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(57) ABSTRACT 

A waveform data processing apparatus has a bus that transfers 
data signals representative of waveform data. A plurality of 
transmitting nodes transmit the data signals to the bus. A 
plurality of receiving nodes receive the data signals from the 
bus. A clock generator generates a word clock signal at each 
sampling period. A controller is responsive to the word clock 
signal for conducting a session of transferring the data signals 
within a sampling period, Such that the transmitting nodes 
sequentially transmit the data signals in an order predeter 
mined by the controller so as to avoid collision of the data 
signals within the sampling period, and each of the receiving 
nodes selectively admits a necessary one of the data signals 
outputted from the transmitting nodes and processes the 
admitted data signal within the sampling period. 

8 Claims, 16 Drawing Sheets 
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1. 

WAVEFORMPROCESSINGAPPARATUS 
WITH VERSATLE DATABUS 

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. 

CROSS REFERENCE TO RELATED 
APPLICATION 

This application is a division of application Ser. No. 
10/655.386 (now U.S. Pat. No. 7,220,908), filed on Sep. 4, 
2003, the entire contents of which are incorporated herein by 
reference. 

BACKGROUND OF THE INVENTION 

1.Technical Field of the Invention 
The present invention relates to a waveform data process 

ing apparatus with a dedicated data bus Suitably used for 
connection among musical Sound processing devices. 

2. Prior Art 
A sound board mounted on an electronic musical instru 

ment, personal computer or the like is equipped with a plu 
rality of LSIs which processes musical Sound signals, and 
these LSIs are connected by connection lines for transmitting 
and receiving the musical Sound signals, thereby enabling 
necessary functions. Here, an example of the Sound board 
mounted on the electronic musical instrument is shown in 
FIG. 1(a). In the drawing, 100 denotes a sound board, on 
which sound generator LSIs 102,104 are mounted. The sound 
generator LSIs 102, 104 comprise, for example, waveform 
synthesizing sections which generate musical Sound signals 
of a plurality of channels, and mixers which mix the musical 
Sound signals of a plurality of channels as necessary. Further, 
106, 108 denote DSPs (digital signal processors), which 
apply various kinds of effect processing to the generated 
musical Sound signals. 
The musical Sound signals which have been applied the 

effect processing are again Supplied to the Sound generator 
LSIs 102,104. In addition, the sound generator LSIs 102,104 
also exchange musical Sound signals between them. Then, the 
musical sound signals to be finally output are Supplied from 
the sound generator LSI 104 to a DA converter 110 where 
they are converted into analog signals. 114 denotes a plug-in 
board which can be added optionally and is equipped with an 
additional waveform synthesizing section, DSP or the like. 
This plug-in board 114 is plugged into a connector 112 as 
necessary. 

Furthermore, another configuration of the sound board is 
shown in FIG. 1(b). In the drawing, 120 denotes another 
sound board, and sound generator LSIs 122, 124 inside 
therein each synthesize musical Sound signals of a plurality of 
channels. The synthesized musical sound signals are mixed 
by mixers in the sound generator LSIs 122, 124, and the 
musical Sound signals, which result from the mixing, are 
supplied to DSPs 126, 128. The DSPs 126, 128 apply effect 
processing to the Supplied musical Sound signals. Here, the 
musical Sound signals to which the effect processing is 
applied by the DSP 126 are supplied to the DSP 128. When a 
plug-in board 134 is plugged into a connector 132, musical 
Sound signals generated by this plug-in board 134 are also 
supplied to the DSP 128. These digital signals are further 
mixed in the DSP 128, and results of the mixing are converted 
to analog signals by a DA converter 130. 
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2 
In the examples of FIGS. 1(a) and 1(b), even if the sound 

generator LSIs and DSPs used in the sound boards 100, 120 
are completely common parts, they are connected in different 
states, so that the sound boards 100, 120 themselves are not 
compatible. In other words, hardware components must be 
designed and produced for each kind of soundboard, depend 
ing on the function that the Sound board is designed to carry 
Out. 

On the other hand, a technique is known in which a hard 
ware common connection state is shared by a plurality of 
nodes, whilea exchanging state of signals is set depending on 
the function that will finally be needed, thereby setting a 
logical connection relationship. For example, the applicant 
has proposed a network standard called mLAN (trademark) 
wherein an electronic musical instrument or equipment Such 
as a synthesizer or digital mixer, and a computer or the like are 
connected by serial cables on an IEEE1394 interface, thereby 
exchanging musical Sound signals or music performance 
information. 

In addition, Japanese Patent Publication Laid-open No. 
5-188967 discloses a technique in which an AD converter, 
hard disk and a waveform memory are connected on a com 
mon bus, and waveform data or the like is exchanged among 
these nodes on a time-divisional basis. 
As described above, in the examples of FIGS. 1(a) and 

1(b), hardware components must be designed and produced 
for each kind of sound board because the sound boards 100, 
120 are not compatible, thus increasing designing costs and 
making it difficult to lower costs by mass production. There 
fore, it is preferable, for example, that sound generator LSIs 
142, 144, DSPs 146, 148, a DA converter 150 and a plug-in 
board 154 (via a connector 152) can be connected on a com 
mon bus 156, as shown in FIG. 1(c). That is, if the physical 
hardware connection relationship is common while logical 
connection relation can be set as required at the same time, the 
Soundboard in FIG.1(c) can carry out functions equivalent to 
the sound boards shown in FIG. 1(a) or 1(b), for example. 

In this case, it is important that a Suitable kind of standard 
is employed to connect the LSIs to the bus 156. The mLANTM 
mentioned above is based on the assumption that independent 
equipment such as the synthesizer or digital mixer is to be the 
node, so that signal compositions are complicated and it is 
impracticable to adapt individual LSIs to the mLAN stan 
dards. Moreover, the technique disclosed in Japanese Patent 
Publication Laid-open No. 5-188967 allows the specific 
nodes that are shown in this publication to exchange wave 
form data or the like, but can not be adapted to various kinds 
of nodes in a general and multi-purpose manner. 

SUMMARY OF THE INVENTION 

This invention has been attained in view of the circum 
stances described above, and is intended to provide a wave 
form data processing apparatus capable of securing high Ver 
satility with a simple circuit. 

In order to solve the problems mentioned above, the 
present invention is characterized by comprising the follow 
ing constitution. It should be noted that references in paren 
theses are examples. 
A waveform data processing apparatus according to a first 

aspect of the invention comprises: a bus (A bus 262) that 
transfers data signals (ADAT) of waveform data; a plurality of 
transmitting nodes (15, 16, 17) that transmits the data signals 
to the bus; a plurality of receiving nodes (15, 16, 17) that 
receives the data signals from the bus; and a clock generator 
(251) that generates a word clock signal (WCK) per sampling 
period, and the waveform data processing apparatus is char 
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acterized in that each of the transmitting nodes transmits the 
data signals to the bus per the sampling period in predeter 
mined order, and each of the receiving nodes selectively 
acquires a necessary signal from the data signals output from 
each of the transmitting nodes and processes the acquired 
data signal per the sampling period. 

Furthermore, according to the constitution set forth in FIG. 
2, the inventive waveform data processing apparatus is char 
acterized in that the plurality of transmitting nodes and 
receiving nodes each operates on the basis of an independent 
operation clock signal (system clock signal); the plurality of 
transmitting nodes generates a sync clock signal (ACLK) on 
the basis of the operation clock signals of the transmitting 
nodes, and outputs the sync clock signal to the bus (262) 
together with the data signals; and the plurality of receiving 
nodes takes the data signals and the sync clock signal from the 
bus (262), and converts the data signals taken from the bus 
into data signals synchronous with the operation clock signals 
of the receiving nodes on the basis of the Sync clock signal and 
the operation clock signals of the receiving nodes. 

Furthermore, according to the constitution set forth in FIG. 
3, the inventive waveform data processing apparatus is char 
acterized in that the data signals are waveform data having an 
m ("32)-bit width; the plurality of transmitting nodes divides 
the waveform data having the m-bit width into partial data 
having an n (“4” or “16”)-bit width, which is an independent 
bit width for each of the transmitting nodes, to transmit the 
partial data to the bus; and the receiving nodes selectively 
receive m/nwords of partial data corresponding to one unit of 
waveform data from the bus, and restore the m-bit waveform 
data from the m/nwords of partial data so as to acquire the one 
unit of waveform data. 

Furthermore, another waveform data processing apparatus 
according to the first aspect of the invention comprises: a bus 
(A bus 262) that transfers data signals of waveform data; at 
least one transmitting node (15, 16, 17) that transmits the data 
signals to the bus; and at least one receiving node (15, 16, 17) 
that receives the data signals from the bus, and the waveform 
data processing apparatus is characterized in that the trans 
mitting node operates on the basis of a first operation clock 
signal (system clock signal) and generates a sync clock signal 
(ACLK) on the basis of the first operation clock signal, and 
outputs the sync clock signal and a first data signal synchro 
nous with the sync clock signal to the bus; and the receiving 
node operates on the basis of a second operation clock signal 
(system clock signal), receives the sync clock signal and the 
first data signal per sampling period, and converts the 
received first data signal into a second data signal synchro 
nous with the second operation clock signal. 

