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DISCLAIMER:

This presentation generally lacks academic rigor.
View with discretion.
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- Physics/signals:
- Pitch &5, harmonyf1Z (frequency)
- Rhythm&iZ=, beats 5+, tempoiRE (time)
- Dynamics5®53, timbre & &
- (time-frequency representation)
- Syntax: phrasing#%4], structure#s &
- Semantics: style/& 1%, interpretationzt &
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= AL R time-frequency — E 22
- Time-varying spectrum = “chord progression” (f1#%;& )
- Concurrent melodies = “counterpoint” (¥31i1)

*Listeners can choose to focus on either aspect
*Performers memorizes music via recognition of structures

A. Weissenberg (1983)
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CHALLENGE:

Can machine dig out interesting things?



Today'’s Outline
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All Minor Piano Chords

m ] C 2 A | G 4- E | D
I ‘ \ o o e ||O —
- C#m minor (C#m) - - gl | o Of L
Cminor (Cm) Db minor (Dbm) D minor {(Dm) G_"&_ :?: 8 : O_'_
! ! I ! ! o ||O e | HeH |[8
L 2 (8]
D# minor (D#m) ] ) C A G E D
Eb minor (Ebm) E minor (Em) F minor (Fm) ® 0 0 i3 0 2
@ T S| 12 0 0 '3
@ n Fa 2 q Fa 14 LY
or oF L
@ A :'2 14 0 i 0
= L L] oR 3 0 ' 22 0
Fi# minor (F#m) G minor (Gm) G# minor (G#m) ® J )] - o 2 - o
Gb minor {Gbm Ab minor (Abm A x 7 o A
Small numbers next to fret numbers are fingers. Really /A
x = mute with fretting hand thumb over top of neck,

A# minor (A#m) http://www.personal.psu.edu/users/m/j/mjp5109/Chords.html

Bbminor (Bbm)

A minor (Am) B minor {(Bm)



A prescription for machine chord extraction
based on spectral analysis

Signalln X(f)

Peak

windowing

detection

: Peak List
Multiple
ChordOut Log- {fo1: Toz:fos) fundamental
frequenc <
quency frequency
transform ) i
estimation

(Can be done, but not easy)



Problems of merely using spectral analysis
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gy, WA MOZART
s Rondo Alla Turca

Turkish March




Chord recognition beyond spectral estimation:
Feature extraction by energy collapsing across octaves

Let It Be/O6-Let It Be

freq / Hz

2416
Audio 44 ’ e
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Ground
truth
chord
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EE6641 AnaIyS|s and Synthesis of Audio Signals Bz RR=S
[2012 MIREX competition]



CHALLENGE:
MREAZE - BBUZE -




Today'’s Outline

- Automatic listening
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Can you feel the beats and

tap along?




Why Is it so natural to follow the beats?

RS Snyder, A Stowell (1944). “Receiving
areas of the tactile, auditory, and visual
systems in the cerebellum,” J Neurophysiol.
7:331-357.

Medial
geniculate
nucleus

Inferior
colliculus

_ nucleus

Superior
olivary :
nuclens Brainstem

CM Huang, G Liu, R Huang (1982).
“Projection from the cochlear nucleus
o 0 Sl o to the cerebellum,” Brain Res 244:1-8.




A prescription for computer rhythm
recognition/automatic tap-along

Signalln “Novelty” FFT/auto- Periodicity S
calculation correlation Detection
Tempo,
Rhythm,
Tap-along

http://inc.ucsd.edu/~poizner/motioncapture.html
http://www.dailymail.co.uk/sciencetech/article-

1123882/Breakdancing-robots-set-storm-classrooms-future.html



Challenges in computer rhythm
recognition/automatic tap-along

- Syncopation (f145):
when strong beat does not align with measure lines

- First beat can even be silent.
- E.g., “[ ] You better run you'd better do what you can”

- Half/Doubling ambiguity

- Rubato (EMH&EE):
expression via change of speed



Can computer tap along?

- This excerpt was included in a contest
- International Conf. Music Info. Retrieval

Performed by Garrick Ohlsson
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A revised prescription for computer
rhythm recognition (&2 ##51)/
automatic tap-along (B &R 1H)

Signalln {Tor, Toz Tos}

Novelty FFT/auto- Periodicity

>
calculation correlation Detection

Instantaneous
TempoOut

Automatic Rhythm

tap-along e Out

Prediction/EXx . Patte_r_n -
pectancy recognition

A\

Database




Automatic tap-along:

23

simple idea, many applications



Sonation’s Cadenza™




Today'’s Outline

- Automatic listening
- RIS
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- Multiple pitch estimation
- Quantization in time
- Notation: musical informatics

- Beyond listening: Does music have to be heard?



Metamorphosen, by R. Strauss (1945) {§&)

For 23 solo strings
10 violins

5 violas

5 cellos

« 3 double basses
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CHALLENGE:

30

When a machine listens, can it utilize
gestalt psychology (or, does it need t0)?



Today'’s Outline

- Automatic listening
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A few comments on genre (category) Classification

- Task: to tell if a piece of music belongs to pop, jazz, rock,
classical, etc.
- Relatively easy for humans, hard for computers.
- I'd rather hire college students to do it.

- | think the key is rhythm and harmony, not timbre.
- E.g., Jazz vs. classical

- Many “bark against the wrong tree”.

