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(57) ABSTRACT

A first contact and a second contact are provided at each of
a plurality of keys, and are successively closed 1n accor-
dance with a key press operation. On the basis of respective
closed sense signals from the first contact and the second
contact, a duration from when the first contact 1s closed until
the second contact is closed 1s counted as a first count value
and then a duration after this counting has ended 1s counted
as a second count value. An attainment duration value and
the second count value are compared, and when a predeter-
mined condition 1s satisfied, a control signal 1s outputted.
When this control signal 1s received, sound emission infor-
mation 1nstructing an emission of a sound by a sound
emission controller 1s sent. The sound emission information
includes touch iformation based on the first count value.

32 Claims, 15 Drawing Sheets
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TOUCH SENSING DEVICE, TOUCH
SENSING UNIT, STORAGE MEDIUM AND
TOUCH SENSING METHOD

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue; a claim printed with strikethrough
indicates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding.

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s based upon and claims the benefit of

priority from the prior Japanese Patent Application No.
2012-61882, filed Mar. 19, 2012, and the entire contents of
which are incorporated herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a touch sensing device, a
touch sensing unit, a storage medium and a touch sensing
method.

2. Related Art

Heretofore, velocity information representing the strength
or weakness of a sound to be played by an electronic musical
instrument has been sensed, for example, as follows 1n an
electronic piano. A first contact and a second contact are
provided below each key of the electronic piano. The first
contact and the second contact are closed subject to mutually
different key press amounts. The electronic piano measures
a time difference between the closing timings of the first
contact and the second contact, and detects velocity infor-
mation on the basis of the time difference.

Then the electronic p1ano immediately emits a sound from
a sound source 1n accordance with the velocity information.

Thus, a sound emission start time 1n the electronic piano
1s just after the velocity information 1s detected, that 1is,
substantially at the timing of closing of the second contact.
The second contact 1s disposed some way to the upper side
of a lower limit of the key. That 1s, a conventional electronic
piano starts sound emission before a key 1s pressed to its
lower limat.

FIG. 18 1s a graph describing timings from when a key 1s
pressed until a sound 1s emitted 1n a conventional electronic
p1ano.

As shown 1n FIG. 18, because the conventional electronic
p1ano starts sound emission processing when the second
contact 1s closed, sound 1s emitted before the key 1s fully
pressed to the lower limut.

Fundamentally, it 1s 1deal 1f the sound emission timings of
an electronic piano match the sound emission timings of an
acoustic piano. When a key 1s pressed 1n an acoustic piano,
this movement i1s transmitted to the action, the hammer
moves, the head strikes the string, and vibrations of the
string emit sound, via the bridge and soundboard of the
piano. The relationship between key press amounts and
sound emission 1n an acoustic piano can be adjusted but, as
described above, 1s structurally complex. Consequently,
because a conventional electronic piano that emits sound at
the closing timing of a second contact and an acoustic piano
have different structures, the respective sound emission
timings are different.

10

15

20

25

30

35

40

45

50

55

60

65

2

Moreover, differences between the sound emission tim-
ings of an electronic piano and an acoustic piano vary
depending on the pitches of the sounds that are emitted and
the strengths of key presses.

In a conventional electronic piano, with regard to pre-
venting an increase 1n weight of the piano, maintaining rapid
playability with key return times, avoiding malfunctions that
are caused by complex action structures, and the like, the
weights of the keys 1n the stationary condition are lighter and
the 1nertial moments of the keys when pressed are lower than
in an acoustic piano. The weight of a key in the stationary
condition provides a reaction force when a key press from
the stationary condition 1s begun, and provides an influence
on an extremely weak key press operation. The inertial
moment of a key provides a reaction force during a key press
operation, and provides an 1nfluence on a strong key press
operation.

FIG. 19 1s a graph describing the difference between
sound emission timings 1n a conventional electronic piano
and sound emission timings 1n an acoustic piano.

FIG. 19 shows the two sound emission timings when a
key 1s pressed with the same strength on an electronic piano
and on an acoustic piano.

As described above, the key of the electronic piano has a
lighter weight than the key of the acoustic piano and the
inertial moment of the key during the key press 1s lower.
Therefore, even 1f pressed with the same strength as the key
of the acoustic piano, the key of the electronic piano 1is
pressed down more quickly. Consequently, the sound emis-
sion timing of the electronic piano 1s earlier than the desired
sound emission timing of the acoustic piano.

Accordingly, Japanese Unexamined Patent Application,
Publication No. HO8-234733 discloses an electronic instru-
ment 1n which sound emission instruction information 1s
detected by time difference sound emission processing that
1s executed by a central processing unit (CPU), after which
a duration until a note 1s actually generated 1s delayed by a
duration based on pitch information, timbre information or
the like of the sound to be emitted.

Japanese Unexamined Patent Application, Publication
No. H07-92971 proposes an electronic piano that, using a
table that relates velocities with delay durations, specifies a
delay duration by sound emission timing correction process-
ing executed by a CPU, and emits a sound after the delay
duration has passed.

According to the electronic imstrument of Japanese Unex-
amined Patent Application, Publication No. H08-234733
and the electronic piano of Japanese Unexamined Patent
Application, Publication No. HO7-92971, a duration from a
key being pressed until a sound 1s emitted may be adjusted
by a CPU executing processing in software.

However, recent electronic instruments generate many
sounds at the same time, and the processing burden on
embedded CPUs 1s increasing. As a consequence, accurately
managing delay durations of sound emission timings simply
by employing processing based on a CPU executing soft-
ware as 1n Japanese Unexamined Patent Application, Pub-
lication No. H08-234733 and Japanese Unexamined Patent
Application, Publication No, HO7-92971 has become difli-
cult.

FIG. 20 1s a graph describing timings from when a key 1s
pressed until a sound 1s emitted 1n a conventional electronic
plano 1 which a sound emission timing i1s delayed by
processing 1n soitware.

The conventional electronic piano that delays the sound
emission timing by processing in soitware counts a correc-
tion duration for delaying the sound emission timing from
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when the second contact 1s closed, and emaits the sound after
the correction duration has passed.

However, the processing burden on the CPU of this
electronic piano varies depending on the number of sounds
to be emitted at the same time. Consequently, as shown 1n
FIG. 20, there 1s inconsistency 1n the counting of correction
durations depending on the variations in the processing
burden on the CPU. As a result, there 1s inconsistency in
sound emission timings. Because this inconsistency changes
in accordance with varnations 1n the processing burden on
the CPU, a player may not be able to adapt to the inconsis-
tency, which 1s a hindrance to playing.

SUMMARY OF THE INVENTION

The present imnvention has been devised in consideration
of this situation, and an object of the present invention 1s for
an electronic musical instrument to emit sounds with accu-
rate timings for key presses of respective keys, even when
many sounds are to be emitted at the same time.

