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(57) ABSTRACT 

An electronic synchroniZer sequentially reads out multi 
track music data codes selectively assigned to an automatic 
player piano and an electronic sound generating system and 
already stored cue ?ags in arbitrary multi-track music data 
codes, and checks the ?ngering on the keyboard to see 
Whether or not a pianist depresses the black/White key 
assigned the note marked With the cue ?ag, if the pianist 
depresses the black/White key Within a predetermined time 
period, the electronic synchroniZer supplies the multi-track 
music data codes concurrently to the automatic player piano 
and the electronic sound generating system for giving a 
guide to the pianist and the accompaniment: HoWever, if not, 
the electronic synchroniZer delays the data transfer so as to 
make the guide and the accompaniment synchronous With 
the ?ngering. 
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MUSICAL INSTRUMENT EQUIPPED WITH 
SYNCHRONIZER FOR PLURAL PARTS OF MUSIC 

FIELD OF THE INVENTION 

[0001] This invention relates to a musical instrument and, 
more particularly, to a musical instrument and a support 
equipment for the musical instrument. 

DESCRIPTION OF THE RELATED ART 

[0002] Various support systems have been proposed for 
music players. A support equipment is associated With a 
keyboard musical instrument, and previously noti?es the 
black/White keys to be depressed to the player. Another 
support equipment is used for an ensemble. While a trainee 
is playing a melody, the support equipment generates tones 
for the accompaniment. 

[0003] Yet another support equipment also generates the 
tones for the accompaniment, and synchroniZes the accom 
paniment With the melody. Even if a trainee is out of the 
tempo in a certain passage, the support equipment produces 
the tones at irregular intervals, and makes the accompani 
ment synchronous With the melody. The support equipment 
is hereinbeloW referred to as “electronic synchroniZer”. 

[0004] The prior art electronic synchroniZer controls the 
tone generation as folloWs. The prior art electronic synchro 
niZer has a controller, a data storage and an array of sensors. 
A set of music data codes representative of the melody and 
the accompaniment is stored in the data storage, and the 
sensors monitor the motion of the black/White keys. The set 
of music data codes is divided into data groups assigned to 
note groups of a tune. The melodic subject or the chord is 
changed at the boundary betWeen the note groups. While a 
trainee is playing the melody, the sensors noti?es the 
depressed keys to the controller, and the controller checks 
the present data group to see Whether the trainee depresses 
a black/White key assigned the note identical With the last 
note of the associated note group. If the trainee has not 
depressed the black/White key, the controller retards the 
progression of the accompaniment. Thus, the prior art elec 
tronic synchroniZer makes the accompaniment synchronous 
With the melody only at the boundaries betWeen the adjacent 
note groups. 

[0005] Aproblem is encountered in the prior art electronic 
synchroniZer in that the accompaniment does not folloW 
time lag or temporal advance intentionally introduced into 
the performance. Some players Want to individualiZe their 
performance. Such an individualistic player intentionally 
retards or advances the generation of certain tones in the 
passage. If the time lag is introduced at the boundary 
betWeen the note groups, the prior art electronic synchro 
niZer is responsive to the individualistic player, and makes 
the accompaniment synchronous With the melody. HoWever, 
When the individualistic player introduce the time lag at the 
boundary betWeen tWo tones in a certain note group, the 
prior art electronic synchroniZer can not respond to the 
individualistic player. 

SUMMARY OF THE INVENTION 

[0006] It is therefore an important object of the present 
invention to provide a support system, Which makes a part 
of music synchronous With another part performed by a 
player at any point in the music. 
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[0007] In accordance With one aspect of the present inven 
tion, there is provided a synchroniZer for synchroniZing a 
?rst musical instrument With a second musical instrument 
comprising a ?rst data source storing a ?rst piece of 
sequence data including a ?rst series of pieces of music data 
used for producing ?rst tones for a part of a score and pieces 
of synchronous data selectively associated With the pieces of 
music data of the ?rst series and a second piece of sequence 
data including a second series of pieces of music data used 
for producing tones for another part of the score and 
synchronously outputting the ?rst piece of sequence data 
and the second piece of sequence data, a second data source 
successively outputting pieces of reference data representa 
tive of an actual performance on the second musical instru 
ment for producing the ?rst tones, and a controller connected 
to the ?rst data source, the second data source and the ?rst 
musical instrument, comparing the pieces of synchronous 
data With certain pieces of reference data corresponding to 
the pieces of music data associated With the pieces of 
synchronous data to see Whether or not the second data 
source timely outputs the certain pieces of reference data 
and controlling a data transfer of the second series of pieces 
of music data to the ?rst musical instrument so as to make 
the another part synchronous With the actual performance. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0008] The features and advantages of the support equip 
ment for a musical instrument Will be more clearly under 
stood from the folloWing description taken in conjunction 
With the accompanying drawings in Which: 

[0009] FIG. 1 is a perspective vieW shoWing the eXternal 
appearance of an ensemble system according to the present 
invention; 
[0010] FIG. 2 is a cross sectional side vieW shoWing an 
automatic player piano forming a part of the ensemble 
system; 

[0011] FIG. 3 is a vieW shoWing pieces of sequential data 
stored in MIDI music data codes; 

[0012] FIG. 4 is a vieW shoWing a table betWeen tracks 
and parts of a tune; 

[0013] FIG. 5 is a vieW shoWing a musical score for an 

ensemble; 
[0014] FIG. 6 is a front vieW shoWing a part of the music 
score produced on a display unit; 

