
TONE SIGNAL GENERATOR ADAPTED FOR COUPLING WITH PERSONAL COMPUTER
BACKGROUND OF THE INVENTION a) Field of the Invention The present invention
relates to a tone signal generator for generating tone signals of inputted
musical performance data, and more particularly to a tone signal generator
equipped with a plurality type of input/output interfaces. b) Description
of the Related Art 



A musical instrument digital interface (MIDI) is widely used nowadays for
the transfer of electric signals such as musical performance data. MIDI
provides uni-directional transmission of data having a predetermined format
via a cable with 5-pin DIN output and input connectors. Software of
personal computers for editing tone colors or automatic musical performance
data is also known in practical use. Although personal computers have
generally a built-in bi-directional serial interface such as RS-232 and
RS-422, personal computers provided with a MIDI connector (5- 



pin DIN connector) is rare. Under such an environment, it is necessary to
insert a MIDI interface board into a slot of a personal computer for the
data conversion of edited tone colors and musical    2 performance data and
for the data transfer to and  from an electronic musical instrument via a
MIDI connector cable. 



Mounting and connections of such a board and cable requires some labor and
results in high cost. SUMMARY OF THE INVENTION It is an object of the
present invention to provide a tone signal generator allowing an easy
access to a personal computer and other electronic musical instruments
(including a musical performance controller). According to one aspect of
the present invention, there is provided a tone signal generator comprising
a tone signal generator circuit for generating tone signals of 



inputted musical performance data, general bi-directional serial
communication means for transmitting and receiving information including
musical performance data to and from a personal computer, electronic
musical instrument serial communication means including serial input means
for receiving information inclusive of musical performance data from an
electronic musical instrument and serial output means for transmitting
information inclusive of musical performance data to another electronic
musical instrument, and repeater means for outputting said information
inputted from said bi- 



directional serial communication means to said serial output means and for
outputting said information inputted from said serial input means to said
bi-directional serial communication    3 means. Preferably, the tone signal
generator is provided with switching means for switching between producing
and not 



producing a musical tone from the tone signal generator circuit, the
musical tone representing musical performance data inputted from the
bi-directional serial communication means or the serial input means. The
bi-directional serial communication means may be RS-232, RS-422, or the
like. The electronic musical instrument serial communication means is MIDI.
The tone signal generator circuit can synthesize tone signals by using
musical performance data supplied via any one of the communication means,
using its repeater means. Data supplied 



from the personal computer is converted into data of the other format and
sent to the musical instrument, or vice versa. It is therefore possible to
connect the tone signal generator or unit to a personal computer or the
like without adding a MIDI board to the personal computer. It is also
possible to provide connections between other electronic musical
instruments, personal computers, and the like, via the tone signal
generator unit. Use of the switching means allows the tone signal generator
circuit not to generate musical tones of inputted musical performance data,
using the tone signal 



generator only as a repeater. The tone signal generator of the present
invention is provided with the general bi-directional serial communication
4 means, electronic musical instrument serial  communication means, and
switching means. Therefore, musical performance data or the like can be
transferred by directly connecting a 



personal computer to the tone signal generator, and data received from an
electronic musical instrument can be transmitted to the personal computer.
BRIEF DESCRIPTION OF THE DRAWINGS Fig.1 shows the structure of a tone
signal generator unit according to an embodiment of the present invention.
Fig.2 is a flow chart showing the main routine of the operation to be
executed by the tone signal generator unit of the embodiment. Fig.3 is a
flow chart showing a MIDI reception 



interrupt operation of the tone signal generator unit of the embodiment.
Fig.4 is a flow chart showing a serial reception interrupt operation of the
tone signal generator unit of the embodiment. Fig.5 is a flow chart showing
the performance data buffer process of the tone signal generator unit of
the embodiment. Fig.6 is a flow chart showing a recording process for the
personal computer connected to the tone signal generator 



unit of the embodiment. Fig.7 is a flow chart showing a reproducing process
5 for the personal computer connected tO the tone signal generator unit of
the embodiment. Fig.8 is a flow chart showing a reception interrupt
operation for the personal computer. 



DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS Fig.1 is a block diagram
showing the structure of a tone signal generator unit according to an
embodiment of the present invention. This tone signal generator unit
generates tone signals of performance data inputted via interfaces from
other electronic musical instruments and personal computers or the like.
The tone signal generator unit can change tone colors, effects, and the
like, in accordance with the wide range of commands received from other
instruments. 



The tone signal generator unit 1 is connected with a personal computer 3
and sound system 4. A keyboard type controller 2 is connected via a MIDI
cable to a MIDI interface 14 of the tone signal generator unit 1, and the
personal computer 3 is connected to via a bi-directional communication
cable to a serial interface 15. An example of a connector for coupling to
the MIDI interface is shown in Fig.1B. The serial interface is a general
bi-directional serial interface such as RS-232C and RS-422 whose connector
is shown in Fig.1C by way of example. The tone signal generator unit 1 is
controlled by 



a CPU 10. CPU 10 is connected via a bus 11 to a ROM 12, RAM    6 13, MIDI
interface 14, serial interface 15, panel switches 16, display 17, and tone
signal generator circuit 18. The tone signal generator circuit 18 generates
tone signals of musical performance data stored in a buffer BUF in RAM 13,
under control of CPU 10. A sound system 4 connected to the tone 



signal generator circuit 18 amplifies inputted tone waveform signals and
outputs them from loudspeakers or the like. ROM 12 stores control programs
for various controls illustrated by flow charts to be described later. RAM
13 has the above- described buffer BUF for storing various data inputted
via the interfaces, a communication mode flag register CM for storing
communication mode flags to be used in setting a communication mode, a note
register NC for storing note numbers, a velocity register NC for storing
velocity data; a channel register i for storing channel numbers, a tone
color register TCi for 



storing tone color data corresponding to channel numbers i, a program
number register PC for storing program numbers, and an operation mode
register OM for storing operation modes. The panel switches 16 are used in
locally switching between tone colors, effects, and the like. The display
17 displays a tone color or mode presently set. Figs.2 to 5 are flow charts
illustrating the operations of the tone signal generator unit. Fig.2 is a
flow chart of the main routine to be executed by the tone signal generator
unit. Initialization is 



executed at step n1 to enter the tone signal generator unit 1    7 into a
standby state.  Thereafter, a reception buffer process (step n2) and panel
switch process (step n3) are repetitively executed. The panel switch
process includes an operation of switching between tone colors and
communication modes for each MIDI channel, an operation of renewing the
program change 



table, an operation of dumping data of the tone signal generator unit to
the personal computer. Fig.3 is a flow chart showing the MIDI reception
interrupt operation initiated when serial data is received from a MIDI IN
terminal of the MIDI interface 14. When data is received from another
electronic musical instrument via the MIDI interface 14, the received data
is loaded in the buffer BUF (step n10). Data in BUF is transmitted via a
MIDI OUT terminal (step n11), and a communication flag CM is discriminated
(step n12). CM = 0 is a mode wherein the 



received data is converted to the other data format to output it to the
serial interface 15, without generating tone signals of the received data
from the tone signal generator circuit 18. CM = 1 is a mode wherein the
received data is converted to the other data format to output it to the
serial interface, and the received data is reproduced as sounds. CM = 2 is
a mode wherein the received data is reproduced as sounds, without
outputting the data to the serial interface 15. Therefore, if the
communication mode is CM = 0, data in BUF is converted to the other format
and outputted to the serial 



interface 15 (step n13).  If the communication mode is CM = 1,    8 data in
BUF is converted to the o her format and ou putted to the serial interface
15 (step n14), and the data in BUF is loaded in a performance data buffer
in which data is transmitted to the tone signal generator circuit 18 (step
n15). If the communication mode is CM = 2, data in BUF is 



loaded in the performance data buffer (n16). Fig.4 is a flow chart of a
serial reception interrupt routine which is initiated when data is received
from the serial interface 15. Received data is loaded in BUF (step n20).
Next, the communication mode CM is discriminated (step n21). When data is
received from the serial interface 15, internal commands are executed in
any communication mode, and sounds are reproduced in modes CM = 0 and CM =
1. The internal commands are so-called system exclusive commands which are
stipulated only between the personal computer 3 and 



