DI G TAL RECORDER The present invention relates to a.digital audio re-
5 cor'der{reproducer which can digitally record, reproduce, and edit audio
smgﬁals with features as defined in the preanbl e of clalm

conventional method of recording, reproducing, and 10 editi Jbg?dﬁ

si gnal s, analog audi o signals ar€ magneti- cally recorded on & m¥gneti c
tape, and the recorded audio signals are reprddg : In such a
conventi onal technique, however, a deterioratifo i’@&ﬂrﬂi\&‘q&@g y cannot be
avoi ded because of anal og recording/reproduction dﬁﬂ%ﬂBEDthe d terioration
I.s conspi cuously worsened especially when recorded audi© 2
dubbed. In addition, since a nmagnetic tape is used as a recordi ng nmedi um
it takes nmuch tinme to reach a target edit point, 20 and editing cannot be
performed unl ess correspondi ng por- tions. of the magnetic tape are
physical |y cut and connect ed '

Digital recorder

( The present invention relates to a digital recorder
which can digitally record, reproduce, and edit audio
signals.

In a conventional method of recording, reproducing,
5 and editing audio signals, analog audio signals are
magnetically recorded on a magnetic tape, and the
recorded audio signals are reproduced and edited. 1In
such a conventional technique, however, a deterioration
in sound quality cannot be avoided because of analog

10 recording/reproduction, and the deterioration is
conspicuously worsened especially when recorded audio
signals are dubbed.

In addition, since a magnetic tape is used as a
recording medium, it takes much time te_reach a target

15 edit point, and editing cannet-be performed unless
corresponding portions of the magnetic tape are :
'physically cut and connected or a portion to be edited
is copied at another location." -~

Although the problem of afdeterioration in sound

e

20 quality can be solved by employing a digital recording
method as a method of recording audio signals on
a magnetic tepe, drawbacks associated with a search for
a start position of a record and the degree of freedom
in editing due to a recording medium of a sequential

25 access scheme cannot be eliminated by simply employing
a digital recording method.
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or a hortion to be edited-is copied at. another |ocation. Al though the
problen1of a deterlor it i on |n sound quallty 25 can be sol ved by enpl oying a

diigi tal recording metl recordi ng audip <Ya

magnetic tape, draw H d W|th a search fo S ET’FMSIBEER of
a record and the degr n edltén due to d EFEH WEdI‘m

of a sequential access schene cannot be 30 elimnated by sinp 9 i ng

a digital recording nmethod. Under the circunstances, a data recordlng

techni que using a hagﬁd&'fs\khercffc@a gx\?gagtls &'ae!s Pééor&?ﬁ@”%ﬁhﬁ@&ﬂepro'
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That .is, a di skpéénWpi6posed to eliminate the conventional drawbacks.
| Such a technique is disclosed in, e.g., USSN 07/690,710
5 filed on 04/24/1991, Inventor: Nobuo IIZUKA.

In this proposal, however, sufficient consideration
is not given to editing of audio data. That is, a disk
in which audio data is stored must be accessed every
time the audio data is edited, resulting in very

10 complicated processing.

The present invention has been made in
consideration of the above situation, and has as its
object to provide a digital recorder which allows easy
editing of audio data.

15 More specifically, it is an object of the present'
invention to provide a digital recorder which allows
editing of audio data without directly accessing a
recording medium in which the audio data is stored.

According to an aspect of the present invention,

20 there is provided a system comprising audio data
input/output means for performing an input/output
operation of audio data, audio data storage means for
storing audio data supplied from the audio data

( input/Output_means, and event address information
25 storage means for storing identification information of

events formed by dividing audio data stored in the audio
data storage means into a plurality of portions, and
position information representing storage positions
thereof.

30 According to this system, since the event address
information storage means includes the storage position
of each event in the audio data storage means, an
operator who edits audio data can perform edit
processing in unit of events, and need not access each

35 address of the audio data storage means.

In addition to the above arrangement, the present
invention can further include control information



REPLACEMENT SHEET 2 audi o data is stored nusf{_be accessed every tinme the

audio data is edited, resulting in very co Ingtmmr@mﬁgtﬁg. A digital
audi o recorder/reproducer of -the kind of 'ntereStﬂﬁPLAde3 e present case as
defi ned above at the beginning is now discl Ir opean

patent publication No. 0 374 921, particukarly colunn 1. The systemin
accor- dance with the publication just nentioned is not capable to avoid
t he drawbacks di scussed before. 10 Therefore, it is an object of the

present inventi Qﬁoi'égérlﬁeal\is dﬁo@mdﬁgbyahraaﬂgﬁlngethédQG/thﬁrﬂd:%%anV\hl ch
al | ows easy Iar e_scal of au L9 dat

hi
accordance with Pﬁ@rﬂ?g§8ﬂt°¥288ﬁtF8ﬁn ?slacﬁP8$§5dT R: 2%%@P8§18P

patent claim 1. ofdthetayentis.devel opnents and |nprovenents, respectively,
are subj ect with such control information storage means, the
5 audio data of the respective events can be easily
reproduced in accordance with the order of reproduction
while address control is performed.
According to another aspect of the present
invention, there is provided a system comprising audio
10 input/output means for performing input/output

operations of audio data in correspondence with a

plurality of tracks, audio data storage means having

a storage area corresponding to the plurality of

tracks and capable of storing audio data supplied from

15 the audio input/output means, event address information
storage means for storing identification information and
position information of events formed by dividing audio

data stored in the audio data storage means into a

pluraiity of portions, and individual control

20 information storage means formed by arranging the
identification information of the events, stored in the
event address information storage means, in the order of
reproduction of the events, for each of the plurality of
( tracks.

25 More preferably, in addition to the above
arrangement, the present invenfion further includes
total control information storage means for storing
identification information arranged in the order of
reproduction formed by dividing storage contents of

30 the individual control information means corresponding
to the plurality of tracks into a plurality of portions
in relation to a :time base, and rewrite means for

rewriting identification information and arrangement
- of events, for each track, stored in the individual
35 control information storage means, in accordance with
contents stored in the total control information storage

means.
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matter, of clains 2, 3 and 4. 20 Particularly, the present invention-allews
editing of audio data without directly accessing a recording nmediumin

whi ch the audio data is stored. In addition to the above, the present:

i nvention can further 25 include control information -.3- storage neans
formed by arranging the identification infqgrmation of the events in the
order of reproduction of the events. Wth such control information storage
nmeans, the 5 audi o data of the respective events can be easily
reproduced in accor dandh WiHis tarrangieterttf, rehy ddlentidl odtidlon addr ess

control is perf%%?g%mation and arrangement of the events stored in the
individual control storage means can be automatically
updated by simply forming new contents of the total

5 control information storage means or changing its
contents. Therefore, large-scale edit processing can be
easily performed. "

Furthermore, according to the present'invention,

there is provided a system comprising audio data storage

10 means for storing audio data of a plurality of events,
reproduction order stdrage means for storing reproduc-
tion order information for designating the order of
reproduction of digital audio data of events stored in
the audio data storage means, and audio.data read means

15 for, in accordance with the reproducfion order infor-
mation stored in the reproduction order storage means,
sequentially reading out the audio data of events corres-
ponding to the order from the audio data storage means.

That is, it is only required that audio data be

20 stored in the audio data storage means in advance, and
hence the audio data input means is not necessarily
required. In addition, data for designating the order
of reproduction of the respective events can have any

'( type of form. That is, it is only required that the

25 order of reproduction be designated for each event.

It is obvious to a person skilled in the art from
the following description of the preferred embodiments
of the present invention that the invention can adopt
other arrangements, modifications, and applications.

30 This invention can be more fully understood from
the following detailed description when taken in con-
junction with the accompanying drawings, in which:

Fig. 1 is a block diagram showing the overall
arrangement of a digital recorder according to an

35 embodiment of the present invention;

Fig. 2 is a block diagram showing a detailed
arrangement of the main components of a DMA controller



25 \f ' In addition to the above arrangenent, the
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present invention further includes total control ianLnatioh"étérage nmeans
for storing identification information arranged in the order..of
reproduction forned by dividing storage contents of 30:

control information neans corresponding to éhe pluralit ‘acks into a

plurality of portions in relation to a tine’base, and r “means. for
rewiting identification informati on and arrangenent of events, for each
track, storedilldtyhiﬁygyipual 35 control information storage means, in

accordance w th contents stored in the total control infornation st orage
means. Wth this d&F¥angenkhtd $Hewiclart rskewing the main routine o

a CPU in Fig. 1;
Fig. 4 is a flow chart showing the interrupt
5 routine of the CPU in Fig. 1;
Fig. 5 is a flow chart shbwing an operation of each
of audio input/output units 8-1 to 8-3 in Fig. 1;
Fig. 6 is a flow chart showing an operation of
a DMA controller in Fig. 1;

10 Fig. 7 is a flow chart showing an operation of
an HD controller in Fig. 1;

' Fig. 8 is a view showing the overall operation of
the digital recorder in Fig. 1;
Fig. 9 is a timing chart showing D/A and A/D

15 conversion and DMA transfer in units of tracks;

Fig. 10 is a timing chart showing a state of DMA
transfer between a hard disk and buffers; _

Fig. 11 is a flow chart showing an operation in the
embodiment in Fig. 1 with the lapse of time;

20 Fig. 12 is a view for explaining the mutual
relationship between the respective portions of the
embodiment in Fig. 1;

Fig. 13 is a view for explaining the storage
( positions of events on the hard disk; _

25 Fig. 14 is a view for explaining an original
control track (ORT);

- Fig. 15 is a view for explaining an original track
schedule (OTS);.
FPig. 16 is.a view for explaining an event address

30  table (EAT); o

Fig. 17 is a flow chart showing a process for-

idi vi dual

manually designating an event; _
Fig. 18 is a flow chart showing a process for
forming an individual control track (ICT);
35 Fig. 19 is a flow chart showing another process for
forming an ICT;
Fig. 20 is a view for explaining an individual



i nformati on and arrangenent of the events stored in the individual control
storage neans can be automatically updated by sinply form ng new contents

of sthe total 5 control information storage means or changing-its-— ___
contents. Therefore, large-scale edit processing can be“easily perforned.
Furthernore, according to the present invergion, there is. ptovi ded a system
conprising audi o data storage 10 means for storing ‘audi 0" data of a
plurality of events, reproduction order storage nmeans for storing reproduc-
tion order inforagaitsol foracles{xomij ng the order of reproduction of digital

audi o data of events reg in the dat a s means,, a di o data
read neans 15 for,ﬁ#i’ a%tolrsdaah P?thﬁor[ heé(%apﬁgﬁﬁt?%nf%ﬁd‘é?g?#or-
mation stored irknak reghediue | GHC®Yder storage neans, sequentially reading
out the audio data ofpgyenis £OT4 SBroPWHIAY dibuitfy & Jsfoddotn Ehg audio

data storage neans.
forming/executing a total control track (TCT) ;

Fig. 23 is a view for explaining the mutual
relationship between a TE, a TCT, and an ICT;

Fig. 24 is a view for explaining a total event
table (TET);

10 Fig. 25 is a view for explaining a total track
schedule (TTS);

Fig. 26 is a view for explaining an EAT updated
upon TCT execution in Fig. 22;
Fig. 27 is a view for explaining an ITS updated

15 upon TCT execution in Fig. 22; :

Fig. 28 is a view for explaining another EAT
updated upon TCT execution in Fig. 22;

Fig. 29 is a block diagram showing an arrangement
of another embodiment of the present invention;

20 Fig. 30 is a flow chart showing another interrupt
routine of a CPU 1 which can be used in place of the
interrupt routine of the CPU 1 in Fig. 1;

Fig. 31 is a flow chart showing a reproduction
( schedule table; and
' 25 Figs. 32(a) to 32(e) are views showing operations
of buffers in the reproduction mode in the interrupt
“routine in Fig. 30.
Digital recorders accordlng to the preferred
embodiments of the present invention will be described
30 below with reference to the accompanylng drawings.
<Overall Arrangement>
Fig. 1 shows the overall arrangement of a dlgltal
recorder according to an embodiment of the present
invention. In this embodiment, data can be
35 recorded/reproduced on/from up to three tracks at the
same time. As shown in Fig. 1, the overall arrangement
can be divided into a CPU section (on the left side)
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later), each for defining an operation of the CPU 1. 1In
addition, the CPU section includes a RAM 3 having an
area for storing various data, an area for storing the
disk access pointers of three tracks, an area for
storing an event address table including the ID
information (event number) and storage position

‘(original track number, start point, and end point) of

each audio data (to be referred to as an "event"
hereinafter) obtained by manually or automatically
dividing audio data stored in a hard disk 12 into a
plurality of portions, an area for storing individual
control tracks formed by arranging the ID information of
events, included in the event address table, in the
order of reproduction in units of tracks, and an area
for storing a total control track formed by arranging
the ID information of individual control tracks (to be
referred to as "total events" hereinafter), obtained by
dividing individual control tracks corresponding to
a plurality of tracks into a plurality of portions on
the time base, in the order of reproduction.
Furthermore, the CPU section includes a keyboard 4 and
a display unit 5 as peripheral devices connected to the
I/0 ports of the CPU 1. The keyboard 4 includes, e.g.,
various function keys and data input keys. The display
unit 5 includes a CRT or an LCD and its driver and
serves to perform various types of display operations.
As will be described later, in a real time
operation (e.g., @a recording/reproduction operation),
the CPU 1 controls the respective components of the DMA
unit as needed while the address and data buses of the
DMA unit are free. 1In an editing operation, the CPU 1
rearranges data blocks or operates disk access pointers.
For example, by using the keyboard 4, an operator can

