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What is a viola caipira?l

[t is a typical Brazilian guitar
Instrument little studied in musical acoustics

Not every BRAZILIAN GUITAR is aVIOLA CAIPIRA

Examples of Brazilian guitars:

Viola Machete Viola Nordestina Viola de Buriti Viola de Fandango Viola de Cocho

Variations of geometries, materials, string arrangements, tuning types, etc...

.

The viola caipira (or the violas caipiras?)

W
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Fernando Sodré performing Luzeiro from Almir Sater
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Musical acoustics context

Viola caipira

Folk guitar

Classical guitar =N — = Sounds

= Structural characteristics

Y

Objective approach: Perceptive approach:

Pl}ysical paran’leters to describe SenSOI‘y eXperience Of the IndIVIdual.

the instrument and its sounds.

* This research: objective approach to study the viola caipira.
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Objectives of the thesis

e Identification and study of the vibrational and acoustical
specificities of the viola caipira.

1. Experimental study

A. High-speed camera analysis
B. Vibration analysis

C. Sound analysis

Development of a sound synthesis model able to reproduce the

specificities of the viola caipira.

2. Numerical study
A. Physical modelling

B. Sound simulations
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I1. Experimental study of the viola caipira
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The studied viola caipira: a representative exemplar

Rozini brand, Ponteio Profissional model.

Smaller body with a narrower waist than those of
classical guitars.

Tuning: Rio Abaixo

Wood types
Soundboard: Sitka Spruce
Back and sides: Indian Rosewood
Neck: Indian Rosewood
Fretboard: Ebony
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A. High speed camera analysis: experimental setup

High speed camera: Photron, FASTCAM SA-X2
* 1024 x 768 pixels of resolution
5000 frames/sec
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A. High speed camera analysis
Particular double pluck

Non-planar motions

Collisions between strings
2000 1fs 5000 usec 1024x512 +11706ms
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A. High speed camera analysis

e String sympathetic resonances due to the bridge motion.
5000ifs 50.00 usec 768x768 +1461.4ms
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B. Sound analysis

e Sympathetic resonances and beating due to the strings coupling through the bridge.
1 free string 10 free strings

Beating associated to the two
orthogonal transverse motions. N Sound halo: Effect due to the

string sympathetic vibrations

Time (s)
dBE M ' 2 T dBE T =~ "~
-40 -30 -20 410 0 10 -4 -30' =20 =0 0 10

Beating associated to the

interaction of multiple strings.
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L. Introduction II. Experimental study

C. Vibration analysis of the body
* Global vibration map: Operating deflection shapes (ODSs)

=356.3 Hz

f=264.1H:

H (-1297H:

Scanning laser vibrometer

Amplitude (dB)
N
=

s
.
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Measured receptance

1
2500 3000

1 1 1
1000 1500 2000
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C. Vibration analysis of the body

*  ODS:s along the bridge using a laser Vibrometer

10 string/body coupling points L3 4 "
134 H,

At some frequencies, the mobility at the 10

points are significantly different. f-1Hs T,

These ODSs reveal the coupling between
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I1I. Mobility measurements using

the wire-breaking method

Applied Acoustics

October 2018, Pages 140-148

The Roving Wire-Breaking Technique: a low cost
mobility measurement procedure for string
musical instruments
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Mobility: definition and why measuring

* Definition: transfer function Y;;(w)

* The mobility measured at the bridge quantifies the conversion of string force into
bridge velocity (degree of coupling between strings and body )

e Powerful sound
* Fast decay

Large Mobility * Strong coupling

* Less powerful sound
» Slower decay

Small Mobility Weak coupling
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Mobility measurement using the hammer method (classical method)
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Mobility measurement using the wire-breaking method
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Mobility: Replaces the impact hammer method:
Wire breaking force

/ Excitation at the coupling point
u Excitation in different directions

m Low cost (suitable for makers)
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Wire-breaking method vs. Hammer method

Calibrated hammer
Uncalibrated wire

=}
=
2
= -
o
=
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Calibration of mobility from fj measurement
¢  Wire diameter: 100 pm

10 measures

Force (N)

Fixed force transductor

0.46 0.48 0.5 0.52 0.54
Time (s)

fO =4.32+0.14 N calibrated hammer

calibrated wire

A(w)

Vw) ==~

Mobility (dB)

500 1000 1500 2000 2500 3000
Frequency (Hz)
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The “Roving Wire-Breaking Technique”: modal analysis procedure

“ P T Excitation positions: (1 7Y 5]