[0015] FIGS. 7A to 7C are vieWs shoWing buffers used in 
a data processing; 

[0016] FIG. 8 is a vieW shoWing a main routine program 
executed by a host controller in an ensemble mode; 

[0017] FIG. 9 is a vieW shoWing a subroutine program 
forming a part of the main routine program; 

[0018] FIG. 10 is a vieW shoWing a subroutine program 
forming another part of the main routine program; 

[0019] FIG. 11 is a vieW shoWing a subroutine program 
forming yet another part of the main routine program; and 

[0020] FIG. 12 is a front vieW shoWing a part of a score 
produced in a display unit incorporated in another keyboard 
musical instrument according to the present invention. 
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DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Structure of Musical Instrument 

[0021] Referring to FIGS. 1 and 2 of the drawings, an 
electronic synchroniZer embodying the present invention is 
associated With a keyboard musical instrument 100. The 
keyboard musical instrument 100 is fabricated on the basis 
of an automatic player piano. The keyboard musical instru 
ment 100 is broken doWn into an acoustic piano 101, a 
playback system 102, an electronic sound generating system 
103 and a silent system 107. A pianist plays a tune on the 
acoustic piano 101 through ?ngering, and the playback 
system 102 plays the tune on the acoustic piano 101 Without 
the ?ngering. Namely, the playback system 102 reads out a 
set of music data codes representative of the tune from an 
information storage medium such as, for eXample, a CD 
ROM (Compact Disk Read Only Memory) disk or a DVD 
(Digital Versatile Disk), and plays the tune as if the pianist 
plays it on the acoustic piano. The set of music data codes 
may be supplied through a communication line (not shoWn). 
The electronic sound generating system 103 produces an 
analog audio signal from music data codes, and electronic 
tones are produced from the analog audio signal. The music 
data codes may be supplied from the information storage 
medium, or produced in response to the ?ngering in real 
time fashion. The silent system 107 selectively establishes 
an acoustic sound mode and a silent mode in the keyboard 
musical instrument. The silent system 107 permits the 
pianist to play a tune on the acoustic piano 100 in the 
acoustic sound mode, and prohibits the acoustic piano 100 
from producing the acoustic piano tones in the silent mode. 
While the pianist is playing a tune on the acoustic piano 100 
in the silent mode, the electronic sound generating system 
103 produces the electronic tones in response to the ?nger 
ing, and the pianist con?rms the ?ngering through the 
electronic tones. The playback system 102 may play a tune 
in the silent mode. 

[0022] The acoustic piano 101 is similar to a standard 
grand piano, and includes a keyboard 101a, action mecha 
nisms 101b, hammers 101c, damper mechanisms 101a' and 
music strings 1016. These component parts 101a to 1016 are 
linked With one another, and generate the acoustic piano 
tones. In detail, black keys 101f and White keys 101g are laid 
on the Well-knoWn pattern, and form in combination the 
keyboard 101a. The notes of the scale are respectively 
assigned to the black/White keys 101f/101g. The keyboard 
101a is mounted on a key bed 101h. The black/White keys 
101f/101g are turnable around a balance rail 101j, and are 
held in contact With the associated action mechanisms 101b 
by means of capstan screWs 101k. 

[0023] The action mechanisms 101b are rotatable around 
a center rail 101m. Each of the action mechanisms 101b 
includes a jack 10111 and a regulating button 101p. When the 
jack 10111 is brought into contact With the regulating button 
101p, the jack 101n escapes from the associated hammer 
101c, and the hammer 101c is driven for rotation around a 
shank ?ange rail 101q. 

[0024] The hammers 101c have rest positions under the 
associated music string 1016, respectively, and strike the 
music strings 1016 for generating the acoustic piano tones. 
Upon striking the associated music strings 1016, the ham 
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mers 101c rebound, and return toWard the rest positions. The 
rebounding hammer 103 is gently received by a back check 
101r on the Way to the rest position, and the back check 101r 
guides the hammer 101c to the rest position after the 
depressed key 101f/101g is released. 

[0025] The damper mechanisms 101d have respective 
damper heads 101s, and are actuated by the black/White keys 
11f/11g, respectively. The damper heads 101s are held in 
contact With the associated music strings 1016, and prevent 
the music strings 1016 from resonance With a vibrating 
music string 101e. 

[0026] When the pianist depresses one of the black/White 
keys 101f/101g, the black/White key 101f/ 101g sinks toWard 
the end position, and pushing the associated damper mecha 
nism 101d upWardly. The damper head 101s is spaced from 
the associated music string 1016, and the music string 1016 
is alloWed to vibrate. Thereafter, the jack 101n escapes from 
the associated hammer 101c, and the hammer 101c strikes 
the music string 1016. Thus, the component parts 101a to 
101d are sequentially actuated for generating the acoustic 
piano tones as similar to the standard grand piano. 

[0027] A host controller 104, a display unit 105, a disk 
driver 106 and a MIDI interface port 110 are shared betWeen 
the playback system 102 and the recording system 103, and 
the host controller 104 is further shared With the silent 
system 107 as Will be hereinlater described in detail. 

