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EFFICIENT DATA PROCESSING METHOD
FOR COEFFICIENT DATA IN A DIGITAL
DIGNAL, PROCESSOR

BACKGROUND OF THE INVENTION

1. Field of the Invention

The invention relates to a transfer processing method of
coefficient data in a digital signal processor (hereinafter,
referred to as a DSP) to perform an arithmetic operation on
a digital signal, such as a digital audio signal, by a pipeline
process.

2. Description of the Related Background Art

An audio signal processing apparatus which can control
the sound field of a reproduced sound in order to produce an
acoustic space similar to a concert hall or theater, for
instance, the reverberation sound or presence in a room or
vehicle (refer to JP-A-64-72615), is well-known. Such an
audio signal processing apparatus has a DSP for performing
a digital arithmetic operating process to an audio signal
supplied by an audio signal source, such as a tuner, and
executes the desired sound field control.

The DSP has an arithmetic operating section to execute
arithmetic operating processes, such as four arithmetical
operations and memories such as signal data RAM to store
digital audio signal data which is supplied to the arithmetic
operating section, coefficient data RAM to store coefficient
data which is multiplied to the audio signal data, and the
like. By transferring the signal data between the memories
and from each memory to the arithmetic operating section in
accordance with a predetermined processing program, a
desired arithmetic operation, such as the product sum arith-
metic operation (Za,;d,), is executed at high speed.

A program for an arithmetic operating process which is
used in the DSP is stored in a rewritable program RAM in
the DSP. Each time the sound field mode or the like is
switched, the corresponding processing program and coef-
ficient data are transferred from a microcomputer and are
written to the rewritable program RAM, so that the desired
acoustic space sound can be produced.

The execution of one program instruction in the DSP is,
generally, constructed in a manner so that three cycles of an
instruction reading stage (fetch cycle) to read an instruction
code from the designated address position, an instruction
decoding stage (decode cycle) to decode the read-out
instruction code, and an instruction executing stage (execute
cycle) to execute the decoded instruction code are set in a
processing unit and those instructions are sequentially
executed by a pipeline processing method.

In an audio signal processing apparatus, on the other
hand, for instance, the processes of changing filter charac-
teristics to change the quality of a reproduced sound is often
performed. To change the filter characteristics as mentioned
above, new coefficient data which matches the filter char-
acteristics after change in sound quality is made is trans-
ferred from a microcomputer to the DSP and written. A filter
arithmetic operation must then be executed based on the new
coefficient data.

When writing the coefficient data, it is necessary to write
the coefficient data into new values while continuing the
arithmetic operation in order not to cause an inconvenience,
such as stopping the arithmetic operation currently being
executed and breaking the reproduction sound of the audio
signal. To write the coefficient data as mentioned above, a
method called a read cycle steal has been used.

10

15

20

25

30

35

40

45

50

55

60

65

2

That is, according to the read cycle steal, when coefficient
data which needs to be written is read out from the coeffi-
cient data RAM, the operating mode of the coefficient data
RAM is switched from the reading mode to the writing
mode. New coefficient data is transferred and written to the
relevant address position and is also transferred to the
arithmetic operating section. Thus, the target coefficient data
is updated without stopping the arithmetic operation in the
arithmetic operating section.

OBJECTS AND SUMMARY OF THE
INVENTION

In the conventional read cycle steal mentioned above,
however, all of the processes such as discrimination of the
address in the coefficient RAM data, transfer of the new
coefficient data from the microcomputer to the DSP, switch-
ing of the reading/writing modes, writing of the coefficient
data into the coefficient data RAM, transfer of the coefficient
data to the arithmetic operating section must be executed by
the execution stage in the processing cycle of the read
instruction of the coefficient data; the DSP having a high
processing speed must be used to perform these processes.

The invention is made on the basis of the above circum-
stances. It is an object of the invention to provide a coeffi-
cient data change processing method for a DSP which can
provide a surplus time in execution of a rewriting process of
coefficient data in the read cycle steal, and doesn’t need a
high speed operation.

To accomplish the above object, according to the present
invention, a coefficient data change processing method of a
DSP for a pipeline system which has a coefficient address
pointer independent of a program counter and transfers and
supplies a processing program or coefficient data from a
microcomputer for control, wherein a check is made to see
if an instruction is a read instruction of the coefficient data
to execute a read cycle steal or a value of the program
counter, and in the case where it is a read instruction, new
coefficient data in an instruction read stage and an instruc-
tion decode stage of a processing unit is transferred from the
microcomputer to a transfer buffer, and the coefficient data
stored in the transfer buffer is written into a coefficient data
memory by the read cycle steal in the execution stage in the
processing unit.

