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@ A remote control and transmission system for piano rendition.

@ This invention relates to a remote control system for a
musical instrument or instruments. In particular the control
system comprises at least one keyboard having a plurality of 1 b~ q
keys each coupled to means for sensing key operation and key
velocity or force, a signal generator for producing a string 2 l
percussing signal, transmission means for transmitting the
signal to at least one remote instrument having a stringper- [ ———  —1%1 |~ 1
cussing arrangement coupled to a receiver circuit in the 3
instrument for receiving the string percussing signal, the |
- arrangement being operable in response to the signal to pro-
duce an audibie sound corresponding to the operation of the PR
keyboard. I
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A REMOTE CONTROL SYSTEM FOR A MUSICAL
INSTRUMENT OR INSTRUMENTS

This invention relates to a remote control system for
a musical instrument or instruments. In particular the
invention relates to a remote control and transmission
system for piano rendition of which the major feature is
that, in order to meet player's requirement, the keyboard
or the shape of the discrete keyboard and the shape of each
key have been re-designed; further, a string-percussion
signal generator for sensing the key operation is installed
underneath each key. Said signal generator will be driven
upon the key being played; simultaneously, a signal sensed
(an analog signal or a series of digital signal) corres-
ponding to the player's fingering skill and fingering force
will be generated and used as a string-percussion servo-
signal. Subsequently, said string-percussion signal will
pass through a signal transmission and processing circuit so
as to have said signal modulated, with RF, into FM, AM,or
PCM for further transmission, or to have said signal trans-
mitted directly by means of a guided light means, a wire, or
fluid pipe system in an amalog or digital metho, or scann-
ing method. The said signal may also be transmitted to one

or more than one terminal piano at a remote place, where
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said signal will be received by a string-percussion and
driving circuit in the terminal piano so as to generate a
corresponding instruction to drive the string-percussion
hammer and the key of a terminal piano for obtaining a
5 corresponding operation; the terminal pianos may be comnnected
in parallel to obtain larger volume or to generate a stereo
rendition result.
Another feature of the present invention is that, in
addition to simultameously and separately playing two or
jomore than two pianos (or discrete keyboards) to obtain a
varying combined forte, point for generating the aforesaid
stereo rendition result, a single piano or a discrete key-
board may be furnished with a '"forte point control means"
beside the keyboard so as to manually control the strig
i5percussion strength of every terminal piano and to have te
displacement of the combined forte point varied in order to
obtain the sf£ereo result.
A further feature of the present invention is that the
sensed key operatiom signal which is generatea by the primary
20rendition piano or the discrete keyboard, or the string-
percussion hammer driving signal generated by the terminal
pilano may first be stored in a computer registering device
for layer transmitting to other similar terminal piano for re-

generation rendition, i.e.said terminal piano becoming a
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data-controlled-and-driving piano.

Another further feature of the present invention is
that said terminal piano may be furnished with a servo-
control function so as to increase the fidelity of the
piano tone, and to have the terminal piano become a terminal
servo=-piano.

A still further feature of the present invention is
that, beside the primary renditiom piano, a monitor means
may be installed to indicate the key speed and the force
applied to the key so as to provide a reference to the
piano beginner or a regular playef.

A still another feature of the present invention is
that both the primary rendition piano and the terminal piano
may be installed with an automatic string tunig means for
the tone scale of each string; instead, a resonant ieaf
spring assembly may be installed in the resonant chamber of
piano for measuring the vibrating frequency of every string;
then, the sensing signal will drive the string tuning motor
to adjust the tension of the string by winding it for tuning
purpose.

Again, a still further feature of the present invention
is that one or more than one set of constant temperature

means and constant humidity means may be installed in the
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resonant chamber of the primary rendition piano or the
terminal piano so as to maintain a constant temperature
and humidity in said resonant chamber in order to maintain
a stable tonality.

According to the present invention, a remote control
system for a musical instrument or instruments comprises
at least one keyboard having a plurality of keys each
coupled to means for sensing key operation and key velocity
or force, a signal generator for producing a string per-
cussing signal, transmission means for tramsmitting the
signal to at least one remote instrument having a string
percussing arrangement coupled to a receiving circuit in the
instrument for receiving the string percussing signal, the
arrangement being operable in response to the signal to
product an audible sound corresponding to the operation of
the keyboard. Preferably; the string percussing signal is
transmitted simulteneocusly to four or more instruments each
having a respective receiver circuit and string percussing
arrangement. Conveniently, the remote control system
according to the invention includes a.balance circuit
for varying the relative amplitudes of the signals fed to

the respective string percussing arrangements.



10

15

20

0120690

-5 -

According to a feature of the present invention,
the or each remote instrument includes servo control
means having a feedback circuit for comparing signals
corresponding to actual movements of the string percussing
arrangement with signals received from the keyboard.
Further the sensing means may comprise a plurality of
coils and movable core elements, each key being
mechanically coupled for the sensing means to produce
relative movement between a respective coil and core
element.

BRIEF DESCRIPTION OF THE DRAWINGS.

Fig. 1 is the system block diagram of one of the
embodiments in the present invention;

Fig. 2 is the block diagram of the embodiment of a
four-terminal-piano system in the present invention;

Fig. 3 shows 15 different conventional analog or
digital sensing means to be used for the string~percussing
signal generator in the present invention;

Fig. 4 shows a differential voltage-varying sensing
means, in which (A) is a sectional view thereof, (B) is a
characteristic curve thereof, and (C) is the circuit of the.
sensing means;

Fig. 5 is a block diagram of the photocell sensing
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means as shown in Fig. 3F, including the circuit of two
photodetectors being used for identifying the moving direct-
ion of the piano keys.

Fig. 6 to 8 show respectively the structure and char-
acteristics of three sensing means as shown in Fig. 31,
3E and 3M.

Fig. 9A to 9E sho how the five sensing means to be in-
stalled underneath the piano keys for sensing the operation
of the keys; in those Figures, (A) is a throw-light sensing
means, (B) is a reflecting type of throw-light sensing mean:
(C) is an electro-induction sensing means, (D) is an
inductosyn sensing means, and (E) is a magnetic sensing
means.

Fig. 10 shows eight (8) electro-magnetic means
(A-F,H-1) which can convert the analog current signal in
put into mechanical displacement output, and shows a cylind
(G) that can convert the input fluid pressure or volume var
iation into a variable displacement of the output axle,;
all of the aforesaid means may be used for driving the
device of string-yercussing hammer in the terminal piano.

