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Abstract

The study of the piano sound characteristics is an essential part on the way of creation of high quality

synthesizers and computer music applications. This paper focuses on the loudness property of the piano and on what

and how different piano characteristics affect its loudness. This research combines results of other studies about this

issue, as well as die authors' experimental study in this field. The aim of such research is to create a relatively
simple model which allows calculating the expected loudness of the piano music when it is digitally represented in

MIDI. The loudness information can benefit computer music applications like visualizers, automatic music

classifiers, and performance study applications.
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1. Introduction

The piano is among the foremost instruments in

classical music. The sound in acoustic piano is

produced by striking a string with a felt hammer. The

pianos, and especially the grand expensive ones, are

known to produce a very rich pleasing sound [7].

Because of this importance of the piano in music, a

lot of researches had been held to understand its tone.

Such researches are mainly interesting for enhancing

the contemporary pianos like in the case of Stuart

pianos[9], or for enhancing the digital piano

synthesizers, as well as applications in psychoacoustics

and computer music understanding.

This paper is a study on the loudness of the piano

sound and some factors affecting this loudness. It aims

to create a relatively simple model of estimating the

loudness (in sones or dBA) in a digital piano stream

(like the popular MIDI representation).l

While digital pianos (synthesizers or samplers)

convert MIDI commands into a sound wave which

resembles the acoustic piano sound in a degree which

depends on the quality of the digital piano, computer

music applications can perform different analytical

tasks on the MIDI stream. For example, in music

context analysis like the musical key determination

(Panicutt in [8]) the stream is analyzed mathematically

* Part ofthe work was presented at the Second International

Conference on Innovative Computing, Information and Control

(ICICIC), Kumamoto, Japan, September 2007.

in order to determine the key. In performance analysis

[10] the dynamics of loudness were studied, the

loudness values in sones were obtained by analyzing

the sound wave using Zwicker method[5]. Applications

for visualization frequently use the perceived loudness

as one of the main parameters for the visual

implementations [12].

2« The representation of the piano sound

in MIDI and the loudness

The piano if compared to other musical instruments

has relatively less number of parameters to control by

the performer (the pianist); these are the notes,

dynamics, and the pedals [1]. However, there are

debates whether the dynamics are fully represented by

the velocity parameter used in MIDI or the pianists can

still control timbre by altering touch [3].

In the digital command stream like MIDI, the

pianist actions are represented as notes and pedal

commands. The notes commands have 2 parameters:

the note number which merely represents the key in the

piano keyboard (it has a domain of 127 values enough

for the 88 keys of standard piano), and the velocity

value which represents the loudness of the note in a

domain of 127 values. The pedal commands describes

the effect of the sustain pedal, soft pedal and sostenuto

pedal.

The loudness is a subjective measure as the human

ear is not equally sensitive to different frequencies. The

objective measure of sound intensity is the sound
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pressure. This one is usually measured in decibel dB

units. As the human ear is less sensitive for lower

frequencies, the low frequency domain of the acoustic

piano has much heavier and longer strings which

radiate more energy and cause higher sound pressure,

but not louder perception.

The subjective loudness is usually measured in

dBA2 and then converted to phones or sones. The sone
scale is considered to be the best to represent the

loudness as it is unlike phones suggests a linear scale

for hearing [5].
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Figure l.The equal hearing levels

3. The experiment

The authors performed the experiments on Yamaha

and Kawai acoustic pianos available in the campus of

the University of the Ryukyus, Yamaha AP-60 digital

piano sampler controlled by a computer through USB

port, and a dBA sound pressure meter Galaxy Audio

CM-140.

The experiments aimed to demonstrate what affects

the loudness of the instrument and how. In the case of

the acoustic pianos, an amateur pianist played single or

dyad notes with different dynamic levels, and a

sensitive microphone recorded the sound for further

analysis. In the case ofthe digital piano the control was

directly through the computer interface with exact

velocity values rather than less accurate dynamic levels

used in the acoustic piano case. All the experiments

paid no attention to the acoustics of the room, or any

other external parameters which might affect the

loudness as this is not the task of estimating the

2 dBA is one of the EEC179 curves. It is the subjective dB value
according to the equal loudness of experimental curves in the

frequency domain. For example, if 2 simple sinusoidal tones with

frequencies 1000 and 100 are causing an equal sound pressure of

80dB, then their dBA values will be 80 and 60 respectively as the

100 frequency tone will sound much quieter.

intended loudness in MIDI. Also the loudness is

measured in a distance 80cm from the piano's

keyboard (where the pianist's ears are expected to be).