Furthermore, a still another waveform data processing 
apparatus according to the first aspect of the invention com 
prises: a bus (Abus 262) that transfers data signals (ADAT) of 
waveform data; a plurality of transmitting nodes (15, 16, 17) 
that transmits the data signals to the bus; a plurality of receiv 
ing nodes (15, 16, 17) that receives the data signals from the 
bus; and a clock generator (251) that generates a word clock 
signal (WCK) per sampling period, and the waveform data 
processing apparatus is characterized in that each of the trans 
mitting nodes transmits the data signals having an in (“4” or 
“16”)-bit width, and the n-bit width can be set to different 
values for each transmitting node, and each of the transmit 
ting nodes divides the waveform data having an m ("32)-bit 
width into m/n words of partial data per sampling period and 
outputs the partial data as the data signals; and each of the 
receiving nodes inputs the m/nwords of partial data having an 
n-bit width per sampling period, and restores the m-bit width 
waveform data from the input m/n words of partial data. 
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4 
Furthermore, a still another waveform data processing 

apparatus according to the first aspect of the invention com 
prises: a bus (Abus 262) that transfers data signals (ADAT) of 
waveform data; at least one transmitting node (15,16,17) that 
transmits the data signals related to a plurality of waveform 
data to the bus; and a plurality of receiving nodes (15, 16, 17) 
that receives the data signals from the bus; and a clock gen 
erator (251) that generates a word clock signal (WCK) per 
sampling period, and the waveform data processing apparatus 
is characterized in that the transmitting node transmits the 
data signals having an n (“4” or “16”)-bit width, and the n-bit 
width can be set to different values for each unit of the 
waveform data, and the transmitting node divides the wave 
form data having an m ("32)-bit width into m/n words of 
partial data in accordance with the bit width n corresponding 
to the waveform data per sampling period, and outputs the 
partial data as the data signals using m/n time slots; and each 
of the receiving nodes selectively receives at least one unit of 
waveform data from the plurality of waveform data, and 
receives m/n words of partial data correspondingly to the bit 
width n of the waveform data to be received, per sampling 
period, and then restores the at least one unit of waveform 
data having an m-bit width from the received m/n words of 
partial data. 
A waveform data processing apparatus according to a sec 

ond aspect of the invention comprises: a bus (A bus 262) that 
transferS data signals (ADAT) of waveform data; a clock 
generator (251) that generates a word clock signal (WCK) per 
sampling period; a plurality of transmitting nodes (15,16,17) 
that transmits the data signals to the bus per frames synchro 
nously with the word clock signal; and a plurality of receiving 
nodes (15, 16, 17) that receives the data signals from the bus 
synchronously with the word clock signal, and the waveform 
data processing apparatus is characterized in that each of the 
transmitting nodes is assigned one or a plurality of frames that 
are each given different frame numbers, detects a transmis 
sion frame by which each of the transmitting nodes should 
transmits data per sampling period, and transmits the data 
signal of the waveform data related to the corresponding 
frame to the bus; and at least one frame number by which the 
data is to be received is designated for each of the receiving 
nodes, and each of the receiving nodes detects a reception 
frame by which each of the receiving nodes should receive 
data, per sampling period, and receives the data signals of 
waveform data related to the corresponding frame from the 
bus. 

Furthermore, according to the constitution set forth above, 
the waveform data processing apparatus is characterized in 
that the frame numbers given to the frames are consecutive 
numbers. 

Furthermore, according to the constitution set forth above, 
the waveform data processing apparatus is characterized in 
that each of the transmitting nodes transmits the waveform 
data of a plurality of channels to the bus in each correspond 
ing transmission frame. 

Furthermore, according to the constitution set forth above, 
the waveform data processing apparatus is characterized in 
that each of the receiving nodes selectively receives the wave 
form data of one or a plurality of channels in each correspond 
ing reception frame. 

Furthermore, a transmitting node (15, 16, 17) transfers data 
of a plurality of frames on a time divisional basis per sampling 
period and is connected to a bus comprising a plurality of data 
signal lines (10) and one frame signal line (13), and thus 
transmits data to the bus, and the transmitting node is char 
acterized by comprising: a frame counter (402) that counts 
frame numbers on the basis of frame signals (AFRM) trans 
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ferred from the frame signal line (13) per sampling period; a 
first register (476) that stores a frame number of a transmis 
sion frame by which the transmitting node transmits data; a 
second register (464) that stores data to be transmitted in the 
transmission frame; a comparator (452) that outputs a coin 
cidence signal when detecting that the frame number output 
by the frame counter corresponds to the frame number stored 
in the first register (476); and a transmitting section (458, 466) 
that forms a frame signal (AFRM) of the transmission frame 
and transmits the frame signal to the frame signal line (13) in 
response to the coincidence signal, and also transmits the data 
stored in the second register to the data signal line (10). 
Furthermore, according to the constitution set forth above, the 
transmitting node is characterized in that a controller for 
controlling the transmitting node is connected to the trans 
mitting node, and when a plurality of transmitting nodes is 
connected to the bus, the controller writes different frame 
numbers into the first registers of the transmitting nodes. 

Furthermore, according to the constitution set forth above, 
the transmitting node is characterized in that the second reg 
ister stores data of a plurality of channels, and the transmitting 
section (450) sequentially outputs the waveform data of the 
plurality of channels to the data signal line (10) in the trans 
mission frame. 

Furthermore, a receiving node (15, 16, 17) transfers data of 
a plurality of frames on a time divisional basis per sampling 
period and is connected to a bus comprising a plurality of data 
signal lines (10) and one frame signal line (13), and thus 
receives data from the bus, and the receiving node is charac 
terized by comprising: a frame counter (402) that counts 
frame numbers on the basis of frame signals (AFRM) trans 
ferred from the frame signal line (13) per sampling period; a 
first register (472) that stores a frame number of a reception 
frame by which the receiving node receives data; a second 
register (416) that stores data to be received by the reception 
frame; a comparator (408) that outputs a coincidence signal 
when detecting that the frame number output by the frame 
counter corresponds to the frame number stored in the first 
register (472); and a receiving section (400) that selectively 
takes data in the frame from the data signal line (10) into the 
second register in response to the coincidence signal. 

Furthermore, according to the constitution set forth above, 
the receiving node further comprises a data counter (406) that 
counts the number of input data in the reception frame, and 
the receiving node is characterized in that data of a plurality of 
channels are transferred on the bus in each of the plurality of 
frames; the first register also stores offset values of data to be 
received in the reception frame; the comparator (408) outputs 
another coincidence signal on condition that a counting result 
in the data counter corresponds with an offset value stored in 
the first register; and the receiving section (400) selectively 
takes the data from the data signal line (10) into the second 
register depending on whether or not the counting result in the 
data counter corresponds with the offset value, in the recep 
tion frame. 
A waveform data processing apparatus according to a third 

aspect of the invention comprises: a bus (262) that transfers 
data signals (ADAT) through a plurality of timeslots on a time 
divisional basis per sampling period; a plurality of transmit 
ting nodes (15, 16, 17) that transmits the data signals to the 
bus; at least one receiving node (15, 16, 17) that receives the 
data signals from the bus; and a controller (212) for setting a 
different transmission slot to each of the transmitting nodes, 
and setting a reception slot corresponding to one of the trans 
mission slots to the receiving node, and the waveform data 
processing apparatus is characterized in that each of the trans 
mitting nodes detects a timeslot related to a designated trans 
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6 
mission slot per sampling period, and Supplies waveform data 
to the bus (262) in the detected time slot; and the receiving 
node detects a time slot related to a designated reception slot 
per sampling period, and receives the waveform data from the 
bus (262) in the detected time slot. 

Furthermore, according to the constitution set forth above, 
the controller (212) detects a kind of each transmitting node 
connected to the bus (262), and sets the transmission slot of 
each transmitting node on the basis of the detection result. 

Furthermore, according to the constitution set forth above, 
the controller (212) detects a kind of receiving node con 
nected to the bus (262), and sets the reception slot of the 
receiving node on the basis of the detection result. 

Furthermore, according to the constitution set forth above, 
the waveform data processing apparatus further comprises an 
instruction input section (206) that receives user instructions 
from a user, and the controller (212) sets a transmission slot of 
at least one transmitting node and a reception slot of the 
receiving node in accordance with the user instruction. 

Furthermore, according to the constitution set forth above, 
the waveform data processing apparatus further comprises an 
instruction input section (206) that designates an operation 
mode in response to an instruction from a user, and the con 
troller (212) sets transmission slots of the plurality of trans 
mitting nodes and a reception slot of the receiving node in 
accordance with the designated operation mode. 

Furthermore, according to the constitution set forth above, 
the waveform data processing apparatus further comprises an 
instruction input section (206) that designates a logical link 
state between the transmitting nodes and the receiving node in 
response to an instruction from the user, and the controller 
(212) sets a reception slot for the receiving node in accor 
dance with the designated link state and sets the transmission 
slots of the plurality of transmitting nodes. 

Furthermore, according to the constitution set forth above, 
in the waveform data processing apparatus, the controller 
(212) detects a kind of system in which the waveform data 
processing apparatus is installed, and sets transmission slots 
of the plurality of transmitting nodes and a reception slot of 
the receiving node on the basis of the detection result. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGS. 1(a) through 1(c) are block diagrams of a conven 
tional Sound generation unit and an inventive sound genera 
tion unit, respectively. 