In order to achieve the above object, a touch sensing
device of an aspect of the present invention 1s provided with:
a first contact and second contact provided at each of a
plurality of keys, the first contact and second contact suc-
cessively being closed 1n accordance with a key press
operation; a reception section that receives closed sense
signals from the first contact and the second contact; a first
counter that, on the basis of the respective closed sense
signals received from the first contact and the second
contact, counts a first count value that indicates a duration
from when the first contact 1s closed until the second contact
1s closed; a second counter that counts a second count value
that indicates a duration after the counting of the first count
value ends;

a comparator that compares the second count value with
a pre-specified attainment duration value and, when a result
of the comparison satisfies a predetermined condition, out-
puts a control signal; and a controller that, when 1t receives
the control signal from the comparator, sends sound emis-
sion information instructing an emission of sound by a

sound emission controller, the sound emission information
including touch information based on the first count value.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a block diagram showing hardware structures of
an electronic musical instrument in which a touch sensing
device i accordance with an embodiment of the present
invention 1s employed;

FIG. 2 1s a block diagram showing hardware structures of
the touch sensing device 1n accordance with the embodiment
of the present invention;

FIG. 3 1s a diagram describing the format of a counter
memory of the touch sensing device of FIG. 2;

FI1G. 4 1s a graph describing operation timings of the touch
sensing device of FIG. 2;

FIG. 5 1s a graph describing timings from when a key 1s
pressed until a sound 1s emitted 1n a case 1n which touch
sensing operation processing 1s executed by the touch sens-
ing device of FIG. 2;

FIG. 6 1s a flowchart describing the flow of the touch
sensing operation processing executed by the touch sensing
device of FIG. 2;

FIG. 7 1s a flowchart describing the flow of the touch
sensing operation processing executed by the touch sensing

device of FIG. 2;
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4

FIG. 8 1s a flowchart describing the flow of the touch
sensing operation processing executed by the touch sensing

device of FIG. 2;
FIG. 9 1s a flowchart describing the flow of the touch
sensing operation processing executed by the touch sensing

device of FIG. 2;
FIG. 10 1s a flowchart describing the flow of the touch
sensing operation processing executed by the touch sensing

device of FIG. 2;

FIG. 11 1s a block diagram showing connections with a
first touch sensing device and a second touch sensing device
in a touch sensing unit 1n accordance with a first application
example of the embodiment of the present invention;

FIG. 12 1s a graph describing timings of sound emission
and sound decay in an electronic musical instrument
employing the touch sensing unit in accordance with the first
application example of the embodiment of the present
invention;

FIG. 13 1s a block diagram showing connections with a
first touch sensing device and a second touch sensing device
in a touch sensing umit in accordance with a second appli-
cation example of the embodiment of the present invention;

FIG. 14 1s a graph describing timings of sound emission
and sound decay 1n an electronic musical instrument
employing the touch sensing unit 1n accordance with the
second application example of the embodiment of the pres-
ent 1nvention;

FIG. 15 1s a block diagram showing connections with a
first touch sensing device and a second touch sensing device
in a touch sensing unit 1n accordance with a third application
example of the embodiment of the present invention;

FIG. 16 1s a circuit diagram showing the structure of a
switching unit 1n accordance with the third application
example of the embodiment of the present invention;

FIG. 17 1s a graph describing an example of a sound
emission and sound decay timing in an electronic musical
instrument employing the touch sensing unit in accordance
with the third application example of the embodiment of the
present invention;

FIG. 18 1s a graph describing timings from when a key 1s
pressed until a sound 1s emitted 1n a conventional electronic
p1ano;

FIG. 19 1s a graph describing the difference between
sound emission timings 1 a conventional electronic piano
and sound emission timings 1n an acoustic piano; and

FIG. 20 1s a graph describing timings from when a key 1s
pressed until a sound 1s emitted 1n a conventional electronic

plano 1 which a sound emission timing i1s delayed by
processing in software.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

Herebelow, a touch sensing device according to an
embodiment of the present invention 1s described 1n accor-
dance with the attached drawings.

FIG. 1 1s a block diagram showing hardware structures of
an electronic musical mstrument 1 that employs a touch
sensing device 50 according to the embodiment of the
present invention.

In FIG. 1, the electronic musical imnstrument 1 1s provided
with a CPU 11, a read-only memory (ROM) 12, a random
access memory (RAM) 13, a bus 14, an input/output inter-
face 15, an 1mnput section 16, an output section 17, a storage
section 18, a Musical Instrument Digital Interface (MIDI)
section 19, a drive 20 and the touch sensing device 50.
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The CPU 11 executes various processes 1n accordance
with a program stored in the ROM 12 or a program loaded
into the RAM 13 from the storage section 18. For example,
the CPU 11 executes control for emitting sounds on the basis
of sound emission iformation (which 1s described 1n more
detail below) sent from the touch sensing device 50. That 1s,
the CPU 11 executes sound emission control.

Data and suchlike that 1s required for execution of the
various processes by the CPU 11 1s stored 1n the RAM 13 as
appropriate.

The CPU 11, the ROM 12, the RAM 13 and the touch
sensing device 50, which 1s described below, are connected
to one another via the bus 14. The input/output interface 15
1s also connected to the bus 14. The input section 16, the
output section 17, the storage section 18, the MIDI section
19 and the drive 20 are connected to the input/output
interface 15.

The mput section 16 includes a MIDI keyboard with a
plural number of keys (for example, 88 keys) that are
respectively associated with diflerent types of sound. In the
electronic musical mstrument 1, the different types of sound
associated with the plural keys are identified by note num-
bers. Key press and release operations of these keys are
sensed by the below-described touch sensing device 50.

Specifically, the mnput section 16 1s provided with a key
switch matrix 160 in which, for each of the plural keys, first
contact 160a and a second contact 160b are connected 1n a
matrix. The first contact 160a and second contact 160b are
successively closed 1n association with a key press opera-
tion.

In response to common side switch mput signals (KC)
sent from the touch sensing device 50, the key switch matrix
160 senses that one of the first contact 160a and the second
contact 160b has closed. The key switch matrix 160 then
sends a first contact closed signal indicating that the first
contact 160a has closed or a second contact closed signal
indicating that the second contact 160b has closed to the
touch sensing device 50.

Conversely, in accordance with a key release operation
from a state 1n which the key 1s pressed, the key switch
matrix 160 senses the second contact 160b and the first
contact 160a being successively opened. The key switch
matrix 160 sends a first contact opened signal indicating that
the first contact 160a has opened or a second contact opened
signal indicating that the second contact 160b has opened to
the touch sensing device 50.

The 1mput section 16 1s also equipped with switches for
inputting various kinds of information. The input section 16
outputs the various kinds of information mputted by a user
to the CPU 11.

The output section 17 includes a display, a speaker, a
digital-to-analog (D/A) conversion circuit, and the like. The
output section 17 outputs images and sounds or the like.

The storage section 18 1s structured with a hard disc, a
dynamic random access memory (DRAM) or the like, and
stores various programs for control of the electronic musical
instrument 1.

The MIDI section 19 1s an interface that connects the CPU
11 serving as a sound emission controller with a sound
source 41 that generates musical sounds. The sound source
41 stores sound source data in which the plural kinds of
sound respectively associated with the plural keys of the
iput section 16 are related with note numbers. In accor-
dance with control by the CPU 11, the sound source 41 reads
the sound source data and outputs musical sounds.

A removable medium 31 formed with a magnetic disk, an
optical disk, a magneto-optical disk, a semiconductor
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memory, or the like 1s installed in the drive 20, as appro-
priate. As required, a program read from the removable
medium 31 by the drive 20 1s installed 1n the storage section
18. Similarly to the storage section 18, the removable
medium 31 may also store the various kinds of data that are
stored 1n the storage section 18.

Next, hardware structures of the touch sensing device 50
according to the present embodiment are described with
reference to FIG. 2.

FIG. 2 1s a block diagram showing the hardware structures
of the touch sensing device 50 according to the embodiment
of the present 1nvention.

The touch sensing device 50 1s provided with a controller
51 that serves as a control circuit, an event flag set circuit 52
(which may be referred to heremafter as “the EV flag set
circuit 527°), a status incrementing circuit 53, a first counter
adder 54, a second counter adder 55, a counter memory 56,
an attainment duration memory 57, a comparison circuit 58,
an 1nversion circuit 59, a velocity register 61 and a note
number register 62.

The controller 51 1s connected with the first contacts 160a
and second contacts 160b of the key switch matrix 160 and
receives the first contact closed signals and second contact
closed signals.

The controller 51 controls other hardware in the touch
sensing device 50, generates sound emission information
when sound emission 1s prompted by the CPU 11 acting as
the sound emission controller, and sends the sound emission
information to the sound emission controller via the bus 14.