Fig. 11 shows a printing circuit solenoid that may be
used as the string-percussing hammer driving means in the

servo-string percussing device as shown in Fig. 1 and 2.
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Fig. 12 shows an arc-shaped printing circuit solenoid,
which is used to drive the keys of terminal piano in the
present inventim.

Fig. 13 is a view, in which three windings W1, W2 and
W3 are excited in sequence to}drive the string-percussiﬁg
hammer.

Fig. 14 shows several embodimen£§ of the imstalling
position and the way of driving for the string-percussing
hammer driving means; and the way of driving in the Fig.,
(A) shows the string-percussing hammer driving means being
installted underneath the key, (B) shows the string-yercussing
hammer driving means being installed in the upper portion
adjacent to the vulcrum of the string-percussing hammer,
(C) shows the string-percussing hammer and the key being
driven indirectly by means of a steel cable.

Fig. 15 is showing four embodiments of the way of
driving the string-percussing hammer.

Fig. 16 is an embodiment showing how the string-
percussing signal tobe transmitted between the primary
rendition piano and the terminal piano; in said Fig., only
one means of transmitting the key operation signal sensed

is shown.

Fig. 17 is an embodiment showing the string-
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percussing signal to be transmitted directly to the
terminal piano by means of wire.

Fig. 18 is an embodiment of a servo-amplifier in the
servo-string-percussing means, being used for adjusting
the driving strength of the string-percussing hammer driving
means.

Fig. 19 is ghe block diagram of the servo-system shown
in Fig. 20.

Fig. 20 shows an A.C. synchronizer being used as a sens-
ing and driving means.

Fig. 21 shows the photocell sensing means shown in
Fig. 5 to be used as a string-percussing signal generator,
and also shows the printing circuit solenoid shown in Fig. 11
to be used as the string percussing hammer driving means.

Fig. 22 is the servo block diagram of the embodiment
shown in Fig. 21.

Fig. 23 is a block diagram of the resolver shown in
Fig. 3K, which is used as a sensing means of the displace-
ment of the string-percussing hammer in the terminal piamno;
the said string-percussing means of termiml piano may also
be controlled with a phase servo-control method.

Fig. 24 shows a linear type or a rotary type of

driving means to be used for indirectly driving the string-
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percussing hammer of tefminal piano.
Fig. 25A shows another embodiment of the servo-string-
percussing means, in which a hydraulic cylinder is used
for driving the string-percussing hammer, and a different-
ail transformer sensing means is used to test the displace- %
ment of the plunger so as to feed back the displacement
tested to the driving input terminal of the cylinder.
Fig. 25B is a speedservo block diagram of said

embodiment.

Fig. 26A is the basic block diagram of the servo valve
shown in Fig. 25A.

Fig. 26B shows the assembling relationship among the
servo valve, the servo amplifier, and the sensing means of
plunger displacement.

Fig. 27 is a bock diagram of the position servo in
servo-string-percussing means shown in Fig. 25A.

Fig. 28 is a block diagram of the servo-string-
percussing means, in which two sensing means are used for
sensing the speed and position of the hydraulic cylinder
shown in Fig. 25A.

Fig. 29 is an embodiment to illustrate the string-

percussing signal to be directly transmitted through the

wire.
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Fig. 30 shows a transmission method, in which a linear
amplifier is installed on each transmission wire.

Fig. 31 is an embodiment to directly transmit the
string-percussing signal by means of a multi-tone and
single line scanning method.

Fig. 32 is an embodiment of radio transmission by
means of single-tone frequency modulation method.

Fig. 33 is an embodiment, in which a multi-channel
radio transmission method is used for transmitting the
tones of the keys simultaneously.

Fig. 34 is an embodiment, which uses a scanning method
of single channel transmission fo transmit the string-
percussing signal.

Fig. 35 shows the wave forms on the various points of
the transmission and reception system shown in Fig. 34.

Fig. 36 is a block diagram showing a parallel and
remote rendition system by using one piano or ome group
of key board.

Fig. 37 is a block diagram of remote rendition system
by using two groups of key boards and two terminal piaros
installed at two opposite sides.

Fig. 38 5hows a parallel and remote rendition system

by using four groups of key boards and four terminal pianos
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arranged in the four corners of a square area so as to
have the forte point of bombined sound generate a double
coordinate displacement.

Fig. 39 shows eight terminal pianos being arranged in
cubic configuration to receive the rendition control from
eight discrete groups of key boards so as to have the
forte point of combined sound generate a stereo-displacement
effect.

Fig. 40 is a distribution circuit of string-percussing
strength to control the linear displacement of the foie
point of combined sound of the termiml pianos.

Fig. 41 is a block diagram of the remote rendition
system in the present invention including that circuit
shown in Fig. 40.

Fig. 42 is a distribution circuit of string-percussing
strength to control the combined forte point to vary within

a two-dimensional space.

Fig. 43 is a system Hock diagram including the circuit

shown in Fig. 42.
Fig. 44 is the circuit of the automatic string-tuning
means in the present invention.

Fig. 45 shows a resonant leaf spring assembly tightly

attached to the piano resonant chamber so as to test the
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vibrating frequency of the string for either manual or
automatic string tuning.

Fig. 46 to 48 show three different embodiments of tt
configuration of piano keys. Fig. 46 and 47 are the fror
view of the key board; Fig. 48 is a partial front view
of the key boards.

Fig. 49 is the matrix configuration embodiment of fl
keyboard in the present invention.

Fig. 50 and 51 show two different shapes of the key:
in the present invention.

Fig. 52 shows a constant temperature means and a
constant moisture means to be installed in the resonant

chamber.

DETAILED DESCRIPTION

The system feature, and the structure of the
embodiments in the present invention are described in
detail, by referring to the drawings, as follows:-

This invention relates to a "Remote Control amd
Transmission System for Piano Rendition", which comprise

1. One or more than one set of discrete key-board,
or one or more than one primary piano for manual renditi

2. One or more than one set of string-percussing

signal generators for sensing the operation of each key
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of the said key board, and for delivering a corresponding
signal directly or indirectly to drive the string-
percussing hammer of terminal piano.

3. A transmission and processing circuit for
transmitting and processing the aforesaid string-percussing
signal.

4. One or more than one terminal piano which may or
may not be provided with a servo-control means.

5. A reception circuit of the string-percussing
signal, which will deliver said signal to the string-
peruccing means in the terminal piano.