30

in



Fig. 2 is a block diagram showi ng a detailed arrangenent of t thﬁ.na+ﬂ——
conponents of a DVA controller 510 in Fig. 1; Frg”‘?”'s a flow chart
showing the main routine of a CPUin Fig. 1; Fig. 4 is; 'IOMIChart showi ng
the interrupt 5 routine of the CPUiIin Fig. 1; Fig. i? s:a flow chart
showi ng an operation of each of audio |npug/Qutput units.8-1 to 8-3 in Fig.
1; Fig. 6 is a flow chart show ng an operation of a DVA controller in Fig.
1; 10 ~ Fig. 7 is a flowchart show ng an operation of an HD
controller in Fsgt the recording/reproducing mode, enter start, stop,

and locate commands, and designate an edit point with
respect to each track (to be referred to as a Tr
hereinafter), as will be described below. Address
5 signals are supplied from the CPU 1 to the address
terminals of the brogram ROM 2 and the RAM 3 through the
address bus. The output terminals of the ROM 2 and the
RAM 3 are connected to the CPU 1 and a transceiver 7
through the data bus.
10 A buffer 6 and the transceiver 7 are arranged in
the DMA unit to connect the CPU section and the DMA unit
to each other. The buffer 6 is connected to the CPU 1
through the address bus and is further connected to the
address bus in the DMA unit. The transceiver 7 is
15 connected to the CPU 1 through the data bus and is
further connected to the data bus in the DMA unit.
The DMA unit incorporates an audio input/output
unit 8-1 for Trl, an audio input/output unit 8-2 for
Tr2, and an audio input/output unit 8-3 for Tr3. These
20 input/output units 8-1 to 8-3 can independently receive
and output analog audio signals.
Each of the audio input/output units 8-1 to 8-3
incorporates a converter for selectively performing A/D
( or D/A conversion, a low-pass filter for removing
25 sampling noise, a clock circuit for generating clocks at
a sampling period, and the like. In each of the audio
input/output units 8-1 to 8—3, if the corresponding
track is set in a recording state, an external analog
audio signal is properly filtered at the sampling period
30 and is subsequently A/D-converted to obtain digital
audio data. 1In contrast to this, if the track is set in
a playback state, digital audio data read from the track
in advance is D/A-converted and properly filtered at the
sampling period, thus outputting the resulting signal as
-+ 35 an analog audio signal.
The audio input/output units 8-1 to 8-3 for Trl to
Tr3 are réspectively connected to a buffer 9-1 (BUF 1),




Fi g. 8.is a vi ew showi ng the overall operation of the;éLQL;éFﬂHﬁﬁﬁfE#—in
Fig. 1, Fig. 9 is a timng chart showing DA and A/D 15 | conversion and

DVA transfer in units of tracks; Fig. 10 is a timng chart showing a state
of DMVA transfer between a hard disk and buffers; Fig. 11:is*a flow chart
showi ng an operation in the enmbodinent in KGg. 1 with the lapse of tine; 20
Fig. 12 is a view for explaining the nut ual rel ati onshi p between the
respective portions of the enmbodinent in Fig. 1, Fig. 13 is a view for

Flo 14 10 aviq a2 'A?P@ oo %a?"““c%f*r?f‘r ot %h”“gh 15
|sga vi ew for %ea%ﬁ 3’1 tptegfd"nl? < ra.con ° 31 {tadl
audio data therebetween.
These buffers 9-1 to 9-3 correspond to Trl to Tr3,
5 respectively. Data transfer between the buffers 9-1 to
9-3 and the audio input/output units 8-1 to 8-3 is
performed by a DMA controller 10 using the direct memory
access (DMA) scheme.
In the recording mode, the audio input/output units
10 8-1 to 8-3 request (transmit signals DRQ (DRQ1l for Tri,
DRQ2 for Tr2, and DRQ3 for Tr3 are supplied to the DMA
controller 10)) the DMA controller 10 to perform DMA
transfer (signal transfer) of digital data, associated
with one sampling operation, from the audio input/output
15 units 8-1 to 8-3 to the buffers 9-1 to 9-3 at the
sampling period, and receive ACK signals from the DMA
controller 10 (DAKl for Trl, DAK2 for Tr2, and DAK3 for
Tr3 are supplied as ACK signals from the DMA controller
10). With this operation, actual data transfer is
20 executed. In the playback mode, the audio input/output
units 8-1 to 8-3 request DMA transfer (signal transfer)
of digital data, associated with one sampling operation,
from the buffers 9-1 to 9-3 to the audio input/output
( ' units 8-1 to 8-3 at the sampling period, and data
25 transfer is executed by the DMA controller 10 in the
same manner as described above.
Each of the buffers 9-1 to 9-3 has a capacity
enough to store digital audio data obtained by one or
a plurality of sampling operations. For example, a RAM
30 is divided into three equal areas for Trl to Tr3, and
used as a ring buffer (a buffer whose last and start
addresses are virtually continuous), thus obtaining the
function of a FIFO buffer. _
Address designation with respect to the buffers 9-1
35 to 9-3 is performed by the DMA controller 10 and the
like through the address bus. That is, while DMA
transfer is performed, the address bus, the data bus,



Fig. 16 is a view for explaining an event address 30 _ table (EAT); Fig.
17 is a flow chart showi ng a process for manually deS|gnat|ng an‘event

Fi'g. 18 is a flow chart showing a process for form ng.dn:. individual control
track (I1CT); 35 Fig. 19 is a flow chart shomnng another _process for
forming an ICT; Fig. 20 is a view for explaining an individual 6-
control track (ICT); Fig. 21 is a V|eM/for1@bea|n|ng an individual track
schedule (ITS); Fig. 22 is a flow chart showi ng a process for

and the control signal line in the DMA unit are
exclusively used by the DMA controller 10.
The buffers 9-1 to 9-3 exchange data with the hard
disk 12 under the control of a hard disk controller (to
5 be referred to as an HD controller hereinafter) 11. The
' hard disk 12 and the HD controller 11 are connected to
each other through the data bus and the control signal
line. All read/write access operations with respect to
the hard disk 12 are performed by the HD controller 11.
10 The hard disk 12 has divided storage areas corresponding
to the three tracks, i.e., Trl to Tr3. Data transfer
between the hard disk 12 and the buffers 9-1 to 9-3 is
performed by the DMA controller 10. This transfer
operation is controlled by the HD controller 11 by
15 supplying an interrupt signal (INT) to the CPU 1 upon
completion of transfer of one data block, and designating
transfer of the next data block with respect to the CPU
1. In response to the interrupt signal INT from the HD
controller 11, the CPU 1 sets the DMA controller 10 and
20 the HD controller 11 in desired states or programs them,
and subsequently causes them to perform DMA transfer.
This operation will be described in detail below.
In the playback mode, the DMA controller 10 operates
( to read out a designated amount of digital audio data

25 (corresponding to a plurality of sampling periods) from
the hard disk 12, and to subsequently perform DMA
transfer (block transfer) of the data to a designated
one of the buffers 9-1 to 9-3. 1In the recording mode,
the DMA controller 10 operates to read out a designated

30 amount of digital audio data (corresponding to a plura-
lity of sampling periods) from a designated buffer, and
to subsequently pérform DMA transfer (block transfer) of
the data to a designated position on the hard disk 12.

When data transfer is to be performed between the

35 hard disk 12 and the buffers 9-1 to 9-3, a request
signal DREQ (received as DRQ4 by the DMA controller 10)
is output from the HD controller 11 to the DMA |



5 form ng/ executing a total control track (TCT); Fig. 23 is a view for
expl ai ning the mutual relationship between a TE, a TCT, and an ICT; Fig. 24

issa view for explaining a total event table (TET); 10 Fig. 25 is a
view for explaining a total track schedule (TTS); Fig. 26 is a view for
expl ai ni ng-an EAT updated upon TCT executi in Fig. 22; Fig. 27 is a view
for explaining an | TS updated 15 upon execution in Fig. 22; Fig. 28

is a view for explaining anot her EAT updat ed upon TCT execution in Fig. 22

Fig. 29 is a b'@&x‘ft%ﬁﬂé?"lQhOVWHQnaﬂréﬁéﬂéﬁeﬂgnthﬁwéBOt laﬁé gpbodi ment  of
t he present inventj on; ng_a anot her
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DAK4 from the DMA controller 10). With this operation,

actual data transfer is started.

5 In this manner, the DMA controller 10 performs a
time division data transfer operation through a total of
four channels, i.e., three channels (channels CHl1 to CH3
to be described later) between the audio input/output
units 8-1 to 8-3 and the buffers 9-1 to 9-3 for Trl to

10 Tr3, and one channel (a channel CH4 to be described
later) between a sequentially selected one of the
buffers 9-1 to 9-3 and the hard disk 12.

In order to manage the functions and operations of
the respective components in the DMA unit, the CPU 1

15 supplies an address signal to the buffer 6 through the
address bus, and supplies command signals for the
respective components to a decoder 13 through the buffer
6, thus supplying command sigﬁals CS to the audio
input/output units 8-1 to 8-3, the buffers 9-1 to 9-3,

20 the DMA controller 10, and the HD controller 11. At the
same time, communication of various data is performed
between the CPU 1 and the respective components through
the transceiver 7 and the data bus.

( In addition, a command signal WR for designating
25 a recording state (write state) or a playback state

(read state) is supplied from the CPU 1 to a terminal
IOWR of each of the audio input/output units 8-1 to 8-3
through the buffer 6.
Furthermore, this command signal (write signal) WR
30 and another command signal (read signal) RD are supplied
from the CPU 1 to the buffers 9~1 to 9-3, the DMA
controller 10, and the HD controller 11, thus reading
out data from each component or writing data therein.
During DMA transfer, these command signals RD and
35 WR are also output from the DMA controller 10. The
relationships between these signals and the functions
and operations of the respective components will be



interrupt routine of the CPU1 in Fig. 1, Fig. 31 js_a flow chart show ng a
reproducti on schedul e table; and 25 Fi gs. SB{;g)SHE% '
shewi ng operations of buffers in the reproduction [nmode REpit Al
routine in Fig. 30. Digital recorders according tothe—pLef® P
embodi ments of the present invention will_he described 3
reference to the acconpanyi ng drawi ngs. <Ovérall Arrangenent> Fig. 1 shows
the overall arrangenent of a digital recorder according to an enbodi nent of
the present invgggﬁgqbebnﬂg@éi_enbodinent, data can be 35

recorded/ reproduced on/fromup to three tracks at the sane tinme. As shown
in Fig. 1, the overafP e RFoGesS Ofn MR Frangesr hedweempih&ction (on

the left side) respective components, the DMA controller 10 sets a DMA
enabling signal DMAENB at "1" and outputs it to an AND
5 gate 147 through an inverter 16. As a result, an output
from the AND gate 14 is set at "0", and an enabling
signal E is supplied, as "0", to the buffer 6 and the

transceiver 7. With this operation, the exchange of
data and address between the CPU section and the DMA
10 unit is inhibited. At this time, if a "l"-level signal
is supplied from the decoder 13 to an AND gate 15, an
output from the AND gate 15 is set at "1" to supply a
wait signal WAIT to the CPU 1.
That is, if DMA transfer is started while the CPU 1
15 supplies a predetermined signal to the decoder 13 to
enable the buffer 6 and the transceiver 7 so as to
manage the DMA unit, i.e., a "l"-level signal is
supplied from the decoder 13 to one input terminal of
the AND gate 14 (if the CPU 1 outputs an address signal
20 for accessing one of the buffers 9-1 to 9-3, the DMA
controller 10, the HD controller 11, and the audio
input/output units 8-1 to 8-3, an output from the
decoder 13 is rendered active, and a "1"-level output is
supplied to one input terminal of each of the AND gates
25 14 and 15), a wait signal (WAIT) is supplied to the CPU.
1 upon start of DMA transfer, and after DMA transfer is
preferentially executed, the CPU 1 resumes its operation

~=

upon cancellation of the wait state.
In contrast to this, even if the CPU 1 tries to
30 access, e.g., the DMA controller 10 while the DMA
controller 10 is executing DMA transfer, the wait signal
WAIT is supplied from the AND gate 15 to extend the
execution cycle of the CPU 1, and the buffer 6 and the
transceiver 7 are disabled during this period.