In the present embodiment, this sound emission informa-
tion includes information that interrupts processing at the
CPU 11, the note number of the key when a key of the input
section 16 has been pressed, and a velocity value that 1s
touch information representing the strength of pressing of
the key.

When the CPU 11 acting as the sound emission controller
receives sound emission information, the CPU 11 operates
in conjunction with the sound source 41 and implements
control of the emission of the sound associated with the note
number i1ncluded in the sound emission information at a
strength corresponding to the velocity.

The controller 51 sends the common side switch input
signals (KC) to the key switch matrix 160 and receives first
contact closed signals and second contact closed signals
from the key switch matrix 160.

The controller 51 controls the aforementioned circuits and
adders constituting the touch sensing device 50 1n accor-

dance with event flags (which may be referred to hereinafter
as “EV”’) and status flags (which may be referred to here-
iafter as “ST7).
In the present embodiment, the value of EV can be “zero”
or “‘one”.
When the value of EV 1s “zero”, this represents a state in
which none of the keys 1s being pressed or released.
When the value of EV 1s “one”, this represents a state in
which-any of the keys 1s being pressed or released.
In the present embodiment, the value of ST can be “zero”,
one”, “two”, “three” or “four”.
When the value of ST 1s “zero”, this represents a status of
waiting for a key press.
When the value of ST 1s “one”, this represents a status
during counting of a bias duration, which 1s described below.
When the value of ST 1s “two”, this represents a status
during counting of a velocity measurement value, which 1s
described below.

44
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When the value of ST 1s “three”, this represents a status
during counting of a correction duration count value, which
1s described below.

When the value of ST 1s “four”, this represents a status of
waiting for a key release.

The controller 51 stores the values of EV and ST 1n the
counter memory 56, refers to the values as appropnate, and
controls and updates the EV flag set circuit 52 and the status
incrementing circuit 53.

FIG. 3 1s a diagram describing the format of the counter
memory 56 according to the present embodiment.

The counter memory 56 contains plural addresses respec-
tively corresponding to the plural keys. Specifically, in the
present embodiment, the counter memory 56 contains 88
addresses respectively corresponding to the 88 keys. At each
address, for the related key, a value of EV, a value of ST, a
velocity count value serving as a first count value, and a
correction duration count value serving as a second count
value are stored. As described in more detail below, the
velocity count value (which may be referred to hereinatter as
“V(C”) 1s counted up by the first counter adder 54, and the
correction duration count value (which may be referred to
heremnafter as “I'C”") 1s counted up by the second counter
adder 55.

The note number (not shown 1n the drawing) related with
the key 1s also stored at each address.

The EV flag set circuit 52 updates each value of EV stored
in the counter memory 56 1n accordance with control by the
controller 51.

The status incrementing circuit 53 updates the value of ST
stored 1n the counter memory 356 in accordance with control
by the controller 51.

In accordance with control by the controller 51, the first
counter adder 54 counts up a duration from when the first
contact 160a 1s closed until the second contact 160b 1s closed
at VC 1n the counter memory 56. In accordance with control
by the controller 51, the first counter adder 54 also resets VC
in the counter memory 56.

When the value of ST 1s “one”, VC 1n the counter memory
56 represents a bias duration, and when the value of ST 1s
“two”, VC 1n the counter memory 56 represents a velocity
measurement value. That 1s, the velocity measurement value
1s a value representing a duration from when the first contact
160a 1s closed until the second contact 160b 1s closed
excluding the bias duration, which 1s specified 1n advance.

In accordance with control by the controller 51, the
second counter adder 55 counts up a duration from when the
adding by the first counter adder 54 ends, at TC 1n the
counter memory 36. In accordance with control by the
controller 51, the second counter adder 55 also resets TO 1n
the counter memory 56.

The attainment duration memory 57 stores attainment
duration values representing pre-specified durations {for
completion of counting by the second counter adder 55, 1n
accordance with velocity measurement values of VC.

The comparison circuit 58 compares an attainment dura-
tion value stored 1n the attainment duration memory 57 with
TC. When the attainment duration value and TC match, the
comparison circuit 58 sends a match signal to the controller
51.

The 1mversion circuit 59 reads the VC (velocity measure-
ment value) stored 1n the counter memory 56, calculates a
velocity value by 1mnversion processing, and saves the veloc-
ity value 1n the velocity register 61.

Next, operation timings of the hardware structuring the
touch sensing device 50 according to the present embodi-
ment are described with reterence to FIG. 4.
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FIG. 4 1s a graph describing the operation timings of the
hardware structuring the touch sensing device 50 according
to the present embodiment.

First, at the bottom left of the graph shown in FIG. 4, a
key press operation of a key 1s started by a player. At this
time, the value of EV stored in the counter memory 56 1s
“zero”.

When the key 1s pressed further and the first contact 160a
1s closed, the key switch matrix 160 sends the first contact
closed signal to the controller 51.

When the controller 51 receives the first contact closed
signal, the controller 51 specifies the key for which the first
contact closed signal has been sent, and implements control
to update the different values stored 1n the counter memory
56 at the address of the specified key (see FIG. 3). The
controller 51 also saves the note number of the specified key
in the note number register 62.

Further, when the controller 51 receives the first contact
closed signal, the controller 51 sets the value of EV at the
EV flag set circuit 52 to “one”, sets the value of ST at the
status incrementing circuit 53 to “one”, and resets VC at the
first counter adder 54. Then the controller 51 starts counting
and counts up VC. VC 1n the counter memory 56 at this time
represents the bias duration.

Then, when the value of VC 1n the counter memory 56
reaches the predetermined value specified 1n advance as the
bias duration, the controller 51 sets the value of ST at the
status 1ncrementing circuit 53 to “two”, and resets VC at the
first counter adder 54. Then the controller 51 starts counting
and counts up VC. VC at this time represents the velocity
measurement value.

When the key 1s pressed further and the second contact
160b 1s closed, the key switch matrix 160 sends the second
contact closed signal to the controller 51.

When the controller 51 receives the second contact closed
signal, the controller 51 sets the value of ST at the status
incrementing circuit 53 to “three”, ends the counting of VC
at the first counter adder 54, and resets TC at the second
counter adder 55. Then the controller 51 starts counting and
counts up TC. TC at this time re resents the correction
duration.

At this time, the inversion circuit 59 reads the value of VC
(the velocity measurement value) stored in the counter
memory 56, calculates a velocity value by inversion pro-
cessing, and saves the velocity value to the velocity register
61. The controller 51 generates the sound emission infor-
mation, including the interrupt signal, the note number saved
in the note number register 62 and the velocity value saved
in the velocity register 61.

Subsequently, the comparison circuit 58 compares the
pre-specified attainment duration value stored 1n the attain-
ment duration memory 57 with TO, and when TO matches
the attainment duration value, sends a match signal to the
controller 51. When the controller 51 receives the match
signal, the controller 51 sends the sound emission 1nforma-
tion 1including the velocity value to the CPU 11 acting as the
sound emission controller.

The CPU 11 executes sound emission processing that
emits a sound on the basis of the sound emission information
sent from the controller 51.

The above-described sequence of processing executed by
the touch sensing device 50 1s referred to hereinatfter as “the
touch sensing operation processing .

FIG. § 1s a graph describing timings from when a key 1s
pressed until a sound 1s emitted when the touch sensing
operation processing 1s executed by the touch sensing device
50 according to the embodiment of the present invention.
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The hardware of the touch sensing device 30 operates at
the timings shown in FIG. 4, and the electronic musical
instrument 1 emits a sound when shown i FIG. 5. More
specifically, when a key 1s pressed and the first contact 160a
1s closed, the bias duration 1s counted up, and then the
velocity measurement value 1s counted up. Then, when the
key 1s pressed further and the second contact 160b 1s closed,
the correction duration corresponding to the velocity mea-
surement value 1s counted up, and after the correction
duration has passed, the sound emission processing 1s
executed at the sound emission controller. Thus, a sound 1s
emitted at a timing when the key 1s fully pressed.