FIG. 2 is an overall block diagram of a musical sound 
synthesizing apparatus in one embodiment of the present 
invention. 

FIG. 3 is a circuit diagram showing a connection relation 
ship between nodes and an Abus 262. 

FIG. 4 is a timing chart (1/2) for describing operation of the 
circuit of FIG. 3. 

FIG.5 is a timing chart (2/2) for describing operation of the 
circuit of FIG. 3. 

FIGS. 6(a) and 6(b) are diagrams showing arrays of bits 
corresponding to transmission bit widths. 

FIG. 7 is a block diagram showing a general configuration 
of each node. 

FIG. 8 is a diagram describing an operation of a time slot 
conversion section 306. 

FIG. 9 is a block diagram of a receiving section 400. 
FIG. 10 is a block diagram of a transmitting section 450. 
FIGS. 11(a) through 11(c) are block diagrams showing 

specific configurations of a waveform processing section320. 
FIG. 12 is a diagram showing a channel configuration in a 

mixer 372. 
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FIG. 13 is a block diagram showing a logical connection 
state when a Sound generation unit 250 constitutes a normal 
Sound generator. 

FIG. 14 is a diagram showing an example of frame assign 
ment to realize the logical connection state of FIG. 13. 

FIG. 15 is a block diagram showing a logical connection 
state when the sound generation unit 250 constitutes a mul 
titrack recording apparatus. 

FIG. 16 is a diagram showing an example of frame assign 
ment to realize the logical connection state of FIG. 15. 

DETAILED DESCRIPTION OF THE 
EMBODIMENTS 

1. General Configuration of Embodiment 
1.1. Overall Configuration 

Next, a hardware configuration of a musical sound synthe 
sizing apparatus in one embodiment of the present invention 
will be described in reference to FIG. 2. In the drawing, 202 
denotes a MIDII/O section, which inputs and outputs MIDI 
signals from and to external MIDI equipment. A performance 
operation terminal Such as a keyboard or the like is connected 
to the MIDII/O section 202, and performance information 
from the performance operation terminal is input as MIDI 
signals. 204 denotes an extra I/O Section, which inputs and 
outputs various kinds of signals other than the MIDI signals. 
206 denotes a panel switch section, which is provided with 
various kinds oftone quality setting operation terminals and 
the like operated by users. 

250 denotes a sound generation unit, which synthesizes 
musical sound signals by means of processing described later. 
208 denotes a display device, which displays various kinds of 
information Such as setting state of the Sound generation unit 
250 for the users. 210 denotes an external storage device, 
which is constituted by a hard disk, flexible disk and the like. 
212 denotes a CPU, which controls each section of the musi 
cal sound synthesizing apparatus via a CPU bus 218 on the 
basis of a predetermined control program. 214 denotes a 
ROM, which stores the control program of the CPU and the 
like. 216 denotes a RAM, which is used as a work memory of 
the CPU 212. 

Furthermore, inside the sound generation unit 250, 252, 
254 denote sound generator LSIs, which generate waveform 
data on the basis of performance information, produced 
sound parameters and the like supplied via the CPU bus 218, 
and also apply effect processing to the waveform data on the 
basis of effect parameters or the like similarly supplied. 256, 
258 and 260 denote expanded boards, which perform various 
kinds of processing Such as synthesizing processing, effect 
processing and recording processing of the waveform data, 
Suitably to their kinds, and enable the Sound generation unit 
250 to achieve desired functions together with the sound 
generator LSIs 252,254. 

262 denotes a bus (hereinafter referred to as A bus) for 
transferring waveform data, which transfers waveform data 
among the sound generator LSIs 252, 254 and expanded 
boards 256, 258 and 260. Generally, in a communication 
network, in many cases, a header including information Such 
as an address of a transmitting end and transmission channel 
is attached to the data to be transmitted so as to constitute a 
packet, and this packet is transmitted. In addition, in order to 
avoid collision of transmitted data when a plurality of trans 
mitting nodes starts transmission at the same time, the net 
work is provided with a system that conducts arbitration 
based on identifiers and addresses of the nodes. As compared 
with Such a network, since only the waveform data that are not 
attached with the transmitting-end address, transmission 
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8 
channel or the like are transmitted on the A bus 262, it is 
possible to accomplish a significantly high transmission effi 
ciency per transmission clock. Controller (CPU212) is con 
nected to the respective transmitting nodes, which are con 
nected to the A bus 262, via the bus (CPU bus 218) different 
from the Abus 262, and the controller sets different transmis 
sion timings to the respective transmitting nodes to prevent 
collision. The A bus 262 itself is not provided with an arbi 
tration function, so that a configuration is much simpler than 
that of the conventional network. 

Furthermore, as an amount of transferred waveform data is 
great between the sound generator LSIs 252 and 254, part of 
the waveform data is transmitted via direct connection lines 
253. 264 denotes a DA converter, which converts part of the 
waveform data from an output channel of the sound generator 
LSI 252 into analog signals. Sound is produced from the 
converted analog signals via a sound system 220. 

251 denotes a word clock generator, which generates a 
word clock WCK rising every sampling period. This word 
clock WCK is Supplied to each section in the Sound genera 
tion unit 250. 268 denotes a word clock external input termi 
nal, which is provided to receive a word clock WCK from the 
external in place of the word clock WCK generated by the 
word clock generator 251. This is used to synchronize the 
sampling periods with external devices. 
Out of the components mentioned above, a “sound board' 

in the present embodiment is constituted by the bus such as 
the CPU bus 218 or Abus 262, semiconductor circuits such as 
the MIDII/O section 202, extra I/O section 204, CPU 212, 
ROM 214, RAM 216, word clock generator 251, sound gen 
erator LSIs 252,254 and DA converter 264, an interface (not 
shown) for connecting the external storage device 210, con 
nectors (not shown) for connecting the panel Switch section 
206 and display device 208 to the CPU bus 218, connectors 
(not shown) for connecting the expanded boards 256,258 and 
260, and a power source circuit (not shown) which provides a 
power source to the entire. The connectors for the expanded 
boards 256, 258 and 260 are connected to both the CPU bus 
218 and A bus 262, and these expanded boards are built 
detachably from the “sound board via the connectors. 
1.2. Bus Configuration and Timing 
Those components such as the Sound generator LSIS 252, 

254 and expanded boards 256, 258 and 260 that input and 
output waveform data via the Abus 262 are called “nodes'. A 
connection relationship between each node and the Abus 262 
is shown in FIG.3. In the drawing, the Abus 262 is constituted 
by a data signal line 10, and a clock signal line 11, a direction 
signal line 12 and a frame signal line 13 each having one bit. 
Either 16 bits or 4 bits can be selected for a bit width of the 
data signal line 10, and only part of it can have a 4-bit width. 
15, 16 and 17 each denote nodes, which are, specifically, 
constituted by the abovementioned sound generator LSIs 
252,254, expanded boards 256, 258 and 260, or the like. 

These nodes input and output data signals ADAT, direction 
signals ADIR and clock signals ACLK to and from the Abus 
262. Input and output terminals for these signals are con 
nected to the Abus 262 in a wired OR form. In other words, 
as long as a “0” signal is not output from any of the nodes, the 
signals on the Abus 262 always become “1”. At the moment 
when one of the nodes outputs a signal Such as the data signal 
ADAT, the input and output terminals of other nodes are set in 
a high impedance state, and an output signal from the above 
one node is received as necessary. Here, the data signal ADAT 
is a signal of the waveform data or the like that should be 
exchanged among the nodes. Further, the clock signal ACLK 
is a clock signal synchronous with the data signal ADAT. 
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The CPU 212 sets periods to output the data signal ADAT 
and clock signal ACLK for each node so as to prevent overlap. 
This period is referred to as a “frame'. The direction signal 
ADIR is set to “0” during this frame period, thereby forbid 
ding other nodes to output signals. Each node outputs a frame 
signal AFRM which rises earlier by an equivalent of one clock 
of the clock signal ACLK than the direction signal ADIR rise 
to “1”. The frame assigned to each node is defined by “how 
many frames are there after the word clock WCK has risen'. 
Therefore, it is possible for each node to know the timing to 
start its frame by counting the number of times that frames 
have been generated after the word clock WCK had risen 
(more specifically, by counting the number of times that the 
frame signal AFRM has risen). 

Here, depending on the order of generation after the word 
clock WCK has risen, the frames are each indicated as frame 
#0, frame #1, frame #2, .... One or a plurality of transmission 
frames can be assigned to each node in one sampling period. 
Here, timing charts in which the frame #2 is assigned to the 
node 15, the frame #0 to the node 16, and the frame #1 to the 
node 17 as the transmission frames will be described in ref 
erence to FIG. 4 and FIG. 5. 
The fact that the word clock WCK has risen at a time to of 

FIG. 4(a) is detected by the nodes 15, 16 and 17. In the node 
16 to which the frame #0 is assigned, the direction signal 
ADIR and frame signal AFRM are raised to “0” at a time t1 
when a predetermined period of time has passed after the time 
t0. Then, the clock signal ACLK is raised on every predeter 
mined clock cycle, and in Synchronization with this, the data 
signal ADAT is output per bit width (16 bits here) of the data 
signal line 10. 
At a timet2 when data output from the node 16 is finished, 

the node 16 rises the direction signal ADIR to “1”. The frame 
signal AFRM is raised to “1” one period of the clock signal 
ACLK earlier than the time t2. Detecting the first time that the 
frame signal AFRM rises on the A bus 262, the node 17 
recognizes that a next frame is the frame #1 assigned to the 
node 17 itself. 