A processing program which is used in the DSP has been
stored in the microcomputer and all of the contents of the
processor are known. If the address of the instruction to be
executed is known, the content of the instruction can be also
previously known. That is, whether an instruction is a read
instruction of the coefficient data to execute the read cycle
steal or not can be preliminarily judged from the value of the
program counter which designates the address of the instruc-
tion to be executed.

The present invention uses an unconditional correspon-
dence relation between the value of the program counter and
the instruction which is executed. In accordance with the
value of the program counter, a check is made to see if the
address indicates the read instruction of the coefficient data
RAM to execute the read cycle steal or not. In case of the
relevant read instruction, in the instruction read stage and
instruction decode stage in a processing unit of the read
instruction of the relevant coefficient data, the coefficient
data is transferred from the microcomputer to the DSP and
the preparing operation to execute the read cycle steal are
started. In the instruction execute stage, accordingly, it is
sufficient that the new coefficient data to be rewritten is
merely written to the relevant address position in the coef-
ficient data RAM.
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3
BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a diagram showing an embodiment of a DSP
which is constructed by applying the method of the present
invention; and

FIG. 2 is an operationally explanatory diagram of the
present invention in the embodiment of FIG. 1.

DETAILED DESCRIPTION OF THE
EMBODIMENT

An embodiment of the invention will be described here-
inbelow with reference to the drawings.

FIG. 1 shows an embodiment of a DSP according to the
present invention. In the diagram, an analog audio signal is
supplied through an A/D converter 1 to an input/output
interface (I/O interface) 3 in a DSP 2. A data bus 4 is
connected to the I/O interface 3. A signal data RAM 5 to
store audio signal data is connected to the data bus 4.

Abuffer memory 6 to hold signal data which is sent from
the signal data RAM 5 is connected to the data bus 4. An
output of the buffer memory 6 is connected to one input of
a multiplier 7. A buffer memory 8 to hold coefficient data is
connected to the other input of the multiplier 7. A coefficient
data RAM 9 to store the coefficient data is connected to the
buffer memory 8. A coefficient address pointer 10 to desig-
nate read/write addresses is provided for the coefficient data
RAM 9.

An ALU (arithmetic logic unit) 11 executes an arithmetic
operation such as accumulation of a calculation output of the
multiplier 7. The calculation output of the multiplier 7 is
supplied to one input of the ALU 11. An output of an
accumulator 12 to hold the calculation output of the ALU 11
is supplied to the other input. The output of the accumulator
12 is supplied to the data bus 4.

A program RAM 14 is connected to a sequence controller
13 to control the operation of the DSP. A predetermined
instruction signal is given to a predetermined circuit at a
predetermined time in accordance with a processing pro-
gram written in the program RAM 14. Each time the count
value of program counter 15 is increased, an instruction code
from the address corresponding to the new count value is
read from the program RAM 14 and supplied to the
sequence controller 13. A command register 16 which holds
commands from microcomputer 20, which will be explained
hereinbelow, is connected to sequence controller 13.

The program RAM 14 and the command register 16 are
connected to a main bus 17. A transfer buffer 18 which
temporarily holds coefficient data transferred to the coeffi-
cient data RAM 9 from the microcomputer 20, (which will
be explained later) is connected to the main bus 17. The
microcomputer 20 is connected to the main bus 17 through
an interface 19.

The microcomputer 20 includes a CPU, an RAM, and an
ROM (all of them are not shown). In addition to the control
program for the microcomputer itself, various processing
program groups which are used in the DSP 2, a plurality of
coefficient data groups which are used in the processing
programs, and the like, have been stored in the ROM of the
microcomputer 20.

A keyboard 21 is connected to the microcomputer 20.
Control keys of sound fields, such as hall 1 and hall 2, are
prepared on the keyboard 21. The microcomputer 20 reads
out the processing program corresponding to the operated
sound field control key, the coefficient data group used in a
particular program, and the like, from the ROM, and trans-
fers this data to the DSP 2 through the interface 19. On the
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4

other hand, the audio signal data, after it has been arithmeti-
cally operated on by the DSP 2, is supplied to a D/A
converter 22 through the data bus 4. It I/O interface 3 and is
then converted into an analog signal. Then, the analog signal
is supplied to a circuit or apparatus at the post stage.

In the embodiment with the above construction, the
operation of the whole DSP will be first described.