[0028] Though not shoWn in the draWings, a central pro 
cessing unit, a program memory, a Working memory and a 
data interface are incorporated in the host controller 104, and 
the central processing unit is communicable With other 
electric components as indicated by arroWs in FIG. 3. The 
central processing unit produces a set of music data codes 
from key position signals and control signals from a set of 
music data information. The set of music data codes repre 
sents the ?ngering on the keyboard 101a. The analog audio 
signal is produced from the set of music data codes in the 
real time fashion for the electronic sound generating system 
103, or the control signals are produced from the set of 
music data codes for the playback system 102. The set of 
music data codes may be supplied through the MIDI inter 
face port 110 to another musical instrument (not shoWn). 

[0029] The display unit 105 is provided on the acoustic 
piano 101 as shoWn in FIG. 1, and is located on the left side 
of the music rack 101t. The display unit 105 has a data 
processing system, an image producing screen and a touch 
panel overlapped With the image producing screen. The 
image producing screen may be implemented by a liquid 
crystal display panel. The image producing screen is three 
dimensionally movable, and user can adjust the image 
producing screen to an arbitrary direction. Menus are step 
Wise shoWn on the touch panel, and user selects desired 
items on the touch panel. One of the menus prompts the user 
to select a mode of operation such as a playback mode, the 
acoustic sound mode, the silent mode and an ensemble 
mode. The display unit 105 further produces messages, 
instructions and a musical score for assisting the user. 

[0030] The playback system 102 further comprises a 
servo-controller 102a, solenoid-operated key actuators 102b 
and a tone generator/sound system 102c. Though not shoWn 
in FIG. 2, plunger sensors are respectively provided in the 
solenoid-operated key actuators 102b, and plunger position 
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signals are fed back to the servo-controller 102a. The 
plunger position signals are representative of actual plunger 
positions, and the servo-controller 102a controls the plunger 
motion through the feedback loop. 

[0031] A set of music data codes is supplied from the 
information storage medium or a suitable data source 
through the MIDI interface port 110. When the information 
storage medium such as, for example, a compact disk is 
placed on a tray of the disk driver 106, the disk driver 106 
reads out the set of music data codes from the compact disk, 
and transfers the set of music data codes to the Working 
memory of the host controller 104. The set of music data 
codes are representative of pieces of music data information, 
and each piece of music data information includes at least 
note numbers indicative of the black/White keys to be 
moved, a key event, i.e., a note-on or a note-off, a key 
velocity to be imparted to the moved key and a time interval 
from the previous key event. The key velocity represents the 
loudness of a tone to be generated, because the loudness of 
the tone is proportional to the key velocity. 

[0032] When the user instructs the playback mode to the 
host controller 104, the host controller 104 starts an internal 
timer, and searches the set of music data codes to see 
Whether or not any piece of music data information is 
indicative of the present time. If the host controller 104 ?nds 
a piece of music data information indicative of the present 
time, the host controller 104 determines a target trajectory 
for the black/White key 101f/101g to be moved and a target 
key velocity Vr on the target trajectory. The host controller 
104 instructs the servo-controller 102a to control the sole 
noid-operated key actuator 102b associated With the black/ 
White key 101f/101g along the target trajectory With the 
control signal. The servo-controller 102a supplies a driving 
pulse signal to the solenoid-operated key actuator 102b. 
Then, the solenoid-operated key actuator 102a upWardly 
projects the plunger so as to move the associated black/White 
key 101f/101g Without any ?ngering. While the plunger is 
projecting upWardly, the plunger sensor varies the plunger 
position signal, and the servo-controller 102a calculates an 
actual plunger velocity. The servo-controller 102a compares 
the actual plunger velocity With the target key velocity to see 
Whether or not the plunger and, accordingly, the black/White 
key 101f/101g is moving along the target trajectory. If not, 
the servo-controller 102a varies the magnitude of the driving 
pulse signal for changing the plunger velocity. Thus, the 
black/White key 101f/101g is moved along the target trajec 
tory identical With that in the original performance, and 
actuates the associated action mechanism 101b and the 
associated damper mechanism 101d. The damper head 101s 
is spaced from the music string 1016, and alloWs the music 
string 1016 to vibrate. When the jack 10111 is brought into 
contact With the regulating button 101p, the jack 101n 
escapes from the hammer 101c, and the hammer 101c is 
driven for rotation toWard the music string 1016. The 
hammer 101c strikes the music string 1016, and rebounds 
thereon. The back check 101r gently receives the hammer 
101c, and prevents the music string 1016 from any double 
strike. 

[0033] When the host controller 104 ?nds another piece of 
music data information representative of the note-off event 
at the present time, the host controller 104 determines a 
target key velocity on a target backWard trajectory for the 
released key, and instructs the servo-controller to decrease 
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the magnitude of the driving pulse signal With the control 
signal. The associated solenoid-operated key actuator 102b 
retracts the plunger, and guides the depressed black/White 
key 101f/ 101g toWard the rest position. The servo-controller 
102a also controls the plunger through the feedback loop. 
The damper head 101s is brought into contact With the music 
string 1016, and the acoustic piano tone is decayed. 

[0034] When the user instructs the playback system 102 to 
generate the electronic tones, the host controller 104 sequen 
tially supplies the music data codes to the tone generator 
102c, and the tone generator 102c produces the analog audio 
signal from the music data codes. The tone generator 102c 
supplies the analog audio signal to the sound system 102c, 
and the sound system 102c generates the electronic tones 
instead of the acoustic piano tones. The host controller 104 
may control an ensemble betWeen the solenoid-operated key 
actuators 102b and the tone generator 102c. 