35 That is, the CPU 1 can access a given component of
the DMA unit only when the following two conditions are
satisfied: B T '

TR




7- and a DVA (direct nenory access) unit (audio recording/reproducing unit)
(on the right side). The CPU section includes a CPU 1 and a program ROM 2
for storing prograns (to be described in detadil 5 | ater), each for
defining an operation of the CPU 1. 1In addition, the CPU section includes
a RAM 3 having an area for storing variOQ§]gpLa, an area for storing the

di sk access pointers of three tracks, an aréa for storing an event address

table including the ID 10 i nformati on (event nunber) and storage
position (original trackheeely 1SIRADRY Rin LRI R Hdcdds Aaghepidi o
data (to be referred to as an ,"event" "herei naf.ter) obtained by manual ly or
automati cal |y de¥VeinSoRRenendacf WA r\mg-thard' disk 12 into a

2. The signal DMAENB is inactive ("0"), i.e., the
data bus of the DMA unit is free.
5 The CPU 1, however, can proceed with processing
“without considering the timing of access to the DMA unit
owing to the function of the gates 14 and 15.
In addition, the CPU 1 can immediately change the
operation state of the DMA unit in response to a key
10 input or a trigger signal as control data by outputting
a command DMAEND (supplied, as a signal END, to the DMA
controller 10) for stopping DMA transfer regardless of
the state of the DMA controller 10.
<Arrangement of Main Components of DMA Controller 10>
15 An arrangement of the DMA controller 10 will be
described below. The DMA controller 10 has a transfer
capability to complete one bus cycle within several
hundred nanoseconds. Therefore, the time required to
transfer sampled data corresponding to three tracks is 1
20 to 2 microseconds. )
If a sampling frequency fs is set to be 48 kHz,
one sampling time interval is about 21 microseconds, and
most of the sampling time interval can be assigned to
( data transfer between the buffers 9-1 to 9-3, the HD
25 controller 11, and the hard disk 12, and to a
programming operation performed by the CPU 1 with
respect to each component.
Fig. 2 shows a detailed arrangement of the main
components of the DMA controller 10.- The DMA controller
30 10 includes an input-side (IN) address buffer 101 and an
output-side (OUT) address buffer 102 connected to the
address bus. The: designated contents of a register
selector 103 are changed by an address signal supplied
to the input-side address buffer 101 to designate
.35 desired registers which are present in an address
register 104 and a control register 105.
Each of the address register 104 and the control



15 ‘plurality of portions, an area for storing individual control tracks
formed by arranging the ID information of events, included in the event
address table, in the order of reproduction in units of tracks, and an area
for storing a total control track formed by arranging 20 the 1D

i nformation of individual control tracks_({@ he referred to as "total
events" hereinafter), obtained by dividing individual control tracks
corresponding to a plurality of tracks into a plurality of portions on the
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5 a register for performing DMA transfer between a
designated one of the buffers 9-1 to 9-3 and the hard
disk 12.

The registers of the channels CHl1 to CH4 in the
address register 104 have areas for storing at least the
10 current and start addresses of the corresponding buffers
9-1 to 9-3 and a designated buffer. Control data for
designating, e.g., the direction of DMA transfer is
stored in the area for each of the channels CH1 to CH4
in the control register 105.
15 The contents of the address register 104 and the
control register 105 can be input/output with respect
to the data bus through a data buffer 106. These
components are controlled by a timing control logic 107,
a service controller 108, and a channel selector 109.
20 The service controller 108 is based on a hard logic
or microprogram control scheme. The service controller
108 receives a signal from the timing control logic 107,
the DMA request signals DRQ1 to DRQ4 from the audio
¢ input/output units 8-1 to 8-3 and the HD controller 11,
25 -and the DMA stop command END (DMAEND) from the CPU 1,
and outputs the ACK (acknowledgement) signals DAK1l to
DAK4 to the respective components and the DMA enabling
signal DMAENB representing that DMA transfer is being
performed. In addition, the service controller 108

30 outputs various .commands to the timing control logic
107, and a channel select signal to the channel selector
109. The channel selector 109 selectively designates
registers, of the address and control registers 104 and
105, which correspond to each of the channels CH1 to

35 CH4.

The timing control logic 107 receives the command

signal CS from the decoder 13, a control signal from the



operation (e.g., a recording/reproduction operation), the CPU 1 controls
the respective conponents of the DVA unit as needed while the address and
dat-a buses of the 35 DMA unit are free. In an editing operation, the
CPU 1 rearranges data bl ocks or operates disk access pointers. For exanple,
by using the keyboard 4, an operator can_ 8- set the .
recordi ng/ reproduci ng node, enter start, sggp., and | ocate commands, and
designate an edit point with respect to each track (to be referred to as a

Tr herei naf ter) congwnl lrdo stasonioned el avcofitdodssiinal Pty ©

supplied fromthe CPU 1 to addr ss tern1na of the ogr.a 2 and
the RAM 3 throuﬁﬁrf’ﬂ-é:ea@(ﬂ%§ msnd-lné’u&f/og'r@m\/l 2 and
t he control of the address buffer 102 and the data buffer
106, and operates an address incrementer 110 to
5  increment the current address register of a designated

channel of the address register 104.
<Overall Operaﬁion of CPU 1>

An operation of this embodiment will be described
below. Figs. 3 and 4 are flow charts showing operations

10 of the CPU 1. These operations are based on programs

" (software) stored in the program ROM 2. Fig. 3 shows
a main routine. ¥Fig. 4 shows an interrupt routine to be
executed in response to the interrupt signal INT from
the HD controller 1l1.

15 Referring to Fig. 3, when the power source is
turned on, the CPU 1 starts the main routine and sets
various initial states in step 3-0 (to be simply
referred to as 3-0 hereinafter). The CPU 1 receives
a key input in 3-1, and determines the type of a set

20 mode in 3-2. _

If the CPU 1 judges that the playback/recording
mode is currently set, the flow advances from 3-2 to 3-3
to sequentially select/designate three tracks. The flow
then advances to 3-4 to set the operation of each track

25 in accordance with an input command from the keyboard 4.
In 3-5, the CPU 1 sequentially outputs the command
signals CS to the terminals IOWR of the audio
input/output units 8-1 to 8-3 through the buffer 6 and
the decoder 13 so as to select A/D conversion or D/A

30 conversion to be executed. Assume that a playback state
(i.e., D/A conversion state) is selected for Trl, and
a recording state (i.e., A/D conversion state) is
selected for Tr2 and Tr3. Fig. 8 schematically shows
an operation in such mode setting.

35 In 3-5, the CPU 1 causes the DMA controller 10 to
initialize the address of the buffers 9-1 to 9-3 for Trl
to Tr3. More specifically, the CPU 1 causes the address

—~



RAM 3’are connected to the CPU 1 and a transceiver 7 through the data bus.
10 A buffer 6 and the transceiver 7 are arranged in the DVA unit to
connect the CPU section and the DMA unit to each other. The buffer 6 is
connected to the CPU 1 through the address bus.and is further connected to
the address bus in the DVA unit. The traasggiver 7 is 15 connected to
the CPU 1 through the data bus and is further connected to the data bus in
the DVA unit. The DVA unit incorporates an audio input/output unit 8-1 for
Trl, an audio ipagféoulpul thet r8gister Sedectnt an3guthe channedutput unit
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5 therein through the data buffer 106.

In this case, the buffers 9-1 to 9-3 are cyclically
used as a ring buffer. In an initial state, the start
and current address of each of the buffers 9-1 to 9-3
are set to coincide with each other (Fig. 8 illustrates

10 a state wherein the start and current addresses of the
buffers 9-1 to 9-3 are stored in the address register
104 for the channels CH1 to CH3 to be controlled).

The CPU 1 executes processing in 3-6 to initialize
disk access pointers, corresponding to Trl to Tr3 of the

15 hard disk 12, which exist in the work memory area of the
RAM 3 (Fig. 8 shows the relationships between the
storage areas of the hard disk 12 and the disk access
pointers).

Subsequently, the CPU 1 causes the audio input/
20  output units 8-1 to 8-3 to start A/D conversion or D/A
conversion (3-7). In 3-8, the CPU 1 generates a
software interruption to execute the same processing
(to be described later) as that performed when the HD
( controller 11 makes a program request for data transfer
25 between the hard disk 12 and one of the buffers 9-1 to
9-3 (the HD controller 11 sends the interrupt signal INT
to the CPU 1).
More specifically, in 3-8, the CPU 1 executes an

operation in accordance with the flow chart shown in

30 Fig. 4. For example, in this case, the channel CHl1
corresponding to Trl is determined as a channel for the
DMA controller 10 (4-1) in order to perform DMA transfer
of digital signal data of Trl from the hard disk 12 to
the buffer 9-1. |

35 . Subsequently, the start address (initialized in 3-5
as described above) of the channel CHl is copied as the
start address of the channel CH4 (4-2). An operation



25 sanpling noise, a clock circuit for generating clocks at a sanpling
period, and the like. In each of the audio input/output units 8-1 to 8-3,
ifsthe corresponding track is set in a recording state, an external anal og
audio signal is properly filtered at the sanpling period 30 and is
subsequently A/D-converted to obtain digitgs audio data. In contrast to
this, if the track is set in a playback state, digital audio data read from
the track in advance is D/ A-converted and properly filtered at the sanpling

period, thus O%E%ﬁémheonegauéagwisﬂ@é aﬁ Bhis tameamnmgbaudi 0

SLanal. The 2udheeLIBLACHLAUL UTthSedid 28, Schd nihbet oo dahc
transfer operations is calculated from the start and
current address of the channel CHl1 (4-3). Since the

5 initial state is currently set, with respect to Tril,

' no data transfer is performed to the buffer 9-1.
Therefore, data can be transferred from the hard disk 12
to the whole memory area of the buffer 9-1. Assume that
a plurality of tracks are in the playback mode. 1In this

10 case, it is apparent that since prestored digital audio
data must soon be transferred from the hard disk 12 to
a plurality of buffers, DMA transfer may be sequentially
performed for the respective tracks without fully
transferring data to one buffer. Alternatively, after

15 data is fully transferred from the hard disk 12 to
required buffers of the buffers 9-1 to 9-3, the
playback/recording operation may be synchronously

started. _
In 4-4, the contents of the current address of the
20 channel CH1 are‘copied on the start address of the

channel CH4. In this case, the initial address becomes
a start address.
In this manner, the CPU 1 performs the setting/
control operations with respect to the DMA controller 10
25 in 4-1 to 4-4. Thereafter, the flow advances to 4-5 to
fetch the disk access pointer of Trl from the work
memory area of the RAM 3. In 4-6, the CPU 1 performs
programming of the HD controller 11 on the basis of the
operation mode (playback mode), of Trl, which is
30 obtained in accordance with the contents of the area for
CH1l in the control register 105 of the DMA controller
10, the disk access pointer of Trl, and the number of
transfer operations from the hard disk 12 to the buffer
9-1, which is determined in 4-3. An operation of the HD
35 controller 11 side at this time will be described in
detail later. _
Consequently, the HD controller 11 requests the DMA

o~



a buffer 9-2 (BUF 2), and a buffer 9-3 (BUF 3) through the data bus so as
to perform comunication of digital audio data therebetween. These buffers
9-1 to 9-3 correspond to Trl to Tr3, 5 respectively. Data transfer
between the buffers 9-1 to 9-3 and the audio input/output units 8-1 to 8-3
is performed by a DVMA controller 10 using tle_direct menory access (DVA)
schene. In the recording node, the audio input/output units 10 8-1to

8-3 request (transmt signals DRQ (DRQL for Tr1l, DRQ for Tr2, and DR for
Tr3 are suppli EEOhQrbhgeMocq%&@lult%r tla@) ke h@sl@l\ﬂélgaeur ghber 1:@ to

Canpl i ng oper at PR ECFRoRPNE EARLE" 1 Sx@p R RS R
the buffers 9-1gtg, 9aﬁda&hbh®M$amphmm@lnemlQ@ exeduteseithe éGKresgnals from
the DVA control Ler 110 (QNT yfar Bl DAKRof QpePaf1odt:PAKE1ES be
5 described in detail later.
Subsequently, in 4-7, the CPU 1 updates the disk
access pointer of Trl in the work memory area of the RAM
3 to obtain .a value which the disk access pointer is
expected to take after the execution of the transfer
10 processing described above. More specifically, as is
apparent from the above description, all data transfer
between the hard disk 12 and the buffer 9-1 is
subsequently executed by the DMA controller 10, and, in
4-7, the CPU 1 sets a value which the access pointer of
15 the hard disk 12 is expected to take upon completion of
the DMA transfer. The flow then returns to the main
routine (Fig. 3).
As will be apparent from the following description,
once the first interrupt routine (Fig. 4) is started,
20 and the HD controller 11 is operated, an interruption is
generated by the HD controller 11 (the interrupt signal
INT is supplied to the CPU 1) every time transfer of
a data block designated by the CPU 1 is completed.
( Therefore, the CPU 1 only performs determination as
25 to whether the recording/reproducing operation is
cohpleted, or a key input is received, or triggering is
performed as designated in control data.
More specifically, the CPU 1 checks the disk access
pointer (RAM 3) in 3-9, and judges (3-10) whether the
30 memory area is over i.e., the transfer is completed. If
YES in 3-10, the CPU 1 stops A/D or D/A conversion in
the audio input/output units 8-1 to 8-3 (3-11), and the
flow returns to 3-1. If NO in 3-10, the CPU 1 refers to
a key input state (3-12). If there is no change, the
35 flow returns to 3-9 to check the disk access pointer.
Subsequently, the processing in 3-9 to 3-13 is repeated.
If a change is determined in 3-13, the flow



