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A CONTROL SYSTEM OF FIFO MEMORIES
The present invention relates "to a control system of first-in-first-
out (hereafter abbreviated as FIFO) memories, and more particularly
to a control system of FIFO memories used for recording/ reproduciilg
audio Signa.ls.
The FIFO memories have been used in audio interface units for

recording/reproducing audio signals without interruption, whereof ex-

. amples are disclosed in a Japanese utility model registration appli-

~ cation laid open as a Provisional Publication No. 180338/°86 and a

J apa.nése patent apﬁlica.tion laid open as a Provisional Publication No.

 232246/°87.

FIG. 6 is a block diagram illustrating an example of the conven-
tional FIFO memory control systems applied to a sound codec device.

Referring to FIG. 6, audio signals are input from a. microphone 101 to

“an A/D (Analog to Digital) converter 102. Output of the A/D con-

verter 102 is input to an input FIFO memory 103. A CPU 104 receives
data from the input FIFO memory 103. The CPU 104 delivers data
to an output FIFO memory 107, output thereof being input to a D/A
(Digital to Analog) converter 106. Output of the D/A converter 106
is supplied to a speaker 105 to reproduce audio output.
- The FIFO mem‘oi‘ies are used as follows. |

In recording operation, a sound signal output of the microphone
101 is converted into.digital data through the A/D converter 102, which
are stored in the input FIFO memo}y 103. Then, at a timiﬁg when
the input FIFO memory 103 is ﬁllea with the digital data, they are
read out by the CPU 104 at once. The sampling freqﬁency of the A/D

converter, which converts the sound signal from the microphone 101,
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is about several ten KHz, while the transfer bit rate of the CPU 104
is, generally, about several ten MHz. Therefore, all the digital data
stored in the input FIFO memory can be transferred to the CPU 104
within one sampling interval of the sound signal without missing any
sampling, on condition the input FIFO memory 103 is not too large.
In reproduction operation, an amount of digital data to be repro-

duced for filling the output FIFO memory 107 are transferred at once

from the CPU, which are read out successively to be converted into

analog signals by the D/ A converter 106 to be reproduced. At each
timing when all the digital data in the output FIFO memory 107 are
reé,d out, the same amount of tile digital data are tra.nsferred- from the
CPU 104 repeatedly until all the reproduction’ dé.ta are transferred.
Here, also in the reproduction, the digital data in the output FIFO

memory 107 can be reproduced without interruption, since each data

transfer, at the transfer bit rate of several ten MHz, is performed within

an interval for reading out successive sampled data. .

However, usage of each of the FIFO memories is fixed for each
of sound recording and sound reproduction, in the conventional FIFO
memory control systems. Therefore, the input FIFO memory 103 is
left unused when the sound codec is used only for sound reproduction,
while the output FIFO memory 107 is left unused Wﬁen the sound
codec is used only for sound recording. This is a problem.

Therefore, a primary object of the present invention is to provide a
control system of FIFO memories to be applied to an interface unit for
recording and reproducing an audio signal, wherein two FIFO memo-
ries can be flexibly used, both for data. input, for example, according

to operational mode of the interface unit, for improving data transfer
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efficiency of the interface unit when it is used exclusively for either of
the sound recording or the sound reproduction. )

In order to achieve the object, a control system of FIFO memories
applied in an apparatus for recording first digital audio data converted
from a first analog signal and reproducing a second .analog signal con-
verted from second digital audio data comprises control means for:

controlling a first FIFQ memory and a second FIFO memory to
store the first digité;I audio data sequéntia,]ly and to output the first
digital audio data stored in the first FIFO memory and the second
FIFO memory sequentially when the apparatus is used exclusively for
recordmg the first dlglta.l audio data;

controlhng the first FIFO memory and the second FIFO memory
to store the second d1g1ta1 audio data sequentially-and to output the
second digital audio dé,ta stored in the first FIFO memory and the sec-
ond FIFO memory sequentially when the apparatus is used exclusively
for reproducirig the second digité,l audio data; and

controlling each of the first FIFO memory and the second FIFO
memory to store each of the first digital audio data and the second dig-
ital audio data, respectively, and to output corresponding each of the
first digital audio data and the second digital audio data stored in said
each of the first FIFO memory and the second FIFO memory, respec-
tively, when the apparatus is used for recording the first digital audio
data and reproducing the second digité,l audio data simultaneously.

