30 03.75%
(popular song)
*?%W?J *E,rvj&’ff’ﬂ

13



Transcription Example

J =108 J =108

Beat Tracking System

» Off-line method QJ (0:12) w (0:12)
Input signal ,

sampling rate : 8 Ei= 033
kHz QJ

Platform : MATLAB

q beat
nuslc ™ ™ beat osition Real
signal down comb [>— variance [ . positi lsequence
= R - .| interval |»—{ decision F——
sampling filterbank caculation .
- decision and
adjustment
TR

1
= : 1..‘1..‘;.10‘ T : : t
T e i e e e e
NN N S T N N NN Ll
P e S e S S e S B S e e S e S e e
i fio - = = fo - =
Original
Transcription Result
X
i)
=11
o o o

Shirw MESSIgE HiTE

EighthHote Test

CarerNoes
2 Cipar

Harroe

Wholehote
Blart

Pains Do [ Weasage Boasd]

IR

TTHAMEASEINT LN 8 PA3 TR SEERI L

,o;' N i w e

ERE R (R i

S 75 ﬁ% ,I' *EREE & AT
R ITTTE SR E

By gaes .

-
el LY
LA TERD
Bty T

+AEdARER- TR

-3 AT LROERE
Twami

s
40 s, dAhdesRog)
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FIE=%

http://lwww.cs.cmu.edu/~music/accomp/index.html
*R. Dannenberg

BRp B E kT

* http://www.cs.cmu.edu/~music/video/
CANGIO.MOV

(1:09) *R. Dannenberg

Piano Tutor

* http://www.cs.cmu.edu/~music/video/
pianotutor.mov

(4:11) *R. Dannenberg

Score Follower

+] O HdE@e EESsRNER e Sy LE - JRaNEKS

L) hatprtfwwne. i Itfilesiswilbesth - QBE G "
Cocge o U nfn! B ~m1-mi = o BA - tmn - B3
Coogle AREZIN - MW "Googe TRAM, KTIIKT gE¥sam ¥ | . [ (=]

L _ &
L [1__]
http://www.keepingscore.org/sites/default/files/swf/beethoven/beethoven-full

i
N EE:

B E

|

2011/4/19
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Prog ram MARSYAS

Overview

R Lind
http //op|h| cs.uvic.ca/marsyas/index.php?page_id=0_
*G. Tzanetakis

Classification
Evaluation - 10 genres
Manual (52 subjects) Automatic (different collection)
Perrot & Gjerdingen, M.Cognition 99 Tzanetakis & Cook, TSAP 10(5) 2002
0.25 seconds 40% Gaussian Mixture Model (GMM)
3 seconds 70% 10-fold cross-validation ~ 61% (70%
O =
= -]
[ ]

*G. Tzanetakis

AR

VERY ACTIVE

VERY NEGATIVE

despaining

VERY PASSIVE
*R. Cowie, etc. 2000. FEELTRACE

¢ “Hungarian Rhapsodies No 12 in F

ity A7 B 4 FB(SSEE) ]

minor” (10:30) by Franz Liszt
(~u 7 FP=AEAN - z';:ﬂflj)

"*’J (0:40)

2011/4/19
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Clustering of subject#16 using 55 Features

2 © Y

S 4 A, A 0 Q2

Qo A +

IS e N gi

Q - A

S8 2 A R*T

®

L 0- &

c

2

S,

3 2 . N +

kel —+ 4

S -4 e 37

% + L+

N - . . . . . )
- -4 2 0 2 4 6

First Canonical Component

*ﬂ*\%

iy

%’lﬁj{lf}

(100%)

o

Emotional Appraisals of subject#16, #17

Valence
OD—‘

iy

0_. 1000
Time (second)

Emotional Appraisals of subject#16, #17

.
1500

(100%)

o

Arousal

Mr. Emo
e

e F} Yow )
high arcusal mm seratch

Lawghing A1 You
J 6 un
Pansy Lane
P

2 BIRNGIN' A NOISE

Penny Lane Ramatn Contrel
P
\:. 02 - Dead
1 ' ey Chomeal Fomance
regative positive | Paperback Wiiter

£ il 3 2 1 1 ] 3 4 [ |~ Sibver fnd Gald

Hore | am

Last Thing | Heeded Fi
" e beisen

Kow Brousal Palnter Song

Y. -H. Yang, Y. —C. Lin, H. —T. Cheng, H. Chen, ACM’'08, 2008

IWELCOME TO MR 2010

* confarence committen

5 @ @ S EE L RNER € > aiE - LAY -l
& hp:fisamir201 0 Emir.netf
Congle AR --e-r e DHE-B- O EHER- -
Google SREIN - M " Cooge TAM, RTEIET REESRE T4 (52 HANST GEAR4neY

August ¥

WELCOME TO 15Met 2010

The Eleveth: Intermationsl Sockety lor Music
iformishon st Conference [ISMIE 2010) wll be
ok i L. MefPwrianchs, from Augut 68 19 138,

- OBE =
B M » B3
[ E NGRS )

13" 2010

2011/4/19
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m@px 2010:MIREX HOME

L3

—

L B

Tasks in MIREX 2010 (1/2)

* Audio Test/Train

» Audio Cover Song ldentification

* Audio Tag Classification

* Audio Music Similarity and Retrieval

» Symbolic Music Similarity and
Retrieval

* Audio Onset detection
» Audio Key detection

Tasks in MIREX 2010 (2/2)

* Real-time Audio to Score Alignment
(a.k.a Score Following)