Next, the touch sensing operation processing of the hard-
ware structuring the touch sensing device 50 according to
the present embodiment 1s described with reference to FIG.

6 to FIG. 10.
FIG. 6 to FIG. 10 are tlowcharts describing the flow of the

touch sensing operation processing ol the touch sensing

device 50 according to the present embodiment.

As shown 1 FIG. 6, in step S1, the controller 51 makes
a determination as to whether the value of EV 1n the counter
memory 56 1s “one”. If 1t 1s determined that the value of EV
1s “one”’, the processing advances to step S2, and if it 1s
determined that the value of EV 1s not “one”, the processing
advances to step S5.

In step S2, the mversion circuit 59 reads the value of VC
(the velocity measurement value) stored at the counter
memory 56, calculates the velocity value by inversion
processing, and saves the velocity value to the velocity
register 61.

In step S3, the controller 51 saves the note number of the
key for which the first contact closed signal or second
contact closed signal has been received in the note number
register 62.

In step S4, the EV flag set circuit 52 updates the value of
EV stored 1n the counter memory 56 to “zero”.

In step S5, the controller 51 makes a determination as to
whether the value of ST 1n the counter memory 56 1s “zero”.
If 1t 1s determined that the value of ST 1s “zero”, the
processing advances to step S6, and 1f 1t 1s determined that
the value of ST 1s not “zero”, the processing advances to step
S10.

In step S6, the controller 51 makes a determination as to
whether the first contact closed signal has been recerved. I
it 1s determined that the first contact closed signal has been
received, the processing advances to step S7, and 1f 1t 1s
determined that the first contact closed signal has not been
received, the touch sensing operation 1s ended.

In step S7, the status incrementing circuit 53 updates the
value of ST stored 1n the counter memory 56 to “one”.

In step S8, the first counter adder 54 resets VC 1n the
counter memory 56.

In step S9, the first counter adder 54 starts counting up VC
at the counter memory 56 (for the bias duration).

As shown 1n FIG. 7, 1in step S10, the controller 51 makes
a determination as to whether the value of ST 1n the counter
memory 56 1s “one”. If 1t 1s determined that the value of ST
1s “one”, the processing advances to step S11, and it 1t 1s
determined that the value of ST 1s not “one”, the processing
advances to step S21.

In step S11, the controller 51 makes a determination as to
whether the first contact closed signal has been recerved. It
it 1s determined that the first contact closed signal has been
received, the processing advances to step S12, and 1t 1t 1s
determined that the first contact closed signal has not been
received, the touch sensing operation 1s ended.
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As shown 1n FIG. 8, 1n step S12 the controller 51 makes
a determination as to whether the second contact closed
signal has been received. If 1t 1s determined that the second
contact closed signal has been received, the processing
advances to step S13, and 1f 1t 1s determined that the first
contact closed signal has not been received, the processing
advances to step S16.

As shown 1n FIG. 9, 1n step S13 the status incrementing
circuit 53 updates the value of ST stored in the counter
memory 56 to “three”.

In step S14, the second counter adder 55 resets TC 1n the
counter memory 56.

In step S15, the second counter adder 55 starts counting
up TC at the counter memory 56.

Returning to FIG. 8, 1n step S16 the controller 51 makes
a determination as to whether VC 1n the counter memory 56
matches the pre-specified bias duration. If i1t 1s determined
that they match, the processing advances to step S17, and it
it 15 determined that they do not match, the processing
advances to step S20.

In step S17, the status incrementing circuit 533 updates the
value of ST stored in the counter memory 56 to “two”.

In step S18, the first counter adder 54 resets VC 1n the
counter memory 56.

In step S19, the first counter adder 54 starts to count up
VC (the velocity measurement value) at the counter memory
56.

In step S20, the first counter adder 54 continues to count
up VC at the counter memory 56.

Returning to FIG. 7, 1n step S21 the controller 51 makes
a determination as to whether the value of ST 1n the counter
memory 56 1s “two”. If it 1s determined that the value of ST
1s “two”’, the processing advances to step S22, and 1f 1t 1s
determined that the value of ST 1s not “two”, the processing
advances to step S25.

In step S22, the controller 51 makes a determination as to
whether the first contact closed signal has been received. I
it 1s determined that the first contact closed signal has been
received, the processing advances to step S23, and 1f 1t 1s
determined that the first contact closed signal has not been
received, the processing advances to step S24.

As shown 1n FIG. 8, 1n step S23 the controller 51 makes
a determination as to whether the second contact closed
signal has been received. If 1t 1s determined that the second
contact closed signal has been received, the processing
advances to step S13, and 1f 1t 1s determined that the first
contact closed signal has not been received, the processing
advances to step S20.

In step S24, the status incrementing circuit 533 updates the
value of ST stored in the counter memory 56 to “zero”.

As shown 1n FIG. 10, 1in step S235 the controller 51 makes
a determination as to whether the value of ST 1n the counter
memory 56 1s “three”. If 1t 1s determined that the value of ST
1s “three”, the processing advances to step S26, and 1f it 1s
determined that the value of ST 1s riot “three”, the process-
ing advances to step S29.

In step S26, the comparison circuit 58 compares an
attainment duration value stored in the attainment duration
memory 57 with the value of TC 1n the counter memory 56.
I 1t 1s determined that the attainment duration value and TO
match, and a match 1s determined, the processing advances
to step S27, and 1t 1t 1s determined that they do not match,
the processing advances to step S28.

In step S27, the EV flag set circuit 52 updates the value
of EV stored 1n the counter memory 56 to “one”.

In step S28, the second counter adder 35 continues to
count up TO at the counter memory 56.
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In step S29, the controller 51 makes a determination as to
whether the value of ST 1n the counter memory 56 1s “four”.
If 1t 1s determined that the wvalue of ST 1s “four”, the
processing advances to step S30, and 11 1t 1s determined that
the value of ST 1s not “four”, the touch sensing operation 1s

ended.

In step S30, the controller 51 makes a determination as to
whether the first contact opened signal has been received. It
it 1s determined that the first contact opened signal has been
received, the touch sensing operation 1s ended, and if 1t 1s
determined that the first contact opened signal has not been
received, the processing advances to step S31.

In step S31, the controller 51 makes a determination as to
whether the second contact opened signal has been recerved.
[T 1t 1s determined that the second contact opened signal has
been received, the touch sensing operation 1s ended, and it
it determined that the second contact opened signal has not
been received, the processing advances to step S32.

In step S32, the status incrementing circuit 53 updates the
value of ST stored in the counter memory 56 to “zero”.

As described hereabove, the present embodiment of the
touch sensing device 50 1s equipped with the controller 5 the
first contacts 160a and second contacts 160b, the first
counter adder 54, the second counter adder 55, the counter
memory 56, the attainment duration memory 37 and the
comparison circuit 58.

The controller 51 1s connected with the first contacts 160a
and second contacts 160b of the key switch matrix 160 and
receives first contact closed signals and second contact
closed signals.

The first contact 160a and second contact 160b are
provided at each of the plural keys, and are successively
closed 1n accordance with a key press operation.

The first counter adder 54 counts up VC at the counter
memory 56 1n a duration from when the first contact 160a 1s
closed until the second contact 160b 1s closed.

The second counter adder 55 counts up CC at the counter
memory 36 in the period after counting up by the first
counter adder 54 has ended.

The counter memory 56 contains addresses respectively
corresponding to the plural keys. At each address, the
velocity count value serving as the first count value for the
related key and the correction duration count value serving
as the second count value for the related key are stored.