When any key on the keyboard 21 is selected, the micro-
computer 20 reads out the processing program correspond-
ing to the selected key from the ROM (not shown), transfers
the program through the interface 19 and main bus 17, and
stores it in program RAM 14. A group of coeflicient data, a,,
a,, . . ., 0,, which are used in the processing program, are
read out from the ROM and transferred and stored in the
coefficient data RAM 9 through the interface 19, main bus
17, and transfer buffer 18.

When the processing program and the coefficient data
group are set into the DSP 2 as mentioned above, a prede-
termined arithmetic operating process is applied to the input
audio signal. That is, the audio signal which is sent from the
A/D converter 1 is first sequentially sampled at a predeter-
mined sampling period and then converted into audio signal
data, d;, d,, . . ., d,,. The sampled audio signal data, d,, d,,
.. d,,, are supplied to the data bus 4 through the I/O
interface 3 and written into the signal data RAM 5.

First, the first signal data, d;, is read from the signal data
RAM 5 and held in the buffer memory 6. The first coefficient
data o, is read from the coefficient data RAM 9 and held into
the buffer memory 8. The multiplier 7 multiplies a; and d,
and then the ALU 11 adds the initial value O of the
accumulator 12 to the multiplication value c-d;. Then, the
addition value, a;-d;, is held in the accumulator 12.

Subsequently, the second signal data d, is read and then
held in the buffer memory 6, and the second coefficient data
a, is read and then held in the buffer memory 8. The
multiplier 7 multiplies o, and d,. The addition value, a.,-d;,
held in the accumulator 12, is added to the multiplication
value, a,-d,, by the ALU 11. After that, the addition value
(o,-d;+a,d,) is again held in the accumulator 12. By
repeatedly executing this product sum operation (Za,-d,), a
filtering process of, for example, desired frequency charac-
teristics is applied to the input audio signal to produce audio
signal data.

The audio signal data derived by the product sum oper-
ating process is stored in the signal data RAM 5 through the
accumulator 12 and data bus 4. Then, the audio signal data
is transferred to the I/O interface 22 through the data bus 4
at a predetermined time and converted into an analog signal,
and output.

The read cycle steal operation according to the present
invention will now be described with reference to FIG. 2.
The group of coefficient data a; (i=1, 2, . . . , n) has already
been stored in the coefficient data RAM 9. The processing
program to execute the product sum operation (Zc,d,) using
the coefficient data group o has been stored in the program
RAM 14.

When a change command for the filter characteristics is
given from the keyboard 21 during execution of the product
sum operation, the microcomputer 20 searches for the new
coefficient data group which corresponds to the changed
filter characteristics in the ROM. It is assumed that the new

L)

coefficient data group is set to f3; (i=1, 2, . . ., n). It is also
assumed that the coefficient data is rewritten for example,
such that a replaces B;, (a;—=f;), (0,—po), - . ., (a,—P)),

by the read cycle steal. Further, it is also assumed that the
instruction to read the coefficient data o, from the coefficient
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data RAM 9 and transfer the data to the buffer memory 8 has
been indicated in an address N in the program RAM 14.

When receiving the change command for the filter
characteristics, the microcomputer 20 sends a command
“Execute the read cycle steal in the instruction of address N”
to the command register 16 through the interface 19 and
main bus 17. Based on the read cycle steal instruction, the
system controller 13 rewrites the coefficient data in an
address X of the coefficient data RAM 9 from a, to §; as
shown in FIG. 2.

The pipeline process in FIG. 2 will be first briefly
explained. The cycles <1> to <3> in FIG. 2 are set to a
processing unit to one read instruction.

At the instruction read stage of the cycle <1> in FIG. 2,
it is assumed that the program counter 15 of the DSP 2
indicates the address N. In other words, the program address
in which the instruction code to read out the coefficient data
a, is indicated, the sequence controller 13 starts the read
operation of the instruction code in address N of program
RAM 14 at the instruction read stage in cycle <1>. In the
instruction decode stage in cycle <2>, the instruction code of
the address N which has been read out is decoded. On the
other hand, when the processing routine advances to cycle
<2>, the reading of the instruction code of the next address,
N+1, is started at the instruction read stage which is in the
cycle <2>.

When the processing routine further advances to cycle
<3>, the instruction in address N is executed at the instruc-
tion execute stage. The instruction code of the address N+1
is decoded at the instruction decode stage, and, the instruc-
tion code of the address N+2 is read out at the instruction
read stage. Each processing command is sequentially pro-
cessed by the pipeline processing method, as described
above.

