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e Musical instrument classification

— Features based on information on pitch, timbre,
excitation method, etc.

- Want to study timbre aspect
* Timbre descriptors

— Over 70 desciptors in research [Rioux et al. 2006]
- Little systematic evaluation done so far
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« "[...] that attribute of sensation in
terms of which a listener can judge

that two sounds having the same :
loudness and pitch are dissimilar" ,
[ANSI 1973] (rise time) ‘:
e Multidimensional perception of -
sound
— Many attempts to model timbre space men 2 N -
[Grey 1977] [Grey & Gordon 1978] [Krumhansl 1989] porer 372 opctl
[Iverson & Krumhansl 1993] [McAdams et al. 1995]
[Lakatos 2000]

2 — No unified model developed yet
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* One of major MIR research areas

* Considers many features, including some timbre
related ones

* Usually employs machine-learning algorithms for
better performance
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Research Questions

—

What are the relationships in timbre
descriptors?

What are the best and the worst descriptors in
instrument family classification?

Are there certain stimuli that are consistently
worse than others in instrument family
classification?

What are the best and the worst descriptors in
excitation classification in wind instrument
family?
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Current Project
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* A statistical approach

— Performance comparison of 70 timbre-related
descriptors

— Feature values computed on 135 stimuli from
well-known timbre studies ([Grey 1977]
[Grey & Gordon 1978] [Krumhansl 1989]
[Iverson & Krumhansl 1993] [McAdams et al.
1995] [Lakatos 2000])

- Analysis on 114 stimuli, after excluding those that
are hybrids or have not been analyzed before
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Timbre Descriptors
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[Rioux et al. 2006]
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GROUP

DESCRIPTORS

1. Spectral slope

DECI, DECIDB, DECS

2. Spectral centroid

CGSILO, CGSMAX, CGSRMS, CGSMOY, CGSH, CGSlI,
CGSB, CGSA, CGS, CGSB2, CGSC

3. Spectral flux

FLMAX, FLRMS, FLMOY, FLI

N

. Spectral spread (STD)

STDILO, STDI, STDH, STDMOY, STDRMS, STDMAX,
STDB, STD, STDB2, STDC, STDA

. Spectral deviation

DEVMAX, DEVRMS, DEVMOQOY, DEVIDB, DEVS

. Spectral shape

SKEW, KURT, IPH, VSRATE, SLOPE, STDIDB, CGSIDB

. Fluctuation & Roughness

MAGCO, ROUGH, FLUC, MAXIMUM

0| N| O O

. RMS power & energy

LDBA, LDBB, LDBC, LDB, NRGB, NRGI, NRGH
CGT, STDT, ED, ITMPN1, MIX, ACUM

9. Attack time

DEVI, HAC, ITMPN3, ITMPNZ2, ITMPN4, VSPH, VSPC,
LTMM, LTMLM, LTMR, LTMLR, LAT
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Instruments
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Family

Instruments

STRING

[Grey 1977] [Grey & Gordon 1978] “string”
[Ilverson & Krumhansl 1993] Cello, Piano, Violin
[Lakatos 2000] Harp, Harpsichord, Piano, Violin (“martele”, “no vibe”)

[Krumhansl 1989] [McAdams et al. 1995] Guitar, Harpsichord, Harp, Piano (generic,
bowed, sampled), “string”

WIND

[Grey 1977] [Grey & Gordon 1978] Bassoon, Clarinet, English Horn, French Horn, Flute,
Oboe, Trombone, Trumpet, Saxophone

[lverson & Krumhansl| 1993] Bassoon, Clarinet, English Horn, Flute, French Horn, Oboe,
Saxophone, Trombone, (Muted) Trumpet, Tuba

[Lakatos 2000] Clarinet, Crumhorn, English Horn, Flute (flutter, no vibe), French Horn,
Organ, Baroque Recorder, Saxophone, (Muted) Trumpet

[Krumhansl 1989] [McAdams et al. 1995] Bassoon, Clarinet, English Horn, French Horn,
Oboe, Trombone, Trumpet

PERCUSSION

[lverson & Krumhansl 1993] Tubular Bells, Vibraphone

[Lakatos 2000] Bamboo Chimes, Bongo, Castanets, Celesta, Cuica, Cymbal (bowed,
struck), Log drum, Marimba, Snare, Steel drum, Tam Tam, Tambourine, Temple Block,
Tubular Bells, Tympani, Vibraphone (bowed, hard mallet)

[Krumhansl 1989] [McAdams et al. 1995] Vibraphone
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——nAnalysis

Correlation Analysis
K-means Clustering
Adjusted rand index

MATLAB and SPSS used
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* What are the relationships in timbre
descriptors?