The comparison circuit 58 compares an, attainment dura-
tion value stored 1n the attainment duration memory 57 with
TC. When the attainment duration value and TO match, the
comparison circuit 58 sends a match signal to the controller
51.

When the controller 51 receives the match signal, the
controller 51 sends sound emission information including a
velocity value to the CPU 11 acting as the sound emission
controller.

Thus, a velocity measurement value for calculating the
velocity value 1s counted by the first counter adder 54, and
a correction duration for matching up the sound emission
timing with a timing at which the key 1s fully pressed i1s
counted by the second counter adder 55. After the correction
duration has passed, the sound emission information includ-
ing the velocity value 1s sent by the controller 51 to the CPU
11 acting as the sound emission controller.

Theretfore, the touch sensing device 50 that 1s provided
separately from the CPU 11 serving as the sound emission
controller may send the sound emission information con-
taining the velocity value to the CPU 11 serving as the sound
emission controller with an accurate timing.
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Therefore, the processing load of measuring velocity
values, counting durations for matching up sound emission
timings with key press operations and the like 1s not imposed
on the CPU 11 serving as the sound emission controller.

Thus, 1n an electronic musical instrument, even when
many sounds are being generated at the same time, the
sounds may be emitted with accurate timings according to
presses of the keys.

Moreover, because the touch sensing device 50 1s pro-
vided separately from the sound emission controller (the
CPU 11), the CPU 11 or the like serving as the sound
emission controller may be used in the same manner as 1n
the related art, and work, costs and the like related to
development may be reduced. Because the velocity count
value and correction duration count value are stored in the
counter memory 36, a number of components that include
memory may be kept down compared to a case 1n which
these values are stored in respectively separate memories.

The attainment duration memory 57 stores the pre-speci-
fied attainment duration values representing a duration for
completion of counting by the second counter adder 55 1n
accordance with velocity measurement values of VC, and
the comparison circuit 58 compares an attainment duration
value stored 1n the attainment duration memory 57 with TC.

Therefore, correction durations before sounds are emitted
may be adjusted by over-writing the attainment duration
values stored in the attainment duration memory. This,
changes 1n the correction durations may be suitably made 1n
accordance with the preferences of users, timbres and the
like.

Next, a first application example, a second application
example and a third application example, which are appli-
cation examples of the present embodiment, are described.
Herebelow, the application examples of the present embodi-
ment are described; structural elements that are the same as
in the present embodiment are assigned the same reference
numerals and descriptions thereof are omitted or simplified.

Electronic musical instruments of the first application
example, the second application example and the third
application example are each equipped with a touch sensing
unit including two of the touch sensing device 50 of the
present embodiment. Specifically, each touch sensing unit of
the first application example, the second application
example and the third application example 1s provided with
a first touch sensing device 50A and a second touch sensing
device 50B. Thus, signals from up to four contact points may
be processed 1n accordance with each key press operation.
The first touch sensing device S0A and the second touch
sensing device 50B are provided with the same hardware
structures as the touch sensing device 50 of the present
embodiment.

Firstly, the first application example 1s described.

An electronic musical instrument 1A of the first applica-
tion example features a damper function that prolongs sound
emission durations. When the electronic musical instrument
1A turns ofl this damper function (which may be referred to
hereinafter as “damper-ofl”), the electronic musical instru-
ment 1A continues sound emissions without decaying the
sounds even 1if the keys are rapidly played. When the
clectronic musical instrument 1A turns on the damper func-
tion (which may be referred to hereinafter as “damper-on™),
all sounds decay.

The key switch matrix of the electronic musical 1nstru-
ment 1A includes a third contact in addition to the first
contacts and second contacts. The electronic musical instru-
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ment 1A turns the damper off when the third contact 1s
closed, and turns the damper on when the third contact is
opened.

FIG. 11 1s a block diagram showing connections with the
first touch sensing device 50A and the second touch sensing
device 50B 1n a touch sensing unit 500 according to the first
application example of the embodiment of the present
invention.

In FIG. 11, KC represents common side switch inputs, FI
represents signals outputted from first contacts of the key
switch matrix, and SI represents signals outputted from
second contacts of the key switch matrix.

In the touch sensing umt 500, similarly to the touch
sensing device 50 of the embodiment described above, the
first touch sensing device S0A measures velocity values on
the basis of FI and SI, counts correction durations for
matching sound emission timings with key press operations,
generates sound emission information, and sends the sound
emission information to the CPU 11. In the second touch
sensing device 50B, the terminals FI and SI are short-
circuited, and the second touch sensing device 50B 1is
connected to the third contact and receives signals outputted
from the third contact.

FI1G. 12 1s a diagram describing sound emission and decay
timings 1n the electronic musical instrument 1A employing
the touch sensing unit 500 according to the first application
example of the embodiment of the present invention.

As 1llustrated 1n FIG. 12, when the second touch sensing
device 50B receives a signal outputted from the third
contact, the electronic musical mstrument 1A turns the
damper ofl. The first touch sensing device 50A measures the
velocity value and counts the correction duration, and the
electronic musical instrument 1A emits a sound at the timing
at which the key 1s fully pressed. Then, as shown 1n FIG. 12,
when first contacts and second contacts are repeatedly
closed and opened, sounds are emitted at timings at which
the respective keys are fully pressed. Because the damper 1s
turned ofl, these sounds do not decay and sounds are
continuously emitted. When the second touch sensing
device S0B again receives a signal outputted from the third
contact, the electronic musical mstrument 1A turns the
damper on, and all sounds decay.

Thus, the touch sensing unit 500 1s equipped with the first
touch sensing device 50A and the second touch sensing
device S0B.

The first touch sensing device S0A generates sound emis-
sion information and sends the sound emission information
to the CPU 11 acting as the sound emission controller.

The second touch sensing device 50B 1s disconnected
from the first contacts and second contacts, short-circuits the
first contacts and second contacts, and 1s connected with the
third contact.

Thus, 11, for example, the third contact 1s a switch turning
a damper on and ofl, the damper may be turned on and off
in an electronic musical instrument that may emit sounds at
accurate timings corresponding to presses of keys even
when many sounds are being generated at the same time.

Next, the second application example 1s described.

An electronic musical mstrument 1B of the second appli-
cation example measures release velocity values with a
touch sensing unit 501, and decays the sounds that are
emitted at suitable timings on the basis of the release
velocity values.

FIG. 13 1s a block diagram showing connections with the
first touch sensing device 50A and the second touch sensing
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device 50B 1n the touch sensing unmit 501 according to the
second application example of the embodiment of the pres-
ent 1invention.

In FIG. 13, KC represents common side switch inputs, FI
represents signals outputted from the first contacts of the key
switch matrix, and SI represents signals outputted from the
second contacts of the key switch matrix.

In the touch sensing umit 501, similarly to the touch
sensing device 50 of the embodiment described above, the
first touch sensing device S0A measures velocity values on
the basis of FI and SI and counts correction durations to
match sound emission timings with key press operations.
The second touch sensing device S0B measures release
velocity values on the basis of mverted FI signals and
inverted SI signals, and counts correction durations on the
basis of the release velocity values 1n order to match sound
decay timings with key release operations. After a correction
duration has passed, the second touch sensing device 50B
sends sound decay information to the CPU 11 acting as the
sound emission controller. When the CPU 11 acting as the
sound emission controller receives the sound decay infor-
mation, the CPU 11 controls the decay of a sound that has
been emitted.

FIG. 14 1s a graph describing sound emission timings of
sound emission and sound decay in the electronic musical
instrument 1B employing the touch sensing unit 501 accord-
ing to the second application example of the embodiment of
the present invention.