6. A string-percussing means, which may or may not
be provided with a servo-control function, and comprises
a string-percussing hammer driver so as to actuate the
string percussing hammer in the terminal piano.

The aforesaid string-percussing signal transmission
and processing circuit, and reception circuit may or may
not be used by depending upon the transmission method to
be used.

Referring to Fig. 1, there is shown an embodiment,
which amy include a piano for manual rendition or a set
of discrete keyboard, and a terminal piano for remote

control rendition. The main feature of said embodiment
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is that when the keyboard (1) of one pianc or a set of
discrete keyboard (1) is played manually, a string percussing
signal generator (3) installed underneath the key will sense
the operation of the keys, and willjgenerate an analog

5 signal corresponding to the fingering skill and force or
a series of digital signal; then, said signal will, through
the transmission and processing circuit (4) be transmitted
to the reception circuit (5) for driving the string-percussing
means (6) in the terminal piano to have the string-

10 percussing hammer (7) strike the string so as to obtain a
rendition corresponding to primary piano in fingering skill
and force,tonality, and melody.

Particularly, since the key operations during rend-
ition including the pressure applied to the keys, the motion
15speed of the keys will all be sensed by the string-percussing
signal generator (3), which will then deliver an amalog
or digital signal corresponding i said rendition pressure
and speed to the transmission and processing circuit (4);
after being processed, said signal will be transmitted to
20a remote place by means of RF in FM, AM or PQM (pulse-code
modulation), or will be transmitted directly by means of

guide light, wire or the fluid pipe system, or will be

amplified first before transmission, or be transmitted by
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means of scanning method.

Upon the terminal piano receiving the string-
percussing signal from a remote station, the said signal
will pass a detector and an amplifier (or directly)
before driving the string-percussing means (6), in the
piano so as to have the non-player terminal pianos in
the vicinity of or in the remote place automatically
rendered a music same as that of the primary rendition
piano. Further, said string-percussing signal may also
be transmitted to a recorder (8) for later transmission
to the terminalbpiano at any time to produce a re-gener-
ation rendition.

Fig. 2 is a block diagram shoung a system includig
four terminal piams.

Referring to Fig. 3 there are shown 16 various
conventional analog and digital sensing means to be used
in said string-percussing signal generator (3). 1In Fig.

3 (A) is an induction type by using a movable permanent

magnet in a coil, (B) is a D.C. generator type, (C) is

a motion coil type, (D) is an A.C. generator type, (E)
is an electro-magnetic pulse generator type, (F) is a
photocell pulse generator type, (G) is a liht refection

type, (H) is a type of potentiometer with a tap, (I)
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is a rotary type of inductien, (J) is a type of synchronous
voltage differential induction, (K) is a resolver type,
(L) is a magnetic sensing type, (M) is a differential
transmofmer type, (N) is moving iron core type, (0) is
a code disk type, and (P) is a differential potentiometer
type. 1In additiomn, a piezo-electric type of sensing means
may also be used in said string-percussing signal generatot (3)

Referring to Fig. &4, there is shown, in detail, the
structure and characteristics of a differential trans-
former type of sensing means & shown in Fig. 3(M). Fig.

4(A) is a sectional view of the structure of the sensing
means; Fig. 4(B) shows the relationship between the linear
displacement "X" and the differential sensing voltage
e;=c, of the core portion (9); Fig. 4(C) shows the circuit
of the sensing means.

Referring to Fig. 5(a), there is shown the photocell
type of sensing means as shown in Fig. 3(F). Fig. 5(B) shows
two photo-detectors with an angle difference of 90°between
them; the wvariation of light is sensed with two slit
groups (6la) and (61b) on the round plate (60) shown im
Fig. 5(B) so as to measure the motim direction of the
piano keys. Fig. 5(C) shows the relationship of the

rotation angle between the photo output Vg, and vy of said
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two photo-detector and the axle (62) (to drive the round
plate turning), Fig. 5(D) is a block digram showing the
output of said two sets of photo-detectors being used as an
input so as to measure the motion direction of the piano

5 keys. Fig. 5(E) shows the ware-forms appearing on the
various points of the circuit shown in Fig. 5(D).

Referring to Fig. 6, there is shown the operation
theory and the circuit of the inductosyn sensing means
shown in Fig. 3(I).

10 Fig. 7 is the theory and direction-measuring block
diagram of the magnetic sensing means shown in Fig. 3(L)
Fig. 8 is an embodiment of the two coils and the output
voltage waveform of the said differential transformer
type of sensing means. Since all the aforesaid sensing

ijsmeans and their operation theory are of conventional, no
details theréof will be described.

Referring to Fig. 9, there are shown several embodiments
of said various sensing means how to be used as the string-
percussing-signal generator (3) in the present invention.

20Fig. 9(A) shows a grid throw-light means being used as a
string-percussing sensing means, which includes a light-
throwing element (10) , a photo-detector (11),and the light

grid (13) installed underneath each key (12) of a primary
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piano or a discrete key-board. Upon a player pushing the
piano keys (12) said sensing means will generate a pule
signal corresponding to the motion speed of the piano keys.
Fig. 9(B) shows a light reflection type of sensing means,
which includes several reflecting pieces (14), the light-
throwing element (10) and the photo-detector (1l1), which
is installed underneath the piano key(12). Upon the piano
keys being played, said sensing means will generate a
pulse signal corresponding to the motion speed of the piano
keys.

Fig. 9(C) shows an electro-magnetic induction type of
sensing means which includes a permanent magnet (15)
with a coil and a number of magnetising iron cores (16)
arranged abreast. Upon the key being pushed downwards, the
magnetising iron core will moéve down to cause the magnetic
reluctance of the field of said permanent magnet to vary
and to induce a pulse signal in the coil, of which the
strength is varying corresponding to the motion speed of
the piano keys.

Fig. 9(D) shows an unductosyn (17) sensing means as
shown in Fig. 6 to sense the motion speed of the piano keys
Fig. 9(E) shows a magnetic sensing means as shown in Fig.