In cycle <1> in FIG. 2, when the program counter 15
indicates address N of the processing program, the sequence
controller 13 starts reading of the instruction code of address
N in the program RAM 14. At the same time, based on the
read cycle steal instruction stored in command register 16,
the sequence controller 13 checks whether address N of the
relevant program is the address in which the read cycle steal
should be executed or not.

‘When address N coincides with the address to execute the
read cycle steal, instruction the sequence controller 13
initiates a transfer request of the coefficient data [3; to
perform the read cycle steal to the microcomputer 20 in
cycle <2>. The microcomputer 20 reads coefficient data f3,
from the ROM in accordance with the transfer request and
transfers it to the transfer buffer 18 through the interface 19
and main bus 17.

At the instruction execute stage which is in cycle <3>, the
coefficient address pointer 10 is set into the address X and
the reading operation of the coefficient data o, of the address
X is started. As mentioned above, however, since the read
cycle steal instruction has been generated for the read
instruction of the program address N, the sequence control-
ler 13 switches the coefficient data RAM 9 from a reading
mode R to a writing mode W.

When the operating mode of the coefficient data RAM 9
is switched to the writing mode, new coefficient data 3, is
transferred from the transfer buffer 18 and stored at address
X, as designated by the coefficient address pointer 10. At the
same time, coefficient data 8, of transfer buffer 18 is also
sent to buffer memory 8. By using the new coefficient data
[3, sent to the buffer memory 8, the multiplication 3,-d, with
the signal data d; held in the buffer memory 6 is executed.

The transfer process of coefficient data by the read cycle
steal described above is sequentially executed with respect
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to each of the coefficient data o, (i=1, 2, . . ., n). Thus,
coefficient data a; can be replaced new coefficient data 3,
while executing the product sum operation (Zf3-d,) using the
new coefficient data f; in the arithmetic operating section.
Moreover, as will be also obviously understood from FIG. 2,
at the instruction read stage of cycle <1> and the instruction
decode stage of cycle <2>, all of the preparing operations for
the read cycle steal, such as determining whether the posi-
tion is the instruction address position at which the read
cycle steal should be executed or not, and transferring
coefficient data 3; from the microcomputer to the DSP, can
be executed.

At the instruction execute stage of cycle <3>, therefore, it
is sufficient to execute only the transfer of coefficient data f3;
to coefficient data RAM 9; a high speed operation is unnec-
essary. When rewriting the coefficient data by the conven-
tional read cycle steal, as shown in the lower portion in FIG.
2, all of the foregoing processing operations must be
executed at a high speed at the instruction execute stage in
cycle <3>.

Although the above embodiment has been described with
respect to the case of sequentially transferring the coefficient
data, (3;, one by one to the transfer buffer 18 for each
rewriting process, it is also possible to use a large memory
as a transfer buffer 18 and to transfer the coefficient data
group f3; to the transfer buffer 18 all together when the first
read cycle steal instruction is executed.

As will be obviously understood from the above
explanation, according to the coefficient data change pro-
cessing method of the present invention, a check is made to
determine whether the instruction is the read instruction of
the coefficient data indicating execution of the read cycle
steal from or the value of the program counter. When the
instruction is the read instruction, the new coefficient data is
transferred from the microcomputer to the transfer buffer at
the instruction read stage and instruction decode stage of the
processing unit. The coefficient data stored in the transfer
buffer is written into the coefficient data memory by the read
cycle steal at the execute stage of the processing unit. There
is, accordingly, sufficient time to execute the rewriting
process of the coefficient data upon read cycle steal and the
high speed operation can be made unnecessary. The transfer
process of the coefficient data can, therefore, be realized
through a less expensive DSP.

What is claimed is:

1. A coefficient data change processing method for a
digital signal processor of a pipeline system which has a
coefficient address pointer independent of a program
counter, and transfers and supplies a processing program and
coefficient data from a microcomputer, said method com-
prising the steps of:

discriminating whether an instruction is a read instruction

of said coefficient data at which a read cycle steal
should be executed from a value of said program
counter;

when said instruction is a read instruction, transferring
new coeflicient data during an instruction read stage
and an instruction decode stage in a processing unit to
a transfer buffer from said microcomputer; and

writing said coefficient data stored in said transfer buffer
into a coefficient data memory by said read cycle steal
at an execution stage in said processing unit.

2. A method according to claim 1, wherein at said execu-
tion stage, said coefficient data stored in said transfer buffer
is also written into a buffer memory for multiplication with
signal data.
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