Tr3 are supplied as ACK signals fromthe DVA controller 10). Wth this
operation, actual data transfer is 20 executed. In the playback node,
the audi o input/output units 8-1 to 8-3 request DMVA transfer (signal
transfer) of digital data, associated with one sanpling operation, fromthe
buffers 9-1 to 9-3 to the audio input/outpyly units 8-1 to 8-3 at the
sanpling period, and data 25 transfer is executed by the DVA controller
10 in the sane manner as descri bed above. Each of the buffers 9-1 to 9-3

has a capacity adoaglebotst g-e4ditgi baltpatdia0 DAL atebt abRREnEY (PRRAERD)a
Phree equal arof FOF S FgnTro1128 089 48 58 FROPREPFALY, 58U FOP whose
| ast and start BMar&seesfereandr pealfoymcannemusestinghopevhtabni.ng t he
function of a FihBsBYhERt1y,0¢nESEPECY BRaGIARs"thE DARPECHtEB11RE RYffers
5 and the audio input/output units 8-1 to 8-3 in
accordance with new input commands or the like (3-15),
‘and the flow advances to 3-16 to execute the interrupt
routine in Fig. 4 in the same manner as in 3-8 described
above so as to resume the DMA transfer. Thereafter, the
10 flow returns to 3-9. '
As described above, in the playback/recording mode,
upon initialization in 3-4 to 3-8, the CPU 1 repeatedly
executes the processing in 3-9, 3-10, 3-12, and 3-13, in
addition to the processing in 3-14 to 3-16, and
15 immediately stops DMA transfer control and changes a
program in response to a change command (e.g., a pause
command (for stopping A/D conversion or D/A conversion)
with respect to a given track, a punch-in/punch-out
command (for switching A/D conversion and D/A
20 conversion), or the like), or a change in control data
obtained by editing. Then, the CPU 1 executes the same
processing again. |
If the CPU 1 determines in 3-2 that a control track
( mode is currently set, the flow advances to 3-17 to form
25 audio data stored in the hard disk 12 into events. 1In
the formation of events, continuous audio data on the
time base is divided into a plurality of audio data
portions by manual designation or the like, and event
numbers for identifying the respective divided audio

30 data portions (events) and data (start and end points)
representing the respective divided intervals are
formed. The event numbers and the start and end points
are registered in the event address table (EAT) of the
RAM 3. The start and end points of a given event

35 correspond to start and end addresses, of the hard disk
12, at which the event is stored. Figs. 16, 26, and 28
respectively show event address tables. The event



35 to 9-3 is perforned by the DVA controller 10 and the |ike through the
That is, while DVA transfer is performed, the address bus,

anress bus.
dat a bus,

exclusively used by the DVA controller
data with the hard disk 12 under the contr

10 - and the control signal line in the DVA unit are

t he

10. The buffers 9-1 to 9-3 exchange
of a hard disk controller (to

5 be referred to as an HD controller hereinafter) 11. The hard disk 12

and the HD controller

11 are connected to each other through the data bus
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when the formation of events is completed,
individual control tracks (ICTs) are formed in 3-18.
The ICTs are formed by arranging the ID information
(event numbers) of the events, included in the event
address table (EAT), in the order of reproduction in
units of tracks. The formation of ICTs will be
described later with reference to Figs. 18 and 19. 1In
addition, examples of ICTs will be described later with
reference to Fig. 20.

_ When the formation of individual control tracks
(ICTs) is completed, total events (TEs) are designated
by a manual designation operation or the like in 3-19.
The TE is one of a plurality of data obtained by
dividing ICTs for a plurality of tracks in relation to
the time base. The designation of TEs means that pieces
of ID information (e.g., TEl and TE2) are affixed to the

TEs and are registered in a total event table (TET). As

will be described later with reference to Fig. 24, the
TET includes the start time and end time of each TE.

‘When the designation of the total events (TEs) is
completed, a total control track (TCT) is formed and
executed in 3-20. The TCT is formed by arranging the
pieces of ID information of the TEs in the order of
reproduction. When the TCT is executed, the pieces of
ID information (event numbers) of the events included in
the ICTs and the arrangement thereof are rewritten in
accordance with the TCT. TCT processing will be
described later with reference to Fig. 22. An example
of TCT will be described later with reference to
Fig. 23. When the end of the control track mode is
detected in 3-21, the CPU 1 checks a key input in 3-1
again. :

If the CPU 1 determines in 3-2 that an edit mode is
currently set, the flow advances to 3-22. In 3-22, the
CPU 1 determines a track to be edited, an edit point,



to the three tracks, i.e., Trl to Tr3. Data transfer between the hard di sk
1% and the buffers 9-1 to 9-3 is perforned by the DVA controller 10. This
transfer operation is controlled by the HD controller 11 by 15 suppl yi ng
an interrupt signal (INT) to the CPU 1 upon conpletion of transfer of one
data bl ock, and designating transfer of the next data block with respect to
the CPU 1. In response to the interrupt %iﬁth I NT fromthe HD controller
11, the CPU 1 sets the DVA controller 10 and 20 the HD controller 11 in

desired states Qrq r t fﬁgk e f
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5 (3-23). In this editing operation, although not
described in detail, a program associated with an access
point for reading data from the hard disk 12 to the HD
controller 11 and the DMA controller 10, data transfer
to the RAM 3, various types of editing operations using
10 the RAM 3, an operation of re-storing digital audio
( data, obtained after an editing operation, in the hard
disk 12, designation of an access point, and the like
are executed under the control of the CPU 1. If the end
of the editing operation is detected in 3-24, the CPU 1
15 checks a key input again in 3-1.
<Operations of Audio Input/Output Units 8-1 to 8-3>

Operation states of the audio input/output units
8-1 to 8-3 will be described below with reference to
Fig. 5. The flow chart shown in Fig. 5 may be based on

20 microprogram control or hard logic control. That is,
various types of function realizing means can be
selected.

In 5-1, it is judged whether the command signal CS
is supplied from the CPU 1 todeach of the audio

25 input/output units 8-1 to 8?§?iwhether the command
signal CS is active). If YES in 5-1, an operation state
(e.g., recording, playback, or stop state) is set by the
CPU 1 in 5-2. This operation is performed in response
to the processing in 3-5 and 3-15 in the main routine of

30 the CPU 1 shown in Fig. 3.

If NO in 5-1, it is checked in 5-3 whether the
audio input/output units 8-1 to 8-3 are in the recording
mode or the playback mode. If it is determined that
they are in the recording mode, the flow advances to 5-4

35 to 5-9. If it is determined that they are in the
playback mode, the flow advances to 5-10 to 5-15.

Operations of the audio input/output units (8-2 and



one of. the buffers 9-1 to 9-3. In the recording node, the DVA controller 10
operates to read out a designated 30 anmount of digital audio data
(corresponding to a plura- lity of sanpling periods) froma designated
buffer, and to subsequently perform DVA transfer (block transfer) of the
data to a designated position on the hard gisk 12. Wen data transfer is to
be perforned between the 35 hard di sk 12"and the buffers 9-1 to 9-3, a
request signal DREQ (received as DRQ4 by the DVA controller 10) is output

fromthe HD corgrler l%:ﬂ-st@aég? A in CROtFOELAIIAG mi¥EwiTRNBEEr IS
all owed, the HD controller 11 recelves an, ACK sign I?%ACK out put as DAK4

fromthe DVA cotRserileed 1bglowy ¢ nIR npzd opkt ot orilie a¥hetherifansfer is
started. sampling timing has come. The operation in 5-4 is

repeated until the sampling timing comes. Determination

5 of a'sampling'timing may be performed on the basis of an
output from a hard timer which is arranged in each of
the audio input/output units 8-1 to 8-3. Alternatively,
a common hard timer may be arranged so that each audio
input/output unit is operated in accordance with an

10 output from the timer. As will be understood from the
following description, the audio input/output units 8-1
to 8-3 may have different sampling frequencies.

If YES in 5-4, a supplied analog audio signal is
sampled/held and A/D-converted. 1In 5-6, the DMA

15 transfer request signal DRQ is rendered active and
output to the DAM controller 10.

In response to the request signal DRQ, the DMA
controller 10 outputs the ACK signal DAK to perform DMA
transfer (the operation in this case will be described

20 in detail below). If YES in 5-7, the flow advances to
5-8. In 5-8, the audio input/output units 8-1 to 8-3
(in this case, the audio input/output units 8-2 and 8-3
in the recording mode) output digital audio data,
obtained by A/D conversion, to the data bus to transfer

25 the data to the corresponding buffers 9-1 to 9-3 (in
this case, the buffers 9-2 and 9-3). In 5-9, the DMA
transfer request signal DRQ is rendered inactive. 1In
this case, therefore, the audio input/output units 8-2
and 8-3 convert externally supplied analog signals into

30 digital audio signals at the sampling period, and
transfer them to the current addresses of the buffers
9-2 and 9-3 respectively designated by the DMA
controller 10, as will be described later.

If a playback state is determined in 5-3, the flow

35 advances to 5-10 to active the DMA transfer request
signal DRQ with respect to the DMA controller 10 render.
Upon reception of the ACK signal DAK from the DMA |

._/-.



5 . In this manner, the DVA controller 10 perforns a tinme division
data transfer operation through a total of four channels, i.e., three
channel s (channels CHL to CH3 to be described later) between the audio

i nput/output units 8-1 to 8-3 and the buffers 9-1 to 9-3 for Trl to 10
Tr3, and one channel (a channel CH4 to be dgscribed later) between a
sequentially selected one of the buffers 9-1 to 9-3 and the hard disk 12.
In order to manage the functions and operations of the respective
conponents in tlonivellwd 10 hs-GAY ,1 the CPBUpdtehen €85 @@l to

the buffer 6 th

r , su ' signals for the
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is case, as shown in Fig. 8, wf%ﬂn¥ke above-described
operation, the current address (the contents of the
area for Trl of the hard disk 12 has already been
transferred/recorded), in the buffer 9-1, which
corresponds to Trl is input/set in the audio input/output
unit 8-1. Subsequently, it is checked whether a
sampling timing has come (5-14). The detection of this
sampling timing is the same operation as in 5-4.

If YES in 5-14, the flow advances to 5-15. In
5-15, after D/A conversion and low-pass filtering are
executed, the resulting analog audio signal is output.

The above description is associated with the
operations at one sampling timing in the recording state
and the playback state. Upon completion of the
processing in 5-9 and 5-15, the flow returns to 5-1.
Subsequently, processing associated with sampling
timings is sequentially executed in the same manner as
described above.

Fig. 9 is a timing chart showing operations of the
audio input/output units 8-1 to 8-3. 1In this case, the
audio input/output unit 8-1 for Trl is set in the
playback mode. In this mode, a sampling request (DRQ)
is generated between a sampling timing t and a sampling
timing t+1, DMA transfer from the buffer 9-1 to the
audio input/output unit 8-1 is performed by controlling
the channel CH1 in the DMA controller 10, and D/A
conversion is performed in synchronism with the sampling
timing t+1.

In contrast to this, in this case, the audio
input/output units 8-2 and 8-3 for Tr2 and Tr3 are in
the recording mode. 1In this mode, A/D conversion is

‘performed in synchronism with the sampling timing t or

t+1, and a DMA transfer command is subsequently output



betweén the CPU 1 and the respective conponents through the transceiver 7
and the data bus. In addition, a command signal WR for designating 25 a
recording state (wite state) or a playback state (read state) is supplied
fromthe CPU 1 to a termnal 1OAR of each of the audio input/output units
8-1 to 8-3 through the buffer 6. FurthernD this command signal (wite
signal) WR 30 and anot her conmand S|gna# (read signal) RD are supplied
fromthe CPU 1 tothe buffers 9-1 to 9-3, the DVA controller 10, and the HD
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be follows: CH1 > CH2 > CH3 > CH4), thus performing data
5 transfer from the audio input/output units 8-2 and 8-3
to the buffers 9-2 and 9-3.
<Operation of DMA Controller 10>
An operation of the DMA controller 10 will be
described below with reference to Fig. 6. The flow

10 chart shown in Fig. 6 may be regarded as a sequence of
operations performed by the service controller 108 in
Fig. 2 by means of microprogram control, or as a
function realized by the DMA controller 10 by means of
hard logic control.