7 to be used for sensing the motion speed of the piano keys
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Referring to Fig. 10, there are shown eight (from A
to H) conventional electro-magnetic driving means to convert
the input analog signal into mechanical displacement.
Fig. 10 (i) shows a cylinder (18) of which the displacement
of the output axle may vary with the input fluid pressure
or the fluid quantity. The aforesaid driving means may &lso
be used as the string-percussing hammer driving means of the
string~percussing means in the terminal piano of the
present invention to drive the string-percussing hammer.(7)
Referring to Fig. 11, there is shown another new innov-
ation, which is a printing circuit solenoid having response
to high frequency, and has the feature of including a linear
plate with a printing circuit tupe of wihdings (19) of
whcih two sides are coupled respectively to magnet poles
(20) of a permanent magnet. The top end and the lowest
end of the winding are not connected each other, but
the top of each winding is connected to the parallel
commutating strip (21) whichmay, if necessary, be installed
at one or both edges on one side, or at omne or both edges
on the both sides of said printing circuit type of winding
(19). The brush sets (22) are installed in the opposite
side of the parallel commutating strips (21). The windings

(23) the permanent magnet (20) and the position of the
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brushes (22) should be arranged in such a manner as to
have the printing circuit type of winding (19) move up and
down corresponding to the current direction, and make a
displacement in relative speed corresponding to the

5 current waveform variation.

Referring to Fig. 12, there is shown an arc-shaped
embodiment of the printing circuit type of solenoid (25)
which may be installed in the terminal piap to be used as
a string-percussing hammer driving means.

10 By referrng to Fig. 10, some of the driving means are
exemplified how to be installed in the terminal piano
of the present invention to be used as string-percussing
driving means (27) to drive the st¥ng-percussing-hammer
(7) and the piano key (12') and they are described as
15follows:

Refermng to Fig. 13, there is shown a driving means
made of a mechanical>to-electric energy transducer (63)
in which the three windings W1,W2 and W3 are energised
respectively with a driving current in right sequence so

20as to drive the iron core (26) to move linearly for act-
uating the piano key (12') of & terminal piano and the
string-percussing hammer (not shown) to render a note.

That drive means may obtain better fidelity.
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Referring to Fig. 4, there are shown several embodiments
showing the different positions installed and the driving
methods of the string-percussing hammer driving means (27)
In Fig. 14(A) the string-percussing hammer driving means

5 (27) is installed underneath the piano keys (12'). In
Fig. 14 (B) said driving means (27) is installed in a
position near the fulcrum of the string -percussing hammer
(7). 1In Fig. 14 (C), said driving means (27) is installed
underneath the piano key with a steel rod (28) and the said
10driving means (27) will indirectly drive the string-percussing
hammer (7).

The other types of driving means are described, by
referring to Fig. 14 and 15, as follows:-

In Fig. 15(A), the string-percussing hammer driving

15(27) is made of a rotary means (29) to drive, thfough a
connecting rod (30) the corresponding piano key (12')
and the string-percussing hammer (7) in the terminal piano.
Fig. 15(B) shows a driving means made of a rack (31) aad
gear (32) which converts the output of a rotary means (29)
20into a linear motion to drive the key (12') of a terminal
piano. The said rotary means (29) may be a small D.C.
servo-motor, a printing circuit type of motor, or other
rotary means that is driven with electro-magnetic induction
method or a fluid pressure. The said rotary means (29)
25may also be furnished with a return spring to have said
means (29) returned to its original position upon being de-
energised. Fig. 15(C) shows a cylinder driving means (18)
as shown in Fig. 10(I) to be used as a string-percussing hammer
(7). Fig. 15(D) shows a string-percussing hammer driving
30means (27) inéluding a solenoid (33) having four sets of

windings, which can directly drive the pinao keys (12')
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and the string-percussing hammer (7); said solenoid may
also replaced with the printing circuit type of solenoid
(25) or the general solenoid.

Referring to Fig. 16, there is shown an embodiment to
illustrate the transmission method between theprimary piano
and the terminal piano in the present invention (only
illustrating the transmission of the sensed signal of a
given piano key operation), in which the string-percussing
signal generator (3) of a given key (12') in the primary
rendition piano is an electro-magnetic type of sensing
means (64) and the string-percussing hammer driving means
(27) in the terminal piano is an electro-magnetic driving
means (64') same in construction as the said electro-
magnetic type of sensing means (64). Upon the piano key
(12) in the primary rendition piano (1) being played, the
sensing means (64) will generate an induced output of
analog signal corresponding to the motion speed of the
piano key (120. As shown by the solid line in Fig. 16,
the said signal may also be transmitted, through a wire,
to an anplifier for amplificationbefore being transmitted
through wire to a given terminal piano so as to drive th
electro-magnetic type of driving means (64') in the key (12']
having the same tone scale same as that in the key (12)
of said piano being played in order to have the key (12')
played automatically, and further to have the string-
prcussing hammer (7) corresponding to said key being.
actuated (referred to Fig. 14) to render the same music
as that of the key (12) in said primary rendition piano.

‘Upon more than one keys (12) being simultaneously or
continuously played, the same number of corresponding

electro-magnetic sensing means (64) under each of the keys
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(12) will sense and generate the corresponding output
signal, which will, after being amplified, drive the same
number of corresponding electro-magnetic driving means
(64') to generate the corresponding string-percussing
operation.

Referring again to Fig. 16, there is shown a dotted
line indicating that said string-percussing signal sensed
may be transmitted to a transmission means (34) (being
used as a string-percussing signal transmission circuit
and processing circuit 4) for amplification and for FM,
AM or PCM modulation before putting into radio trans-
mission; then, said signal will be received by a receiving
means (35) (being used as a string-percussing signal
receiving circuit 5) for de-modulation and amplification
so as to drive the electro-magnetic driving means (64')
to generate rendition. Further, said signal sensed may
also be transmitted to a domestic earth station for
relaying to the earth station of other country via satell-
ite communication system, and then the signal will be
transmitted through said earth station to a terminal
piano to generate the corresponding remote rendition
result.

The aforesaid piano key (12') . and string-percussing
hammer (7) may be pulled back to its original position
by means of a convention returning spring of its gravity.

Referming to Fig. 17, there is shown another string-
percussing signal transmission method, in which the
sensing means in the primary rendition piano and driving
means in the terminal piap are all the same as a
mechanical-to-electric energy transducer (63) having

three windings as shown in Fig. 13. By means of said
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winding to be energised in sequence, a better fidelity
of the rendition signal may be obtained. The sensing
and the transmitting theory of said method shown in
Fig 17 is the same as that shown in Fig. 16 (in Fig. 17
only the wire transmitting method being shown). Upon
being transmitted directly through wire, every said winding
will have a common ground, and each winding forms a sep-
arate wire transmission system directly. In addition,
a switch transistor may be comnected in series with each
transmission wire, and said switch transistor may be
constolled with an oscillator and a ring-shaped counter
for scanning transmission method (to be described in Fig.
31 later). The RF transmission may be done by means of
the various scanning method to be described later (refer
to Fig. 32 to 34).)