After the direction signal ADIR has risen, the node 17 
operates similarly to the abovementioned node 16 at a time t3 
after a predetermined margin time has passed. That is, the 
direction signal ADIR and frame signal AFRM of the node 17 
are raised to “0”, and the clock signal ACLK is raised on every 
predetermined clock cycle, and in synchronization with this, 
the data signal ADAT is output to the data signal line 10. In 
addition, the margin time between the frames is provided to 
avoid collision of data. 

Next, the fact that the node 17 has raised the frame signal 
AFRM to “1” is detected by the node 15. As this is the second 
time that the frame signal AFRM rises after the word clock 
WCK has risen, the node 15 recognizes that a next frame is the 
frame #2 assigned to the node 15 itself. After the direction 
signal ADIR of the node 17 has risen to “1” at a time ta, the 
node 15 performs output processing in the same manner as 
described above at a time t5 after a predetermined margin 
time has passed. 
One frame is assigned to each node in the example 

described above, but a plurality of transmission frames may 
be assigned to one node in one sampling period. In this way, 
after the output processing from all the frames is finished, the 
lines of the Abus 262 are kept in the high impedance state 
until the word clock WCK rises next. Here, the wired ORS 
having waveforms shown in FIGS.4(a), (b) and (c), that is, the 
waveforms that actually emerge on the Abus 262 are shown 
in FIG. 5. 

In the present embodiment, the clock cycle and clock speed 
of the clock signal ACLK can be optionally set for each node. 
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10 
In other words, in each node, the clock speed in one frame is 
set depending on the amount of data to be transmitted to other 
nodes and the bit width of the data signal line 10. Further, the 
clock cycle may preferably be decided in accordance with the 
node whose processing speed is the slowest, among the node 
which transmits data (hereinafter referred to as transmitting 
node) and one or a plurality of nodes which receives the data 
(hereinafter referred to as receiving node). 
1.3. Format of Data Signal 
As described above, either 16 bits or 4 bits can be selected 

for the bit width of the data signal line 10, and only one part 
of it can have a 4-bit width. If the 4-bit width is adopted, a data 
transfer speed is decreased, but the number of wires can be 
reduced. This can lower the cost for the connectors and the 
like, so that it is conceivable, for example, that the 4-bit width 
is adopted to only the parts contacting the expanded boards 
256, 258 and 260 where the connectors are needed. 

In Such a case, when the transmitting node connected to the 
16-bit width part of the data signal line 10 outputs data to both 
the 16-bit width receiving node and another 4-bit width 
receiving node, it is necessary to output data with bit widths 
corresponding to the respective receiving nodes. In that case, 
ifa plurality of frames is assigned to the transmitting node per 
corresponding receiving node, it is possible to transmit the 
waveform data with the bit width that is changed for each 
frame. 

Furthermore, even when the waveform data is transmitted 
to both of the receiving nodes, it is not always necessary to 
divide the waveform data into a plurality of frames, and the bit 
width may be set for each time slot. That is, data may be 
output with the 16-bit width in part of the time slots within 
one frame, and data may be output with the 4-bit width in 
other time slots. In this case, each receiving node recognizes 
the time slot that it needs in one frame, and thus receives a data 
signal with a corresponding bit width. 

In the present embodiment, the width of data exchanged 
between nodes is basically 32 bits. A unit of 32 bits is referred 
to as "one unit in the present specification. That is, one unit 
of data is output by use of 2 (32/16) time slots when the data 
signal line 10 has a 16-bit width and by use of 8 (32/4) time 
slots when the data signal line 10 has a 4-bit width. Bit arrays 
for the respective bit widths are shown in FIGS. 6(a), (b). A 
unit (16 bits or 4 bits) of data transmitted per time slot is 
referred to as “one word in the present specification. In 
addition, when the transmitting node connected to the 16-bit 
width part of the data signal line 10 transmits data to the 
receiving node connected to the 4-bit width part, only high 4 
bits of the data signal line 10 are used, and low 12 bits are 
always set to “0”. 

Generally, it is possible for electronic musical instruments 
to perform processing Such as generation of musical Sound 
signals of a plurality of channels. Plural units of data can be 
transmitted and received between the nodes in one frame, so 
that, for example, if one unit is assigned to one channel 
amount of data, the waveform data of a maximum of 32 bits 
of the channel corresponding to the unit can be exchanged 
between the nodes. Further, a stereo L channel and R channel 
may be assigned to one unit, and 16-bit waveform data of the 
L. R channels may be packed into the one unit. Alternatively, 
independent two channels may be assigned to one unit. A 
length of each frame is decided not depending on the number 
of channels of the waveform data to be transmitted in the 
frame, but depending on the number of units to which the 
channels to be transmitted are assigned. 
1.4. General Configuration of Nodes 

Next, a general configuration of the nodes will be described 
in reference to FIG. 7. In the drawing, 304 denotes a buffer 
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amplifier, which buffers signals input and output to and from 
a node 300.306 denotes a timeslot conversion section, which 
converts the time slots of signals received by the node 300. Its 
details will be described later. 

Here, in the original data signal ADAT, the bits are arrayed 
as described in FIG. 6. The same applies to a data signal 
ADAT output from the time slot conversion section 306. 400 
denotes a receiving section, which converts the bits into nor 
mal bit arrays per unit (32 bits). 320 denotes a waveform 
processing section, which performs various kinds of wave 
form processing corresponding to the respective nodes. More 
specifically, Sound generation processing, mixer processing, 
effect processing, AD conversion, DA conversion, communi 
cation processing for a LAN, hard disk recording and the like 
can be taken as examples. 

450 denotes a transmitting section, which converts the bit 
arrays of the data output from the waveform processing sec 
tion 320 as described in FIG. 6, and outputs the result of this 
as the data signal ADAT, and also outputs the clock signal 
ACLK, frame signal AFRM and direction signal ADIR via the 
buffer amplifier 304. 470 denotes a control register, which 
stores various kinds of control data, micro programs and the 
like for the node 300. Contents in the control register 470 are 
set by the CPU 212 via the CPU bus 218. 302 denotes an 
operation clock generation section, which generates a system 
clock of the node 300, and also divides this system clock to 
generate the clock signal ACLK and the like for data output. 
Each of the nodes connected to the Abus 262 operates on the 
basis of an operation clock (individual operation clock) gen 
erated by its operation clock generation section, but may also 
operate with the Supply of an operation clock (common 
operation clock) from the operation clock generation section 
of another node. 
The control data stored in the control register 470 contains 

frame numbers assigned to the node 300, a period and clock 
speed of the clock signal ACLK, parameters for the waveform 
processing section320, and the like. 490 denotes a parameter 
ROM, which stores the kind of node 300, the number of 
channels that permit transmission and receiving, parameters 
of maximum receiving and transmission rates and the like. 
Contents in the parameter ROM 490 are read by the CPU212 
when power is applied to the musical Sound synthesizing 
apparatus. 

Since the configuration in FIG. 7 is a general configuration 
of each of the nodes, the nodes of some kinds might not have 
some of the components shown. For example, if the node 300 
is a sound generator or AD converter, the time slot conversion 
section 306 and receiving section 400 are not provided 
because it is not necessary to receive the waveform data and 
the like from other nodes. Further, if the node 300 is, for 
example, a DA converter, the transmitting section 450 is not 
provided because it is not necessary to transmit the waveform 
data and the like to other nodes. 
1.4.1. Details of Time Slot Conversion Section 306 

Details of the operation of the time slot conversion section 
306 will here be described in reference to FIG.8. In FIG. 8, 
the data signal ADAT and clock signal ACLK are signals 
received from the Abus 262 via the buffer amplifier 304. In 
the time slot conversion section 306, the data signal ADAT is 
latched at the right time when the clock signal ACLK rises. 
The result of this is “intermediate data shown in a diagram. 

Next, a “system clock' shown in the diagram is a clock 
generated by the operation clock generation section men 
tioned above, and has a frequency two times as high as that of 
the clock signal ACLK to be output, in the shown example. 
However, the shown clock signal ACLK, that is, the clock 
signal ACLK received via the buffer amplifier 304 is a signal 
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generated by another node, and its frequency is not synchro 
nized with the system clock of the node 300 because the 
system clocks of the nodes are independent of each other. 
The intermediate data is latched every time the clock signal 

ACLK rises, and the latching result is the data signal ADAT 
shown in the diagram. This data signal ADAT is Supplied to 
the receiving section 400. The clock signal ACLK is latched 
every time the system clock falls. A current latching result is 
compared with the latching result of the previous falling 
timing every time the clock signal ACLK is latched, and if a 
rising of the clock signal ACLK is detected (i.e., if the previ 
ous latching result is “0” and the current latching result is 
“1”), a fetch signal ACLK" is set to “1” in a half period of the 
system clock. 
The fetch signal ACLK" is set to “O'” in other cases. This 

fetch signal ACLK" is supplied to the receiving section 400 
together with the data signal ADAT, as a timing signal for 
fetching in the data signal ADAT". In this way, in the present 
embodiment, each receiving node generates the fetch signal 
ACLK' and data signal ADAT" in synchronization with the 
system clock generated by itself. So that it is possible to 
compensate for differences of frequencies and phases in the 
system clocks among the nodes. 
1.4.2. Details of Receiving Section 400 

Next, a detailed configuration of the receiving section 400 
will be described in reference to FIG.9, but the contents of the 
control register 470 associated with the receiving section 400 
will first be described. In FIG. 9, 472 denotes a receiving 
control register, which has a plurality of addresses. Each 
address corresponds to each unit of the data to be received by 
the node 300, and at each address the frame number and offset 
value corresponding to each unit are stored in the order of 
generation. Here, the offset value is a unit number of data 
received in each of the reception frames. 