[0035] In this instance, the playback system 102 further 
serves as a guide in the practice of ?ngering on the keyboard 
101a. When the playback system 102 is requested to guide 
the trainee, the playback system 102 reads out a set of music 
data codes from the information storage medium, and gets 
ready for guiding the trainee. While the trainee is ?ngering 
on the keyboard 101a, the host controller 104 produces the 
musical score for the selected tune, and slightly moves the 
black/White keys 101f/101g by means of the solenoid 
operated key actuators 101b immediately before the times to 
depress the black/White keys 101f/101g. Although the host 
controller 104 sequentially designates black/White keys 
101f/101g to be depressed as similar to that in the playback 
mode, the servo-controller 102a stops the plungers before 
the associated jack 101n escapes from the hammer 101c. 
The playback system 102 does not alloW the acoustic piano 
101 to generate the acoustic piano tones. When the trainee 
further depresses the black/White keys 101f/101g, the jacks 
10111 are brought into contact With the regulating buttons 
101p, and the hammers 101c are driven for rotation by the 
jacks 10111. The hammers 101c strike the associated music 
strings 1016, and the acoustic piano tones are generated from 
the music strings 1016. Thus, the playback system 102 gives 
the guide to the trainee. 

[0036] The tone generator/sound system 102c is shared 
betWeen the playback system 102 and the electronic sound 
generating system 103. The electronic sound generating 
system 103 further includes key sensors 103a. The key 
sensors 103a respectively monitor the black/White keys 
101f/101g, and supply the key position signals to the host 
controller 104. The key position signal is representative of 
the current key position of the associated black/White key 
101f/101g. The key sensor 103a is implemented by a shutter 
plate and photo-couplers. The shutter plate is attached to the 
back surface of the associated black/White key 101f/101g, 
and the photo-couplers are provided along the trajectory of 
the shutter plate at intervals. The photo-couplers radiate light 
beams across the trajectory of the shutter plate so that the 
shutter plate sequentially interrupts the light beams on the 
Way to the end position. 

[0037] While a pianist is playing a tune on the keyboard 
101a, the host controller 104 starts an internal timer for the 
lapse of time from the initiation, and periodically checks the 
key position signals to see Whether or not the pianist 
depresses or releases any one of the black/White keys 
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101f/101g. If the pianist depresses or releases the black/ 
White keys 101f/101g, the associated key sensor 103a 
changes the key position signal representative of the current 
key position, and the host controller 104 is noti?ed that the 
pianist depresses or releases the black/White keys 101f/101g. 

[0038] When the host controller 104 ?nds the pianist to 
depress one of the black/White key 101f/101g, the host 
controller 104 speci?es the note number assigned to the 
depressed black/White key 101f/101g, and determines the 
key velocity and the lapse of time from the previous key 
event. The host controller 104 stores the piece of music data 
information in the music data codes, and supplies the music 
data codes to the tone generator/sound system 102C. The 
tone generator/sound system 1026 generates the electronic 
tone corresponding to the acoustic piano tone to be gener 
ated from the associated music string 101e. 

[0039] Furthermore, When the host controller 104 ?nds the 
pianist to release the black/White key 101f/101g, the host 
controller 104 speci?es the note number assigned to the 
released black/White key 101f/101g, and determines the key 
velocity and the lapse of time from the previous key event. 
The host controller 104 stores the piece of music data 
information in the music data codes, and supplies the music 
data codes to the tone generator/sound system 102C. The 
tone generator/sound system 1026 decays the electronic 
tone. The electronic sound generating system 103 may 
supply the music data codes through the MIDI interface port 
110 to another musical instrument. 

[0040] The silent system 107 further comprises a hammer 
stopper 107a and an electric motor 107b, and the electric 
motor 107b is bi-directionally driven for rotation by the host 
controller 104. The host controller 104 changes the hammer 
stopper 107a from a free position FP to a blocking position 
BP and vice versa by means of the electric motor 107b. 
When a pianist Wants to generate the acoustic piano tones in 
the acoustic sound mode, the host controller 104 changes the 
hammer stopper 107a to the free position FP. Then, the 
hammer stopper 107a is vacated from the trajectories of the 
hammers 101c, and the hammers 101c are alloWed to strike 
the associated music strings 1016. On the other hand, When 
the pianist Wants to play a tune Without any acoustic piano 
tone in the silent mode, the host controller 104 changes the 
hammer stopper 107a to the blocking position BP. Even 
though the hammers 101c are driven for rotation through the 
escape, the hammers 101c rebound on the hammer stopper 
107a before striking the music strings 1016, and any acous 
tic piano tone is not generated from the music string 1016. 
The electronic sound generating system 103 generates the 
electronic tones instead of the acoustic piano tones. 

[0041] A trainee plays a tune together With the electronic 
sound generating system 103 in the ensemble mode. The 
trainee practices the ?ngering for the melody on the key 
board 101a, and the electronic sound generating system 103 
generates the electronic tones for the accompaniment. Even 
if the trainee ?ngers out of the tempo, an electronic syn 
chroniZer according to the present invention makes the 
accompaniment synchronous With the ?ngering. When a 
pianist intentionally introduces a time lug betWeen tWo 
tones, the electronic synchroniZer also makes the accompa 
niment synchronous With the melody. In this instance, the 
host controller 104, the disk driver 106, the key sensors 103a 
and computer programs described hereinlater as a Whole 
constitute the electronic synchroniZer. 
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[0042] First, description is made on the music data codes 
used for the ensemble. The music data codes are formatted 
in accordance With the MIDI (Musical Instrument Digital 
Interface) standards. 