* Query by Singing/Humming
Audio Melody Extraction

Multiple Fundamental Frequency
Estimation & Tracking

Audio Chord Estimation
Query by Tapping

Audio Beat Tracking

Audio Structural Segmentation

Partial Performance
Results in MIREX 2010

Submission | Summary | Accuracy Per Testing Fold
Code Accuracy| 0 1 2

WLJW1 | 0.5383 | 0.590 | 0.500 | 0.525
WLIJW2 | 0.6417 | 0.735 | 0.595 | 0.595
BMPE2 | 0.5467 | 0.585 | 0.505 | 0.550
BRPC1 0.5867 | 0.645 | 0.575 | 0.540
BRPC2 0.5900 | 0.695 | 0.550 | 0.525

CH1 0.6300 | 0.705 | 0.615 | 0.570
CH2 0.6300 | 0.725 | 0.605 | 0.560
CH3 0.6350 | 0.710 | 0.640 | 0.555
CH4 0.6267 | 0.710 | 0.615 | 0.555

J.C.Wang, H. Y. Lo, S. K. Jeng, H. M. Wang, “MIREX 2010: Audio classification
using semantic transformation and classifier ensemble,” submissopn for MIREX2010

2011/4/19

18



2011/4/19

The 45 Selected Tags Music Features Used

Types Frature Description Dim
dynamacs | mus

centroid: mean

spread: standard deviation

metzl instrumental horns piano guitar “kewness

- Iartasie
ambient | saxophone house loud bass cutiopy

spectral flamess

solo electronica beat 80s dancz relloflat 95% -
brighmess: high frequency energy

1

1

- - . — 1

fast keyboard electronic | noise british relloft a1 8% 1
1

1

1

1

jazz dmm machine | sfrings pop &b songhacss sensory dissonance

N wregalaniny: the degree of vana-
female rock voice rap male tiom of the successve peaks

slow vocal quiet techno drum :;::3:;! EEI |

. - . timbre MECC 13
funk acoustic distortion | orzan soft delta MFCC 13

country | hip hop synth trumpet | punk deliadelta MFEC 13

ey clanty

1

key mode possibility 1
tonal HCDF 1
1

1

chroma peak
chroma eentresd
chroma 12

J.C.Wang, H. Y. Lo, S. K. Jeng, H. M. Wang, “MIREX 2010;,Audio classification J.C.Wang, H. Y. Lo, S. K. Jeng, H. M. Wang, “MIREX Zuzg: Audio classification
using semantic transformation and classifier ensemble,” st issopn for MIREX2010 using semantic transformation and classifier ensemble,” siBmissopn for MIREX2010

Music Mood Category System Flow Chart
Class Mood Components naiocips - o
1 passionate, rousing, confident, boisterous, rowdy i

T0-dim HH HH
Feature Vectors

rollicking, cheerful, fun, sweet, amiable/good

natured . P .

literate, poignant, wistful, bittersweet, autumnal, Semantic
brOOdlng Representation ml . L
/ \

humorous, silly, campy, quirky, whimsical, witty, [ sw_] (.
\ /

wry

aggressive, fiery, tense/anxious, intense, volatile,

visceral Cost  Gw  Ome st s

Final Scores of Each Class

J.C.Wang, H. Y. Lo, S. K. Jeng, H. M. Wang, “MIREX 2010: Audio classification J.C.Wang, H. Y. Lo, S. K. Jeng, H. M. Wang, “MIREX 2010: Audio classification
using semantic transformation and classifier ensemble,” submissopn for MIREX2010 using semantic transformation and classifier ensemble,” submissopn for MIREX2010
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PV MEGAFT |

* MEGA

— Multisensory Expressive Gesture
Application

¢ 2000-2003, #F|University of
Genovaz¥#7Antonio Camurri= &L

o FIP 2 ROHEBUILE SRR A A A
PSR Yy

- BT R R

e http://www.megaproject.org/

CHT TR

http://lwww.megaproject.org/

Disappearing Dancers

http://lwww.megaproject.org/
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|-

i3 Rl -

e EF=2. 1 A 2 H > WOCMAT2006

— 1 E AR A P T S H B

Dijembe 5 # » HE%¥ 5 B %
BSOS AR B P AR
Transform » A3 5 gei-dma gl » U
S-UBLIE (7 A {9 gt pk (mapping)
#-audio signalif e 4t &k > d At e
Djembe 2 I P i o 0 97 #eid 2 B
':‘h’”’:*%a?{*.,éfé N IR 0

18 LG RNE L RREFT %&ﬁ‘mﬁ
5 e 0 R L Poly-Rhythmedi i &2
B i e (2:38)

e

http://www.ee.ntu.edu.tw/~b87020/Conductor.htm

3 R

xS

SR

(4:45)

Virtual Conduction
System

Display Wall

W. T. Peng,, etc., “Virtual Conduction System with Multi-Resolution Wall Display,”
2007 IEEE International Conference on Multimedia and Expo., July 2007.
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Saxphon Accompaniment

Interactive Content
Presentation

Emotion | Tiling Slideshow | ]
Clasaitioation | | Composition LoD

Recognition Recommendation

T. L. Wu, etc., “Interactive content presentation based on expressed
emotion and physiological feedback,” MM ‘08, Vancouver, Canada,
2008

Interactive Content
Presentation

Neutral/Dislike

[
[My Browsing | mmmm | Preference Recognition | S | MV Recommendation |

T. L. Wu, etc., “Interactive content presentation based on expressed
emotion and physiological feedback,” MM ‘08, Vancouver, Canada,
2008

Interactive Content
Presentation

Smart vest for detecting user's breathing

LGD soreen For displaying the
music slide show

PTZ camera for
capturing usar's facial
EXPrEAson

nieraciive art that
integrates musical
emadion, user breathing
and multi-fingertouch

T. L. Wu, etc., “Interactive content presentation based on expressed
emotion and physiological feedback,” MM ‘08, Vancouver, Canada,
2008
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