For example, if the node 300 receives “100” units of data in 
one sampling period, a set of frame number and offset value 
is stored in an address “100” in the order of generation. 474 
denotes a data line bit number register, which stores the bit 
width of the data signal ADAT correspondingly to the 
addresses of the receiving control register 472. In addition, 
the bit width of data in a unit, which is indicated by an offset 
value of the reception frame designated by the frame number, 
corresponds to the frame number and the offset value, so that 
it will be “16 bits if a number Stored in the data line bit 
number register 474 is “0”, and “4 bits” if “1”. 

Furthermore, inside the receiving section 400, 402 denotes 
a frame counter, which counts the number of times that the 
frame signal AFRM on the Abus 262 has fallen, and is reset 
at the right time when the word clock WCK rises. In this way, 
a counting result of the frame counter 402 will be the frame 
number at the present moment. 404 denotes a word counter, 
which counts the number of fetch signals ACLK' in each 
frame, and is reset at the right time when each frame signal 
AFRM falls. In this way, a counting result of the word counter 
404 will be a present word number in each frame. 
406 denotes an offset counter, which outputs the offset 

value (unit number) of the frame presently being received by 
counting the word numbers output from the word counter 
404. More specifically, the bit width of the data signal ADAT 
presently being received is specified on the basis of the con 
tent stored in the data line bit number register 474, so that if 
the bit width is “16, the word number divided by “2 is the 
present offset value, and if the bit width is “4”, the word 
number divided by “8” is the present offset value. 
410 denotes a fetch counter, which stores read addresses of 

the receiving control register 472 and data line bit number 
register 474. This fetch counter 410 is incremented by “1” in 
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accordance with coincidence signals RCX described later, 
and reset by the word clock WCK. Counting results of the 
fetch counter 410 are used as the read addresses of the receiv 
ing control register 472 and data line bit number register 474. 
Therefore, at the start of each sampling period, the frame 
number, offset value and bit width of an address “0” of the 
registers 472, 474 are read. 

408 denotes a comparator, which compares the frame num 
ber output by the frame counter 402 with the frame number 
stored in the present read address of the receiving control 
register 472, and also compares the offset value output by the 
offset counter 406 with the offset value stored in the present 
read address of the receiving control register 472. If both the 
frame number and the offset value correspond, the coinci 
dence signal RCX is raised to “1”. If at least one of the frame 
number or offset value does not correspond, the coincidence 
signal RCX is set to “0”. 
Now, when the coincidence signal RCX rises to “1, the 

count result of the fetch counter 410 is incremented by “1”. 
Accordingly, contents in the next address of the registers 472, 
474 will then be read, and the coincidence signal RCX imme 
diately falls to “0”. 412 denotes a fetch registersection, which 
is composed of 4-bit registers IN1 to IN8. When the bit width 
of the data signal ADAT is “4”, data of “8” words are sequen 
tially latched by the registers IN1 to IN8 in the successive “8” 
slots. 

Furthermore, when the bit width of the data signal ADAT 
is “16', data of successive '2' slots are latched. That is, the 
data of the first slot is latched by the registers IN1 to IN4, and 
the data of the next slot is latched by the registers IN5 to IN8. 
414 denotes a bit sorting section, which sorts the bits of the 
data latched by the registers IN1 to IN8 into the normal bit 
arrays per unit (32 bits). 

416 denotes a received data register, which latches the 
Sorted data synchronously with the coincidence signal RCX. 
The received data register 416 has a plurality of addresses, 
and can store one unit of waveform data for each address. The 
counting results of the fetch counter 410 mentioned above are 
used for write addresses into the received data register 416. 
The waveform data stored by the received data register 416 is 
read by the waveform processing section 320 as needed. 
1.4.3. Details of Transmitting Section 450 

Next, a detailed configuration of the transmitting section 
450 will be described in reference to FIG. 10, but the contents 
of the control register 470 associated with the transmitting 
section 450 will first be described. In the drawing, 476 
denotes a transmission control register, which stores the 
frame numbers of one or a plurality of transmission frame(s) 
in which the node 300 transmits data. A transmission rate and 
the number of units of transmission data are stored for each 
transmission frame. Here, the “transmission rate' is repre 
sented by a division ratio to the system clock of the output 
clock signal ACLK. 

Furthermore, 478 denotes a data line bit number register, 
which stores the number of bits of the transmission data signal 
ADAT in each of the transmission frames. In addition, the bit 
width in the transmission frame is "16 bits' if a value stored 
by the data line bit number register 478 is “0”, and “4 bits” if 
“1”. As described above, a plurality of transmission frames 
can be assigned to one node in one sampling period, in the 
present embodiment. In this way, for example, the data signal 
ADAT can be output at a high rate in one transmission frame 
to the receiving nodes with high processing speed, and the 
data signal ADAT can be output at a low rate in other trans 
mission frames to other receiving nodes with low processing 
speed. Moreover, it is preferable that individual different 
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transmission frames are also assigned to a plurality of receiv 
ing nodes with different bit width (4 or 16 bits) of data line. 

Inside the transmitting section 450, 452 denotes a com 
parator, which compares the frame number of each transmis 
sion frame stored by the transmission control register 476 
with the present frame number supplied from the frame 
counter 402 in the receiving section 400, and outputs a signal 
“1” if the present frame number corresponds to the frame 
number of any frame. Further, 454 denotes a comparator, 
which compares, in each frame, the number of transmission 
units in the transmission frame with the counting result of a 
read counter 462 described later, and outputs a signal “1” if 
the counting result is below the number of transmission units. 

456 denotes an S flag setting circuit, which sets an S flag 
(transmission flag) to “1” in a state where the comparators 
452, 454 both outputs the signal “1”, and sets the S flag to “O'” 
in other cases. 458 denotes a timing signal generation section, 
which generates the clock signal ACLK on the basis of the 
transmission rate stored by the transmission control register 
476 and sets both the direction signal ADIR and frame signal 
AFRM to “0” when the S flag rises to “1”. 

Furthermore, in the timing signal generation section 458, 
the frame signal AFRM is first raised to “1” when the S flag 
becomes “0”. Then, output of the clock signal ACLK is 
stopped one period of the clock signal ACLK late, and the 
direction signal ADIR is raised to “1” (see FIG. 4). 460 
denotes a word counter, which counts the output clock signals 
ACLK. 464 denotes a transmission data register, which stores 
one unit of waveform data for each of a plurality of addresses. 
In addition, the waveform data is written by the waveform 
processing section320 at an optional moment of the sampling 
period prior to the sampling period for transmission. 
462 denotes the read counter, which counts the number of 

transmitted units on the basis of the values stored by the data 
line bit number register 478, in the same manner as the offset 
counter 406 in the receiving section 400 described above. The 
counting results are supplied as the read addresses to the 
transmission data register 464. In this way, the 32-bit wave 
form data stored by the transmission data register 464 are 
sequentially accessed and read. 466 denotes a bit selection 
section, which selects part of the bits (see FIG. 6) to be 
transmitted out of the 32-bit waveform data in accordance 
with the counting results of the word counter 460. The 
selected bits are output as the data signal ADAT via the buffer 
amplifier 304. 
2. Specific Configuration of Embodiment 
2.1. Specific Configuration Example of Waveform Process 
ing Section 320 

Next, a specific configuration example of the waveform 
processing section 320 is shown in FIGS. 11(a) to (c). A 
waveform processing section 320a in FIG. 11(a) is an 
example in which the waveform processing section 320 con 
stitutes a sound generator. For the waveform processing sec 
tion 320a, musical Sound control data of each Sound produc 
tion channel is stored in the control register 470 (see FIG. 7) 
under the control of the CPU 212. 351 denotes a waveform 
synthesizing section, which synthesizes the waveform data of 
a plurality of Sound production channels on the basis of the 
musical Sound control data. 352 denotes a channel accumu 
lator, which weights the synthesized waveform data of the 
Sound production channels part by part to accumulate them, 
thereby outputting 16 parts of waveform data. 
The synthesized 16-part of waveform data is output onto 

the Abus 262 via the transmitting section 450. Here, one part 
of the waveform data is assigned to one unit on the Abus 262. 
As to forms of accumulation, for example, the waveform data 
of the Sound production channel in each part that produces 
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monaural sound may be accumulated in one series to generate 
one-channel waveform data, or a pan may be controlled to 
accumulate in two series so as to generate two-channel wave 
form data. When sound is produced in stereo, it is preferable 
to place Sound production channels which produce L (left) 
and R (right) sounds of the same tone each in different parts. 