Multi-track Music Data Codes and Data 
OrganiZation 

[0043] FIG. 3 shoWs the music data codes formatted in the 
MIDI standards. Pieces of music data information stored in 
the music data codes are broken doWn into event data, 
timing data and control data. Akind of key event such as the 
note-on event or the note-off even, the note number and a 
velocity are memoriZed in a piece of event data, and the time 
interval betWeen an event and the previous event is stored in 
a piece of timing data. The key velocity is corresponding to 
the velocity. The control data “END” is representative of a 
message that the performance is to be terminated. The user 
can assign siXteen tracks Tr0 to Tr15 to difference instru 
ments at the maXimum according to the MIDI standards. For 
this reason, pieces of event data, associated pieces of timing 
data and the control data “END” form a piece of sequence 
data for one of the tracks Tr0 to Tr15. 

[0044] The piece of sequence data Tr0 contains pieces of 
event data ET1/ET2 and pieces of timing data associated 
With the pieces of event data ET1/ET2. The piece of event 
data ET1 has storage areas assigned to the note-on event, the 
note number and the velocity. According to the present 
invention, a cue ?ag Cf is storable in the storage area 
assigned to the velocity. The cue ?ag Cf is indicative of the 
mark point at Which the electronic tone generating system 
103 is to be synchroniZed With the acoustic piano 101. 

[0045] In this instance, the principal melody line in a tune 
is performed by a pianist on the acoustic piano 101, and one 
of the tracks Tr0 is assigned to a piece of sequential data 
representative of the principal melody line. The cue ?ags Cf 
are stored in the pieces of event data of the piece of 
sequential data at intervals. Another piece of sequential data 
is assigned to the accompaniment of the same tune, and is 
assigned other track or tracks. In this instance, the piece of 
sequential data for the accompaniment is assigned the track 
Tr1. The track Tr0 and the other track Tr1 are hereinbeloW 
referred to as “principal melody track” and “accompaniment 
track”, respectively. The pieces of timing data keep the 
pieces of event data in the principal melody track Tr0 and the 
pieces of event data in the accompaniment track Tr1 cor 
relative With one another. For this reason, the accompani 
ment is synchroniZed With the principal melody. 

[0046] While a trainee is playing the principal melody on 
the keyboard 101a, the host controller 104 reads of the piece 
of sequential data from the track Tr0, and checks the key 
position signals to see Whether or not the pianist depresses 
the black/White key 101/101g represented by the note num 
ber marked With the cue ?ag Cf. If the trainee ?ngers out of 
the tempo, the host controller 104 retards or advances the 
data processing on the piece of event data marked With the 
cue ?ag Cf, and the associated pieces of timing data in the 
principal melody track Tr0 and the accompaniment track Tr1 
make the data processing on the corresponding piece of 
event data in the accompaniment track Tr1 synchronous With 
that in the principal melody track Tr0. Thus, the cue ?ag Cf 
is Written in any music data code representative of a piece of 
event data, and the electronic synchroniZer according to the 
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present invention makes the accompaniment synchronous 
With the principal melody at the note marked With the cue 
?ag Cf. 

Assistance in Ensemble Mode 

[0047] Aset of music data codes represents a music score, 
a part of Which is shoWn in FIG. 5. The set of music data 
codes is stored in the information storage medium. The set 
of music data codes is broken doWn into a piece of sequence 
data representative of a principal melody and another piece 
of sequence data representative of the accompaniment. The 
music data codes for the principal melody are assigned the 
principal melody track Tr0, and the music data codes for the 
accompaniment are assigned the accompaniment track Tr1. 

[0048] A “target time for key event” is equal to the 
accumulation of pieces of timing data until the associated 
piece of event data, and is representative of a time at Which 
the associated event such as the note-on event or note-off 
event is to take place. If the controller achieves the resolu 
tion tWice as long as a quaver note, the note-on events for the 
?rst to ?fth quarter notes occur at t0, t2, t4, t6 and t8. The 
cue ?ags Cf are added to the note numbers “67” and “72” 
indicated by the ?fth quarter note and the ninth quarter note, 
respectively. The ninth quarter note has the note-on event at 
t16. The target time for key event is shared betWeen all the 
tracks Tr0 to Tr15, and the host controller 104 synchroniZes 
the data processing on the music data codes in the principal 
melody track Tr0 With the data processing on the music data 
codes for the accompaniment track Tr1. The cue note Cf is 
assumed to be stored in a MIDI music data code for a certain 
note. The note-on event for the certain note occurs at a “?ag 
time”. In other Words, the ?ag time is equivalent to the target 
time for key event at Which the certain note is to be 
synchroniZed With the associated note for the accompani 
ment. A “?ag event” is a detection of the depressed key 
101f/101g corresponding to the note marked With the cue 
?ag Cf. 

[0049] Read-out timers are provided for the tracks, respec 
tively, and each of the read-out timers stores a read-out time. 
The read-out time is equivalent to a time period until 
read-out of a piece of event data, and is stepWise decre 
mented by the host controller 104. Namely, When the read 
out time reaches Zero, the associated piece of event data is 
read out for the data processing. The read-out time is earlier 
than the target time by a predetermined time interval. For 
this reason, the associated piece of event data is read out 
before the target time. 