15 In 6-1, it is checked whether the command signal CS
from the CPU 1 is received (active). If YES in 6-1, it
is checked whether the read signal RD or the write
signal WR is supplied from the CPU 1. If the read
signal RD is supplied, the flow advances to 6-3 to

20 output the contents of the registers 104 and 105, which
are designated by address signals supplied through the
address bus, to the data bus so as to allow the CPU 1 to
read them. In contrast to this, if the write signal WR

( is received, the flow advances to 6-4 to input/set
25 desired data in designated registers through the data

bus. The processing in 6-3 and 6-4 corresponds to the
processing in 3-5 and 3-15 in the main routine of the
CPU 1. With the processing in 6-4, the desired data are
respectively set in the registers 104 and 105 in Fig. 2.
30 When such access from the CPU 1 to the DMA
controller 10 and the execution of an associated program
are completed, the command signal CS is rendered
inactive, and the flow advances from 6-1 to 6-5.
- In 6-5, it is checked whether the DMA transfer
35 request signals DRQ1l to DRQ3 are supplied from the audio
input/output units 8-1 to 8-3, and the DMA transfer
request signal DRQ (DRQ4) is supplied from the HD



- 12 - -described later. In the process of DVA transfer between the
respecti ve conponents, the DVA controller 10 sets a DVA enabling signal
DMAENB at "1" and outputs it to an AND 5 gate 14 through an inverter
16. As aresult, an output fromthe AND gate 14 is set at "0", and an
enabl i ng si gnal E I's supplied, as "0", %ge buffer 6 and the transceiver
7. Wth this operation, the exchange of aa and address between the CPU
section and the DVA 10 unit is inhibited. At this tine, if a "1"-1evel

signal is suppl bsﬁt%m}hfigeceﬁesn%%he 8 £hl Qagﬁe%i s1nALPYL trom

the AND gate
That is, if DNArPFGﬁgﬁéﬁ Fbesf&PWeédMﬂnPéstﬁ@ @P@ o set the DMA

enabling signal DMAENB at "1" (active) to allow the DMA
controller 10 to exclusively use the address bus and the
-5 data bus in the DMA unit, thus inhibiting access from
the CPU 1. '
If a plurality of request signals are received,
channel selection is performed in accordance with the
order of priority, i.e., from the channel CHl to the
10 channel CH4 (6-7). For example, in the case shown in
Fig. 9, although data transfer request signals are
simultaneously output from the audio input/output units
8-2 and 8-3 for Tr2 and Tr3 immediately after a sampling
operation, since Tr2 has priority over Trl, DMA transfer
15 through the channel CH2 is performed first. 1In
addition, as will be apparent from the following
description, since the channel CH4 has the lowest
priority, if data transfer is requested by one of the
audio input/output units 8-1 to 8-3 in the process of
20 data transfer between the hard disk 12 and one of the
buffers 9~-1 to 9-3, the requested data transfer is
preferentially performed first.
Subsequently, the current address of a selected
( channel (e.g., CH2) (the contents of the current address
25 register of the channel CH2 of the address register 104)
is output to the address bus (6-8). The direction of
DMA transfer is determined with reference to the
contents of the control register 105 of the selected
channel (e.g., CH2) (6-9). If transfer is to be

30 performed from one of the buffers 9-1 to 9-3 to another
component (I/0), the flow advances from 6-10 to 6-11 to
supply the read signal RD to the selected one of the
buffers 9-1 to 9-3. 1In contrast to this, if transfer is
to be performed from another component (I/0) to one of

35 the buffers 9-1 to 9-3, the flow advances to 6-12 to
supply the write signai WR to the corresponding buffer.

Subsequently, the ACK signal DAK is rendered active



15 ‘supplies a predeterm ned signal to the decoder 13 to enable the
buffer 6 and the transceiver 7 so as to nmanage the DVA unit, i.e., a
"1™-level signal is supplied fromthe decoder 13 to one input term nal of
the AND gate 14 (if the CPU 1 outputs an address signal 20 for accessing
one of the buffers 9-1 to 9-3, the DVA contpoller 10, the HD controller 11,
and the audio input/output units 8-1 to 8-3,; an output fromthe decoder 13
is rendered active, and a "1"-level output is supplied to one input
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9-2, de51gnated by the current address (see Fig. 8).

In 6-14, since the data transfer is completed, the
read or write signal RD or WR and the ACK signal DAK are
rendered inactive. In 6-15, the current address (in the
address register 104 in Fig. 2) of the corresponding

10 channel (CH2 in this case) is incremented by one. With
the operation in 6-15, every time newly sampled audio
data is written in one of the buffers 9-1 to 9-3, or new
audio data is read out therefrom, the corresponding
current address is incremented by one. After the

15 processing in 6-15 is performed, the flow returns to
6-1.

In the previous state (see Fig. 9), the data
transfer request signals are output from the audio
input/output units 8-2 and 8-3 for Tr2 and Tr3 to the

20 DMA controller 10, and the data transfer has been
executed only for Tr2. Therefore, YES is obtained in
6-5. Subsequently, data transfer associated with Tr3 is
performed from the audio input/output unit 8-3 to the
buffer 9-3 in the same manner as described above by

25 executing the processing in 6-7 to 6-10 and 6-12 to
6-~15.

Upon completion of such data transfer, the flow
advances from 6-5 to 6-16 to set the DMA enabling signal
at "0" (inactive) to inhibit the DMA controller 10 from

30 exclusively using the data bus and the address bus in
the DMA unit, thus allowing access from the CPU 1.

The above description is associated with data
transfer, in relation to Tr2 and Tr3, from the audio
input/output units 8-2 and 8-3 to the corresponding

35 buffers 9-2 and 9-3. In contrast to this, in relation
to Trl, data transfer from the buffer 9-1 to the audio
input/output unit 8-1 is performed by the DMA controller



VWAIT is supplied fromthe AND gate 15 to extend the execution cycle of the
CPU 1, and the buffer 6 and the transceiver 7 are disabled during this
period. 35 That is, the CPU 1 can access a given conmponent of the
DVA unit only when the following two conditions are satisfied: - 13 - 1.
The CPU 1 outputs an address for accessing %he gi ven conponent of the DVA
unit. 2. The signal DVAENB is inactive f"% T i.e., the data bus of the
DMA unit is free. 5 The CPU 1, however, can proceed with processing
wi t hout considef'ng the timng of access to the DVA unit owing to the
function of the gates 14 and 15. ' '

As shown in Fig. 9, the audio input/output unit 8-1

corresponding to Trl outputs the request signal DRQ to
the DMA controller 10 at a timing between the sampling
5 timing t and the sampling timing £+l (5-10 in Fig. 5).
In response to this request signal, the DMA
controller 10 executes the processing in 6-5 to 6-7 in
the same manner as described above. In 6-8, address
data representing an address, of the buffer 9-1, from
10 which data is read out is output to the address bus.
After the processing in 6-9 and 6-10 is completed, the
flow advances to 6-11 to supply the read signal RD to
the buffer 9-1. In 6-13, the ACK signal DAK is set at
wyn,
15 As a result, digital audio data read out from the
| designated address of the buffer 9-1 is transferred to
the audio input/output unit 8-1 through the data bus.
Thereafter, the flow returns to 6-1 through 6-14 and
6-15.
20 In addition, the DMA controller 10 performs data
transfer between the hard disk 12 and the buffers 9-1 to
9-3. 1In this case, the address register 104 and the
control register 105 for the channel CH4 are used. This
( operation is performed upon completion of the setting/
25 control operation with respect to the DMA controller 10
in 4-1 to 4-4 and the programming operation with respect
to the HD controller 11 in 4-5 and 4-6 in the execution
of the interrupt routine of the CPU 1 (Fig. 4).
In accordance with the setting/control operation in
30 4-1 to 4-4 with respect to the DMA controller 10 by
means of the CPU 1, the DMA controller 10 performs the
processing in 6-3- and 6-4. More specifically, the CPU 1
determines a track from which data is to be transferred
through the channel CH4, and sets the start address of
35 a buffer corresponding to the track (i.e., an address
next to the address of block data previously transferred
between a buffer and the hard disk 12) in the start



In addi-tion, the CPU 1 can inmedi ately change the operation state of the
DVA unit in response to a key 10 I nput or a trigger signal as control
data by outputting a conmand DMAEND (supplied, as a signal END, to the DVA
controller 10) for stopping DVA transfer regardless of the state of the DVA
controller 10. <Arrangement of Main Cbnpgngpts of DVA Controller 10> 15

An arrangenent of the DVA controller 10 w be described bel ow. The DVA
controller 10 has a transfer capability to conplete one bus cycle within
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5 address (incremented after the previous data transfer
between the hard disk 12 and the buffer), and copies the
current address of this track as a start address.
The CPU 1 sequentially performs data transfer
between the hard disk 12 and the buffers 9-1 to 9-3
10 corresponding to the currently operated tracks in units
( of tracks, and performs data transfer subsequent to the
' previous data transfer (block transfer) in units of
tracks. In the case shown in Fig. 8, for example, in
relation to Trl, the amount of data corresponding to
15 a blank portion between the start address (CH1) and the
current address (CH1l) is transferred from the hard disk
12 (in relation to other tracks, data transfer is
performed by the same control as described above,
although the direction of the data transfer is opposite
20 to that in the above data transfer). Note that in
the buffer in the playback mode (corresponding to the
buffer 9-1) and the buffers in the recording mode
(corresponding to the buffers 9-2 and 9-3), hatched
( portions correspond to data portions in which audio data
25 are respectively input.
Upon programming the HD controller 11 in 4-5 and
4-6, the CPU 1 causes the HD controller 11 to actually
generate a transfer request so as to start DMA transfer.
Upon detection of the transfer request from the HD
30 controller 11 in 6-5, the DMA controller 10 executes the
processing in 6-6 to 6-9 in the same manner as described
above, and subsequently checks in 6-10 whether data
transfer from the buffers 9-1 to 9-3 to the hard disk 12
is requested or whether data transfer from the hard disk
35 12 to the buffers 9-1 to 9-3 is requested. If the
former data transfer is requested, the flow advances to
6-11. If the latter data transfer is requested, the



25 "eontroller 11, and the hard disk 12, and to a progranm ng operation
performed by the CPU 1 with respect to each conponent. Fig. 2 shows a
detrai | ed arrangenent of the main conponents of the DVA controller 10. The
DVA controller 30 10 includes an input-side (IN address buffer 101 and
an out put-side (OUJT) address buffer 102 cognected to the address bus. The
desi gnated contents of a register sel ector??103 are changed by an address.
signal supplied to the input-side address buffer 101 to designate 35

dostred 10! St RN, NPSEINs A1 SRSl S pileaitdy
14 - in 6-13 to 6-15 is subsequently performed. 1In this
case, for example, digital audio data corresponding to
one sampling operation is transferred by one transfer
5 operation. Therefore, block transfer is performed by
repeating the processing in 6-5 to 6-15 a plurality of
times. Since this data transfer between the hard disk
12 and the buffers 9-1 to 9-3 is closely related to the
operation of the HD controller 11, a more detailed
10 description thereof will be given later.

( When the DMA transfer is completed, the request
signals DRQ1 to DRQ4 are rendered inactive, and the flow
advances from 6-5 to 6-16 to set the DMA enabling signal
DMAENB at "0" (inactive).

15 <Operation of HD Controller 11>

An operation of the HD controller 11 will be
described below with reference to Fig. 7. This HD
controller 11 may be based on either hard logic control
or microprogram control. 1In either case, the function

20 of the flow chart in Fig. 7 can be realized.

It is checked first whether the command signal CS
is supplied from the CPU 1 (7-1). This signal is
supplied in the interrupt routine of the CPU 1 (4-5 and

( 4-6 in PFig. 4). If NO in 7-1, this step is repeated.

- 25 If YES in 7-1, the flow advances to 7-2 to check whether
the read signal RD or the write signal WR is supplied
from the CPU 1. If the read signal RD is supplied,
designated data (e.g., the contents of an address
register) in the HD controller 11 is output to the CPU 1

30 through the data bus.

If the write signal WR is supplied, the flow
advances from 7-2' to 7-4 to set the data transfer
direction of DMA transfer between the corresponding
buffer and the hard disk 12 through the channel CH4 of

35 ‘the DMA controller 10. 1In 7-5, an access point on the
hard disk 12 is set. This operation is based on the
disk access pointer of the corresponding track which the



regi ster 105 has areas for four channels CHlL to CH4. The channels CHL to
CH3 are registers for performng DVA transfer between the buffers 9-1 to
9-3 and the audio input/output units 8-1 to 8-3, and the channel CH4 is 5
a register for perform ng DVA transfer between a designated one of the
buffers 9-1 to 9-3 and the hard disk 12._T§ regi sters of the channels CHl
to CH4 in the address register 104 have ar gs-for storing at |least the 10
current and start addresses of the corresponding buffers 9-1 to 9-3 and a

desi gnated buffgp @Bbiehngatﬁ ﬁ%néeﬁmn@t (R85 endmighgydirection of DVA
transfer is storeg he area ? each t he channel S CHl ‘to CH4 in the
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bus through a dgggn glfg% %g Ehgggtroller 11. This transfer data
5 count is obtained in 4-6 in the interrupt routine of the
CPU 1. _

Upon execution of the processing in 7-4 to 7-6 in
this manner, the HD controller 11 is programmed under
the control of the CPU 1. Thereafter, the HD controller

10 11 outputs a data transfer request signal to the DMA
controller 10 (7-7). As 1is apparent from this
description, upon reception of the interrupt signal INT

" from the HD controller 11, the CPU 1 executes setting/
control of DMA transfer corresponding to the next track

15 (i.e., in the order of Trl, Tr2, Tr3, Trl, ...,
providing that all Trl to Tr3 are currently operated)
with respect to the DMA controller 10, thus programming
the HD controller 11. Thereafter, the CPU 1 transfers
control to the HD controller 11 and the DMA controller

20 10 to cause them to execute actual DMA transfer by means
of mutual interaction therebetween.