Next, a waveform processing section320b in FIG.11(b) is 
an example in which the waveform processing section 320 
constitutes an effector. 361 denotes an effect processing sec 
tion, which receives the waveform data (4 channels in total) of 
stereo signals in two series from the Abus 262 via the receiv 
ing section 400, and outputs a result of effect-processed 
waveform data to the Abus 262 via the transmitting section 
450. The content of the effect processing is decided by the 
micro program, effect coefficient and delay control data that 
are set in the control register 470 by the CPU212. In addition, 
an effect processing section 362 is configured similarly to the 
effect processing section 361. 

Next, a waveform processing section320c in FIG. 11(c) is 
an example in which functions such as Sound generator, mixer 
and effector are collected in one chip, and used as the wave 
form processing section 320 in the node 300 of the above 
mentioned sound generator LSIs 252, 254. In the drawing, 
371 denotes a waveform synthesizing section, which receives 
the musical sound control data from the CPU 212 via the 
control register 470, and on the basis of this, generates the 
waveform data of a plurality of Sound production channels. 
372 denotes a mixer, which applies mixing processing to 
various kinds of waveform data. Part of the input waveform 
data for mixing processing is Supplied from the AbuS 262 via 
the receiving section 400, and part of the output waveform 
data is output to the A bus 262 via the transmitting section 
450. 

373 denotes a multi DPS (plural blocks of DSPs), which 
applies effect processing or the like to the waveform data 
supplied from the mixer 372, and supplies the results to the 
mixer 372. The micro program, effect coefficient, delay con 
trol data and the like that specify the effect processing are set 
in the control register 470 by the CPU212.374 denotes an I/O 
section, which carries out 16-channel input and output to and 
from a serial bus, and carries out 2-channel input and output 
to and from a bus for the DA converter. 

Here, a channel configuration in the mixer 372 will be 
described in reference to FIG. 12. The mixer 372 secures a 
total of 176 channels as input channels including 64 channels 
(TG#1 to TG#64) for the output data of the waveform syn 
thesizing section 371, 32 channels (DSPH1 to #32) for the 
output data of the multi DPS373, and 80 channels (EXT#1 to 
#80) for inputting data from the external of the waveform 
processing section 320c. In addition, 64 channels in the 80 
channels for data input are for inputting data from the AbuS 
262, and remaining 16 channels are for inputting data from 
the I/O section 374. Further, with the number of channels for 
data input less than “80, these channels may be used by 
being selectively assigned to input data from the AbuS 262 
(64 maximum) and to input data from the I/O section 374 (16 
maximum). 
A total of 400 mixing channels (MIXi1 to #400) are pro 

vided for, for example, level adjustment of the waveform data 
thus input. Moreover, at least 114 output channels are secured 
which mix and output data output from the mixing channels. 
The output channels include 32 channels (DSPH1 to #32) for 
the multi DPS 373 and 82 channels (EXT#1 to #82) for 
external output. In addition, the 82 channels for data output 
include 64 channels for outputting data to the Abus 262 and 
the remaining 18 channels for outputting data to the I/O 
section 374. Further, with the number of channels for data 
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output less than “82, these channels may be used by being 
assigned to output data to the AbuS 262 (64 maximum) and to 
output data to the I/O section 374 (18 maximum). 
2.2. Specific Example of Overall Configuration (1) 

Next, an example will be described in which specific func 
tions are set for the sound generator LSIs 252, 254 and the 
expanded boards 256, 258 and 260, in the sound generation 
unit 250 of the present embodiment. First, FIG. 13 shows an 
example of logical connection among those components 
when the sound generation unit 250 constitutes a normal 
Sound generator. In the drawing, a 16-part sound generator 
256a, effector 258a and digital input output section 260a are 
each inserted as the expanded boards 256, 258 and 260. 
The 16-part sound generator 256a outputs 16-channel 

waveform data, and its configuration is as described in FIG. 
11(a). The effector 258a applies effect processing to input 
4-channel (two stereo sets) waveform data to output 4-chan 
nel waveform data, and its configuration is as described in 
FIG. 11(b). The digital input output section 260a inputs and 
outputs 8-channel digital audio signals to and from the exter 
nal device. 

Internal configurations of the sound generator LSIs 252, 
254 areas described in FIG. 11(c) and FIG. 12. More specifi 
cally, the waveform synthesizing sections 371, 371 in the 
sound generator LSIs 252, 254 each synthesize 64-channel 
waveform data, and the multi DPSs 373, 373 apply effect 
processing to the waveform data, and then the mixers 372, 
372 mix the waveform data with the waveform data supplied 
from other components 256a, 258a and 260a or the waveform 
data exchanged between the sound generator LSIs 252 and 
254. 

In FIG. 13, arrows connecting the components indicate 
logical connection states among the components. Among 
these, dashed connection lines between the Sound generator 
LSIs 252 and 254 pass through the direct connection line 253, 
and other connection lines pass through the Abus 262. In FIG. 
13, the 16-channel waveform data output from the 16-part 
Sound generator 256a are each input to the Sound generator 
LSIs 252, 254 via the A bus 262. 

Furthermore, from the sound generator LSI 254 to the 
sound generator LSI 252, 16-channel waveform data is sup 
plied via the direct connection line253, and 14-channel wave 
form data is supplied via the Abus 262. In the latter 14-chan 
nel waveform data, 2 channels are provided for transmission 
of the waveform data output in stereo from the sound genera 
tor LSI 252, and this waveform data is mixed with the wave 
form data output in stereo from the sound generator LSI 252 
in the mixer 372 of the sound generator LSI 252. The mixed 
stereo waveform data is output to the DA converter 264 via the 
I/O section 374 of the sound generator LSI 252. Moreover, 4 
channels provide the waveform data to which effect process 
ing is applied by the effector 258a, and 8 channels provide the 
waveform data to be output to the external via the digital input 
output section 260a. 
The 4-channel and 8-channel waveform data are mixed 

with other waveform data generated by the Sound generator 
LSI 252, and the 4-channel and 8-channel waveform data 
resulted from the mixing are respectively supplied to the 
effector 258a and the digital input output section 260a. The 
effector 258aapplies effect processing to the 4-channel wave 
form data supplied via the sound generator LSI 252, and the 
result is output as the 4-channel waveform data to the Sound 
generator LSIs 252,254. 
The digital input output section 260a outputs the 8-channel 

waveform data, which is Supplied from the Sound generator 
LSI 252, to the external device as digital audio signals, and 
also supplies 8-channel audio signals received from the exter 
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nal device to the sound generator LSIs 252, 254. Next, FIG. 
14 shows an example of frame assignment to realize the 
aforementioned logical connection state. In the drawing, a 
frame #0 is assigned as a transmission frame of the Sound 
generator LSI 252. The effector 258a is provided with 4 
channels and the digital input output section 260a is provided 
with 8 channels for the waveform data output from the sound 
generator LSI 252 to other components via the Abus 262, so 
that a time equivalent to a total of 12 channels (time equiva 
lent to 12 units if one unit is assigned to one channel) is 
assigned to the frame #0. 

Furthermore, a frame #1 is assigned as a transmission 
frame of the sound generator LSI 254. Only 14-channel wave 
form data is output to the sound generator LSI 252 as the 
waveform data output to other components from the Sound 
generator LSI 254 via the Abus 262, so that a time equivalent 
to 14 channels (time equivalent to 14 units) is assigned to the 
frame #1. Further, a frame #2 is assigned as a transmission 
frame of the 16-part sound generator 256a. The 16-part sound 
generator 256a outputs 16-channel waveform data to the 
sound generator LSIs 252, 254, but these sound generator 
LSIS perform reception at the same time, so that a time 
equivalent to 16 channels is assigned to the frame #2. Simi 
larly, frames #3, #4 are each assigned as transmission frames 
of the effector 258a and the digital input output section 260a, 
and lengths corresponding to the number of output channels 
of the waveform data are assigned to the frames #3, #4. 
2.3. Specific Example of Overall Configuration (2) 
The sound generation unit 250 in the present embodiment 

can also achieve functions totally different from the functions 
accomplished as a mere sound generation unit. As an example 
of this, FIG. 15 shows an example of logical connection 
which constitutes a multitrack recording apparatus with a 
Sound generator using the Sound generation unit 250. In the 
drawing, an AD converter 256b, multitrack recorder 258b and 
DA converter 260b are each inserted as the expanded boards 
256, 258 and 260. 
The AD converter 256b receives 16-channel analog signals 

from the external device, and converts them into 16-channel 
waveform data. The multitrack recorder 258b records/repro 
duces 16-channel audio signals, and the DA converter 260b 
converts each of Supplied 8-channel waveform data into ana 
log signals and outputs them to the external device. 

In FIG. 15, as in FIG. 13, arrows connecting the compo 
nents indicate logical connection states among the compo 
nents, and dashed connection lines between the Sound gen 
erator LSIs 252 and 254 pass through the direct connection 
line 253, and other connection lines pass through the Abus 
262. In FIG. 15, the 16-channel waveform data output from 
the AD converter 256b are input to the sound generator LSIs 
252, 254 respectively via the Abus 262. 