9 . oS, Excitation normal and parallel to the soundboard
H- | a - L Response position:

| | 1 gl & Wire diameter: 100 pm

i s - a

Instrument on a guitar stand
Accelerometer

Wire holder S 12 inertance curves

Single-Input-Multiple-Output

High-resolution modal analysis

Ist step. Estimation of poles: ESPRIT (Roy & Kailath, 1989) 2nd step. Estimation of the mode shapes components

*  Fitin the frequency domain (collocated mobility)
K

Signal subspace
2K Noise subspace Yoz,02 () = z

S[Tl] — Z ake—aknej(ZTIfanPk) + w[n] 7/ |

k=1

*  Time domain method

Constraint 1: 4, is positive

The signal subspace verifies the rotational invariance property: Constraint 2 is real
s : a

w; (ZK ) =W, (2 K )R (ZK ) Non-Negative Least Square Procedure (NNLS)
, 2

W (2K): basis of the signal subspace min||Cx — d||3

R(2K): matrix whose eigenvalues are the poles z, = e~%*27/«k - Provides intrinsically the modal order

Other modal amplitudes: Standard Least Square
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The “Roving Wire-Breaking Technique”: modal analysis procedure

Modal fit

Modal identification
* 47 modes between 50 Hz and 3000 Hz

500 1000 1500 2000 2500 3000
Frequency (Hz)

Mode shapes at the string/body coupling points
AQ

f =133.9Hz : f =264.4 Hz f=355.4 Hz

mode 3 (133.9 Hz) mode 7 (264.4 Hz) o mode 10 (355.4 Hz)
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VI. Physical modelling

Journal of Sound and Vibration

143, 17 March 2019, Pages 178-197

Collisions in double string plucked instruments:
Physical modelling and sound synthesis of the
viola caipira
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Principle of the model: hybrid modal approach

Uncoupled string modes Uncoupled body modes
(Analytical) (Experimental or Numerical)

- Modal basis of a stiff string - Mobility at the coupling points

_ Y(w) = (o) =

Pinned ends Interface mode

N b by -
Z dr (@) Pk (pe)

my (wz + 2iw{ — 0?)

=1

- Methods of parameters extraction: LSCE, ESPRIT

Finite differences temporal scheme

Kinematic coupling

) 4

Computation of the coupling force F
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Simplified case: 1 string,1 polarization

String displacement String motion equation (modal)

N
- Ma+ Ca+ Ka = fe+®

]T[X
z35(x, t) = 2 a;j(t)sin
=1
! Rk fé = (PFe(t) /
At the string/bridge coupling point, x = L: o

Bridge displacement Bridge motion equation (modal)

3 ] MPh + CPh + Kb = @
@Ld-> rwok)
k=1

—f°= —(cb?)tFC(t)
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Fully coupled system:10 strings, 2 polarizations

Strings
g PE(x) = (%Jsin (%)sm( . alz(t)z(aéz(t),aiz(t),...,a,{.i(t))r

e ™ ¢§Z(X) falz(t) ™
yi(x.t) o (%) ® a'(t)

(0) T Plo%(x) y aloz(t)
\yslo (x, t)j ¢ (x) \aloy(t)/
L . Y )

Dy(x, t) 5 (x) a(t)

STRING displacements

b3 08 = (PP (1), - DR GD))

N ™
(@30 Y b (®
Vo (Pé. t) A
P5 @)
\_Pb (2

r ~

BODY displacement

0 by, (t
)//J\_Nb()—/

L J

I

®P(x) b

* Resolution in time domain
* (Centered finite differences
* Explicit matricial formulation
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String/string collisions modelling
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Collisions in musical instruments

hammered string plucked string slap bass mallet strike

~ -

i

i
!

reed beating

(Walstijn, 2017)

T — ——

-

B T

B i B
String-string collisions

-
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String/string collision modelling

Coplanar cross-sections of two strings: string 2

string 1

* Absolute coordinates: * Distance between centroids: * Impact angle:

Z? - 71
YO, t) = v + 9y (x, 1) r(nt) = VY2 -YH2—(Z2 =22 y(x,t) = arctan (W)
ZO(x, ) = 25 + 28 (x, 1)




L Introduction II. Experimental study III. Wire-breaking method  IV. Modelling V. Sound synthesis VL. Application VIIL. Conclusions

String/string collision modelling

Two colliding cross-sections:

, string 2
string 1

Nonlinear model with hysteresis damping (Hunt and Crossley, 1975)