tone signal generator unit 1, such as a program change command and a mode
change command. If the discriminated communication mode is CM = 2 and only
if data loaded in BUF is an internal command, an operation corresponding to
the internal command is performed (step n22). If the mode is not CM = 2, an
operation corresponding to the data in BUF is performed, irrespective of
the contents of the loaded data. Specifically, the data in BUF is loaded in
the performance data buffer, and if the data in BUF is an internal command,
an operation corresponding to the internal command is performed. If the
data in BUF is 



musical performance data, sounds are generated by the tone    9 signal
generator circuit 18 (step n23), and the performance data is outputted from
the MIDI OUT terminal (steps n24 and n25). Fig.5 is a flow chart
illustrating a performance data buffer process for executing various types
of operations in 



accordance with the contents of data stored in the performance data buffer.
It is first checked whether new data was stored in the performance data
buffer (step n30). If not, the flow returns. If stored, it is checked which
type the stored data is (step n31). If the stored data is note on-event
data, the number of a MIDI channel from which the data was sent is stored
in the register i, the number of the on-event note is stored in the
register NC, and the stored velocity data is loaded in the register VE
(step n32). The MIDI channel number i identifies 



the designated tone color data Tci. These data are sent to the tone signal
generator circuit 18 to produce a sound having the tone color Tci, tone
pitch NC, and tone volume VE. The sound producing channel to be allocated
is arbitrarily assigned irrespective of the MIDI channel (this is called a
dynamic voice allocation). If the stored data is a note off-event, the
number of the MIDI channel from which the data was sent is stored in the
register i, and the note number thereof is set to the register NC (step
n34). The sound producing channel is located to stop 



the produced sound (step 35).    10 If the stored data is program change
data, the number of the MIDI channel to which the program is changed is set
to the register i, and the new program number is set to the register PC
(step n36). Using these data as search parameters, new tone color data
F[err](PC) is read from the 



program change table or operation mode register OM and set to the register
TCi as the tone color of the MIDI channel i for the new program number PC
(step n37). If the stored data is an internal command, the corresponding
operation is performed (step n38). If the stored data is another data
except the above-described data, a corresponding operation is performed
(step n38). The internal commands include setting commands for setting the
registers CM, OM and the like, a command for requesting a tone color and
the like of a presently used channel, a command for requesting 



bulk dump data. The operation to be executed at step n39 includes a control
change operation, all-notes-off operation, and the like. Figs.6 to 8 are
flow charts illustrating the operations on the side of the personal
computer 3. Fig.6 is a flow chart of a recording process wherein while
reproducing automatic musical performance data already stored in a memory
of the personal computer, the automatic musical performance data added with
performance data hand- inputted from the controller 2 in an over-dubbing
manner from 



the controller 2 is recorded. First, a music number and name    11 are
entered (step n40). If it is a new music, data such as tone color presently
set in the tone signal generator unit is requested (step n42). This request
is transmitted as an internal command. In accordance with received various
setting data (such as a bar size, initial data (tempo, tone color)), 



various data for the new music are set (step n43). If a music already
stored is to be edited, various data set for the already stored music are
used and the flow advances from step n41 directly to step n44 whereat a
music data record area is reserved in the memory of the personal computer.
Thereafter, the flow stands by until an on-event of a start key or stop key
occurs (step n45). Specific function keys of the keyboard 5 are assigned as
the start key and stop key. When the on- event of the stop key occurs, the
recording process is terminated. When the on-event of the start key occurs,
the 



recording operation starts. In the recording operation, an event timing is
checked from clocks (step n47). At the event timing, the event of the
already stored music is read and sent to the serial interface 15 of the
tone signal generator unit 1 (step n49). This even data is sent after it is
converted into the MIDI format. Thereafter, the event data is stored in the
data record area reserved at step n44 (step n50). The operations from step
n57 to n50 are repeated until the on-event of the stop key occurs (step
n51. By repetitively performing the operations from 