Furthermore, from the sound generator LSI 254 to the 
sound generator LSI 252, 16-channel waveform data is sup 
plied via the direct connection line253, and 26-channel wave 
form data is supplied via the Abus 262. In the latter 26-chan 
nel waveform data, 2 channels are simply Supplied to the 
sound generator LSI 252, but 16 channels provide the wave 
form data recorded by the multitrack recorder 258b, and 8 
channels provide the waveform data output to the external via 
the DA converter 260b. 

The 16-channel and 8-channel waveform data are mixed 
with other waveform data generated by the Sound generator 
LSI 252, and the 16-channel and 8-channel waveform data 
resulted from the mixing are each Supplied to the multitrack 
recorder 258b and the DA converter 260b. When the multi 
track recorder 258b is in a recording state, the 16-channel 
waveform data supplied via the sound generator LSI 252 is 
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recorded. When the multitrack recorder 258b is in a repro 
ducing state, the reproduced results are output as the 16-chan 
nel waveform data to the sound generator LSIs 252,254. 

Furthermore, the DA converter 260b converts the 8-chan 
nel waveform data supplied via the sound generator LSI 252 
into analog signals, and outputs them to the external device. 
Next, FIG. 16 shows an example of frame assignment to 
realize the aforementioned logical connection state. In the 
drawing, a frame #0 is assigned as a transmission frame of the 
sound generator LSI 252. The multitrack recorder 258b is 
provided with 16 channels and the DA converter 260b is 
provided with 8 channels for the waveform data output from 
the sound generator LSI 252 to other components via the A 
bus 262, so that a time equivalent to a total of 24 channels is 
assigned to the frame #0. 

Furthermore, a frame #1 is assigned as a transmission 
frame of the sound generator LSI 254. Only 26-channel wave 
form data is output to the sound generator LSI 252 as the 
waveform data output to other components from the Sound 
generator LSI 254 via the Abus 262, so that a time equivalent 
to 26 channels is assigned to the frame #1. Further, frames #2. 
#3 are assigned as transmission frames of the AD converter 
256b and the multitrack recorder 258b, and lengths corre 
sponding to the number of output channels of the waveform 
data are assigned to the frames #2, #3. In addition, the DA 
converter 260b functions only as a receiving node and does 
not output waveform data to the A bus 262, and thus is not 
assigned a transmission frame. 
3. Operation in the Embodiment 

Next, operations in the present embodiment will be 
described. 

First, when the power source of the musical sound synthe 
sizing apparatus in the present embodiment is turned on, 
contents in the parameter ROM 490 of each node are read by 
the CPU 212, thereby detecting a kind of each node and the 
like. Next, executable operation modes are listed on the dis 
play device 208 in accordance with the presently mounted 
nodes. The executable operation modes would be, for 
example, "general-purpose Sound generator (FIG. 13). 
“sound generator for electronic pianos”, “sound generator for 
synthesizers', and “multitrack recording apparatus (FIG. 
15)’. When a user selects one of these operation modes, 
detailed parameters (e.g., the number of parts of the wave 
form data to be synthesized by the sound generator, detailed 
contents of the effects, mixing ratio of a plurality of channels) 
corresponding to the selected operation mode and the like can 
further be set. 
When the above setting is finished, detailed operation con 

tents of each node is decided. More specifically, the number 
of frames provided in one sampling period, a frame in which 
each node becomes the transmitting node and a frame in 
which each node becomes the receiving node are decided, and 
the offset value is further decided in the frame in which each 
node becomes the receiving node. Also, detailed timing rela 
tions among the frames are decided. 

For example, when the waveform data should be trans 
ferred from a certain transmitting node to one or plurality of 
receiving nodes, a receiving and transmission rate is decided 
in accordance with the node that has the highest transmission 
rate or lowest receiving rate of all the transmission and receiv 
ing nodes. Further, the clock speed of the clock signal ACLK 
in each frame is decided depending on the amount of data to 
be transmitted and received and the bus width, and a length of 
each frame is decided. When all the parameters are decided in 
this way, these parameters are written into the control regis 
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ters 470 of the nodes by the CPU 212. This enables the 
musical Sound synthesizing apparatus to function in the 
desired operation mode. 

Furthermore, if the user can freely edit the logical connec 
tion states among the nodes, a user's original operation mode 
can be made in addition to the operation modes listed when 
the power source is turned on. In that case, the CPU 212 
automatically decides a transmission slot (transmission frame 
number and the number of units) in which each node carries 
out transmission in accordance with a set logical connection 
state, and/or a reception slot (reception frame and unit num 
ber) in which each node carries out reception, and the slots are 
set in the receiving control register 472 and transmission 
control register 476 of the nodes. Here, the CPU 212 sequen 
tially assigns different transmission slot numbers to the nodes 
so that the same transmission slot is not set in different nodes. 
Moreover, a sum of the numbers of units in a plurality of 
transmission slots is checked whether or not it exceeds the 
transfer capability of the AbuS 262 per sampling period, and 
if it exceeds, a warning can be given to the user. 

Alternatively, the user may also be allowed to freely des 
ignate the transmission frame and/or the number of units in 
each node. In that case, the CPU 212 checks whether or not 
the same frame number is designated as a transmission frame 
in any two of the plurality of nodes, and if the same frame 
number is designated, a warning can be given to the user or 
one of the frame number can be automatically corrected. 
Moreover, when the number of transmission units in a plu 
rality of nodes exceeds the transfer capability of the A bus 
262, a warning of this fact can be given. 

In this way, according to the present embodiment, the 
logical connection state can be freely set without changing a 
physical connection state in the Sound generation unit 250. As 
a result, it is possible to enrich the variation of the functions or 
operation modes achieved by the sound generation unit 250, 
and to significantly expand its versatility. 
4. Modifications 
The present invention is not limited to the embodiments 

described above, and can be modified in various ways, for 
example, as follows: 
(1) The operation mode of the musical sound synthesizing 

apparatus is determined by the selecting operation of the 
user in the embodiment determined above, but the opera 
tion mode can also be decided automatically. For example, 
when the musical sound synthesizing apparatus in the 
above embodiment is used as a part of a music instrument 
system such as an electronic piano, electronic organ or 
synthesizer, the CPU 212 detects the kind of system in 
which the musical Sound synthesizing apparatus is 
installed, and automatically sets the operation mode of the 
musical sound synthesizing apparatus to fit the system. 

(2) The data line bit number register 474 (see FIG. 9) stores 
the bit width of the data signal ADAT correspondingly to 
each address of the receiving control register 472 in the 
embodiment described above, but the bit width in each 
frame may be fixed to either “16 bits” or “4 bits’, and thus 
the bit width may be stored with respect to each “frame'. 

(3) In the embodiment described above, the kind and the like 
of each node is detected when the power source of the 
musical sound synthesizing apparatus is turned on, and the 
operation mode corresponding to the kind of node is 
Selected. However, the operation mode may be set regard 
less of the kind of node. Further, the user selects one 
operation mode from a plurality of operation modes, but it 
is not essential that the users should be able to select. For 
example, manufacturers may determine fixed operation 
modes for each model and set them in the musical Sound 
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synthesizing apparatus. Concretely, the ROM 214 stores a 
particular CPU program corresponding to the operation 
mode that is decided for the particular model, and the CPU 
212 may set each node connected to the A bus 262 in 
accordance with the CPU program. Alternatively, the ROM 
214 stores a plurality of CPU programs corresponding to 
the operation modes for a plurality of models, and one CPU 
program corresponding to the operation mode for the par 
ticular model may be selected by means of a jumper line, 
microSwitch, pull-up or pull-down resistor on the Sound 
board. 
As described above, according to the first aspect of the 

present invention, each transmitting node transmits data Sig 
nals to the bus per sampling period in predetermined order, 
and each receiving node selectively obtains a necessary signal 
from the data signals, so that it is possible to freely set a 
logical connection state from an optional transmitting node to 
an optional receiving node, thereby enabling high versatility 
with a simple circuit. 

Furthermore, with a configuration in which a data signal is 
converted to a data signal synchronous with the operation 
clock of a transmitting node on the basis of the operation 
clock of the receiving node, for example, the waveform data 
can be transmitted and received without providing a buffer or 
the like that stores the waveform data of a plurality of 
samples, thereby making it possible to simplify the circuit 
configuration. Moreover, with a configuration in which a bit 
width n for each transmitting node can be set to different 
values for each transmitting node, the data line width can be 
reduced as needed to decrease costs. 
As described above, according to the second aspect of the 

present invention, each transmitting node transmits a data 
signal to the bus in a detected transmission frame, and each 
receiving node receives the data signal from the bus in a 
detected reception frame, so that it is possible to freely set a 
logical connection state from an optional transmitting node to 
an optional receiving node, thereby enabling high versatility 
with a simple circuit. 
As described above, according to the third aspect of the 

present invention, once a controller designates a transmission 
slot and reception slot for each transmitting node and the 
receiving node, data is then transferred between each trans 
mitting node and the receiving node without the intervention 
of the controller, so that it is possible to freely set a logical 
connection state from an optional transmitting node to an 
optional receiving node, thereby enabling high versatility 
with a simple circuit. 