[0050] A “pointer time” is a time stored in the internal 
clock. The internal clock is incremented at regular time 
intervals by a clock signal representative of a tempo. 
According to the present invention, selected notes in the 
principal melody are accompanied With the cue ?ags Cf for 
synchroniZing the principal melody With the ?ngering on the 
keyboard 110a. The synchroniZation is achieved by tempo 
rarily stopping the internal clock. For this reason, it is not 
necessary to increment the pointer time at regular time 
intervals. 

[0051] Term “Waiting time” means a lapse of time after 
entry into Waiting status. When the read-out timer for the 
principal melody track Tr0 reaches Zero, the associated piece 
of event data containing the cue ?ag Cf enters the Waiting 
status, and the Waiting status continues for a predetermined 
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time period. The piece of event data marked With the cue ?ag 
Cf eXits from the Waiting status When the trainee depresses 
the black/White key 101f/101g Within the predetermined 
time period. Similarly, if the predetermined time period is 
eXpired Without depressing the black/White key, the piece of 
event data also eXits from the Waiting status. The pointer 
time is not incremented in the Waiting status. When the ?ag 
event takes place, the internal clock is set for the ?ag time, 
and restarts to increment the pointer time. On the other hand, 
When the predetermined time period is expired Without ?ag 
event, the internal clock is set for the event time of the 
non-executed event data. Thus, the internal clock is peri 
odically regulated at the marked notes in the principal 
melody, and the data transfer to the tone generator/sound 
system 102c is also periodically regulated, because the event 
time is shared betWeen all the tracks. 

[0052] As described hereinbefore, the host controller 104 
produces the musical score for a tune on the display unit 105, 
and guides the trainee in ?ngering. FIG. 6 shoWs the musical 
score produced on the display unit 105. Only the musical 
score of the principal melody is produced on the display unit 
105, because the host controller 104 guides the trainee in the 
?ngering for the principal melody. The host controller 104 
produces several measures of the musical score, and scrolls 
the musical score in synchronism With the ?ngering on the 
keyboard 101a. The quarter notes at the synchronous points 
are marked With arroWs and Words “Cue Flag”. The arroW 
and the Words notify a series of notes to be sequentially 
performed to the trainee. The host controller 104 blinks the 
arroW and the Words at the neXt synchronous point so as to 
draW the trainee’s attention thereto. 

[0053] The host controller 104 assigns particular storage 
areas of the Working memory to a depressed key buffer, an 
event buffer and a cue ?ag buffer. FIGS. 7A to 7C shoW the 
depressed key buffer, the event buffer and the cue ?ag buffer, 
respectively. 
[0054] The depressed key buffer stores the note number 
assigned to the latest depressed key 101f/101g. The host 
controller 104 has a table betWeen black/White keys 101f/ 
101g and the note numbers assigned thereto. When the host 
controller 104 ?nds the trainee to depress the black/White 
key 101f/101g on the basis of the variation of current key 
position, the host controller 104 checks the table to see What 
note number is assigned to the depressed key 101f/101g. The 
host controller 104 identi?es the note number assigned to the 
depressed key 101f/101g, and Writes the note number of the 
depressed key into the depressed key buffer. In other Words, 
the host controller 104 maintains the note number of the 
black/White key 101f/101g just depressed by the trainee in 
the depressed key buffer. The depressed key buffer shoWn in 
FIG. 7A teaches that the trainee has just depressed the 
black/White key assigned the note number “65”. 

[0055] The event buffer stores pieces of event data to be 
processed. The pieces of event data to be processed are 
grouped by the track, and the kind of event, the note number 
and the target time are stored together With the track number. 
The event buffer shoWn in FIG. 7B indicates that a music 
data code for the note-on event of the tone identi?ed With the 
note number 67 is to be processed at the target time t8 for 
actuating the associated solenoid-operated key actuator 
102b and that the music data code for the note-on event at 
the note number 67 is to be transferred at target time t8 to 
the tone generator/sound system 102c. 
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[0056] The cue ?ag buffer teaches the target time at Which 
the music data code marked With the cue ?ag Cf is to be 
processed and a lapse of time from the registration therein. 

Computer Programs 

[0057] The host controller 104 processes the music data 
codes in the ensemble mode as folloWs. FIG. 8 illustrates a 
main routine program for the host controller 104. 

[0058] When the host controller 104 is energiZed, the host 
controller 104 starts the main routine program. The host 
controller 104 ?rstly initialiZes the buffers and the internal 
clock as by step S100. After the initialization, the host 
controller 104 Waits for user’s instruction. When the user 
instructs the ensemble mode through the display unit 105 to 
the host controller 104, the host controller 104 reiterates the 
loop consisting of sub-routine programs S200, S300 and 
S400 until termination of the ensemble. The host controller 
104 carries out a data processing for a depressed key through 
the sub-routine program S200, and a data search for next 
event and a data processing for the event are carried out 
through the sub-routine programs S300 and S400, respec 
tively. The host controller 104 circulates through the loop 
Within unit time. The unit time is long enough to permit all 
the events concurrently scheduled to occur. 