The HD controller 11 advances from 7-7 to 7-8. The
operation in 7-8 is repeated until the ACK signal DACK

(- (DAK4) is received from the DMA controller 10 (see 6-13
25 in Fig. 6).

If YES in 7-8, the flow advances to 7-9 to transfer
digital audio data corresponding to one sampling
operation through the channel CH4 of the DMA controller
10. Thereafter, a transfer counter set in 7-6 is

30 decremented by one (7-10). In 7-11, in accordance with
the contents of the transfer counter, it is judged:
whether data transfer corresponding to the preset
transfer data count is completed. If NO in 7-11, the
flow returns to 7-8. Therefore, the DMA controller 10

35 continuously receives the transfer request signal DRQ4
from the HD controller 11 until transfer (block
transfer) corresponding to the preset data count is



conponents are controlled by a timng control logic 107, a service
controller 108, and a channel selector 109. 20 The service :
controller 108 is based on a hard | ogic or mcroprogramcontrol schene. The
service controller 108 receives a signal fromthe timng control logic 107,

t he DVA request signals DRQL to DRQ4 fromthe audio input/output units 8-1
to 8-3 and the HD controller 11, 25 and3the DVA stop command END
(DMAEND) fromthe CPU 1, and out put's the ACK (acknow edgenent) signals DAK1l
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5 response thereto.
when the completion of transfer is determined in
7-11, the flow advances to 7-12 to set the data transfer
request signal DREQ (DRQ4) from the HD controller 11 to
the DMA controller 10 at "0" (inactive). Thereafter,

10 the HD controller 11 supplies the interrupt signal INT
to the CPU 1 to perform data transfer, associated with
the next track, between the hard disk 12 and one of the
buffers 9-1 to 9-3 (7-13). In response to this request
signal, the CPU 1 executes the interrupt routine

15 (Fig. 4), as described above.
<Data Transfer Operation between Hard Disk 12 and
Buffers 9-1 to 9-3>

With the above description, data transfer between
the hard disk 12 and the buffers 9-1 to 9-3 is also

20 understood. A case wherein a DMA request is generated
with respect to the DMA controller 10, and the DMA
controller 10 responds to the reguest in a time-
divisional manner will be described below with reference

( to Figs. 8 and 10.

25 As described above, in the state shown in Fig. 8,
Trl is in a playback state, and Tr2 and Tr3 are in a
recording state. In this state, data transfer request
signals are supplied from the audio input/output units
8-1 to 8-3 to the DMA controller 10 at every sampling

30 time (time fs in Fig. 10) to request data transfer with
respect to the buffers 9-1 to 9-3.

This operation is also performed while the CPU 1 is
programming the HD controller 11 (4-5 and 4-6 in Fig. 4,
and 7-4 to 7-7 in Fig. 7). In response to the data

35 transfer request signals from the audio input/output
units 8-1 to 8-3, the DMA controller 10 outputs the DMA
énabling signal DMAENB (6-6 in Fig. 6), as described



35 CH4. The timng control logic 107 receives the command signal CS from
the decoder 13, a control signal fromthe - 15 - control register 105,
and a control signal fromthe service controller 108, and perforns

i nput/ out put control of the address buffer 102 and the data buffer 106, and
operates an address increnenter 110 to 5 I ncrement the current address
regi ster of a designated channel of the adifess regi ster 104. <Overal

Qper ati on of CPU 1> An operation of this enbodinment will be described

bel ow. Fi gs. fd, Shfa'LAEDALRS EPG™A NGo0BELE! tRRET}Otne O the CPU L.

These operatlon are’ based on E
programming of the HD controller 11. Upon completion of

DMA transfer through the respective channels CHl1 to CH3,
the DMA controller 10 causes the CPU 1 o resume its
5 programming operation (see Fig. 10).

Even while data transfer between the hard disk 12
and the buffers 9-1 to 9-3 is sequentially performed by
DMA transfer through the channel CH4, data transfer
requests are generated by the audio input/output units

10 8-1 to 8-3 at each sampling time (fs in Fig. 10).

( In this case, upon determination in 6-7 in Fig. 6,
data transfer is preferentially performed by the DMA
controller 10 through a channel, of the channels (CHl1 to
CH3), which has higher priority than other channels.

15 During this period, the data transfer request signal
DRQ4 is continuously output from the HD controller 11 to
the DMA controller 10 (see 7-7 in Fig. 7). However,
since the ACK signal DAK4 is not sent from the DMA
controller 10, a wait state is kept to wait for the next

20 data transfer (the operation in 7-8 is repeated).

From a macroscopic viewpoint, therefore, as shown
in Fig. 10, the DMA controller 10 repeatedly performs
DMA transfer (block transfer) for Trl, Tr2, and Tr3
between the hard disk 12 and the buffers 9-1 to 9-3.

25 From a microscopic viewpoint, however, DMA transfer
(signal transfer) between the buffers 9-1 to 9-3 and the
audio input/output units 8-1 to 8-3 is executed through
the channels CH1 to CH3 at every sampling timing even
while the HD controller 11 is being programmed, or

30 actual DMA transfer (through the channel CH4) is being
performed, or an idle state is being set, thereby
satisfactorily responding to A/D conversion or D/A
conversion at every sampling timing in terms of

—

operation speed.
35 <Recording and Editing Operations>
Fig. 11 shows the operation of the embodiment in
Fig. 1 with the lapse of time. Fig. 12 shows the mutual



(software) stored in the program ROM 2. Fig. 3 shows a nmain routine. Fig. 4
shows an interrupt routine to be executed in response to the interrupt
signal INT fromthe HD controller 11. 15 Referring to Fig. 3, when
t he power source is turned on, the CPU 1 starts the main routine and sets

various initial states in step 3-0 (to be §?nply referred to as 3-0
hereinafter). The CPU 1 receives a key input in 3-1, and determ nes the
type of a set 20 node in 3-2. If the CPU 1 judges that the
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5 and 11-3, an original recording track (ORT), an event
address table (EAT), and an original track schedule
(OTS) are automatically formed. The ORT is formed by
arranging the ID information (event numbers) of events
in the order of recording/reproduction and is stored in
10 - the RAM 3. The EAT includes the ID information (event
numbers) of the events, the storage positions (original
track numbers, start points (start addresses), and end
points (end addresses)), of the events, on the hard disk
12, and is stored in the RAM 3. The OTS is a table
15 including the recording/reproduction start timings
initially set for the respective events or set after
the punch-in/punch-out operation, and is stored in the
RAM 3.
Assume that the storage areas for Trl, Tr2, and Tr3
20 are respectively defined by addresses 00000 to 09999,
10000 to 19999, and 20000 to 29999 as shown in Fig. 12,
and events 1 to 11 are stored at addresses, in the hard
disk 12, shown in Fig. 13. 1In this case, the EAT has
the contents shown in Fig. 16. Note that "E" in the
25 item of "Attribute" in the EAT indicates that a grouping
or dividing operation is not performed after the first
event is recorded. Fig. 14 shows an ORT corresponding
to the storage state in Fig. 13 and the EAT in Fig. 16.
The reason why the position of an event 8 is replaced
30 with that of an event 9 in Figs. 13 and 14 is that
although the event 8 is recorded earlier than the event

.

9, since the event 9 is recorded by a punch-in operation
(11-3), the event 9 is reproduced earlier than the event
8. In addition, "Blank" in Fig. 14 indicates that a
35 silent portion is defined as a blank.
Fig. 15 shows an OTS corresponding to the ORT in
Fig. 14.



i nput/out put units 8-1 to 8-3 through the buffer 6 and the decoder 13 so as
tQ select A/D conversion or DA 30 conversion to be executed. Assune
that a playback state (i.e., D/A conversion state) is selected for Trl, and
a recording state (i.e., A/D conversion state) is selected for Tr2 and Tr3.
Fig. 8 schematically shows an operation i Euch node setting. 35 In
3-5, the CPU 1 causes the DVA controller n% to initialize the address of

the buffers 9-1 to 9-3 for Trl to Tr3. Mre specifically, the CPU 1 causes

the address - 16 As%éé@fiﬂ@é aﬁ@@ere&hséﬁ' §§|§\9’E8fﬁa’é9§all§efébﬁ@ae|
selector 109, and the |1 ke to desi nat e e {qglster t he addrgss and
control registekd aggordaneesyih gﬁ%Ck sefection’(11-1), “recording

(11-2), and a punch-in/punch-out operation (11-3).
However, formation of events (11-4) can be manually
5 performed, and an EAT can also be manually formed.

Fig. 17 shows manual designation processing for
events. In this case, a certain operation switch is
depressed in the process of real-time reproduction of
an event to designate its start and end points. When

10 reproduction of audio data is started (17-1), the CPU 1
checks the presence/absence of a key input for
designating the formation of an event (17-2). When the
formation of an event is designated, the CPU 1
calculates a start address, on the time base, of the

15 hard disk 12 by referring to the current address of a
buffer (9-1, 9-2, or 9-3) in the process of transfer,
and also referring to the number of bytes of data
transferred from the hard disk 12 to the buffer (17-3).
Thereafter, this start address is set as the start point

20 of the designated event number (17-4). The end point of
the event can also be designated by similar arithmetic
processing. A description of this processing, however,
will be omitted.

( According to another method of manual designation
25 of events, the range of an event is designated on the

time base on an ICT (individual control track).

Fig. 18 shows an example of the ICT formation
processing in 11-5 in Fig. 11. This processing is based
on the assumption that time is a known factor. The CPU

30 1 displays a time base and an end point En-1 of a
previous event on the display unit 5 (18-1).
Subsequently, an operator (user) who performs edit
processing operates keys of the keyboard 4 to designate
an input track, an input event, and a start point

35 (18-2). The CPU 1 compares a start point Sn designated
in 18-2 with the end point En-1 of the previous event.
If the former is larger than the latter, the CPU 1



channéls CHL to CH3 and input initialization data 5 t herein through the
data buffer 106. In this case, the buffers 9-1 to 9-3 are cyclically used
as*a ring buffer. In an initial state, the start and current address of
each of the buffers 9-1 to 9-3 are set to coincide with each other (Fig. 8
illustrates 10 a state wherein the start and current addresses of the
buffers 9-1 to 9-3 are stored in the addfe33 Tegister 104 for the channels
CHL to CH3 to be controlled). The CPU 1 executes processing in 3-6 to
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20 output ‘units 8-1°to 83 to start A/ D conversion or DLA
P determined in 18-3 that the start point Sm designated in

5 18-2 is smaller than or equal to the end point En-1 of
the previous event, the CPU 1 waits for designation of
a new input track, a new input event, and a new start
point. The processing from 18-1 to 18-5 is continuously
performed until a stop command is input by the operator
10 through the keyboard 4, thus forming an ICT and an ITS.
Fig. 20 shows an ICT formed in this manner. As
described above, the ICT is formed by arranging the ID
information (event numbers) of events, included in an
EAT, in the order of reproducing the events in units of
15 tracks. ICT-1, ICT-2, and ICT-3 in Fig. 20 correspond
to Trl, Tr2, and Tr3, respectively. The ICT is formed
by rearranging the ORT in Fig. 14 in accordance with
selection (key operation) of the operator.
Fig. 21 shows an ITS formed as a result of the ICT
20 processing in Fig. 18. The ITS is a table in which the
reproduction start timings of the respective events are
recorded in units of tracks. The ITS is stored in the
RAM 3.
( Fig. 19 shows another example of the ICT formation
25 processing in 11-5 in Fig. 11. 1In this processing, the
CPU 1 displays a time base on the display unit 5 (19-1).
The CPU 1 then displays track numbers and event numbers,
which have been already input, on the display unit S
(19-2). The operator operates keys of the keyboard 4 to
30 designate an input track number and an input event
number (19-3). Subsequently, the CPU 1 checks whether
addition of an event is selected through the keyboard 4
or whether insertion of an event is selected (19-4).
If the CPU 1 determines that addition of an event is
35 selected, it calculates an end point from the EAT
(19-5), and writes this end point as the reproduction
start timing of the added event in the ITS (19-6).



conversion (3-7). In 3-8, the CPU 1 generates a software interruption to
execute the sane processing (to be described |ater) as that perfornmed when
the HD controller 11 nakes a programrequest for data transfer 25
bet ween the hard disk 12 and one of the buffers 9-1 to 9-3 (the HD
controller 11 sends the interrupt signal_|I to the CPU 1). More

speci fically,

in 3-8, the CPU 1 executes an operation in accordance wt

the flow chart shown in 30 Fig. 4. For exanple, in this case, the
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end points of an insertion position on the basis of the
EAT (19-8), and writes the reproduction start timing of
the event inserted in the ITS. 1In addition, the CPU 1
calculates the reproduction start timing of an event
subsequent to the inserted event, and updates the ITS
(19-9). The processing from 19-1 to 19-9 is repeated
until the CPU 1 determines (19-10) that a stop command
is input from the keyboard 4, thus forming an ICT and
an ITS.

wWhen the ICT forming processing (11-5) in Fig. 11
is completed, designation of a total control track (TCT)
is performed (11-6). As described above with reference
to the processing in 3-20 in Fig. 3, and as shown in
Fig. 23, the TCT is formed by arranging the ID
information of TEs (TE numbers, e.g., TE-1 and TE-2 in
Fig. 23) in the order of reproduction. As described
above with reference to the processing in 3-19 in
Fig. 3, and as shown in Fig. 23, a TE is one of a
plurality (two in Fig. 23) of data obtained by dividing
an ICT corresponding to a plurality of tracks (three
tracks in Fig. 23) along the time base. Designation of
a TE means that the TE is registered in a total event
table (TET) with ID information (TE-1 and TE-2 in
Fig. 23) assigned to the TE. As shown in Fig. 24, in
the TET, TE numbers, start timings, and end timings are
arranged in units of TEs. The great difference between
the TET and the EAT is that the EAT includes information
(original tracks, start points, and end points)
representing storage positions on the hard disk 12 as
shown in, e.g., Fig. 16, but the TET does not include
such information representing positions on the hard disk
12 but includes only information associated with the
time base on the ICT.