Therefore, the data transfer efficiency of the apparatus from/to

the CPU, namely, overhead of the CPU, can be improved by reducing
access frequency to the CPU, in the invention, making use of both

of the first FIFO memory and the second FIFO memory sequentially
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when the apparatus is used exclusively for recording or reproducing
digital audio data. -

The foregbing, further objects, features, and advantages of this
invention will become apparent from a consideration of the follow-
ing description, the appended claims, and the accompanying drawings
wherein the same numerals indicate the same or the corresponding
parts. , | |

In the dra,wir_igs“:-'

FIG. 1 is a block diagram illustrating an embodiment of the in-
vention; |

FIG. 2A is a schematic diagram illustrating control of the first to.
the fourth selector 2, 4, 7 and 9 of FIG. 1 in a recording mode;

FIG. 2B is a schematic diagram illustrating control of the first to
the fourth selectof 2,4, 7 and 9 of FIG. 1 in a reproduction mode;

FIG. 3 is a flowchart illustrating operational steps in the recording
mode of the embodiment of FIG. 1;

FIG. 4 is a flowchart illustrating operational steps in the repro-
duction mode of the embodiment of FIG. 1;

FIG. 5 is a block diagram illustrating another embodiment of the
invention; and )

- FIG. 6 is a block diagram illustrating an example 6f the conven-
tional FIFO memory control systems.

Now, embodiments of the present invention will be described in
connection with the drawings.

FIG. 1 is a block diagram illustrating an embodiment of the in-
vention, wherein comprised;

an A/D converter 1 for converting an analog input signal into a



- digital signal,

a pair 6f FIFO meémories 3 and 8 each for storing digital data
supplied and outputting them successively in the order according to
which they are supplied,

a D/A converter 6 for converting a digital signal into analog signal
to be output,

a first to a fourth selector 2, 4, 7 and 9 each for selecting one 6f
two inputs, B ,

a FIFO memory timing controller 10 for controlliﬁg th;a first to
the fourth selector 2, 4, 7 and 9, and

a bus controller 5 for taking charge of interface with a CPU (not
depicted in FIG. 1). - |

The A/D converter 1 samples the analog input at a sampling fre-
quency of at most 48 .KHz and quantizes it into 16 bit data, for example,
which are supplied to a first input terminal of the first selector 2 and
a first input terminal of the third selector 7. Output of the first selec-
tor 2 is supplied to the first FIFO memory 3 having a memory space
of 16 x 16 bits, for example. Output of the first FIFO memory 3 is
connected to a first input terminal of the second selector 4 and a first
input terminal of the fourth selector 9.

" Output of the third selector 7 is supplied to the..second FIFO
memory 8 having also a memory space of 16 x 16 bits, in the example.
Output of the second FIFO memory 8 is connected to a second input
terminal of the second selector 4 and a second input terminal of the
fourth selector 9.

The D/A converter 6 converts 16 bit data supplied from the fourth

selector 9 into an analog output signal to be output to external accord-



-6 -

ing to a clock signal having a frequency of at most 48K Hz.

Thre bus controller 5, having a bi-directional 16 bit buffer, for
example, receives data selected by the second selector 4 for transferring
the data to the CPU through bus lines having a bit width of 16 bits,
in the example, when controlled in a recording mode. When the bus

controller 5 is controlled in a reproduction mode, it receives 16 bit

. data transferred from the CPU to the contra,ry, and outputs them to a

second input terminal of the first selector 2 and a second input terminal
of the third selecto;c' 7. o

Now, usage of the first and the second FIFO memory 3 and 8
is described referring to schematic diagrams of FIG 2A and FIG. 2B.
illustrating control of the first to the fourth selectoi; 2,4, 7 and 9.

Referring to FIG. 2A, both the first and the second selector 2 and
7 are controlled to select the 16 bit dé,ta, output from the A /D converter
1 in the recording mode, while they are controlled to select the 16 bit
data transferred from the CPU 12 when controlled in the reproduction
mode as shown in FIG. 2B. Write clock signal of the first and the second
FIFO memory is controlled by the FIFO mémory timing controller 10
to enabling writing operation firstly of the first FIFO memory 3, which
is followed by the writing operation of the second FIFQO memory 8 after
the first FIFO memory 3 is filled with new data, synchroniied with the
sampling frequency of the A/D converter 1 in the recording mode, or
synchronized with data transfer rate of the 16 bit parallel data from
the CPU 12 in the reproduction mode. Thus, the first and the second
FIFO memory 2 and 8 are sequentially filled with new data from the
A /D converter 1 or the CPU 12. | |

On the other hand, the second and the fourth selector 2 and 9 are



controlled as follows.