Interpenetration Compliance exponent

|[FimP) (x, £)| = K.8(x, t)? + Aq8(x, )P (x, t)
v/

Contact stiffness ~ Damping coefficient
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V. Sound synthesis of the viola caipira:

numerical experiments
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V. Sound synthesis

Simulation parameters
Number of modes
* Strings: modes up to 5000 Hz
* Body: 20 modes between 0 Hz and 1000 Hz

Excitation model

Ramp function

|FL|-I“ :If —
_}

R tﬁs)_ ti(S)

= 8ms
- E®=3N

Excitation position: 8.5 cm from the bridge

Impact parameters
Table 1. Impact model parameters
Ag [N. 3‘;"1.'?'"*2] K. l,l"v',."'.l.*'ﬂ'”]] P

108 10°

Maximum amplitude

(=AY B — 5"

Release time

J—HH 1))

Initial time

Sampling frequencies (after
convergence tests)

A. Without collisions: 220.5 kHz
B. With collisions: 441.5 kHz

VI. Application VIL Conclusions
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Organization of collisions in space and time

Collisions space-time diagram

0.5 | <€ Pluck position

String position [m]

Pluck parallel to the soundboard

* Collision point moves along the string length.

* C(Collisions occur only in the immediate transient phase just after the pluck.
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Collisions effects on the sound: buzzing and spectral enrichment

Without collision Q With collision Q

Frequency [kHz]

[ %]

* Buzzing effect: induced by the repeated collisions in the early transient phase.

» Spectral enrichment: spectral rays are broadened during the collisions .
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Collisions effects on the sound: redistribution of the spectral components

Without collision With collision

Frequency [kHz]

[ %]

* The filtering related to the plucking position is cancelled since the collision point

moves.
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IV. Modelling

L. Introduction II. Experimental study III. Wire-breaking method

Collisions effects on the vibration: polarization change mechanism

Inclined pluck

Parallel pluck

b= 10,3ms

[ i

| e |

y i) Y ]
Polarization remains in the Polarization changes

plane
The plucking angle plays an important role in the polarization change.
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IV. Modelling V. Sound synthesis

L. Introduction II. Experimental study III. Wire-breaking method

Fully coupled system simulations: sympathetic resonances and beating

Sympathetic resonances!
Single string (D4)

N

oA 0%

gs (D4) 10 strings (D4)
)

<E "
(=] (]
N N

With collisions

Without collisions

Pluck parallel to the soundboard
Strings couplings through thel bridge induce sympathetic resonances.
Time-history of string 5 (G3)

Parallel displacement

Normal displacement

Time [s]

Beating phenomena are also observed on some strings.

[mm]
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Fully coupled system simulations: influence of collisions on the aftersound

Without collisions With collisions

15t pair 15t pair

3rd pair x 107
5

oo

E
E
|3
§
]
7
&

Displacemand [mm]

dth pair

Parallel displacements

Normal displacements
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Fully coupled system simulations: effect of the pluck direction

Ten strings (D4) Ten strings (D4)

<% e
o [ ]
D

N Q

Parallel pluck Normal pluck

* The sound halo is much more perceptible for an excitation normal to the soundboard.
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VI. Application to the instrument making:

tools for makers
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Goal
* Collaboration with P% : Music Instrument Making Platform

e Integration to the platform

i/ Wire technique: low cost technique for measuring mobilities

ii/ Sound synthesis tool
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VI1I. Conclusions and perspectives
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Conclusions

» Specificities of the viola caipira :
i) Particular double pluck

ii) Sympathetic resonances and beating phenomena
iii) Collisions between strings.

A physical model for sound synthesis including string/string collisions. It reproduces the
main sound features of the viola caipira.

Collision effects on the sound:

* Buzzing effect/spectral enrichment
e Redistribution of spectral components
* Polarization change

The Roving Wire-Breaking Technique:
* Novel procedure for modal analysis

Low cost and suitable for instrument makers
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Perspectives

* Parameters adjustment and experimental validation of the sound synthesis model

* Inclusion of string non-linearities

* Sound radiation model
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URUTAU PROJECT: “Cloud environment for design, analysis and simulation of

. . b))
mus 1cal Instruments .

XURI PROJECT: “Small room acoustic correction - web application for optimal
treatment’ .

Acoustic consulting ...

Acoustic panels manufacturing ...

Contact: pitupaiva@gmail.com




The synthesized viola caipira!




Thank you for your attention.

¥

O Violeiro by Almeida Janior, 1899.
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