As shown 1n FIG. 14, the electronic musical instrument
1B measures a velocity value with the first touch sensing
device S0A, counts a correction duration, and emits a sound
at a timing at which that key 1s fully pressed. Then, the
electronic musical instrument 1B measures a release veloc-
ity value with the second touch sensing device S0B, counts
a correction duration, and decays the sound at a suitable
timing Corresponding with the key release operation.

Thus, the touch sensing unit 501 1s equipped with the first
touch sensing device 50A and the second touch sensing
device S0B.

The first touch sensing device S0A generates sound emis-
sion information and sends the sound emission information
to the CPU 11 acting as the sound emission controller.

The second touch sensing device S0B generates sound
decay information on the basis of signals that are respec-
tively inverted signals from the first contacts and second
contacts, and sends the sound decay information to the CPU
11 acting as the sound emission controller.

Thus, 1n an electronic musical instrument that may emit
sounds at accurate timings corresponding to presses of keys,
the sounds may be decayed at accurate timings correspond-
ing to releases of the keys even when many sounds are being
generated at the same time.

Next, the third application example 1s described.

An electronic musical mstrument 1C of the third appli-
cation example 1s equipped with a touch sensing unit 502.

FIG. 15 1s a block diagram showing connections with the
first touch sensing device 50A and the second touch sensing
device 50B 1n the touch sensing unmit 502 according to the
third application example of the embodiment of the present
invention.

The touch sensing unit 502 1s equipped with the first touch
sensing device 50A, the second touch sensing device 50B,
and a switch unit 165. The switch unit 165 1s controlled by
the CPU 11 of the electronic musical instrument 1C (see
FIG. 1) and suitably switches connections between four
contacts, including the aforementioned first contact and
second contact that are successively closed 1n accordance
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with a key press operation, and the first touch sensing device
50A and second touch sensing device 50B.

FIG. 16 1s a circuit diagram showing structures of the
switch unit 165 according to the third application example of
the embodiment of the present invention.

The switch unit 165 1s controlled by the CPU 11, and
switches circuit paths so as to send signals from any two
contacts of the up to four contacts to the first touch sensing
device S0A and send signals from the other two contacts to
the second touch sensing device S0B. The combination of
two signals from the contacts that 1s sent to the first touch
sensing device S0A or the second touch sensing device 50B
1s determined by control by the CPU 11. As 1n, for example,
the electronic musical istrument 1A of the first application
example, the switch unit 165 may, by short-circuiting a
circuit path, send signals from two contacts to the first touch
sensing device 50A and send signals from one contact to the
second touch sensing device 30B.

FIG. 17 1s a graph describing an example of a sound
emission and sound decay timing in the electronic musical
istrument 10 employing the touch sensing unit 502 accord-
ing to the third application example of the embodiment of
the present invention.

In the example shown in FIG. 17, the switch unit 165
connects a third contact and a fourth contact with the first
touch sensing device 50A, and connects the first contact and
second contact with the second touch sensing device S0B.
Accordingly, the electronic musical instrument 10 measures
a velocity measurement value 1 with the first touch sensing
device 50A and measures a velocity measurement value 2
with the second touch sensing device S0B, calculates a
velocity value from the velocity measurement value 1 and
the velocity measurement value 2, counts a correction dura-
tion, and emits a sound at a timing at which that key 1s fully
pressed.

Thus, the touch sensing unit 502 1s equipped with the first
touch sensing device 50A, the second touch sensing device
50B and the switch unit 16S5.

The switch unit 165 switches connections between the
first touch sensing device S0A and second touch sensing
device 50B and the four contacts including the first contact
and second contact.

Thus, 1n an electronic musical instrument that may emait
sounds at accurate timings corresponding to presses of keys
even when many sounds are being generated at the same
time, with a single hardware structure: a damper may be
turned on and off as in the electronic musical instrument 1A
according to the first application example; sounds may be
decayed at accurate timings corresponding to releases of
keys as 1n the electronic musical instrument 1B according to
the second application example; and, as 1llustrated 1n FIG.
17, a velocity value may be calculated from plural velocity
measurement values.

It should be noted that the present invention 1s not limited
to the embodiment described above, and any modifications
and improvements thereto within a scope that can realize the
object of the present invention are included in the present
invention.

For example, 1n the embodiment described above, the
number of keys 1s 88 and 88 particular addresses are
provided in the counter memory, but this 1s not a limitation.
For example, an arbitrary number of particular addresses
may be provided in the counter memory provided the
number 1s not less than a number of keys.

In the embodiment described above, the counter memory
and the attainment duration memory are separately pro-
vided, but this 1s not a limitation. For example, a single
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memory including the counter memory and the attainment
duration memory may be provided.

In the application examples of the embodiment described
above, two touch sensing devices with the same structure are
used 1n a touch sensing unit, but this 1s not a limitation. For
example 1f an attainment duration value used by the com-
parison circuit of one of the touch sensing devices 1s a
constant, the attainment duration memory need not be pro-
vided therein.

In the embodiment described above, an example 1s
described 1n which the electronic musical 1nstrument
employing the touch sensitive device according to the pres-
ent invention 1s an electronic piano, but this 1s not a
particular limitation.

For example, the present invention may be generally
applied to electronic devices with touch sensing functions.
Specifically, the present invention i1s applicable to, for
example, notebook computers, printers, television sets,
video cameras, portable navigation devices, portable tele-
phones, portable video game machines and so forth.

In other words, the hardware configuration shown in FIG.
1 1s merely an illustrative example, and 1s not a particular
limitation.

A number of embodiments of the present invention are
explained hereabove. These embodiments are merely
examples and do not limit the technical scope of the mven-
tion. The present invention may be attained by numerous
other embodiments, and numerous modifications such as
omissions, substitutions and the like are possible within a
technical scope not departing from the spirit of the imven-
tion. These embodiments and modifications are to be encom-
passed by the scope and gist of the invention recited in the
present specification, etc., and are encompassed by the
inventions recited in the attached claims and their equiva-
lents.

What 1s claimed 1s:

1. A touch sensing device comprising;:

a first contact and second contact provided at each of a
plurality of keys, the first contact and second contact
being successively closable in accordance with a key
press operation;

a reception section that receives closed sense signals from
the first contact and the second contact;

a first counter that, based on the respective closed sense
signals receirved from the first contact and the second
contact, counts a first count value that indicates a
duration from when the first contact 1s closed until the
second contact 1s closed;

a second counter that counts a second count value that
indicates a duration after the counting of the first count
value ends;

a comparator that compares the second count value with
a pre-specified attainment duration value and, [when]
in response to a result of the comparison [satisfies}
satisfying a predetermined condition, outputs a control
signal; and

a controller that, [when it receives] in response to the
control signal from the comparator, sends sound emis-
sion information instructing an emission of sound [by
a sound emission controller], the sound emission infor-
mation including touch information based on the first
count value,

wherein, [when] irn response to matching between the
attainment duration value and the second count value
[match], the comparator sends a match signal that
serves as the control signal.
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2. The touch sensing device according to claim 1, further
comprising:

a memory comprising addresses respectively correspond-

ing to the plurality of keys,

wherein a region of the memory designated by each

address stores the first count value and the second count
value.

3. The touch sensing device according to claim 1, further
comprising:

an attainment duration memory that stores attainment

duration values that represent, in accordance with the
first count value, a pre-specified duration for comple-
tion of counting by the second counter,

wherein the comparator compares an attainment duration

value stored 1n the attamnment duration memory with
the second count value.

4. A touch sensing unit comprising [first and second of the
touch sensing devices] a first touch sensing device and a
second touch semnsing device, each of the touch sensing
devices comprising the touch sensing device according to
claim 1, wherein:

the first touch sensing device generates and sends the

sound emission information, and

the second touch sensing device 1s disconnected from at

least one of the first contact and the second contact, and
1s connected with a third contact provided at an elec-
tronic musical mnstrument.