What is claimed is: 
1. A transmitting node device connected operatively 

coupled to a bus for transferring data during each of a plural 
ity of time frames on a time divisional basis within one 
sampling period, the bus comprising a plurality of data signal 
lines and one frame signal line, said bus operatively coupled 
to at least one receiving node and to a plurality of other 
transmitting nodes of the same structure as the transmitting 
node device, wherein each of the transmitting nodes is 
assigned a unique frame number Such that the frame numbers 
collectively compose a consecutive order, wherein each of the 
transmitting nodes transmit transmits one frame to the bus 
during different timing in a sequential manner and in accor 
dance with the respective frames frame numbers assigned, 
wherein only one transmitting node transmits a frame during 
a given period of time, and wherein said receiving node is 
designated one of said plurality of frame numbers and selec 
tively acquires, in accordance with the designated frame 
number, data in a frame transmitted by a transmitting node 
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during the frame that corresponds to the designated frame 
number, the transmitting node device comprising: 

a frame counter that counts a number of the frames in 
each sampling period to generate a current frame num 
ber on the basis of a frame signal transferred by the 
frame signal line within the sampling period; 

a first register that stores the unique frame number, 
assigned to the transmitting node device, designating a 
transmission frame by which the transmitting node 
device should transmit data; 

a second register that stores the data to be transmitted via 
the bus during the transmission frame; 

a comparator that outputs a coincidence signal when 
detecting that the current frame number of the frames 
counted generated by the frame counter coincides with 
the frame number stored in the first register; and 

a transmitting section that forms a frame signal corre 
sponding to the transmission frame and transmits the 
formed frame signal to the frame signal line of the bus in 
response to the coincidence signal, and concurrently 
transmits the data stored in the second register to the data 
signal lines by the transmission frame. 

2. The transmitting node device according to claim 1, 
wherein each of the plurality of transmitting nodes include 

a register of the same structure as said first register of the 
transmitting node device, and is connected with a con 
troller for controlling the plurality of the transmitting 
nodes, 

wherein the controller assigns unique frame numbers to 
each of said plurality of transmitting nodes, and sets, to 
the register of each of transmitting nodes, the assigned 
unique frame number. 

3. The transmitting node device according to claim 1, 
wherein the second register stores audio waveform data of a 
plurality of audio channels, and the transmitting section 
sequentially outputs the audio waveform data of the plurality 
of the audio channels to the data signal lines during the 
transmission frame. 

4. A method of operating a transmitting node device con 
nected to a bus for transferring data during each of a plurality 
of time frames on a time divisional basis within one sampling 
period, the bus comprising a plurality of data signal lines and 
one frame signal line, said bus operatively coupled to at least 
one receiving node and to a plurality of other transmitting 
nodes of the same structure as the transmitting node device, 
wherein each of the transmitting nodes is assigned a unique 
frame number such that the frame numbers collectively com 
pose a consecutive order, wherein each of the transmitting 
nodes transmit transmits one frame to the bus during differ 
ent timing in a sequential manner and in accordance with the 
respective frames frame numbers assigned, wherein only 
one transmitting node transmits a frame during a given period 
of time, and wherein said receiving node is designated one of 
said plurality of frame numbers and selectively acquires, in 
accordance with the designated frame number, data in a frame 
transmitted by a transmitting node during the frame that cor 
responds to the designated frame number, the method of 
operating the transmitting node device comprising the steps 
of: 

counting a number of the frames in each sampling period 
to generate a current frame number on the basis of a 
frame signal transferred by the frame signal line within 
the sampling period; 

storing the unique frame number, assigned to the transmit 
ting node device, designating a transmission frame by 
which the transmitting node device should transmit data; 
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22 
storing the data to be transmitted via the bus during the 

transmission frame; 
outputting a coincidence signal when detecting that the 

counted current frame number of the frames coin 
cides with the stored frame number; 

forming a frame signal corresponding to the transmission 
frame; 

transmitting the formed frame signal to the frame signal 
line of the bus in response to the coincidence signal; and 

concurrently transmitting the stored data to the data signal 
lines by the transmission frame. 

5. A receiving node device operatively coupled to a bus, the 
bus comprising a plurality of data signal lines and one frame 
signal line for transferring data by a plurality of time frames 
on a time divisional basis within one sampling period, said 
bus operatively coupled to a plurality of transmitting nodes, 
wherein each of the transmitting nodes is assigned a unique 
frame number such that the frame numbers collectively com 
pose a consecutive order, wherein each of the transmitting 
nodes transmit transmits one frame to the bus during differ 
ent timing in a sequential manner and in accordance with the 
respective frames frame numbers assigned, wherein only 
one transmitting node transmits a frame during a given period 
of time, and wherein said receiving node device is designated 
one of said plurality of frame numbers and selectively 
acquires, in accordance with the designated frame number, 
data in a frame transmitted by a transmitting node during the 
frame that corresponds to the designated frame number, the 
receiving node device comprising: 

a frame counter that counts frame numbers frames in 
each sampling period to generate a current frame num 
ber on the basis of a frame signal transferred from the 
frame signal line within the sampling period; 

a first register that stores the designated frame number 
indicating a reception frame by which the receiving node 
device should receive data; 

a second register that is prepared for storing data; 
a comparator that outputs a coincidence signal when 

detecting that the current frame number counted gen 
erated by the frame counter coincides with the desig 
nated frame number stored in the first register, and 

a receiving section that selectively acquires the data carried 
by the reception frame through the data signal lines into 
the second register in response to the coincidence signal. 

6. The receiving node device according to claim 5. 
wherein the frame transmitted by one of transmitting nodes 

and received by the receiving node device contains a 
plurality of data corresponding to a plurality of channels, 

wherein the receiving node device further comprising 
comprises a data counter that counts a number of data 
in the reception frame that the receiving node device is 
concurrently receiving via the bus to generate a data 
number, 

wherein the first register stores an offset value indicative of 
an order of data to be acquired in the reception frame 
besides the designated frame number, 

wherein the comparator outputs the coincidence signal 
upon detecting that the current frame number counted 
generated by the frame counter and the data number of 
data counted generated by the data counter coincide 
with the designated frame number and the offset value 
stored in the first register, and 

wherein the receiving section selectively acquires the data 
among the plurality of data in the reception frame in 
response to the coincidence signal. 

7. A method of operating a receiving node device opera 
tively coupled to a bus, said bus comprising a plurality of data 
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signal lines and one frame signal line for transferring data by 
a plurality of time frames on a time divisional basis within one 
sampling period, said bus operatively coupled to a plurality of 
transmitting nodes, wherein each of the transmitting nodes is 
assigned a unique frame number Such that the frame numbers 
collectively compose a consecutive order, wherein each of the 
transmitting nodes transmit transmits one frame to the bus 
during different timing in a sequential manner and in accor 
dance with the respective frames frame numbers assigned, 
wherein only one transmitting node transmits a frame during 
a given period of time, and wherein said receiving node 
device is designated one of said plurality of frame numbers 
and selectively acquires, in accordance with the designated 
frame number, data in a frame transmitted by a transmitting 
node during the frame that corresponds to the designated 
frame number, said method comprising the steps of 

counting frame numbers frames in each sampling period 
to generate a current frame number on the basis of a 
frame signal transferred from the frame signal line 
within the sampling period; 

storing the designated frame numberindicating a reception 
frame by which the receiving node device should receive 
data; 

preparing a register for storing data; 
outputting a coincidence signal when detecting that the 

counted current frame number coincides with the des 
ignated frame number stored by said storing step; and 

Selectively acquiring data carried by the reception frame 
through the data signal lines into the register in response 
to the coincidence signal. 

8. A receiving node device operatively coupled to a bus, the 
bus comprising a plurality of data signal lines and One frame 
signal line for transferring data by plurality of time frames on 
a time divisional basis within One sampling period, said bus 
operatively coupled to a plurality of transmitting nodes, 
wherein each of the transmitting nodes is assigned a unique 

24 
frame number such that the frame numbers collectively com 
pose a consecutive Order; wherein each of the transmitting 
nodes transmits one frame to the bus during different timing in 
a sequential manner and in accordance with the respective 

5 frame numbers assigned, wherein only one transmitting node 
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transmits a frame during a given period of time, and wherein 
said receiving node device is designated one of said plurality 
of frame numbers and selectively acquires, in accordance 
with the designated frame number, data in a frame transmit 
ted by a transmitting node during the frame that corresponds 
to the designated frame number; 

the receiving node device comprising: 
a frame counter that counts frames in each sampling 

period to generate a current frame number on the basis 
of a frame signal transferred by the frame signal line 
within the sampling period 

a data counter that counts data in the reception frame that 
the receiving node device is concurrently receiving via 
the bus to generate a data number, 

a first register that stores the designated frame number 
indicating the reception frame by which the receiving 
node device should receive data and an offset value 
indicative of an order of data to be acquired in the 
reception frame, 

a second register that is prepared for storing data, 
a comparator that outputs a coincidence signal when 

detecting that the current frame number generated by 
the frame counter and the data number generated by the 
data counter coincides with the designated frame num 
ber and the offset value Stored in the first register, and 

a receiving section that selectively acquires the data 
among the plurality of data in the reception frame 
through the data signal lines into the second register in 
response to the coincidence signal. 