step n47 to n51, the performance data of the music designated    12 at step
n40 can be reproduced at the tone signal generator unit 1 while recording
it in the data record area reserved at step n44. The period during such
repetitive operations is discriminated as "an on-record operation". During
this 



period, performance data supplied via the MIDI interface from the keyboard
type controller 2 or the like is also stored in the data record area (which
will be detailed in Fig.8). Namely, the music reproduced by the operations
from step n47 to n51 as well as the performance data inputted from the MIDI
interface 14 is recorded in the data record area. For the case of a new
music, the flow proceeds from step n47 to n51, and performance data from
the MIDI interface 14 or performance data from the keyboard 5 of the
personal computer 3 is recorded. 



When the on-event of the stop key occurs, a header such as a music size
(length of all data) and record time period is added to the recorded music
data, and thereafter the record operation is terminated (step n52). In this
flow, if the steps n41, n42, n43 and n44 are executed, a new music is
produced and recorded, whereas if the flow advances from the step n41
directly to the step n44, the already recorded music is added with a new
part (over-dubbing). Fig.7 is a flow chart of a reproducing process wherein
an already recorded music (automatic musical performance data) 



is read and outputted to the tone signal generator unit 1 to    13
reproduce the music. First, a music number and name are entered (step n60).
If a new music other than those already stored in the personal computer is
designated, the flow is immediately terminated (step n61). If an already
stored music is designated, the flow stands by until the on-event of the 



start key occurs. If the stop key is turned on prior to turning on the
start key, the flow is immediately terminated (step n63). When the start
key is turned on, the automatic musical performance is executed. An event
timing is discriminated from clocks (step n64). An event is read at the
event timing (step n65), the event being outputted via the serial interface
to the tone signal generator unit 1 (step n66). The serial data is
converted into the MIDI data format. This operation continues until the
stop key or start key is turned on (step n67). When the stop key is turned
on or when 



the end data is read, the flow is terminated. Fig.8 is a flow chart showing
the reception interrupt operation for serial performance data. This
operation is executed in response to a reception interrupt issued from the
serial interface of the personal computer 3 while it receives data from the
tone signal generator unit 1. After the received data is set to an input
buffer IBUF (step n70), a CM flag is referenced (step n71). CM = 0 stands
for a presence of echo-back, CM = 1 and CM = 2 stand for an absence of
echo-back. In the case of a presence 



of echo-back, the contents of IBUF are returned via the serial    14
interface back to the tone signal generator unit 1 (step n72). It is then
checked whether it is under the "on-record operation" (step n73). If under
the on-record operation, the event stored in the input buffer IBUF is
recorded in the data record area reserved at the step n44 (Fig.6) (step
n74). 



The "on-record operation" corresponds, in the case of an existing song, to
the repetitive operations from the step n47 to n51 shown in Fig.6. In the
case of the over-dubbing operation, the event in the input buffer IBUF as
well as the music being reproduced at the repetitive operations is stored
in the data record area. In the case of a new music, only the new musical
performance data is stored in the data record area. With the
above-described operations, the tone signal generator unit 1 can generate
tone signals by using data 



received either from the MIDI interface 14 (keyboard type controller 2) or
from the serial interface 15 (personal computer 3). Data received from the
MIDI interface can be directly supplied via the serial interface to the
personal computer 3 without using a specific conversion board. The tone
signal generator unit of the embodiments described above is accompanied
with a separate keyboard and a separate sound system. It may also be such a
structure as an electronic musical instrument, which integrally includes a
keyboard and a sound system. 



Although the present invention has been described in    15 connection with
the preferred embodiments, the present invention is not intended to be
limited only to those embodiments. For example, it is apparent that various
changes, improvements, combinations and the like can be made by those
skilled in the art. 