In addition to the various driving means shown in
Fig. 10 for directly or indicrectly driving the string-
percussing hammer (7) in the terminal piano, the string-
percussing means (6) may also be furnished vith a servo-
control function so as to timely adjust the driving
strength of the string-percussing signal to the string-
percussing hammer driving means (27) for increasing the
fidelity of the music; then, the string-percussing means
(6) becomes a "servo-string-percussing means", and the
terminal piano will also become a terminal servo-piano
having the function of string-percussing servo-control.

The aforesaid means is further described, by
referring to several embodiments, as follows:-

Referring to Fig. 18 there is shown an embodiment,
of which the feature is that a servo-amplifier (36)

is to be driven with the signal transmitted through a
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wire system or an electro-magnetic wave, also the output
of said servo-amplifier (36) may be used to drive the
electro-magnetic type of driving means (64') having a
winding Wm) that is used a a string-percussing hammer
driving means (27). Anofter electro-magnetic sensing
means (64") same as the electro-magnetic sensing means
(64) is also coupled to the lower end of the key (12')
of a terminal piano so as to generate a sensing signal
Ve upon the key (12') being driven to feed back to the
input terminal of the said servo amplifier (36) and

so as to compare with the string-percussing signal Vi
coming from the electro-magnetic sensing means (64) of
the primary rendition piano in order to adjust the driving
strength of the electro-magnetic driving means (64').

Fig. 19 is a block diagram showing the servo-
driving system as illustrated in Fig. 18.

Fig. 20 is an A.C. synchroniser to be used as a
string-percussing signal generator (3) and a string-
percussing hammer driving means (27) in the present in-
vention.

Fig. 21 shows two embodiments, of which one is the
photo-cell digital sensing means shown in Fig. 5 to be
used as a string-percussing signal generator (3) while
the other is the printing circuit solenoid (25) shown
in Fig. 11 to be used as a string-percussing hammer
driving means (27).

Upon the key (12) being pushed down to drive the
round plate (60) having fine slit groups rotating,
the two photodetectors (1lla) and(1llb) having an angle
difference of 90° will generate two photocell signals,

which are added or opposite each other, and which are
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coupled to a moving direction-identifying circuit
(39)same as that shown in Fig. 5(d), said circuit (39)
can only generate a pulse output upon the piano key (12)
being pushed down. Said signal will also be coupled t
a driving circuit (including a MC 4044 IC) that has dig-
ital control, D/A converter, and amplification functions
so as to drive the printing circuit solenoid (25) in

a terminal servo piano to have the string-percussing
hammer generate a comesponding operation. The operation
of the string-percussing hammer (7) may be sensed by a
photocell sensing means (only including a photodetector
same as that mentioned above, and the signal sensed
will be fed back to the imput terminal of said driving
circuit. The feature of this embodiment is to obtain
hih fidelity by means of the high frequency response

of the printing circuit solenoid, and by means of the
driving circuit having digital control function.

Fig. 22 is a servo-block diagram of the embodiment
shown in Fig. 21.

In the embodiment of the servo-block diagram shown
in Fig. 23(A), a resolver (41) is used as a displacement
sensing means of the £ring-percussing hammer in a
terminal servo-piano, and another phase servo-control
method is used for controlling the string-percussing
servo-system of the terminal servo-piano. Fig. 23 (B)
is used for illustrating the relationship between the
input signal Pr’ the input signal P0 and the output signal
Pr_PO of the phase discriminator circuit. The PPM

shown in Fig. 23(B) is the digital phase modulator shown
in Fig. 23(A).
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Fig. 24(A) is an embodiment showing to use a steel
rod (28) (may be made of other metal) to indirectly pull
the string-percussing hammer (7) said steel rod (28)
may also be pulled up and down by means of a hydraulic
cylinder (18) as shown in said Fig., or a pneumatic
or an electro-magnetic driving means or the aforesaid
printing circuit solenoid. Further, said steel rod
(28) may also be driven with a rotary driving means that
drives a winding wire (70).

Referring to Fig. 25, there is shown a string-
percussing servo-method, which uses alydraulic cylinder
(18) to drive the string-percussing hammer; a differential
transformer sensing means (43) may be used to sense the
displacement of the plunger (42) so as to feed back to
the driving input terminal of the cylinder (18)
in which a servo-valve (44) is used for controlling the
oil to flow in or out.

Fig. 26(a) is a block diagram showing the basic
structure of the servo-valve (44) shown in Fig. 25.

Fig. 26(B) illustrates the construction relationship
among the servo-valve (44), the servo-amplifier(45) and
the said plunger displacement sensing means (43). The
position control of the string-percussing hammer to be
controlled with said hydraulic servo control means may
be illustrated with a block diagram shown in Fig. 27.

The hydraulic driving method shown in Fig. 28
uses two sensing means as shown in Fig. 25(B) and 27 to
sense the position and speed of the output axle of said
hydraulic cylinder (18) respectively, then said position
and speed sensed will be fed back to the input terminal

for servo-control. It is a semiclose loop type of
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control method.

In playing piano, the player generally will simult-
aneously play a plurality of keys; therefore, the sensing
means for each kay should be able to generate and to
deliver an output signal simultaneously. The following

embodiments will describe how the string-percussing signal
generator (3) and the ttansmission and processing circuit
(4) in this sydem accomplish the aforesaid requirements.

Referring to Fig. 29 there is shown an embodiment of
direct transmission, in which the operation of the keys
(12) (Kl-Kh) of the primary rendition piano will be
sensed respectively with the corresponding string-percussing
signal generator (3) (Tl-Tn) and will be directly,
through wire, transmitted to the corresponding string-
percussing hammer driving means (27) 'HDl—HDn).

The embodiment shown in Fig. 30 is furnished, in
the transmission wire, with a linear amplifier AMPl-AMPn.