- We can criticize: what for?
7%%& K BE ’:TJl
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ZHE . What's different between

Mozart (1756-1791) and Haydn (1732-1809)7?
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Online quiz (2002-2012)

Database = MIDI files for all of their string quartets,

total 200+ movements.

visit gg.themefinder.org



qq.themefinder.org

Computer recognition of Mozart vs. Haydn's quartet based on
note transition probability and Kullback-Leibler divergence

L-1 pB 1/L
P.{” oD(PY||P*)—D(PY||P®) _ (H PUt,Ut—!—l)
- A

D(PW| P2 EZPHH P'[E 1P

i=1 j=1 1/L
o PUBIL lP[]? U+1/P{]i

Table 1: Computer identification _ (;’EE@)UL
performance
Part Mozart Haydn

Violin | 68.0% 64.2%
Violin Il 58.0% 64.2%
Viola 61.0% 53.8%
Cello 57.0% 52.8%

Yi-Wen Liu, Final report for Music254/CS377: musical informatics (2002, unpublished)
https://ccrma.stanford.edu/~jacobliu/254report.pdf



https://ccrma.stanford.edu/~jacobliu/254report.pdf
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Today'’s Outline

- Automatic listening
- RIS
- ENZEAVEEED
- BEERENE 2R

- BHEEEAE



1%2C#T : Reduction of emotion onto 2D Cartesian space (2011)
IEEE TRANSACTIONS ON AUDIO, SPEECH, AND LANGUAGE PROCESSING, VOL. 19, NO. 4, MAY 2011

N high arousal emmion'amst scratch.

O Laughing At You
Big Pun

Subjective Model

test J training
Penny Lane Feature i

Beatles extraction Model Emotion-based
O BRINGIN® DA NOISE retrieval
NSYNC

Penny Lane - Remote Control T
.\. Beastie Boys Music Feature Emotion | | Emotion

— ?,2, ;:E:;: : collection extraction recognition visualization
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g Fig. 5. Schematic diagram of the music emotion recognition system.

-5 -4 -3

Q Don't Let Me Down
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U Willie Nedson

-~ Here | am Xi2
Air Supply

Q Last Thing | Needed F
Willie Netson

- Ironic Xim
Alanis Morissette

(‘T') Painter Song
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54

low arousal

Xins
Fig. 1. Associated with the valence and arousal values, each song is represented Input Hidden layer of K Output

as a point in the 2-D emotion space [ 17], where a user can specify points or draw layer  radial-basis functions layer
trajectories to retrieve songs of certain emotions [ 19]-[23].



Research direction:

EEED TN F 2 BRGES RIE
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S M1T4E ;. REd ZEEE
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- animato, cantabile, con brio, con fuoco, dolce, furioso, leggiero,
perdendosi, tranquillo,...

- Mit guten Humor, wild und lustig



CHALLENGE:

How do we model the progression of emotion/feelings
IN music?



TR S 714 REIR ~ S ARY R 2
2t IR E ground truth

Can ground truth be inferred via physiological
measurements?
- EEG/MEG?

- fMRI?

- HRV?

- Breath rates?

- Skin conductance?

How about using a joystick
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- Animato animated; lively

- Cantabile in a singing style - Grandioso  with grandeur
- Grazioso gracefully

- Con Brio with vigor/spirit - Leggiero lightly

- Con Fuoco  with energy/ - Maestoso majestically

passion - Morendo dying away

- Perdendosi  dying away

- Dolce sweetly . Pesante heavy

- Doloroso sorrowfully - Scherzando humorously

- Espressivo  expressively . Semplice simple

» Furioso furious - Tranquillo  tranquil



The Dolcissimo project

SREEPNHERZ
- Materials: Rubinstein plays Chopin’s 19 Nocturnes

- Dolcissimo/Dolce occurs in 21 measures

O




Chopin s Werke. Band 1V. N? 4.
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- Tempo analysis: & T (OZ) « JHiE=0h%)
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- Timbre analysis: FRIBIE@ERZ) - 151K =)
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i
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Statistical analysis on single features shows
high probability of false positives

novelty 15
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How can we compute emotion in music?
My intended approach

- To quantify tension, surprise and expectancy

- Of a sequence of features
- Possibly borrowing “entropy” from information theory

H = — sz' log p;

- Then, relate them to the dynamic change of feelings



An example of tension and release

A E/7 A A7 D7 G E7 A F#7 B Em Em7/
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J.S. Bach: “Air in G” in Orchestral Suite No. 3, BWV 1068



An example of release by surprise

marcato ‘
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Chopin, Etudes Op. 25 No. 11



Good music should balance between
predictability and surprise




Final remarks:
Why is it difficult for a machine to appreciate music?

=> Music listening Iis an active process:
We enjoy expecting/waiting for what's next.

- Even if the music is totally familiar
- Quite peculiar that we hardly get tired of our favorite music

- In contrast: do we enjoy
- listening to the same joke again and again?
- Watching the same sport event again and again?

. Listening to music is addictive (Dan Levitin, This is Your Brain on Music)

- V Menon and DJ Levitin (2005) “The rewards of music listening: Response and
physiological connectivity of the mesolimbic system,” Neurolmage 28:175-184.
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ADDITIONAL SLIDES
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http://tinyurl.com/nthu-demo-mazurka



http://tinyurl.com/nthu-demo-mazurka

Petrushka by Stravinsky (1911)

What is the key signature?
(3418-F)
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Mazurkas embedded in Chopin’s other works

Concerto No. 1, 1st mov. in E minor

Sonata No. 2, 2"d mov. in E-flat minor

Polonaise No. 5 in F-sharp minor

Andante Spianato and Grand Polonaise Brillante
Waltz No. 10 in B minor