- Correlation Analysis
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Correlation Analysis
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* 9 Groups [Rioux et al. 2006]
1. Spectral slope DECI, DECIDB, DECS
| 2. Spectral centroid CGSILO, CGSMAX, CGSRMS, CGSMOY, CGSH, CGSI,
e CGSB, CGSA, CGS, CGSB2, CGSC
: 3. Spectral flux FLMAX, FLRMS, FLMOY, FLI

., 4. Spectral spread (STD) STDILO, STDI, STDH, STDMOY, STDRMS, STDMAX,
W STDB, STD, STDB2, STDC, STDA
L
e 5. Spectral deviation DEVMAX, DEVRMS, DEVMOY, DEVIDB, DEVS
“l 6. Spectral shape SKEW, KURT, IPH, VSRATE, SLOPE, STDIDB, CGSIDB
??ﬁ 7. Fluctuation & Roughness MAGCO, ROUGH, FLUC, MAXIMUM

e
-;‘";4,7 8. RMS power & energy LDBA, LDBB, LDBC, LDB, NRGB, NRGI, NRGH
f‘ﬁ : CGT, STDT, ED, ITMPN1, MIX, ACUM
el 9. Attack time DEVI, HAC, ITMPN3, ITMPN2, ITMPN4, VSPH, VSPC,

¥ LTMM, LTMLM, LTMR, LTMLR, LAT
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e What are the best and the worst
descriptors in instrument family
classification?

- K-means Clustering
- Adjusted rand index

e



K-means Clustering
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[Wikipedia K-means Algorithm]
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Instrument Family
Classification
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* K-means Clustering Result
[min = .3421 mean =.5073 max =.6140]

0.7 T T T T T T T
0.6 ’ . g ? e =
= 2 e ? ® *
e . 9 %o %09 > ' e =
°? ol ?l? 2099 o o||?
' k¢ ° ~ 'y
05H | o . %0 —
' 'Y
'y ¢? L o (T
2 ® * °* *
s 04 o ° o
c L ° ®
2 *Te
2 oo
B
a 0.3 -]
3
0.2 8 -+
N
01 =
0
10 20 30 40 50 60 70
Descriptor !
-~
pe—
—_
2 = - T > = -~ -
b - St B e . - s " -4s-../°*—< - i < oo
A 13 " \' 0 1



Instrument Family
Classiticamg

—

* Performance per descriptor group
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* Are there certain stimuli that are
consistently worse than others in
instrument family classification?

- K-means Clustering

—
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Onset, Remainder or
Whole Tone?
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e [verson & Krumhansl 1993

Comparison of three sets of stimuli in lverson & Krumhansl 1993
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* String Family

String Family
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* Wind Family

Wind Family
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* Percussion Family

Best Classitication Rate Per Stimulus
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* All together
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* What are the best and the worst descriptors in

excitation classification in wind instrument family?

- K-means Clustering
- Adjusted rand index
- Wind instrument family (64 stimuli)

* 4 types of excitation

Excitation

Instruments

Airjet

Flute, Baroque Recorder

Single Reed

Clarinet, Saxophone

Double Reed

Oboe, Bassoon, Crumhorn, English Horn

Lip Reed

(Muted) Trumpet, Trombone, French Horn, Tuba
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Wind Instrument Excitation
Classification
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e 21 selected descriptors
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Conclusmn
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e Statistical analysis of 70 timbre descriptors

- Confirmed 9 clusters from previous study using
Correlation Analysis

— K-means clustering was used for instrument
family classification and excitation type
classification in wind instruments.

* Not optimal clustering
* Some descriptors better and more stable than others
* Some instruments harder to classify than others
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Future Works
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Consider combining descriptors for better
classification

Discriminant analysis for optimal linear classification

More data!

Are there any acoustical or psychoacoustical
explanations on certain instruments being easier or
harder to classify?

Bridge with timbre space model
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