- 17 --of the DVA controller 10 side at this tinme will be described |ater.
In this case, the nunber of data transfer operations is calculated fromthe
start and current address of the channel CHL (4-3). Since the 5 initial
state is currently set, with respect to Trl, no data transfer is perforned
to the buffer 9-1. Therefore, data can be transferred fromthe hard disk 12
to the whole nenory area of the buffer 9-137A3sune that a plurality of
tracks are in the playback node. In this 10 case, i s apparent that

since prestored digl%akoigg ? g%kasgb%byigogng)tEﬁggfeﬁhe%aﬁh:gglyg har d

disk 12 to a plurali ers Fan sequé
performed for tﬁermeépé@tr@éatﬂaak§0w¢hﬁoﬁprmatﬂ9n of the TET in

Fig. 24. The TTS has information representing the
reproduction timing of each TE. Each TE can be

5 repeatedly reproduced. In the case shown in Fig. 25,
TE-1 is continuously reproduced twice. The difference
between the TET and the TTS is that the TET has
information representing the position of each TE on the
time base of the ICT, but the TTS has the reproduction

10 timing information of each TE. That is, the TET has
only one piece of time information (constituted by a
combination of a start timing and an end timing) of each
TET, but the TTS can have a plurality of pieces of time
information associated with each TE.

15 When the TCT designation (11-6) in Fig. 11 is
performed, and the TTS is formed, formation of a total
control track (TCT) is executed (11-7). As a result,
the EAT and the ITS are automatically updated.

Fig. 22 shows a process for forming a TCT. The CPU

20 1 displays the time base of an ICT on the display unit
5. The operator registers a TET with reference to the
displayed time base through the keyboard 4 (22-1). With
this operation, the TET shown in Fig. 24 is formed.
Subsequently, when the operator designates a TTS, i.e.,

25 designates the order and numbers of times of
reproduction of TE-1 and TE-2, the CPU 1 calculates the
reproduction timings of TE-1 and TE-2, and automatically
forms the TTS shown in Fig. 25 (22-2). At the same
time, the TCT shown in Fig. 23 is automatically formed.

~—

30 when the operator inputs a command for executing
the formation of a TCT through the keyboard 4 (22-3),
the CPU 1 searches for an event which has data on the
start or end point of a TE but is not a start or end
point (22-4). If such an event is present, the event is

35 divided at the boundary of TEs to form events (22-5).

In addition, the CPU 1 searches for events which become
identical to each other as a result of a grouping



transferrlng data to one buffer. Alternatively, after 15 data is fully
transferred fromthe hard disk 12 to required buffg the buffers 9-1 to
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contents of tr“%ﬁ%ﬁ% {gﬁ and writes the resulting value in the EAT
5 (22-8). Subsequently, the CPU 1 performs addition or
the like upon insertion of events, thus updating each
ICT and each ITS (22-9). Upon completion of this
processing, since the TET and the TTS become
unnecessary, they are cleared (22-10).
10 wWhen the formation of the TCT shown in Fig. 22 is
( completed, the individual control tracks ICT-1, ICT-2,
and ICT-3 for three tracks are updated to form ICT-1°',
IcT-2', and ICT-3', respectively, as shown in Fig. 23.
In addition, the individual track schedule (ITS) in
15 Fig. 21 is changed to an ITS shown in Fig. 27. The
event address table (EAT) in Fig. 16 is changed to an
EAT shown in Fig. 26 or 28. The EAT in Fig. 26 is
obtained when the grouping operation in 22-8 in Fig. 22
is not performed. The EAT in Fig. 28 is obtained when
20 the grouping operation is performed. wG" in the item of
"Attribute" in Fig. 28 means a grouping operation. For
example, an event 5 is obtained by grouping events 12
and 13. Note that events 14 and 15 in the EATs in
( Figs. 26 and 28 are formed by dividing an event 7 (i.e.,
25 as a result of the processing in 22-5 in Fig. 22) in
Fig. 26 and 28.
~ Subsequently, when a reproduction command is input
by the user through the keyboard 4, the CPU 1 refers to
ICT-1', ICT-2', and ICT-3' in Fig. 23 (stored in the RAM
30 3) to generate addresses (stored in the RAM 3), of
events to be reproduced by referring to the EAT in
Fig. 26 or 28, on the hard disk 12 in accordance with
the order of the events arranged in these tables. With
this operation, the CPU 1 accesses the hard disk 12
35 through the HD controller 11 at reproduction timings in
the ITS in Fig. 27, thus reproducing the events.
As described above, in the embodiment shown in



CHL i the control register 105 of the DVA controller 10, the disk access
pointer of Trl, and the nunber of transfer operations fromthe hard disk 12
to-the buffer 9-1, which is determined in 4-3. An operation of the HD 35
controller 11 side at this tine will be described in detail later.
Consequently, the HD controller 11 requests, the DVA controller 10
(outputs the request signal DREQ to perTo?%fDWﬁ transfer fromthe hard
disk 12 to the buffer 9-1, and the DVA controller 10 executes the corres-

o omen bR 1P 8P HELL pR SO o O8EchEbEE R
Trl in the mormﬂa%hgm9tym@aeg@ntme the)disk 12 need not be accessed for
each editing operation.

<Another Embodiment>

5 An embodiment of the present invention has been
described in detail above. Various changes and
modifications of the present invention can be made.

Fig. 29 shows one of them.

Fig. 29 shows an embodiment in which two DMA units,

10 each identical to the DMA unit in the embodiment
described above, constitute a digital multitrack
recorder of six tracks with one DMA unit used for Trl to

Tr3 and the other DMA unit used for Tr4 to Tr6é. That

is, the number of multitracks can be increased with an

15 increase in the number of DMA units.

Referring to Fig. 29, a CPU 1' is connected to the
respective units through a control bus, an address bus,
and a data bus to perform control and management of six
tracks. Interrupt signals INTO and INTl, each

20 representing the completion of data transfer with
respect to a hard disk, are respectively supplied from

the DMA units to the CPU 1'.

Similar to the previous embodiment, programs and

( data which are updated in accordance with the number of

25 tracks, which is twice as large as that in the previous
embodiment, are stored in a ROM 2' and a RAM 3'.

As wait signals (WAIT) to the CPU 1', signals from
the DMA unit for Trl to Tr3 and the DMA unit for Tr4 to
Tr6 are supplied through an OR gate 200.

30 Since other arrangements and functions are same as
those of the previous embodiment, a further description
will be omitted.

The present invention may further be applied to
a digital recorder having an audio input/output unit for

35 performing an input/output operation of an audio signal
at a fixed sampling rate, or to a digital multitrack
recorder which can change the sampling frequency of each



3 to obtain a value which the disk access pointer is expected to take after
t he execution of the transfer 10 processi ng descri bed above. Mre
specifically, as is apparent fromthe above description, all data transfer
between the hard disk 12 and the buffer 9-1 is subsequently executed by the
DMA controller 10, and, in 4-7, the CPU 1 sgf s a value which the access

poi nter of 15 the hard disk 12 is expected to take upon conpl etion of
the DMA transfer. The flow then returns to the main routine (Fig. 3). As
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5 functions as a polyphonic sampler (sampling electronic
musical instrument). 1In this case, the sampling clock
of each audio input/output unit during reproduction
(playback) is changed depending on a play operation.
If different sampling frequencies are set for the
10 respective tracks, track control can be performed with
a high degree of freedom, e.g., a decrease in data
capacity, by assigning low sampling frequencies to
tracks which do not require high frequencies.
Fig. 30 shows another interrupt routine of the CPU
15 1 which can be used in place of the interrupt routine,
of the CPU 1, shown in Fig. 4. When the interrupt
routine shown in Fig. 30 is to be employed, for example,
reproduction schedule tables are stored in the RAM 3 in
Fig 1. Each reproduction schedule table is a table
20 including start and end addresses, of a plurality of
events arranged in the order of reproduction, on the
disk 12. Such reproduction schedule tables are arranged
in units of tracks. Fig. 31 shows a reproduction
( schedule table for a track 1 corresponding to the event
25 address table shown in Fig. 26.
The interrupt routine in Fig. 30 will be described
below. In order to transfer the digital audio data of,
e.g., an event 1 of, e.g., Trl from the hard disk 12 to
the buffer 9-1 by DMA transfer, the channel CHl
30 corresponding to Trl is selected as a channel for the
DMA controller 10 (30-1). In addition, a current
address and a start address are read out from the area
for the channel CH1 of the address register 104 of the
DMA controller 10 to calculate the maximum number of
35 data which can be transferred from or to the buffer 9-1
(the amount of data stored in the data storage area of
the buffer 9-1, i.e., the maximum number of data which



25 t'o whet her the recording/reproducing operation is conpleted, or a key
input is received, or triggering is perforned as designated in contro

data. More specifically, the CPU 1 checks the disk access pointer (RAM 3)
in 3-9, and judges (3-10) whether the 30 menory area is over i.e., the
transfer is conpleted. If YES in 3-10, g CPU 1 stops AADor DA
conversion in the audio input/output units é I to 8-3 (3-11), and the flow
returns to 3-1. If NOin 3-10, the CPU 1 refers to a key |nput state

(3-12). If theréathQOtEBﬁBQErrEBef§5m thbl BWfE%Eruéﬂit n3t% EB?EEn‘ghe

di sk access poi uent roces ? ?g

repeated. If a @ﬁgﬁge 8 gg?eﬁwpﬁé& Pﬁ atg w Féﬂ be stpged in’ the
empty area of the buffer 9-1, i.e., the maximum number

of data which can be transferred to the buffer 9-1, in

5 the reproduction mode) (30-1).

Subsequently, it is checked whether the corres-
ponding track (Trl in this case) is in the recording
mode or the reproduction mode (30-~2). If it is
determined that the track is in the recording mode, the

10 DMA controller 10 and the HD controller 11 are

programmed to perform data transfer from the buffer 9-1

to the HD controller 10 (30-8). More specifically, the

DMA controller 10 is programmed by copying the start

address of the channel CHl1 on the start address and

15 current address of the channel CH4. The current address
of the channel CH4 is incremented every time a unit
amount of data is transferred from the buffer 9-1 to the

HD controller 11. The HD controller 11 is programmed on

the basis of the disk access pointer of Trl read out

20 from the work memory of the RAM 3, the maximum number of
data which can be transferred from the buffer 9-1 to the

HD controller 11, which is calculated in 30-1, and the

mode (recording mode) detected in 30-2.

( As a result, the HD controller 11, in this case,

25 requests the DMA controller 10 (outputs the request
signal DREQ) to perform DMA transfer from the buffer 9-1
to the hard disk 12, and the DMA controller 10 executes
corresponding DMA transfer. Subsequently, the CPU 1
changes the value of the disk access pointer to a value

30 to be obtained as a result of the above-described
transfer processing (30-9). That is, all subsequent
data transfer between the buffer 9-1 and the hard disk
12 is executed by the DMA controller 10, and the CPU 1
sets an address, of the hard disk 12, which is set upon

35 completion of this DMA transfer, in the disk access
pointer.