4. Discussions

Here we will introduce separately the factors

studied in this research and the way they affect the

loudness of the piano sound.

4.1. The effect of velocity

The velocity is the factor which directly answers

for the loudness. The performer changes the dynamic

level of the music by valuing the velocity of the

pressed keys. The following table (Table 1) shows a

relationship between the dynamic levels, digital

velocities and the loudness. Similar tables can be found

in other researches about the digital piano sound [6].

The dBA was measured by our dB meter, while the

sone is calculated by a curve interpolation formula:

dBA-2&

Sone = 10 3322 0)

Table 1. The dynamic levels in music, their digital

velocity equivalent, and peak loudness value both

in dBA and sones.

Dynamic

ff

f
mf

mp

P

PP

Velocity

110-127

90-110

75-90

65-80

50-65

0-50

dBA

90-95

85-90

80-85

75-80

65-75

-00-65

Sone

75-105

52-75

36-52

26-36

13-26

0-13

Figure 2 shows 12 values for dBA and Sones when

velocity changes linearly between 20 and 130 (the last

actual value was 127). It is possible to infer, with good

approximation, that increasing the velocity linearly

increases the perceptive of loudness linearly. However,

a closer examination for the curves shows that the

increasing of the loudness in sones for small velocities

is smaller than the increase for the high velocities (Or

the curve of the sones is bent to the outer side if

compared with the velocity straight line).

The authors suggest the following explanation of

this phenomenon: Researches on the string excitation

by the hammers [2,3] show that the overtones of a

string, vibrating with its fundamental frequency /

depend on the initial speed of the hammer. When the

hammer strikes the string with higher speed (in case of

higher velocity) the string tends to vibrate with higher

frequencies overtones, or in other words, the sound of
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the loud note sounds slightly higher in frequency than

the sound of the quiet note. As our ear is more

sensitive to higher frequencies, the note sounds even

louder. This is especially noticed for the very low

domain ofthe piano keyboard.
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dBA

' Sone
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Figure 2. The dBA and sones values for 12 values

of velocity between 20 and 130 for note C2

4.2. The effect of note number

When played with the same dynamic level on

acoustic piano or same velocities in digital piano, the

loudness is invariant to the note number. The strings of

the piano are maintained in such a way (by varying

density, length and section area) to radiate the same

loudness. Although different pianos demonstrated

different results, it was difficult to notice some

common tendency. As a universal case the authors

assume that it is accurate enough to say that same

velocities cause the same peak loudness regardless of

note number.

4.3. The effect of decay

The peak loudness is the loudness immediately

after the attack time (attack time is usually less than

1/10 sec). The attack phase is followed by a decay

phase which lasts until the note is released.

The decay is a complex phenomenon in piano

sound, and there are quite many researches on this

issue. However, for the loudness determination, the

decay can be generalized of having an exponential

shape like demonstrated in Figure 3.

The loudness during the decay phase can be

roughly estimated by the following formula

empirically suggested by the authors:

-t
0.7

where S is the loudness in sones, f(v)is the velocity

dependency function (can be estimated from table 2), /

is the time in seconds between the peak loudness

moment and the desired moment. h(n) is the note

number dependency (table 2). This formula clearly

reflects the nature of piano sound decay: by increasing

the velocity the decay time also increases, and by

increasing the note number it decreases [3].

Table 2. Average rounded values in seconds for

different notes decay until the loudness is beyond

hearing threshold

Velocity'"'

v=80

v=40

v=127

cl

25

20

30

c3

20

15

25

c5

15

10

20

c7

10

5

15

Figure 3. A general decay from the initial level at

peak loudness to hearing threshold for note C2.

4.4. The effect of releasing

The release phase starts when the damper mutes the

vibrating string. This happens as a result of piano key

and pedal being released. The sound is muted within a

short time (usually less than 0.5 seconds). The model

for the release phase can also be approximated as an

exponential one in which the value achieves a loudness

beyond threshold of hearing within fixed time interval

(around 0.5 seconds). The highest octave or so in the

piano keyboard has no dampers, and thus, there is no

releasing phase for them.