[0059] The host controller 104 achieves tasks shoWn in 
FIG. 9 through the subroutine program S200. When the 
main routine program branches into the subroutine program 
S200, the host controller 104 fetches the pieces of positional 
data information represented by the key position signals 
from the interface assigned to the key sensors 103a as by 
step S201, and stores the pieces of positional data informa 
tion in the Working memory. The host controller 104 checks 
the pieces of positional data information to see Whether or 
not any one of the black/White keys 101f/101g is depressed 
by the trainee as by step S202. When the host controller 104 
?nds the trainee to depress the black/White key 101f/101g, 
the ansWer at step S202 is given af?rmative, and the host 
controller 104 Writes the note number assigned to the 
depressed key into the depressed key buffer as by step S203. 
On the other hand, if the host controller 104 does not ?nd 
any depressed key, the host controller 104 proceeds to step 
S204, and checks the pieces of positional data information 
to see Whether or not the trainee released the depressed key. 
When the host controller 104 ?nds that the trainee releases 
the depressed key, the host controller 104 erases the note 
number from the depressed key buffer as by step S205. Upon 
completion of the data processing at step S203 or S205, the 
host controller 104 returns to the main routine program. 
Thus, the host controller 104 periodically checks the key 
position signals for a depressed/released key 101f/101g, and 
stores the note number assigned to the latest depressed key 
in the depressed key buffer. 

[0060] In the sub-routine program S300, the host control 
ler 104 achieves tasks shoWn in FIG. 10. The host controller 
104 Writes the pieces of event data to be processed and the 
target time in the event buffer through the sub-routine 
program S300. First, the host controller 104 sets an index to 
the ?rst track Tr0 as by step S301. The host controller 104 
checks the read-out timer associated With the selected track 
to see Whether or not the read-out time reaches Zero as by 
step S302. Any read-out time has not been stored in the 
read-out timer immediately after the initiation of the 
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ensemble, and the ansWer at step S302 is given af?rmative. 
If the read-out timer Was set, the read-out time has been 
decremented in each execution of the sub-routine program 
S300. Finally, the read-out timer indicates that the read-out 
time is Zero, and the ansWer at step S302 is given af?rmative. 
The read-out time is earlier than the target time by a 
predetermined time. Then, the host controller 104 proceeds 
to step S303, and reads out the ?rst piece of event data. 
Subsequently, the host controller 104 determines the target 
time on the basis of the associated piece of timing data as by 
step S304, and Writes the kind of event, the note number and 
the target time in the roW of the event buffer assigned to the 
given track as by step S305. The host controller 104 deter 
mines the read-out time earlier than the target time by the 
predetermined time period, and adjusts the read-out timer to 
the read-out time as by step S306. The host controller 104 
checks the piece of event data to see Whether or not the cue 
?ag Cf is stored in the piece of event data as by step S307. 
If the cue ?ag Cf is found, the ansWer at step S307 is given 
af?rmative, and the host controller 104 Writes the note 
number, the ?ag time and the Waiting time into the cue ?ag 
buffer (see FIG. 7C) as by step S308. When the host 
controller 104 Writes them into the cur ?ag buffer, the 
Waiting time is Zero. The piece of event data enters into the 
Waiting status. The host controller 104 proceeds to step 
S309. When the piece of event data does not contain the cue 
?ag Cf, the ansWer at step S307 is given negative, and the 
host controller 104 checks the index to see Whether or not 
pieces of event data are Written into the event buffer for all 
the tracks as by step S309. If the ansWer at step S309 is given 
negative, the host controller 104 increments the index as by 
step S310, and returns to step S302. 

[0061] If the host controller 104 adjusted the read-out 
timer to the read-out time in the previous execution, the 
ansWer at step S302 is given negative, and the host controller 
104 proceeds to step S311. The host controller 104 decre 
ments the read-out time at step S311, and proceeds to step 
S309 Without execution of steps S303 to S308. The host 
controller 104 reiterates the loop consisting of steps 302 to 
310 until the index indicates the last track. Upon completion 
of the data search for the pieces of event data, the host 
controller 104 returns to the main routine program. 

[0062] The sub-routine program S400 is carried out for 
tasks shoWn in FIG. 11. The host controller 104 synchro 
niZes the electronic sound generating system 103 With the 
?ngering on the keyboard 101a through the sub-routine 
program S400. When the main routine program branches to 
the sub-routine program S400, the host controller 104 
checks the cue ?ag buffer to see Whether or not any piece of 
event data has been already Written therein as by step S401. 
If the host controller 104 has not Written any piece of event 
data in the cue ?ag buffer, the ansWer at step S402 is given 
negative, and the host controller 104 proceeds to step S410. 
The host controller 104 increments the pointer time at step 
S410. 

[0063] On the other hand, When the host controller 104 
?nds a piece of event data in the cue ?ag buffer, the ansWer 
at step S401 is given af?rmative, and the host controller 104 
proceeds to step S402. The host controller 104 compares the 
note number stored in the cue ?ag buffer With the note 
number stored in the depressed key buffer to see Whether or 
not they are consistent With each other at step S402. As 
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described hereinbefore, When a piece of event data has 
Written into the cue ?ag buffer, the piece of event data 
entered the Waiting status. 

[0064] On the other hand, When the black/White key 
101f/101g Was depressed, the note number assigned to the 
depressed key has been Written into the depressed key buffer. 
Therefore, if the note number in the cue ?ag buffer is 
consistent With the note number in the depressed key buffer, 
the trainee timely depresses the black/White key at the 
marked note in the principal melody Within the predeter 
mined time period. Then, the piece of event data eXits from 
the Waiting status, and the host controller 104 adjusts the 
pointer time to the ?ag time as by step S403. 