The aforesaid wire transmission method is this system
is just the multi-tone and single line scamnning type of
direct transmission method as shown in Fig. 31, in which
the grounding terminals of the string-percussing signal
generators (Tl—Tn) are connected, in series, with a
switching transistor Ql—Qn respectively; the output
terminals Tl-Tn are connected in parallel and coupled to
one amplifier (71). At the grounding terminal of every
string-percussing hammer driving means HDl-HDn of the
terminal piano, a switching transistor QDl - QD is
also connected in series recpectively. The
input terminals of HDl--HDn are connected in parallel,

and then coupled to the output terminal of said amplifier
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(71). Further, in the string-percussing signal transmission
and processing circuit (4) a time sequence oscillator (72)
and a ring counter (73) are furnished. The output terminals
(Pl-Pn) of said ring counter (73) are connected respectively
to the basis of the aforesaid switching transistors
(Ql-Qn; and QDl-an); in other words, the output point P

is used for driving Q1 and le; P2 is used for driving Q2

1

and QDZ; likewise, Pn is used for driving Qn and QDn S0 as
to have the operation of K1 - Kh generate a scanning type
of multi~tone output.

Fig. 32 is an embodiment of radio transmission in a
single-tone frequency modulation mode to be used in this
system. Referring again to Fig. 1, there is shown an os-
caillator in the string-percussion-signal transmission and
processing circuit (4) and the oscillating frequency of
said oscillator is to be determined by the resistance value
of the resistors Rl-Rn which are connected respectively in
parallel to every mormally closed contact of the switches

SKlSKn coupled to the keys Kl—Kn. For example, upon Kl

1
will become opening to have the oscillator generate oscill-

being played, the normally closed contact coupled to K

ating at a frequency determined by Rl' Said oscillating
signal and the signal generated by Tl are all coupled into
the modulator, and will be transmitted to other place

after being amplified. Since the resistor of every key is
R, # R, # R3...f R 1 # R, the transmitting frequency is
different from each other; therefore, the various resonant
circuits LC in the terminal piano will have a selection to

the input signal frequency. Since all the resonant frequencies
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fLCl-fLCn of the resonant circuits LCl-LCn have been pre-
tuned to the same frequencies of said corresponding 0SC.
of every key, only the LC circuit (LCl-LCn) of the corres-
ponding key (Kl-Kn) being played can generate a resonance
and generate an input. The said input signal will pass a
detector (Dl-Dn) for detection, and pass an amplifier
(AMPl-AMPn) for amplification so as to drive the corres-
ponding string-percussing hammer driving means HDl-HDn
to actuate the stringsercussing hammer coupled thereto.

Fig. 33 is an embodiment of a multi-chamnel radio
transmission method for the remote comntrol remndition
system, in which the notes generated by every key may be
transmitted simultaneously. The feature of that system
is that every key K;-K has its discrete modulator M;-M_
oscillator OSCl-OSCn, and amplifier A'MPI-A'MPn so as to
have the signal generated by each key transmitted simult-
aneously to the terminal piano.

Fig. 34 is an embodiment of a scanning type of
single chamnel transmissiop method, in which the ground-
ing eterminal of every key Kl—Kn as shown in Fig. 33 is
connected in series to a switching tramsistor Ql-Qn, and
then the outputs of all modulators Ml;Mn are connected in
parallel. The keys Kl—Kn and the corresponding switches

Sl-Sn are operated simultaneously so as to trigger,

upon the key Kl-Kn being pushed downwards, the corresponding

MléMh and OSCI-OS{In and to have the string~percussing
signal passed from the parallel output terminals ot Tl-Tn
to the pre-amplifier, and to the coupled to a modulator
Mo together with a RF signal genetrated by an oscillator

0SCo at a frequency fOSCo; the signal is then amplified and
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transmitted. 1In addition, & scanning oscillator at a
scanning frequency of f,OSC is installed to furnish
scanning signal to & ring counter, of which the output
terminals Pl—Pn are connected respectively to the basis

of Ql-Qn. The relationship among the aforesaid frequencies

is: £0501? fosc2? foscs.. ¥fosen-12 foscn an¢ fosc107

fOSCD- fOSCn) fOS(D(fOSCl-fOSCn are the corresponding
frequencies of the oscillators 0SC.~-0SCn’
In addition to adding a resonant circuit LCo (a

resonant frequency fLCo equal to f in the front

portion of the receiving device tooiizlive the RF of
OSCO, a pre-amplifier may be added, if necessary, before
connecting to the parallel terminal of the resonant
circuit LCl—LCn that are used for selecting the various
input string-percussing signals.
Owing to the presence of the followng relationship: i
£ = f %

LCo 0SCo i
frar = fosa §
fic2 = fosca |
£

1Cn fOSCn a signal after being pre-
amplified and passing through the resonant circuit LCl-LCn |
for selecting a key in the terminal piano, and then passing ’
through the detector and amplifier to couple to the strig é
percussing hammer driving means will reflect, with its ‘
amplitude, the same fingering skill of the player at the

primary rendition piano. The relationship among the



10

15

20

25

30

0120690

- 32 -

signals is illustrated in Fig. 35. In the embodiments
shown in Fig. 29, to 33, a group of switches Sl-SN may ,

if necessary, be installed in the keys Kl-Kn as shown in
Fig. 34 so as to turn on the power supply of the detector,
the oscillator, the modulator, or the amplifier to generate
the functions thereof upon the key being pushed down in
order to reduce power consumption.

Moreover, in the presamt invention, the operation of
pedal operated manually to generate forte and pianissimo,
tremolo, and liaison may also be sensed and converted to
a signal by means of electro-mechanical or photocell comtact
or the aroresaid string-percussing signal generator,and
then said signal will be transmitted to the terminal piamo
by means of the aforesaid method of transmitting the string-
percussing signal. The driving means to generate the
aforesaid functions in the terminal piano may also be
selected out of the aforesaid driving means to be used for
string-percussing means. Upon transmitting and scanning,
the said signal may be encoded and processed together with
the string-percussing signals of the keys, but the driving
means in the terminal piano is the conventional mechanism
used for converting the aforesaid functions.

In brief, the aforesaid signal processing method will
enable the said piano having the various novel functions
and a “"group" rendition mode which are to be described
later.

For examole, in Fig. 36, the output signal of thekey
on the key-board (1) may be used for driving two or more
than two terminal pianos (74) simultaneously by means of

the various transmission methods illustrated in Fig. 29
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to 34 (the transmission methods illustrated in Fig. 29
and 30 are indicated with dotted lines in said Fig. 36).
Fig. 37 is a further mode in using the present invention,
which includes two sets of key-boards and two pianos
5 arranged abreast or two ''groups" of terminal pians (74)
(each group including more than one terminal piano);
underneath the keys of each key-board, a string-percussing
signal generator (3) is installed, and each terminal
piano (74) is furnished with the string-percussing means
10(6). 1In rendition, the combined forte point generated
by the two terminal pimos arranged abreat or two “groups"
of terminal pianos may generate a linear displacement
effect.