After the first and the second FIFO memory 2 and 8 are filled with
new data as above described, the second selector 4 is firstly controlled
to select output of the first FIFO memory 3 to be transferred to the
CPU 12 in the recording mode, and then, after data of the first FIFQ
memory 3 are all read out, it is controlled to select output of the second
FIFO memory 8, as shown in FIG. 2A. Read clock signal synchronized '-
- with the data transfer rate to the CPU 12 is controlled to be subplied
selected one of the ﬁrst and the second FIFO memory 3 and 8.

In the reproduction mode, the fourth selector 9 is controlled in
place of the second selector 4 in the same wa.y, for selecting output of
the first FIFO memory 3 and the sécond FIFO memory 8 sequentially
in the order to be converted into the analog output signal by the D/A
converter 6, selected one of the first and the second FIFO memory
being supplied with a read clock signal synchronized with the clock
signal of the D/A converter 6.

Now, operation of the embodiment in the recording mode, for
processing the 16 bit digital data sampled and converted at a sampling
frequency of 48KHz, for example, by the A/D converter 1, is described
referring to a ﬂowcﬁart of FIG. 3. |

- At the beginning of recording opéra,tion, the first a.ﬁd the second
FIFO memorsr 3 and 8 are initialized (at step 31). Then, output of the
A /D converter 1 is stored successively in the first FIFO memory 3 (at
step 32). That is, the FIFO memory timing controller 10 controls the
first and the third selector 2 and 7 to select output of the A /D converter
1 to be supplied to the first and the second memory 3 and 8 and enables
the first FIFO memory 3 by supplying the write clock signal of 48KHz



thereto, disabling writing operation of the second FIFO memory 8 and
reading operation of the first and the second FIFO memory 3 and 8
by fixing the write clock signal of the second FIFO memory 8 and the
read clock signals of the first and the second FIFO memory 3 and 8 at
logic ‘0’ or logic ‘1’.--

When the first FIFO memory 3 is filled with data of 16 samplings
(at step 33), the FIFO memory timing controller 10 enables the second
FIFO memory 8 in turn of the first FIFO memory 3 (at step 34) for
. storing output of the A/D cox_ivérter 1, by fixing the write clock signal
of the first FIFO memory 3 at logic ‘0’ or iogic ‘1’ and supplying the
write clock signal of 48KHz to the second FIFO memory 8.

When the second FIFO memory 8 is also filled with data of 16
samplings (at step 35), the second selector 4 is controlled by the FIFO
memory timing controller 10 to select output of the first FIFO memory
3 to be transferred to’ the CPU through the bus controller 5. The
FIFO memory timing controller 10 also enables the reading operation
of the first FIFO memory 3 by supplying the read clock signal thereto
synchronized with the data transfer rate of the bus lines, fixing the
read clock signal of the second FIFO memory 8 and write clock signals
of the first and the second FIFO memory 3 and 8 at logic ‘0’ or logic
‘1’:- Thus, data stored in the first FIFO memory 3 are transferred to
the CPU through the bus controller 5 (at step 36).

When the data stored in the first FIFO memory 3 are all trans-
ferred to the CPU (a.t. step 37), data stored in the second FIFO memory
8 are read out and transferred (at step 38) following the data read out
of the first FIFO memory 3, the read clock signal of the second FIFO
memory enabled in turn of that of the first FIFO memory 3.



-0 -

When the data stored in the second FIFO memory 8 are all trans-
ferred to the CPU (at step 39), control flow returns to step 31 for
rep’eaf,ing steps 32 to 39 until the end of the recording operation.

As previously described in connection with the conventional appa-
ratus of FIG. 6, data transfer to the CPU, that is, processes of steps 36
to 39 of FIG. 3 in the embodiment can be performed at a sufficiently
high speed compared to the sampling frequency of the A/D converter
1. Therefore, data of 32 samplings stored in the first and the second
FIFO memory 3 and 8 are transferred to the CPU sequentially at once
with one access to the CPU, without interrupting vs}ritin'g operation of |
da,t'a, of Ia,ny sampling of the A /D converter 1, also in the embodiment.

" FIG. 4 is a flowchart illustrating-opera,tion of the er:nbodiment in
the reproduction mode for reproducing the analog outout signal to
be output by converting data transferred from the CPU by the D/A
converter 6 according to clock frequency of 48KHz.