[0065] On the other hand, if the trainee have not depressed 
the black/White key 1011f/101g at the marked note, yet, the 
note number stored in the depressed key buffer is different 
from the note number stored in the cue ?ag buffer, and the 
ansWer at step S402 is given negative. Then, the host 
controller 104 increments the Waiting time stored in the cue 
?ag buffer. 

[0066] Subsequently, the host controller 104 checks the 
cue ?ag buffer to see Whether or not the Waiting time is equal 
to or greater than the predetermined time period as by step 
S405. Even if the trainee have not depressed the black/White 
key 101f/101g at the marked note in the principal melody, 
the delay is admittable in so far as the Waiting time is shorter 
than the predetermined time period. Then, the host controller 
104 immediately returns to the main routine program. 

[0067] On the other hand, if the predetermined time period 
has been expired, the ansWer at step S405 is given af?rma 
tive, and the host controller 104 assumes that the trainee 
skips the note at the marked point in the principal melody 
either intentionally or unintentionally. Then, the host con 
troller 104 adjusts the pointer time to the target time for the 
missing key 101f/101g as by step S406. 

[0068] Upon completion of the adjustment at step S403 or 
S406, the host controller 104 erases the note number and the 
?ag time from the cue ?ag buffer, and the Waiting time is 
reset to Zero as by step S407. Subsequently, the host con 
troller 104 checks the event buffer to see Whether or not the 
pointer time is equal to any one of the target times stored in 
the event buffer. If the host controller 104 ?nds the target 
time or times equal to the pointer time, the host controller 
104 achieves the task or tasks for the piece or pieces of event 
data as by step S408. In detail, if the piece of event data is 
found in the principal melody track, the host controller 104 
instructs the servo-controller 102a to drive the solenoid 
operated key actuator 102b for the guide. If the piece of 
event data in the track Tr1 has the target time equal to the 
pointer time, the host, the host controller 104 transfers the 
music data code to the tone generator/sound system 102c, 
scrolls the part of the score, and transfers the music data 
codes to the tone generator/sound system 102c for generat 
ing the electronic tone for the accompaniment. The host 
controller 104 scrolls the score in such a manner as to 
produce a note at the pointer time at the center of the screen. 
OtherWise, the part of the score may be intermittently 
scrolled by a single measure. When the note marked With the 
cue ?ag Cf is produced, the host controller 104 produces the 
image “cue ?ag” under the note. When the neXt note marked 
With the cue ?ag Cf is produced on the screen, the host 
controller 104 blinks the neXt note. Even if plural notes 
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marked With the cue ?ags Cf are concurrently produced on 
the screen, the trainee easily discriminates the neXt note 
marked With the cue ?ag Cf. Thereafter, the host controller 
104 erases the kind of event, the note number and the target 
time associated With the piece of event data executed at S408 
from the event buffer as by step S409. After step S409, the 
host controller returns to the main routine program. 

[0069] As described in the previous paragraph, the pieces 
of event data in the track Tr1 are sequentially transferred to 
the electronic sound generating system 102c through the 
sub-routine program S400 (see step S408). The host con 
troller 104 makes the data processing on the pieces of event 
data in the tracks Tr0 and Tr1 synchronous With the ?ngering 
at the notes marked With the cue ?ag Cf. The user can store 
the cue ?ag Cf in any piece of event data. Of course, the user 
can store the cue ?ag Cf in the piece of event data repre 
sentative of the note intentionally delayed or advanced. For 
this reason, the electronic synchroniZer according to the 
present invention achieves good ensemble betWeen the 
?ngering and the electronic sound generating system 103. 

[0070] In the above-described embodiment, the host con 
troller 104 and the tone generator/sound system 102c serves 
as the ?rst musical instrument, and the action mechanisms 
101b, the hammers 101c and the music strings 1016 as a 
Whole constitute the second musical instrument. The disk 
driver 106 and the information storage medium such as, for 
eXample, the compact disk as a Whole constitute the ?rst data 
source, and the keyboard 110a and the key sensors 103a 
form in combination the second data source. The host 
controller 104 and the subroutine programs S200, S300 and 
S400 as a Whole constitute the controller. 

[0071] As Will be appreciated from the foregoing descrip 
tion, the cue ?ag Cf is storeable in any piece of event data, 
and the electronic synchroniZer according to the present 
invention achieves the synchroniZation betWeen tWo parts of 
a piece of music such as, for eXample, the principal melody 
and the accompaniment at any notes marked With the cue 
?ags. 
[0072] Moreover, the host controller 104 cooperates With 
the display unit 105 so as to notify the progression of the 
piece of music to the pianist. The pianist recogniZes his Week 
point through the display unit 105, and improves the skill. 

[0073] Although particular embodiments of the present 
invention have been shoWn and described, it Will be apparent 
to those skilled in the art that various changes and modi? 
cations may be made Without departing from the spirit and 
scope of the present invention. 

[0074] For eXample, the cue ?ag Cf may be stored in a 
storage area different from the storage area assigned to the 
velocity. 
[0075] The electronic synchroniZer according to the 
present invention may synchroniZe more than tWo parts of a 
piece of music through more than tWo musical instrument. 
The trainee may perform another part of the piece of music. 

[0076] The playback system 102 does not give any guide 
to the trainee in the ensemble mode. OtherWise, another 
keyboard musical instrument may have an electric tutor 
independent of the playback system 102. In this instance, the 
electric tutor may guide a trainee in the ?ngering by sequen 
tially illuminating the black/White keys 101f/101g to be 
depressed. 