5. A touch sensing unit comprising [first and second of the
touch sensing devices] a first touch sensing device and a
second touch semsing device, each of the touch sensing
devices comprising the touch sensing device according to
claim 1, wherein:

the first touch sensing device generates the sound emis-

sion information and sends the sound emission infor-
mation, and

the second touch sensing device generates sound decay

information based on respectively inverted signals
from at least one of the first contact and the second
contact, and sends the sound decay information.

6. A touch sensing unit comprising two [of the] touch
sensing devices, each of the two touch semnsing devices
comprising the touch sensing device according to claim 1;
and

a switch unit that switches connections between the two

touch sensing devices and four contacts provided at an
electronic musical instrument, which include the first
contact and the second contact.
7. A touch sensing method comprising;:
receiving closed sense signals from a first contact and
second contact provided at each of a plurality of keys,
the first contact and second contact successively being
closed 1n accordance with a key press operation;

counting, based on the respective closed sense signals
received from the first contact and the second contact,
a first count value that indicates a duration from when
the first contact 1s closed until the second contact 1s
closed;

counting a second count value that indicates a duration

after the counting of the first count value ends;
comparing the second count value with a pre-specified
attainment duration value and, [when] in response to a
result of the comparison [satisfies] satisfying a prede-
termined condition, outputting a control signal; and
[when] in response to the control signal [is received],
sending sound emission information instructing an
emission of sound [by a sound emission controller], the
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sound emission information including touch informa-
tion based on the first count value;

wherein [when] irn response to matching between the
attainment duration value and the second count value
[match], a match signal is sent that serves as the control
signal.

8. The touch sensing method according to claim 7, turther

comprising:

accessing a memory having addresses respectively corre-
sponding to the plurality of keys; and

storing the first count value and the second count value 1n
a region of the memory designated by each address.

9. A non-transitory computer readable storage medium
having stored therein a program executable by a computer
that controls the computer to execute operations comprising;:

receiving closed sense signals from a first contact and
second contact provided at each of a plurality of keys,
the first contact and second contact successively being
closed 1n accordance with a key press operation;

counting, based on the respective closed sense signals
recerved from the first contact and the second contact,
a first count value that indicates a duration from when
the first contact 1s closed until the second contact 1s
closed;

counting a second count value that indicates a duration
after the counting of the first count value ends;

comparing the second count value with a pre-specified
attainment duration value and, [when] in response to a
result of the comparison [satisfies] satisfving a prede-
termined condition, outputting a control signal; and

[when] in response to the control signal [is received],
sending sound emission information instructing an
emission of sound [by a sound emission controller], the
sound emission information including touch informa-
tion based on the first count value;

wherein [when] irn response to matching between the
attainment duration value and the second count value
[match], a match signal is sent that serves as the control
signal.

10. The storage medium according to claim 9, wherein the
program controls the computer to execute further operations
comprising:

accessing a memory having addresses respectively corre-
sponding to the plurality of keys; and

storing the first count value and the second count value 1n
a region of the memory designated by each address.

11. A touch sensing device comprising:

a first contact and second contact provided at each of a
plurality of keys, the first contact and second contact
being successively closable in accordance with a key
press operation;

a reception section that receives closed sense signals from
the first contact and the second contact;

a first counter that, based on the respective closed sense
signals received from the first contact and the second
contact, counts a first count value that indicates a
duration from when the first contact 1s closed until the
second contact 1s closed;

a second counter that counts a second count value that
indicates a duration after the counting of the first count
value ends;

a comparator that compares the second count value with
a pre-specified attainment duration value and, [when}
in response to a result of the comparison [satisfies]
satisfving a predetermined condition, outputs a control

signal;
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a controller that, [when it receives] in response to the
control signal from the comparator, sends sound emis-
sion information instructing an emission of sound [by
a sound emission controller], the sound emission infor-
mation including touch information based on the first
count value; and

an attainment duration memory that stores attainment
duration values that represent, in accordance with the
first count value, a pre-specified duration for comple-

tion of counting by the second counter;

wherein the comparator compares an attainment duration
value stored in the attainment duration memory with
the second count value.

12. A touch sensing unit comprising first and second touch
sensing devices, wherein each of the first and second touch
sensing devices comprises:

a first contact and second contact provided at each of a
plurality of keys, the first contact and second contact
being successively closable in accordance with a key
press operation;

a reception section that receives closed sense signals from
the first contact and the second contact;

a first counter that, based on the respective closed sense
signals received from the first contact and the second
contact, counts a first count value that indicates a
duration from when the first contact 1s closed until the
second contact 1s closed;

a second counter that counts a second count value that
indicates a duration after the counting of the first count
value ends;

a comparator that compares the second count value with
a pre-specified attainment duration value and, [when}
in response to a result of the comparison [satisfies]
satisfyving a predetermined condition, outputs a control
signal; and

a controller that, [when it receives] in response to the
control signal from the comparator, sends sound emis-
sion information instructing an emission of sound [by
a sound emission controller], the sound emission infor-
mation including touch information based on the first
count value;

wherein the first touch sensing device generates and sends
the sound emission information; and

wherein the second touch sensing device 1s disconnected
from at least one of the first contact and the second
contact, and 1s connected with a third contact provided
at an electronic musical istrument.

13. A touch sensing unit comprising first and second touch
sensing devices, wherein each of the first and second touch
sensing devices comprises:

a first contact and second contact provided at each of a
plurality of keys, the first contact and second contact
being successively closable in accordance with a key
press operation;

a reception section that receives closed sense signals from
the first contact and the second contact;

a first counter that, based on the respective closed sense
signals received from the first contact and the second
contact, counts a first count value that indicates a
duration from when the first contact 1s closed until the
second contact 1s closed;

a second counter that counts a second count value that
indicates a duration after the counting of the first count
value ends;

a comparator that compares the second count value with
a pre-specified attainment duration value and, [when]
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in response to a result of the comparison [satisfies}
satisfying a predetermined condition, outputs a control
signal; and

a controller that, [when it receives] in response to the
control signal from the comparator, sends sound emis-
sion information instructing an emission of sound [by
a sound emission controller], the sound emission infor-
mation including touch information based on the first
count value;

wherein the first touch sensing device generates the sound
emission information and sends the sound emission
information; and

wherein the second touch sensing device generates sound
decay information based on respectively mverted sig-
nals from at least one of the first contact and the second
contact, and sends the sound decay information.

14. A touch sensing unit comprising two touch sensing
devices, wherein each of the touch sensing devices com-
prises:

a first contact and second contact provided at each of a
plurality of keys, the first contact and second contact
being successively closable in accordance with a key
press operation;

a reception section that receives closed sense signals from
the first contact and the second contact;

a first counter that, based on the respective closed sense
signals received from the first contact and the second
contact, counts a first count value that indicates a
duration from when the first contact 1s closed until the
second contact 1s closed;

a second counter that counts a second count value that
indicates a duration after the counting of the first count
value ends;

a comparator that compares the second count value with
a pre-specified attainment duration value and, [when}
in response to a result of the comparison [satisfies]
satisfving a predetermined condition, outputs a control
signal;

a controller that, [when it receives] in response to the
control signal from the comparator, sends sound emis-
sion information instructing an emission of sound [by
a sound emission controller], the sound emission infor-
mation including touch information based on the first
count value; and

a switch unit that switches connections between the two
touch sensing devices and four contacts provided at an
electronic musical instrument, which include the first
contact and the second contact.

15. The touch sensing device according to claim 11,
wherein [when] in response to matching between the attain-
ment duration value and the second count value [match], the
comparator sends a match signal that serves as the control
signal.

16. The touch sensing unit according to claim 12,
wherein, 1n each of the first and second touch sensing
devices, [when] in response to matching between the attain-
ment duration value and the second count value [match], the
comparator sends a match signal that serves as the control
signal.