4.5. The effect of soundboard and polyphonic

notes

The soundboard in the piano is responsible for a

very significant part of the sound radiation. The

response of the soundboard was studied in many

researches [6], It was shown through many works that
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the response of the soundboard is linear with good

approximation. This means that the summation of two

separate notes sounds similar to their dyad. However

we noticed that the decay time for the notes of the

dyads is not the same as the decay time for these same

notes if they were played separately with the same

velocity.

The decay time for a dyad of notes with an interval

of semitone or one tone is less than the decay time of a

dyad for which notes have an interval of an octave.

Although this fact is interesting for studying the piano

sound characteristics, it might be too small to be

considered in the loudness task.

4.6. The effect of pedal, Ribattuto and other

effects

Among the popular piano pedals (soft, sostenuto,

and sustain) the sustain pedal is certainly the most

important one. It releases all the strings by removing

all dampers, and as a result affects the sound of the

piano greatly. All the strings start vibrating a little

when any string starts vibrating as it transmits energy

to them through the common soundboard. Most digital

pianos (including our Yamaha AP-60) do not change

the sound quality if the sustain pedal is applied. They

simply delay the release phase of the notes till the

pedal is released without making any changes to sound.

The Ribattuto effect takes place when the same

note repeatedly pressed while the sustain pedal is

applied. In acoustic pianos this can make the note

sounds much louder than its initial value. Most digital

pianos however, ignore this effect.

There are still other piano characteristics which can

still affect the loudness and are interesting for its study.

For example, if you gently press a low note (to rise the

damper and free the string without causing sound), and

strike shortly and strongly some other high note, a low

quiet frequency sound of the low note will be heard as

the energy of the higher string will be transmitted

through the soundboard to the free string. This effect is

usually also ignored in most digital pianos.

5. Conclusions and further work

The paper extracted 8 different factors which affect

the loudness in acoustic and some digital pianos. Some

of these factors were studied enough in a sense to

create a quantitative model (effects of velocity, note

number and decay), while other factors were studied

generally without suggesting a quantitative model to

include them in the digital piano loudness model. A

further study of this research is expected to cover in

more details the other factors mentioned above. This

research is expected to result in an accurate loudness

calculating tool for the piano sound in MIDI files. This

tool will be an important addition to the music software

especially such ones like visualizers, music classifiers,

performance analyzers, and others.

Acknowledgments

This research was supported in part by Ministry of

Internal Affairs and Communications (Japan) under

Grant: SCOPE 072311002, for which the authors are

grateful.

References

[I] W. Goebl, & R. Bresin: Are Computer-Controlled Pianos

a Reliable Tool in Music Performance Research?

Recording and Reproduction Precision of a Yamaha

Disklavier Grand Piano, MOSART IHP Network:

Workshop on Current Research Directions in Computer

Music, 15-17 Nov 2001, Barcelona, Spain, pp. 45-50.

[2] A. Askenfelt, & E. Janson: From touch to string

vibrations ^- the initial course ofpiano tone. (A. Askenfelt,

editor) the Acoustics of the piano, Royal Swedish

Academy ofMusic, Stockholm, 1990.

[3] Martin Keane: Understanding the complex nature of

piano tone. Acoustics Research Centre, University of

Auckland, Feb 2004.

[4] Isoharu Nishiguchi: Recent research on the acoustics of

pianos, Invited review of the ISMA2004 and ICA2004,

Nara, Japan, March, 2004.

[5] Hugo Fasti, Eberhard Zwicker: Psychoacoustics : Facts

and Models, Springer, 3rd edition, 2006.

[6] Alexander Adli, Zensho Nakao & Yanunori Nagata:

Calculating the expected sound intensity level for solo

piano sound in MIDI files. Proceedings of the SCIS &

ISIS, Tokyo Institute of Technology, Tokyo, September

2006.

[7] Daniel J. Levitin: This is your brain on Music, Dutton,

2006.

[8] Robert Rowe: Machine musicianship, MIT press, 2001

[9] Stuart and Sons: Stuart and Sons online, 2003,

www.stuartandsons.com

[10] Simon Dixon: On the analysis of musical expression in

audio signals. Storage and Retrieval for Media

Databases, 2003.

[II] J. Langner and W. Goebl: Visualizing Expressive

Performance in Tempo-Loudness Space, Computer

Music Journal, Vol.27 No.4, Winter 2003, pp.69-83.

[12] Alexander Adli, Zensho Nakao & Yasunori Nagata: A

content dependant visualizing system for symbolic

representation of piano stream, Proceedings ofKES2007,

Italy, 2007.