16 CLAIMS: 1.   A tone signal generator unit comprising: tone signal
generation means for generating tone signals based on inputted musical
performance data; general bi-directional serial communication means adapted
to   transmit   and   receive   information   including   musical 



performance data to and from a personal computer; electronic musical
instrument serial communication means including serial input means adapted
to receive information inclusive of musical performance data from an
electronic musical instrument  and  serial  output  means  adapted  to
transmit information inclusive of musical performance data to another
electronic musical instrument; and repeater  means  adapted  to  convert
and  output  said information   inputted   from   said   bi-directional
serial communication means to said serial output means and adapted to 



convert and output said information inputted from said serial input means
to said bi-directional serial communication means. 2.   A tone signal
generator unit according to claim 1, further comprising switching means for
switching said bi-directional serial communication means and said serial
input means, based on the musical performance data from which the tone
signal generation means generates a musical tone.    



16a 3.   A tone signal generator unit comprising: bi-directional serial
communication means for transmitting and receiving information including
musical performance data to and from a personal computer; electronic
musical instrument serial communication means for  communicating  with  an
electronic  musical  instrument including serial input means for receiving
information including musical performance data from an electronic musical
instrument and serial output means adapted for transmitting information 



including musical performance data to another electronic musical
instrument; tone signal generation means for generating tone signals based
on musical performance data received by either said bi- directional
serial   communication  means   and  the  musical performance data received
by said electronic musical instrument serial communication means; mode
selection means for selecting one of a plurality of communication modes;
and communication control means for controlling communication 



of information including musical performance data between said
bi-directional serial communication means, said electronic musical
instrument serial communication means and said tone signal generation means
according to the selected communication mode. 4.   A tone signal generator
unit according to claim 3, wherein said bi-directional serial communication
means includes means,    



16b responsive to receipt of selected information from computer, for
providing said electronic musical instrument serial communication means
with at  least a portion of said selected information, said serial
communication means including means for transmitting said selected
information via said serial output means to said another electronic musical
instrument in accordance with the selected communication mode, and wherein
said electronic musical instrument serial communication means includes
means, responsive to information received from the 



electronic musical instrument, for providing said bidirectional serial
communication means with the information so as to transmit the information
to the personal computer in accordance with the selected communication
mode. 5.   A tone signal generator unit according to claim 3, wherein said
serial input means includes first means, responsive to selection of a first
communication mode, for providing the received information to said
bidirectional serial communication means and said tone signal generation
means such that the bi- directional serial communication means transmits
the provided 



information to the personal computer and the tone signal generation means
generates tone signals corresponding to the provided information, and
second means, responsive to selection of a second communication mode, for
providing the received information only to said tone signal generation
means so that the tone signal generation means generates tone signals
corresponding to the provided information.    



REPLACEMENT SHEET 16c 6.   A tone signal generator unit according to claim
3, wherein said serial  input means includes  first means,  responsive to
selection of a first communication mode, for providing the received
information to said bi-directional serial communication means and said tone
signal generation means such that the bi- directional serial communication
means transmits the provided information to the personal computer and the
tone signal generation means generates tone signals corresponding to the 



provided information, and second means, responsive to selection of a second
communication mode, for providing the received information only to said
bi-directional serial communication means so that the bi-directional serial
communication means transmits the provided information to the personal
computer. 7.   A tone signal generator unit according to claim 3, wherein
said bi-directional serial communication means includes means, responsive
to selection of a first communication mode, for receiving information from
the personal computer and providing said received information to said
electronic musical instrument 



serial communication means and said tone signal generation means such that
the serial communication means transmits the provided information from the
serial output means to said another electronic musical instrument and the
tone signal generation means generates tone signals corresponding to the
provided information. 8.   A tone signal generator unit according to claim
3, wherein said communication control means includes means for determining,



16d in accordance with the selected communication mode, that information
received by the serial input means of said electronic musical instrument
serial communication means is to be provided to said bi-directional serial
communication means, that the information received by the bi-directional
serial communication means is to be provided to the electronic musical
instrument serial communication means and that the information received by
one of the electronic musical instrument serial 



communication means is to be provided to the tone signal generation means.
9.   A tone signal generator unit according to claim 3, wherein said serial
input means includes means, responsive to selection of a first
communication mode, for providing the received information only to said
tone signal generation means so that the tone signal generation means
generates tone signals corresponding to the provided information, and
means, responsive to selection of a second communication mode, for
providing the received  information  only  to  said  bi-directional
serial 



communication means for transmission to the personal computer.    