17. The touch sensing unit according to claim 13,
wherein, 1n each of the first and second touch sensing
devices, [when] in response to matching between the attain-
ment duration value and the second count value [match], the
comparator sends a match signal that serves as the control
signal.

18. The touch sensing unit according to claim 14,
wherein, in each of the two touch sensing devices, [when] iz
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response to matching between the attainment duration value
and the second count value [match], the comparator sends a
match signal that serves as the control signal.

22

an attainment duration memory that stoves attainment
duration values that vepresent, in accordance with
the first count value, a pre-specified duration for

19. An electronic musical instrument comprising:

a first counter that, based on the respective closed
sense signals received from the first contact and the
second contact, counts a first count value that indi-
cates a duration from when the first contact is closed

completion of counting by the second counter,

a touch sensing device; S wherein the comparator compares an attainment duration
a plurality of keys; and value stored in the attainment durvation memory with
an output section that i.ncludes. a fpeakez the second count value.

wherein the touch sensing device mcludeso : 22. The electronic musical instrument accovding to claim

a first contac.t and second contact provided at each of 21, wherein the output section further includes at least one
the plurality of keys, the first contact and second 10 Tinlav and a dieital-to-analoe conversion cireuit
contact being successively closable in accovdance of ; 3 I;% Y ) e /i 5 i l .
with a key press operation; : e.e ?ctromc musica mst.rument accoraing too ciaim

@ recention ssction that receives closed sense yignals 21, wl?erezn in response to matching between the attainment
from the first contact and the second contact; duration value aivzd the second count value, the coomparator

a first counter that, based on the respective closed 15 ° ends a match s 1g;fml tka.t serves as the contr 0{ > ignal.
sense signals received from the first contact and the 24. An electronic musical instrument comprising:
second contact, counts a first count value that indi- a touch sensing unit;
cates a duration from when the first contact is closed a plurality of keys; and
until the second contact is closed; an output section that includes a speaker,

a second counter that counts a second count value that 20  wherein the touch sensing unit includes first and second
indicates a duration after the counting of the first touch sensing devices,
count value ends; wherein each of the first and second touch sensing devices

a comparator that compares the second count value comprises:
with a pre-specified attainment duration value and, a first contact and second contact provided at each of
in vesponse to a result of the comparison satisfying 25 the plurality of keys, the first contact and second
a predetermined condition, outputs a control signal, contact being successively closable in accordance
and with a key press operation;

a controller that, in vesponse to the control signal from a reception section that receives closed sense signals
the comparator, sends sound emission information from the first contact and the second contact,
instructing an emission of sound, the sound emission 30 a first counter that, based on the respective closed
information including touch information based on sense signals received from the first contact and the
the first count value, second contact, counts a first count value that indi-

whevrein, in response to matching between the attainment cates a duration from when the first contact is closed
duration value and the second count value, the com- until the second contact is closed;

parator sends a match signal that sevves as the control 35 a second counter that counts a second count value that

signal. indicates a duration after the counting of the first

20. The electronic musical instrument accorvding to claim count value ends;
19, wherein the output section further includes at least one a comparator that compares the second count value
of a display and a digital-to-analog conversion circuit. with a pre-specified attainment duration value and,
21. An electronic musical instrument comprising: 40 in vesponse to a rvesult of the comparison satisfying
a touch sensing device; a predetermined condition, outputs a control signal;
a plurality of keys; and and
an output section that includes a speaker, a controller that, in response to the control signal from
wherein the touch sensing device includes: the comparator, sends sound emission information

a first contact and second contact provided at each of 45 instructing an emission of sound, the sound emission
the plurality of keys, the first contact and second information including touch information based on
contact being successively closable in accordance the first count value;
with a key press operation; wherein the first touch sensing device generates and sends

a reception section that veceives closed sense signals the sound emission information; and
from the first contact and the second contact; 50  wherein the second touch sensing device is disconnected

from at least one of the first contact and the second
contact, and is connected with a thivd contact provided
at the electronic musical instrument.

25. The electronic musical instrument according to claim

24, wherein the output section further includes at least one
of a display and a digital-to-analog conversion circuit.

26. The touch semsing unit accovding to claim 24,
wherein, in each of the first and second touch sensing
devices, in response to matching between the attainment
duration value and the second count value, the comparator
sends a match signal that serves as the control signal.

27. An electronic musical instrument comprising:

a touch sensing unit;

a plurality of keys; and

an output section that includes a speaker,

wherein the touch sensing unit comprising first and sec-

ond touch sensing devices,

until the second contact is closed; 55

a second counter that counts a second count value that
indicates a duration after the counting of the first
count value ends;

a comparator that compares the second count value
with a pre-specified attainment duration value and, 60
in rvesponse to a rvesult of the comparison satisfving
a predetermined condition, outputs a control signal;

a controller that, in vesponse to the control signal from
the comparator, sends sound emission information
instructing an emission of sound, the sound emission 65
information including touch information based on
the first count value; and



US RE47,705 E

23

wherein each of the first and second touch sensing devices
comprises.

a first contact and second contact provided at each of
the plurality of keys, the first contact and second
contact being successively closable in accordance
with a key press operation;

a reception section that veceives closed sense signals
from the first contact and the second contact,

a first counter that, based on the respective closed
sense signals rveceived from the first contact and the
second contact, counts a first count value that indi-
cates a duration from when the first contact is closed
until the second contact is closed;

a second counter that counts a second count value that
indicates a duration after the counting of the first
count value ends;

a comparator that compares the second count value
with a pre-specified attainment duration value and,
in vesponse to a result of the comparison satisfying
a predetermined condition, outputs a control signal,
and

a controller that, in vesponse to the control signal from
the comparator, sends sound emission information
instructing an emission of sound, the sound emission
information including touch information based on
the first count value;

whevrein the first touch sensing device generates the sound

emission information and sends the sound emission

information,; and

whevrein the second touch sensing device generates sound

decay information based on respectively inverted sig-

nals from at least one of the first contact and the second
contact, and sends the sound decay information.

28. The electronic musical instrument according to claim
27, wherein the output section further includes at least one
of a display and a digital-to-analog conversion circuit.

29. The electronic musical instrument accorvding to claim
27, wherein, in each of the first and second touch sensing
devices, in vesponse to matching between the attainment
duration value and the second count value, the comparator
sends a match signal that serves as the control signal.
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30. An electronic musical instrument comprising:

a touch sensing unit;

a plurality of keys; and

an output section that includes a speaker,

wherein the touch sensing unit comprising two touch
sensing devices, wherein each of the touch sensing

devices comprises.
a first contact and second contact provided at each of

the plurality of keys, the first contact and second
contact being successively closable in accordance

with a key press operation;

a reception section that veceives closed sense signals
from the first contact and the second contact,

a first counter that, based on the respective closed
sense signals received from the first contact and the
second contact, counts a first count value that indi-
cates a duration from when the first contact is closed
until the second contact is closed;

a second counter that counts a second count value that
indicates a duration after the counting of the first
count value ends;

a comparator that compares the second count value
with a pre-specified attainment duration value and,
in vesponse to a rvesult of the comparison satisfying
a predetermined condition, outputs a contrvol signal;

a controller that, in vesponse to the control signal from
the comparator, sends sound emission information
instructing an emission of sound, the sound emission
information including touch information based on
the first count value; and

a switch unit that switches connections between the two
touch sensing devices and four contacts provided at
the electronic musical instrument, which include the
first contact and the second contact.

31. The electronic musical instrument according to claim
30, wherein the output section further includes at least one
of a display and a digital-to-analog conversion circuit.

32. The electronic musical instrument accovding to claim
30, wherein, in each of the two touch sensing devices, in
response to matching between the attainment duration value
and the second count value, the comparator sends a match
signal that serves as the control signal.
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