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Musical Expression Analysis

®* Musical Expression

® Constructed by

® note value, pitch, harmony, musical symbols
chord progression, melodic motion, progression, etc.
repetition of tension and relaxation structures
® hierarchical tonal tension structures from musical

scores [LerdahlO1]
® Creation of musical rendition models

® Analyzed by hierarchical tonal tension rules

® Accurate but very complicated

[LerdahlO1] F. Lerdahl, Tonal Pitch Space, Oxford University Press, Oxford, 2001.



Hierarchical Tonal Tension Rules

® Representing of the tension in music score hierarchically
® Assigned value to each chord
* Defined by the prolongational tree and the chord distance
®* The prolongational tree :
® the hierarchical relationship among events
® This is very complicated;
® High level musical knowledge and deep understanding of
musical theories are required
®* The chord distance: defined in the cycle of fifth of diatonic
scale
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Hierarchical Tonal Tension Rules

®* Representing of the tension in music score /
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* Defined by the prolongational tree and the ¢
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Data Cleansing System

Input: Performance Data
(WAV)

Input: Score Data
(MusicXML)

list of

events of Onset Extraction

Tension (?hord
Analysis value

Input: Prolongational
Reduction Tree

Musical
Input: Musical Symbols Structure Performange Expression Data
Analyzing Data Cleansing Extraction
Component
Component

Output:
Event Data

!

Output:
Expression Data

Multiple Regression Analysis



Onset Time Extraction

Power spectrogram

Onset strength
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Analysis of Actual Musical Performances

Musical Data

Composer

Music Title

Pianist

L. v. Beethoven

Piano Sonata No. 8, Op. 13 in C minor, “Sonata Pathétique”

C.Arrau

V. D. Ashkenazy

W. Backhaus

1 I. Nakamichi

F.F. Chopin

Nocturne, Op. 9, No. 2 in E-flat major

V.D. Ashkenazy

S. S. Bunin

V. S. Horowitz

M. |. Pires

1 A. Yokouchi

1 V. Lisitsa

Etude Op. 10, No. 3 in E major, “Tristesse”

V. D. Ashkenazy

1 I. Nakamichi

Prelude, Op. 28, No. 15 in D-flat Major, “Raindrop”

V. D. Ashkenazy

1 ]. Bolet

R. A. Schumann

Kinderscenen, Op. |5, No. 7 in F major, “Traumerei”

V. D. Ashkenazy

I. F. Hemming

V. S. Horowitz

M.A. Mozart

Piano Sonata No. | I, K. 331 in A major, Movement |

C. Eschenbach

G. H. Gould

|. Haebler

L. Kraus

A. delarrocha

H. Nakamura

M. ]. Pires

N. Shimizu

1 O. Jegunova

1 D. Barenboim

1: from YouTube
no mark: from CrestMusePEDB




Correlation Coefficients vs Change of Tempo

Analysis Results

Music Pianist vs. tension vs. attraction
Nocturne Ashkenazy -0.253** 0.064
Pires -0.160 -0.21 I*¥*
Tristesse Ashkenazy -0.325** 0.189
K33 Eschenbach 0.296* 0.091
' Pires 0.039 0.274

“k*” coefficient is meaningful under the significant level 0.05
“#” coefficient is meaningful under the significant level 0.1

|. Except for K. 331, each music is performed as its tempo tends
to faster if the corresponding tension increases.

2. There is no such feature about attraction values.

3. Every coefficient is rather small, i.e. there are only weak
correlation.



Analysis Results

Top 5 Explanatory Variables of Partial Regression Coefficients for change of tempo.

rin Pathétique Nocturne Tristesse Raindrop Traumerei K. 331
| piano_start M cre_start A* rit_start graced M suc_grace. M | slur _count M
2 staccato A decre cont M* tenuto M* suc_grace M | forte start M | sforzando M
3 staccato M piano_start M rit_end piano_start M | piano start M slur M
4 slur_start M* | decre start M* | piano start M - cre_end M* | piano start A
5 slur_end M decre _end M* accent M - graced M* slur_start M*

4. Almost all music performances are affected by “piano” musical symbol,

which is to be played “softly”.

Though most amateur or unnamed pianists often play it as “quietly”,
top pianists play it as rather “slowly”.

5. Musical symbols on a melody part affect stronger than that on an accompaniment part.
It means that pianists intend to let listeners listen and feel the change of tempo of the
melody part rather than the accompaniment part.




Implication-Realization Model

®* A melody is divided into some segments by rests or significant
changes of consecutive note values.

®* A segmented note sequence is abstracted in a sequence of
three notes so that one note overlaps with consecutive one and
converted into a sequence of symbols.

P IP ID P




Symbols of |-R Model

Symbol Name

D (duplication)

ID (intervallic duplication) = - Y————————

P (process) =

IP (intervallic process)

VP (registral process) G l Q :I E I
IR (intervallic reversal)

Interval direction changes ot :
R (reversal) Large interval and small interval Realization Denial
VR (registral reversal) Interval direction changes Denial Denial
Small interval and large interval




Analysis

Musical Data from CrestMusePEDB [Crest]

Piano Sonata No. 8, Op. 13 in C minor, C.Arrau

“Sonata Pathétique W. Backhaus
V. D. Ashkenazy

V. D. Ashkenazy
R. A. Schuman Kinderscenen, Op. 15, No. 7 in F major, “Traumerei” I. F. Hemming
V. S. Horowitz

N. Shimizu
A. delarrocha
C. Eschenbach

L. v. Beethoven

Piano Sonata No. 11, K. 331 in A major, Movement 1 G.H. Gould
M.A. Mozart (K33q3) i EEE R
L. Kraus
H. Nakamura
M. J. Pires
V. D. Aashkenazy
Nocturne, Op. 9, No. 2 in E-flat major M. J. Pires
: S. S. Bunin
F.F. Chopin V. S. Horrowitz
Etude Op. 10, No. 3 in E major Tristesse V. D. Aashkenazy
Prelude, Op, 28, No. 15 No.7 in F major Raindrop V. D. Aashkenazy

[Crest] CrestMusePEDB. [Online] http://www.crestmuse.jp/pedb/



Multiple Regression Analysis

® Obijective variable:

® Local tempo obtained from actual performance
® Extracting the onset time from the actual performance;
® Matching to the correcponding notes in the score;
® Then calculating the local tempo of each event of chord
Explanatory variables:
®* Number of symbols of the I-R model
assigned to event of chord
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Piano Sonata No. 8,

Op. 13 in C minor,
Sonata Pathétique
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Explanatory Variables
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Comparison of the Analysis with the Previous Study

Coefficient of Determination Correlation Coefficient

Previous Study This Analysis Previous Study  This Analysis

Music Title Pianist

Arrau
Sonata
- Backhaus
Pathétique eI
. : Ashkenazy

Shimizu _ rx—eae
delarrocha : 0.03546
Eschenbach : 0.03569
Gould : 0.1357
K331 Haebler : 0.1798
Kraus : 0.1988
Nakamura :
Pires

Aashkenazy

Pires :

Bunin : -0.008
Horrowitz : -0.0136

Aashkenazy . -0.03735
Aashkenazy

Nocturne
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