Referring to FIG. 4, the first and the second FIFO memory 3
and 8 are initialized (at step 41) at the beginning of reproducing op-
eration. Then, data transferred from the CPU are stored in the first
FIFO memory 3 (at step 42). That is, the FIFO memory timing con-
troller 10 controls the first and the third selector 2 and 7 to select the
data transferred from the CPU through the bus controller 5 to be sup-
plied to the first and the second FIFO memory 3 and 8 and enables
the first FIFO memory 3 by supplying the write clock signal thereto
éynchronized with data transfer rafe of the bus lines, disabling writing
operation of the second FIFO memory 8 and reading operation of the
first and the second FIFO memory 3 and 8 by fixing the write clock
signal of the second FIFO memory 8 and the read clock signals of the
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first and the second FIFO memory 3 and 8 at logic ‘0’ or logic ‘1°.

When the first FIFO memory 3 is filled with data of 16 samplings
(at step 43), the FIFO memory timing controller 10 enables the second
FIFO memory 8 in turn of the first FIFO memory 3 (at step 44) for
storing data supplied through the bus controller 5, by fixing the write
clock signal of the first FIFO memory at logic ‘0’ or logic ‘1’ and
supplying the write clock signal synchronized with the data transfer
rate of the bus linés to the second FIFO memory 8.

When the second FIFO memory 8 is also filled with data of 16
samplings (at step 45), the fourth selector 9 is controlled by the FIFO
memory timing controller 10 to select output of the first FIFO memory
3 to be supplied to the D/A converter 6 The FIFO memory timing
controller 10 also enables the reading opération of the first FIFO mem-
ory 3 by supplying the read clock signal of 48KHz thereto, fixing the
read clock signal of the second FIFO memory 8 and write clock signals
of the first and the second FIFO memory 3 and 8 at logic ‘0’ or logic
‘1. Thus, data stored in the first FIFO memory 3 are supplied succes-
sively to the D/A converter 6 synchronized with the clock frequency
thereof (at step 46). |

When the data stored in the first FIFO memory 3 are all supplied
to the D/A convérter 6 (at step 47), data stored in thé second FIFO
memory 8 are read out and supplied to the D/A converter 6 (at step
48) following the data read out of the first FIFO memory 3, the read
clock signal of the second FIFO memory enabled in turn of that of the
first FIFO memory 3.

When the data stored in the second FIFO memory 8 are all read

out and supplied to the D/A converter 6, control flow returns to step 41
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for repeating steps 42 to 49 until the end of .the reproducing operation.

Here also, data transfer from the CPU, that is, processes of steps
42 to 45 of FIG. 4 is performed at a sufficiently high speed compared to
the clock frequency of 48KHz of the D/A converter 6. Therefore,.da,-ta,
of 32 samplings to be stored in the first and the second FIFO memory

3 and 8 are transferred sequentially from the CPU at once with one

access, which are supplied to the D/A converter 6 successively in order

according to the clock frequency of 48KHz without any interruption,

" in the reproduction mode.

As heretofore described, the data of 32 samplings are transferred
to the CPU with one access in the recording modé, and transferred from
the CPU with one access in the reproduction mode, making use of both
the first and the second FIFO memory 3 and 8 each having the memory
space of 16 samplings in the recording mode and the reproduction
mode. | _

Therefore, access frequency to the CPU can be reduced into a half
of that of the conventional apparatus wherein only data of one FIFQO
memory, 16 samplings in the example, are transferred with each access
to the CPU. | |

Even when the data transfer from/to the CPU is performed ac-
cording to the DMA (Dynamic Memory Access) transfer method,
preparation for the DMA transfer and returning therefrom take a cer-
tain overhead of the CPU which is ranking with or more than the data
transfer itself.

So, data transfer efficiency can be improved, about two times in
an example, by reducing the access frequency to the CPU into a half,

according to the FIFO memory control method of the embodiment
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making use of both the first and the second FIFO memory 3 and 8
sequéntially, in the recording mode and the reproducing made.

When the apparatus is used for recording a sound signal and out-
put another sound signal simultaneously, the first FIFO memory 3 and
the second FIFO memory 8 are controlled each for buffering each of
the recording data and the reproducing data in the same way to the
conventional example of FIG. 6, and duplicated description is omitted.

FIG. 5 is a block diagram illustrating another embodiment of the
invention, wherein comprised a first FIFO memory control unit 11-1
and a second FIFO memory control unit 11-2, each having the same
configuration with the embodinient of FIG. 1 for recording or repro-
ducing éach of two channels of audio signals, two channel stereo signals,
~ for example, except for the bus controller 5 of FIG. 1. .