The system shown in Fig. 38 comprises four key-boards
15and four terminal pianos or four groups of termnal pianos
(74) arranged in four corners or a square or rectangular
floor. 1In renditiomn, the key-boards may be applied with
different percussing strength so as to have the terminal

pianoé (74) in four corners generate a combined forte
20point that can have horizonﬁal and vertical displacement
on a coordinate plane so as to obtain a four channel effect.
Fig. 39 is a system including eight terminal pianos
or eight groups of terminal pianos (74) arranged in the
corners of a cubic space so as to receive the renditions
25from eight key-boards (not shown). The different
percussing force applied i the keyboards will generate
a three dimensional forte point displacement in a given
fixed point in said cubic space so as to form a stereo
effect.
30 The aforesaid stereo effect not only can be obtained

by means of separately, playing said two or more than two
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sets of keyboards to generate a variable combined forte
point, but also can be obtained by playing a single key-
board which is installed with a separate forte point control
means to control the string-percussng strength of every

5 terminal piano so as to generate a variable displacement of
the combined forte point.

The aforesaid forte point control means may be oper-
ated manually or mechanically so as to have the combined
forte point make linear displacement, or two-dimensional

1jodisplacement, or three-dimensional displacement (e.g.
using handle, or pedal, or other type of control means) in
order to proportionally comtrol the signal transmitted
to the various g€£ring-percussing systems (or the servo-
string-percussing system) and to generate a combined forte
ispoint displacement in the various terminal pianos (or the
terminal servo-pianos). The said function may be obtained
by means of the control mechanism of the aforesaid control
means being coupled to an analog or digital sensing means
(a differential potentiometer type, or an induction tye
200T a photocell type as shown in Fig. 3) to generate a
corresponding signal upon said control means being operated,
and said signal is then coupled into a "distribution
circuit of string-percussing strength" which distribute
the strength suitably to the string-percussing signal coming
og5from the single set of key-board. The sensing signal after
being distributed will be transmitted to the string-percussing
hammer driving means in the terminal pianos so as to generate
the notes having different strength corresponding to the
strength of signal received in the terminal pianos. Upon

3othe control means of said forte point being continuously
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operated in various modes, the combined forte point
formed by the various fortes and pianissimos of various
terminal pianos will generate a linear displacement,
two-dimensional displacement, or three-dimensional
displacement.

Fig. 40 is a distribution circuit of string-percussing
strength to control the combined forte point makine linear
displacement. In that'circuit; the input terminals of the
two amplifiers AMPx+ and AMPX_ are connected respectively
to the output terminals of the differential potentiometer
type of position sensing means VRX+ and VRS-’ The bases
of the two tyansistors QX+ and QX- are controlled respectifely
with said AMPx+ and AMPX-, and the collectors of said
transistors being connected in parallel are coupled to the
parallel output terminals of the string-percussing signal
(for instance, in Fig. 34, said terminals being M14Mn).

In operating the forte point control means (75) the output
potential of the potentiometers VRX+ and VRX- will have a
synchronous but reverse increase or decrease, i.e. upon
the output potential of V. 4 being increased, the output

RX
potential of V_  will simultaneously be decreased, and

vice versa. Tﬁi aforesaid two signal with different
potential will be amplified respectively through said two
amplifiers before being coupled to the bases of QX+ and QX-
to control the conduction state of the tramnsistors so as to
determine the output distribution ratio of the string-
percussing signal. After being proportionally distributéed
the string-percussing servo-signal may still, through the
two output terminals of X, and X_ be coupled to the string-

percussing signal transmission and processing circuit (&)

so as to be transmitted to the various terminal pianos to
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control the displacement of the combined forte point.

Fig. 41 is a system block diagram which includes two
terminal pianos or two groups of terminal pianos arranged
sbreast, and the aforesaid forte point control means, and
the distribution circuit of string-percussing strength (46).

Fig. 42 is a distribution circuit of string-percussing
strength to control the combined forte point to vary within
a two-dimensional space. ‘

Fig. 43 is a system bock diagram including said
distribution circuit of string-percussing strength (47).

As to the distribution circuit of string-percussing
strength for controlling the combined forte point displacement
in a three-dimensional space, it may be developed by amalog
as mentioned above.

Referring again to Fig. 1, there is shown a monitor (2)
for sensing thekey speed and the force applied to the key,
and said monitor is installed beside the primary rendition
piano so as to provide the beginmer or pianist with refer-
ence. The display of said monitor may be of an analog
type or a digital type. In using an analog type, the
analog or digital output signal generated by the string-
percussing generator will directly, or through a D/A
converter be coupled into a memory oscilloscope, which will
display the corresponding waveform of the player's finerging
skill for reference. 1In using a digital type, the display
means will have the aforesaid data displayed in digits.

Having been mentioned above, the string-percussing servo-
driving means (6) in said system can drive the string-
percussing hammer driving means (27) in the terminal
piano (74) by using an equivalent analog signal or a series

of digital signal corresponding to the volume, the speed
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and the tonality of the output signal of the key-board
(1) (or discrete key-board) in the primary rendition
piano. The string percussing force and speed in the
primary rendition piano can all be dividided specifically
before being transmitted into the terminal piano as a
servo-instruction; therefore, the terminal piano in the
present invention can not only operate upon receiving the
servo-instruction transmitted from the primary rendition
piano, but also can operate upon receiving the digital
instruction from other device, such as recording and
playback tape, or computer, etc.

As shown in Fig. 1, the primary rendition piano or
the terminal piano in the system may also be installed with
a register means (8) which may be a recorder tape, a
magnetic disk, ROM, RAM, EPROM, an optical, a magnetic or
a mechanical type of memory means; the registered signal
may be transmitted into a terminal piano having the said ;
same opeationg] function for retransmitting an instruction
to drive the string-percussing hammer so as to obtain a
completely same rendition result as that of the primary
rendition piamo. It is particularly good for fidelity when
using recorder tape as the register means and using more

than two recording /playback heads for the four track or

eight track recording and playback. The system not only i
can provide remote control rendifion but also can register ;
the primary rendition contents for simultaneous or later !
re-generating rendition at different place and occasion
with the original rendition results.

