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Development of Performance Information Processing for
Automatic Piano 1st, Translating Method for
Basic Touch Based on Behavior of Piano-action

E151 HAYASHI, " MASAMI YAMANEt and HAJIME MORItt

The purpose of this study is to develop of an automatic piano which provides superior
playback capabilities, with an ability to play stable soft tones and fast repetition of the same
key. In this paper, discussion is made on the automatic piano system developed based on our
findings. The system comprises of 90 actuators, 88 for the keys and 2 for the pedals, with a
servo mechanism for each actuator. In order to control this network of actuators, a three level,
hierarchically structured computer system was introduced. And in order to reproduce a music
with the musical data in main computer, the behavior of the piano-action can’t be needed
because of our automatic piano automatically play a piano by driving the keys. Based on the
results of the piano-action analysis study, a data-base has been constructed which translates
the musical data into an optimal input waveform for the mechanical input motion of the key,
to drive the touch actuator. As a result, the entire system will automatically prepare the
optimal input waveform, and will allow the piano to be played with a much wider dynamic
range, accompanied by subtle alterations of the tone volume and very stable soft tones. And
a new standard of reproduction of performances will be now possible.
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Schematic view of touch actuators and piano-action in a grand piano.

Fig. 1

0000000000000000000000000
0000000000000000000O00000
000O000000000D00000D00D00O00O0
000000000000000000000000
0000000000 0000D000D0000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
0000000000000 00000000000
000000000000 000000000000
ooooO

00000000 000O0O0O0O00000000O0
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
0000000000000000000000000
O0000O0000000Y?0000000000
0000000000 00000000000000
00000000000 0000000000000
0000000000 0000000000000O0
0000000000 oooo®®onooonoon
000000000000000000000000
0000000000 D0000OMIDIODDOOOOO
0000000000000 00000000000
0000000000 00000000000000
00000000000 1000000000000
000000000000000000000000
OO0DOoOoOoo0oooooooo?™®0

00000000000000000000000
000000000000000000O000000
000000000000 D0O0000000000
0000000000000 00000000000
000000000000000000000000

Wippen heel \ Wippen Cushion cloth
Capstan screw

goooooobooooooboooooobooooboooo
goobooooooooooboooooooooooboo
goboooboooooobooooobooooobooooo
goooooooooooooooooobooobobbo
goooooobooboooooon

2. 000OO0OOODOOO

21 0000

oboooboooboooooboooobooboooooo
goooboooooboobbooooobooboobooooo
gooooooooboobobooobooobooooboooon
gobooooooooobooboiroboooooboonogol
gooooooooooooooboooboooooooon
goobooboobbOOooooobboooboooO 100
goboooooooobooooobooooobooboon
goodobl1ooooil1oooooooooooon
gbooobooooooobooboooooooooboa
gbobooobooboobobooobouoboooooooooo
goooooooooobocoooooooboooobo
goboobooooocOoooooocoOoooooooon
0000000000 00000D 2m/sO0000O0ODO
goboooooobooobooboooooooboooo
o.smUO0 000000000000 DOOODOODO
gooooooooo0oooooood 10mm OO
goobooooooboboooooooooboooon
gbooboboooooooooooooooooboooo
gooooooooooooooobooobooodood
gooooboooooooooooooooooobo
oobooooooooo

gbooooooooooooobocooooobooon
goboocoobooooboooobooooooooo
goooobooooobooooooooobooooon
oooooobooooobooooooobooooon
oooooooooooooboobooooooooo



Vol. 41 No. 7

"

|| Coupling
DC motor 1l
L.
f Il

Bearing

Worm gear

Pedal

,—;-- i
\—r: s 5T ————FI\

r f 11— O _ I —— \
% T
h— ——————
Sensor Worm wheel

Worm gear
Bearing \ Bearing
|

Worm wheel

(a)00000000

(a) Way of pedaling by actuator

Damper Pedal Sostenuto pedal Shifting pedal

Rotation axis of pedal

(p)OODOOODOOOOoOoooooD

(b) Arrangement of pedaling actuator

02 0000OO0OO0OO0OOOO
Fig.2 Schematic view of pedaling actuator.
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Fig.5 Schematic view of system.
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Table 1 Performance information.
Parameter byte
key 1 keys:21~108
pedals:119(damper)
110(shifting)
gate 2
velo 1
timing 4
bar 2
02 0000
Table 2 Touch information.
Parameter byte Reference
timing for output 4
key 1
kind 1
p1 2
slope1 2
p2 2
slope2 2
- 2 in case of pedal = p3
keeping time 2 in case of pedal = slope3
p4 2
slope4 2
1-8
e Allegretto. dH‘— f.

BEE EE £ En o RpEE

gate timing
63 D#5 48 320 0 1000 1
D:Delete  I:Insert  E:Edit 75 D#6 48 320 380 1000 1
F:Find M:Move  K:KeyDel 63 D#5 48 320 0 1380 1
V:Velo  G:Gate S:Step 75 D#6 52 320 380 1380 1
T:Tempo P:Play C:Clear 63 D#5 48 320 0 1760 1
75 D#6 52 320 410 1760 1
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Fig.6 Application display for editing parameters of
musical data.
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Table 3 Musical information for editing.

Reference
Key:21~108
Damper pedal:119
Shifting pedal:110
1~127
in case of pedals, the values are
expressed position of pedaling

Parameter Unit

Key -

Volume of tone -

Gate(Duration of tone) ms
Step ms

Timing of tone producing -
Bar
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a string in soft tone less than pianissimo.
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Fig.14 Structure of data in data-base.
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Table 4 Results of translated toch information.

Title

Sonata No.14 Op.27 "Moonlight";Beethoven
1. Adagio sostenotu

2. Allegretto

3. Presto

Sonata No.23 Op.58 "Appassionata“;Beethoven
1. Allegro assai

2. Allegro ma non troppo

3. Allegro ma non troppo

Sonata No.8 Op.13 "Pathetique";Beethoven
1. Grave-Allegro di molto e con brio

2. Adagio cantabile

3.Rondo (allegro )

Paganini Etude No.3 "La Campanella“;Listz
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Translating rate
Total notes| Translated notes o ¢
(]
1144 1144 100
902 900 99.8
8320 6555 78.8
8018 6320 78.8
2002 1980 98.9
8359 7198 86.1
7914 5939 75.0
1657 1641 99.0
2448 2385 97.4
5340 4194 78.5
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Fig.16 Samples of musical notes system couldn’t
translated in musical scores.
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