A bus controller 15 takes charge of controlling usage of the first
and the second FIFO memory control unit 11-1 and 11-2 according
to channel designation commands from the CPU, replacing the bus
controller 5 of FIG. 5 thereof. Other parts of each of the first and the
second FIFO control unit 11-1 and 11-2 operate in the same way with

the embodiment of FIG. 1, duplicated description being omitted.
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CLAIMS:

1. A control system of FIFO memories applied in an apparatus for
recording first digital audio data converted from a first analog signal
and reproducing a second analog signal converted from second digital
audio data; said control system comprising control means for:

controlling a first FIFO memory and a second FIFO memory to

store .the first digital audio data sequentially and to output the.

first digital audio data stored in said first FIFO memory and

said second FIFO memory sequentially when the apparatus is

, useci exclusively for recdrding the first digital audio data;

'controlliné said first FIFO memory and said second FIFO mem-

ory to store the second digital audio data sequentially and to

~ output the second digital audio data stored in said first FIFO

memory and said second FIFO mermory sequentially when the

apparatus is used exclusively for reproducing the second digital
audio data; and

controlling each of said first FIFO memory and said second FIFO

memory to store each of the first digital audio data and the sec-
ond digital audio data, respectively, and to output correspond-
ing each of the first digital audio data and the second digital
audio- data stored in said each of the first FIFO memory aﬁd
the second FIFO memory, respectively, when the apparatus is
used for recording the first digital audio data and reproducing
the second digital audio data simulta;neously.

2. The control lsystem of FIFO memories recited in claim 1; said
control means comprising:

a first selector for selecting one of the first digital audio data and

* c L M S *
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the second digital audio data to be stored in said first FIFO
memory; -

a second selector for selecting said first digital audio data output
from one of said first FIFO memory and said Second FIFO
memoi‘y to be recorded;

a third selector for selecting one of the first digital audio data and
the second digital aidio data to be stored in said second FIFO
mMemory; |

a fourth selector for selecting said second digital data output from
one of said first FIFO memory and said second FIFO memory
to be reproduced; and :

a FIFO memofy timing controller for controlling said first selector,
said second selector, said third selector and said fourth selector,
and supplying a write clock signal and a read clock signal to
each of said first FIFO memory and said second FIFO memory
according to usage of the apparatus.

3. The control system of FIFO memories recited in claim 2;

wherein:

said first selector and said third selector are controlled to select
the first digital data and said first FIFO memory and said sec-
ond second FIFO memory are supplied sequeﬁtié,lly with said
write clock signal synchronized with a sampling frequency of
the first digital audio data for storing the first digital audio
data, and said second selector is controlled to select said first
digital data output from the -ﬁrst FIFO memory and said sec-
ond FIF'O memory sequentially for outputting the first digital

audio data stored in said first FIFO memory and said second

O O O T
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FIFO memory sequentially, said first FIFO memory and said
second FIFO memory being supplied sequentially with said
read clock signal synchronized with a data transfer rate of the
first digital data to be recorded, when the apparatus is used
exclusively for recording the first digital data; and

said first selector and said third selector are con_trqlled to select the
second digital data and said first FIFO memory and said sec-
ond second FIFO memory are supplied sequentially with said
write clock signal synchronized with said data transfer rate of
the second digital audio data to be reproduced for storing the
second digital audio data, and said fourth selector is controlled
to select said second digital data output from :the first FIFO
memory and said second FIFO memory sequentially for out-
putting the second digital audio data stored in said first FIFO
memory and said second FIFO memory sequentially, said first
FIFO memory and said second FIFO memory being supplied
sequentially with said read clock signal synchronized with said
sampling frequency of the second digital audio data to be repro-
duced, when the apparatus is used exclusively for reproducing

the second digital data.

(LTI
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A CONTROL SYSTEM OF FIFO MEMORIES

ABSTRACT

To reduce access frequency to a CPU for recording/reproducing digital audio
data, a control system of FIFO memories of the invention applied to an sound codec
apparatus comprises means (2, 4, 7, 9 and 10) for controlling a first and a second FIFO
memory (3 and 8) to store recording data sequentially and to output stored recording data
sequenﬁaﬂy when the apparatus is used exclusively for recording; and controlling the
first and the second FIFO memory to store the reproducing data sequentially and to
output the stored reproducing data sequentially when the apparatus is used exclusively -
for reproducing.
Fig. 1
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FIG.4
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FIG.6 PRIOR ART

104

101 1?2 - B
A/D
—= comitRrr =] NPT FIFO
MICROPHONE 106 107 CPU
D/A |
@@ CONVERTER ]<: OUTPUT FIFO
OO0 '\ |
SPEAKER 105