Further, the primary rendition piano and the terminal

piano may be provided with an automatic string-timing
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means, which comprises a key-number identification circuit
of string tuning (48) (as a monitor), a "LC" resonant
circuit assembly (49) to be driven with micro-sound and
being used for selecting the assembly number, a differential

5 amplification and driving circuit (50) and a forward/
reverse rotation driving motor assembly for tuning (in the
Fig., only showing a motor (5') for tuning a given string.)
The tuning theory and the runing opeation are described as
follows:

10 In tuning a given string (53) push manually the key
corresponding to the string, and the string-percussing
hammer (7) coupled to said string will actuate a switch
(76) which will have an external pulse signal representing
said string coupled to the key-number identification circuit

15 of string tuning (48) which may be made of a micro-computer
or other appropriate logic circuit. The identification
signal is coupled to the key~number-identification circuit
of string tuning (48) through a sensing means (shown in
Fig. 3(0) installed in the key to be tuned. Upon

20receiving said signal, the identification circuit (48)
will generate a corresponding signal to turn on the corres-
ponding "LC" resonant circuit so as to be driven by the
string-percussing audio frequency signal of said string
(53) through the microphone (52). The values of "L" and

25 "GC" in said resonant circuit should satisfy the resonant
requlrement under the standard frequency of string, and
at the correct msonant frequency the reactane XL = XC’ i.e.
VXL = VXC' Now, the output of said resonant circuit
will pass through the two bridge rectifiers Brl and Br2 and

30 two optoisolators,OPTOl and OPTO2 respectively, and then
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will be coupled to the differential amplification and
driving circuit (50) with an equal signal level;
consequently, the string-tuning motor (51) will not
operate.

In case of the signal of said string (53) tuned
being coupled through said microphone (52) being
low or too high, variation between the XC and XL will
take place, and the output of the differential amplic-
ication and driving circuit (50) will chame to cause
a given string-tuning motor (51) (such as an A.C. or
D.C. motor, or a small stepper motor) to operate in
order to drive a speed-reducing element to adjust the
tension of the steel string until obtaining a correct
tune. Further, between the axle end of said motor (51)
and the transmission element, a brake means driven with
an electro-magnetic means may be installed so as to
fhe stability of the system. In the event of not ob-
taining the correct frequency after the first tuming,
continue to play the key related to the key being tuned
so as to couple the string~tuning signal of said string
continously until obtaining a correct freqmency and the
pilot light LED going out. The aforesaid string-tuning
operation may also be done during the rendition by means
of the string-percussing signal of the primary rendigion
pieno or the terminal piano directly coupled to the key-
number-identification circuit of string tuning for
directly and automatically tuning.

In addition to the built-in type, said string-
tuning means may be a discrete and automatic type
as shown in Fig. 45, in which a resonant leaf~-spring

assembly (54) is firmly attached to a resonant chamber
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as a tuning plate to test the vibrating frequency of
every string; then, use a manual method or the said
strirp-tuning means to control the string-tuning motor (510
to drive a runing sleeve for tuning. At the end of each
said resonant leaf spring assembly (54) a resonance-
intensifying metal strip may be installed. Each of said
resonant leaf springs can generate a frequency same

as that of scales of the piano so as to generate mechanical
resonance with the various scales for manual tuning
reference.

The aforesaid tuning plate may be coupled with a
photocell or an electro-magnetic semnsing means so as to
sense the amplitude of resonant tuning plate during
percussing the string. The sensing signal may be in
proportion to the resonant amplitude of said leaf spring.

In the transmission signals of this remote comntrol

rendition system, & string-calibration-instruction

code may be included, and is to be transmitted to the terminal

piano for calibration of the scales by means of said
automatic string-tuning means to drive the string-
tuning motor (51).

The arrangement of the key-board (1) in the present
invention may be designed into the spaes as shown in
Fig. 46, 47 and 48; in Fig. 46 and 47 (front view), the
arrangement shapes of the keys (12) are designed in
accordance with the requirements of human engineeing, or
are designed into an upward convex or downward concave
in accordance with the players conditioms.

Fig. 48 (a top view) shows the key-board being in a

convex shape by using the piano body as a centre.
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Referring to Fig. 49, there is shown the keys (12)
of piano being arranged in a matrix shape, in which the
chromatic scales remain at the original position. 1In the
matrix arrangement, the keys may be arranged in separate

5 rows in accordance with the scale or the "key signature"
so as to facilitate the beginner doing practice. Since
the matrix shaped key-board has wider cross section, the
petrcussing scope is extended horizontally. Further,

said key-board may be designed into a slightly slating

joposition towards the players face, or into a slightly
convex or concave surface so as to facilitate the payer
moving fingers quickly and accurately to the key in
horizontal direction.

The keys to be used in this system may be designed

15into a convex shape over the often-touched portion as
shown in Fig. 50 so as to facilitate the players finger
slipping over the keys; the keys may also be designed into
a concave shape as shown in Fig. 51 so as to facilitate
the players finger slipping over the keys with better

20accuracy.

In the said resonant chamber, one or more than one set
of constant temperature and humidity means as shown in Fig.
52 may be installed. The said constant temperature and
humidity means includes an electric heater having tempera-

25ture setting means so as to control the humidity and an
electric fan to circulate the air in the resonant chamber.

Said means may also be used in general piano.
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CLAIMS.

1. A remote control system for a musical instrument
or instruments comprising:-

at least one keyboard having a plurality of keys
each coupled to means for sensing key operation and
key velocity or force,

a signal generator for producing a string
percussing signal,

transmission means for transmitting the signal to
at least one remote instrument haﬁing a string
percussing arrangement coupled to a receiver circuit
in the instrument for receiving the string percussing
signal, the arrangement being operable in response to
the signal to produce an audible sound corresponding

to the operation of the keyboard.

2. A system according to claim 1, wherein the string
percussing signal is transmitted simultaneously to
two or more instruments each having a respective

receiver circuit and string percussing arrangement.

3. A system according to claim 2, including a balance

circuit for varying the relative amplitudes of the
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signals fed to the respective string percussing

arrangements,

4, A system according to any preceding claim,
wherein the or each remote instrument includes servo
control means having a feedback circuit for comparing
signals corresponding to actual movements of the

string percussing arrangement with signals received

from the keyboard.

5. A system according to any preceding claim,
wherein the sensing means comprises a plurality of
coils and movable core elements, each key being
mechanically coupled to the sensing means to produce
relative movement between a respective coil and

core element.

6. A system according to any preceding claim wherein

at least one of the musical instruments is a piano.

7. A system according to any one of claims 1 to 5

wherein each musical instrument is a piano.
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