If the reproduction mode is determined in 30-2 in



advances to 3-14 to output a DVA stop command (DVAEND) to the DVA
controller 10 so as to tenporarily stop the DVA transfer and performa new
setting operation. Subsequently, the CPU 1 prograns the DVA controller 10 5
and the audi o input/output units 8-1 to 8-3 in accordance with new i nput
comands or the like (3-15), and the fIQM“Eannces to 3-16 to execute the
interrupt routine in Fig. 4 in the same manner as in 3-8 descri bed above so
as to resunme the DVA transfer. Thereafter, the 10 - flowreturns to 3-9.
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5 as described above and shown in Fig. 31, has one table

element constituted by one start address and one end
address for each event to be reproduced.
The disk access pointer in the RAM 3 does not
indicate the storage position of audio data currently
10 reproduced by one of the audio input/output units 8-1,
8-2, and 8-3 (8-1 in this case) but indicates the start
position of a data block which is stored in the hard
disk 12 and is to be transferred to one of the buffers
9-1, 9-2, and 9-3 (9-1 in this case). If the value of
15 the disk access pointer is "520%, a table element to
which the pointer belongs is a table element corres-
ponding to the event 1 in Fig. 31. In this case, the
number of remaining data is
799 - (520 - 1) = 280
20 In 30-5, the number of remaining data, obtained in
30-4, and the maximum number of data which can be
transferred, obtained in 30-1, are compared with each
other. If the maximum amount of data which can be
( transferred is larger, data indicated by the corres-
25 ponding table element is transferred to the buffer 9-1
(30-5). If the value of the disk access pointer is
"00520", the number of remaining data is 280, and the
maximum amount of data is 500, since 280 < 500, audio
data stored at 280 addresses of the disk 12 indicated by
30 the disk access pointer, starting from an address
"00520", are transferred to the buffer 9-1.
This data transfer from the disk 12 to the buffer
9-1 is performed by programming the DMA controller 10
and the HD controller 11. The DMA controller 10 is
35 programmed by copying the start address of the channel
CH1 on the start and current addresses of the channel
CH4. The current address of the channel CH4 is



with respect to a given track, a punch-in/punch-out command (for sw tching
AI.D conversion and DY A 20 conversion), or the like), or .a change in
control data obtained by editing. Then, the CPU 1 executes the same
processing again. |f the CPU 1 determines in 3-2 that a control track node
is currently set, the flow advances to 3:1/3to form 25 audi o data stored
in the hard disk 12 into events. In the formation of events, continuous
audi o data on the tinme base is divided into a plurality of audio data

ent | Tyl ng £ e - as. ] oy

| a por
data (start andF%ﬁRé?kﬁﬁﬁg)gF%%rEE%ﬁﬁ?ﬁé ggﬁkrﬁgg%%tﬁgé %ﬁgfﬁéSXFEEZZVZPS
are forned. Theripwemd combeollandllhisspaogramdednch poheatisasie eEgtheered
in the event addifss §abLee(FATR 8EcLBE FAMBer TIS0S3G! in 3P €NdaBEY Nt S Of

a given event
5 the number of remaining data of a current table element

calculated in 30-3 (280 in this case), and the mode
detected in 30-2 (the reproduction mode in this case).

As a result, the HD controller 11 requests (outputs
the request signal DREQ) the DMA controller 10 to

10 perform DMA transfer from the hard disk 12 to the buffer

( 9-1, and the DMA controller 10 executes corresponding
DMA transfer. Subsequently, the CPU 1 changes the value
of the disk access pointer to a value obtained as a
result of execution of this transfer processing (30-6).
15 In the above case (see Fig. 31), the disk access pointer

is changed to a value "00800" to indicate the next table
element (the table element of an event 12 located at the
second highest position in Fig. 31). In addition, the
maximum amount of data which can be transferred to the

20 buffer 9-1 is updated (becomes 220 in this case).

The flow returns to 30-3 again to calculate the
current table element of the reproduction schedule to
which the disk access pointer belongs, i.e., the number

( of remaining data of the event 12 ("400" between "00800"

25 and "01199"). Subsequently, the number of remaining
data (400) and the maximum amount of data which can be
transferred to the buffer 9-1 (220) are compared with
each other (30-4). In this case, since the number of
remaining data is larger than the maximum amount of data

30 which can be transferred, the flow advances from 30-4 to
30-7, and data at 200 addresses from the address "00800"
of the hard disk:12 are transferred. The flow then
advances to 30-9 to change the value of the disk access
pointer to "001020". The flow returns to the main

35 routine (Fig. 3). '

Figs. 32(a) to 32(e) show operations of the buffers
9-1, 9-2, and 9-3 in the reproduction mode when the
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35 correspond to start and end addresses, of the hard disk 12, at which
the event is stored. Figs. 16, 26, and 28 respectively show event address
tabl es. The event - 20 - address tables will be described later with
reference to Figs. 11, 12, 16, 26, and 28. Wen the formation of events is
conpl eted, individual control tracks (ICIsygace fornmed in 3-18. 5 The

| CTs are forned by arranging the ID information (event nunbers) of the
events, included in the event address table (EAT), in the order of
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later with reference {9,203 18 and 29, 1RoAY/0utBlY Lrdts $ATPIEES ©f
and 8-3 are 1n the reproduction mode, and empty areas
are present in the buffers 9-1, 9-2, and 9-3 at the same

5 position (audio data are stored in the hatched areas in

Fig. 32(a)) because audio data are reproduced, as shown

in Fig. 32(a). Since the order of priority is set as

Trl > Tr2 > Tr3, data is transferred first from the hard

disk 12 to an empty area P in the buffer 9-1 corres-

10 ponding to Trl. When the transfer operation is
completed, the current address of the buffer 9-1 is set
as a start address, as shown in Fig. 32(b). Note that
already stored audio data is read out and transferred to
the audio input/output unit 8-1 during this period.

15 Thereafter, data is transferred from the hard disk 12 to
the buffer 9-2 corresponding to Tr2. When the transfer
operation is completed, the current address of the
buffer 9-2 is set as a start address, as shown in
Fig. 32(c). During this period, already stored audio

20 data is transferred to the audio input/output unit 8-2.
Thereafter, data is transferred from the hard disk 12 to
an empty area R of the buffer 9-3 corresponding to Tr3.
When the transfer operation is completed, the current

( address of the buffer 9-3 is set as a start address,

25 as shown in Fig. 32(d). During this period, already
stored audio data is transferred to the audio
input/output unit 8-3.

Assume that audio data stored at the address "520"
to the address "799" of the hard disk 12, i.e., part of

30 the data of the event 1, and audio data stored at the
address "00800" to the address "001020", i.e., part of
the data of the event 12, are transferred to an empty
area S of the buffer 9-1 corresponding to Trl in the
order named. This transfer operation will be described

35 below with reference to Figs. 30 to 32.

The channel CHl1 corresponding to Trl is selected as
a channel for the DMA controller 10 (30-1 in Fig. 30).
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referemce to Fig. 20. Wen the formation of individual control tracks
(I.CTs) is conpleted, total events (TEs) are designated by a nmanual
designation operation or the like in 3-19. 15 The TE is one of a
plurality of data obtained by dividing ICTs for a plurality of tracks in
relation to the tinme base. The designatianggf _TEs neans that pieces of ID
information (e.g., TEl and TE2) are affixed to the TEs and are registered
in a total event table (TET). As 20 will be described later with
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5 transferred to the buffer 9-1, i.e., a data amount
corresponding to the empty area S of the buffer 9-1
(30-1 in Fig. 30). In this case, the maximum amount of
data is 500.
Subsequently, it is checked whether Trl is in the
10 recording mode or the reproduction mode (30-2 in
( Fig. 30). Since the recording mode is set in this case,
the CPU 1 calculates the number of remaining data of a
current table element in the reproduction schedule in
Fig. 31 to which the disk access pointer in the RAM 3
15 belongs (30-3 in Fig. 30). If the value of the disk
access pointer is "520", a table element to which this
pointer belongs is the uppermost table element in
Fig. 31, and the number of remaining data is
799 - (520 - 1) = 280
20 In 30-4 in PFig. 30, the obtained number of
remaining data (280) and the maximum number of data
(500) which is calculated in 30-1 in Fig. 30 are
compared with each other. Since the latter is larger
{ than the former, audio data stored at 280 addresses,
25 starting from the address "520" indicated by the disk
access pointer, i.e., part of the event 1, are
transferred to the buffer 9-1 (30-5 in Fig. 30).
Data transfer from the disk 12 to the buffer 9-1 is
performed by programming the DMA controller 10 and the
30 HD controller 11. The DMA controller 10 is programmed
by copying the start address of the channel CHl1 (the
start address of ‘the area S shown in Fig. 32(d)) on the
start and current addresses of the channel CH4. The
current address of the channel CH4 is incremented every
35 time a unit amount of data is transferred from the HD
controller 11 to the buffer 9-1. The HD controller 11
is programmed on the basis of the value of the disk



the IC¥s and the arrangenent thereof are rewitten in accordance with the
TCT.~ TCT processing will be 30 described later with reference to Fig.
An exanple of TCT will be described |later with reference to Fig. 23.
Wien the end of the control track node is detected in,3-21, the CPU 1

22."

checks a key input in 3-1 again. 35 - 46/L the CPU 1 determnes in 3-

that an edit node is currently set, the flow advances to 3-22. In 3-22,
CPU 1 determnes a track to be edited, an edit point, - 21 - and the

t%/pe of editingaggesat peintergof bhaekRAMd 301 sRonvatHes hufbergodf the tining
of a sound recorded,ay 2 4230973589 bERHROLkrehd £8B1ORL RlentiIEN

and

10

15

20

25

30 -

35

is calculated in 30-3 in Fig. 30, and the mode detected
in 30-2 in Fig. 30 (the reproduction mode).

As a result, the HD controller 11 requests (outputs
the request signal DREQ) the DMA controller 10 to
perform DMA transfer from the hard disk 12 to the buffer
9-1 so as to cause the DMA controller 10 to execute
corresponding DMA transfer. Subsequently, the CPU 1
changes the value of the current pointer to a value
obtained as a result of the execution of this transfer
processing (00800). With this operation, the flow of
processing advances to-the second table element of the
reproduction schedule in Fig. 31, and the maximum number
of data which can be transferred is changed to 220 (30-6
in Fig. 30).

The flow returns to 30-3 again to calculate the

number of remaining data of the current table element

(the second table element) of the reproduction schedule
to which the disk access pointer (00800) belongs. In
this case, the number of remaining data is

1199 - (800 - 1) = 400

Subsequently, the number of remaining data (400)
and the maximum number of data which can be transferred
to the buffer 9-1 (220) are compared with each other
(4-4). Since the number of remaining data is larger in
this case, audio data at 220 addresses, starting from
the address 00800 of the hard disk 12, i.e., part of the
data of the event 12, are transferred to the buffer 9-1
in 30-7. This data transfer is performed by programming
the DMA controller 10 and the DH controller 11 in the
same manner as described above.

Subsequently, data transfer is performed to the
buffers 9-2 and 9-3 corresponding to Tr2 and Tr3. Upon
completion of these transfer operations, data transfer
to the buffer 9-1 corresponding to Trl is performed
again.

2
t he



executes a corresponding type of editing operation 5 . In this
editing operation, although not described in detail, Yy at ed
with an access point for reading data fromthe hard
controller 11 and the DVA controller 10, data transfer
various types of editing operations using 4@ - the RAM 3, an ope ~=on of
re-storing digital audio data, obtained after an editing operation, in the
hard di sk 12, designation of :an access point, and the |like are executed
under the control of AshdeSBUibedl faboie,elny @ErahgieglthBQIGQED@MC¢nODS

detected in 3-2 cgkﬂﬁ}npua%%%5sho hﬁﬁk% % k%ﬁ '@%%56%9@d1ﬂé1f% duced

<Qper ati ons of eration states of the
audi o i nput/out FafR BRi £9sdly €y §§§Qﬁll W&@edé§@¢| gangkian 9L dhdsence

to Fig. 5. The frb@‘ﬁo@h%'ttioﬁhg‘&heﬂula tableanbdebaerd i@ by a read
n1croprogr%n1con%%%gtgonh%& E%e% %gﬂa cogglnatlon of the above
described individual control track ICT, individual track
schedule ITS (Fig. 27), and event address table EAT
(Fig. 28). Therefore, the special reproduction schedule
table shown in Fig. 31 need not be arranged.
10 Although the present invention has been described
in detail with respect to the particular embodiments,

( the invention can adopt other various forms. All the
modifications and applications fall within the range of
the present invention. Therefore, the range of the

15 present invention is to be determined only by its

appended claims and their equivalents.
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vari oug types of function realizing means can.be selected. In 5-1, it is
j udged whet her the command signal CS is supplied fr e CPU 1 to each of

t he audio 25 i nputThisiShestklas ®3 to 8-3 (wheffHéhS She gnal
CSis active). If YES ration state (g.9., g
pl ayback, or stop stat he CPUll~in 5-Z ' @ﬂatipn I S

performed in response to the processing in 3-5 and 3-15 in the routine
of 30 the CPU 1 shown in Fig. 3. If NOin 5-1, it is checked in 5-3

whet her the audFdai®gat/out put units 8-1 to 8-3 are in the recordi ng node
or the playback node. If it is determned that they are in the recording
node, the flow advan I s_determ ned that they

are in the playback eZe?oﬁggifﬁgﬁhgaégﬁggg2?8|&yhgopgr%§f§9:Cperations of
t he audi o i nput/out pauiddpi let@8s2ozade means (12) for storing audio
data of a plurality of events; and '
reproduction order storage means (3) for storing
5 reproduction order information for designating the

order of reproduction of the audio data of the

respective events stored in said audio data storage
means (12). '
2. A system according to claim 1, characterized by
10 further comprising audio data read means (9-1 to 9-3,
10, 11) for, in accordance with the reproduction order
information stored in said reproduction order storage
means (3), reading out the audio data of the events,
corresponding to the order, from said audio data storage'
15 means (12). '
3. A system according to claim 1, characterized by
further comprising audio data input/output means (8-1lto
8-3) for performing an input/output operation of audio
data, wherein digital audio data input from said audio
20 data input/output means (8-1 to 8-3) is stored in said
audio data storage means (12).
( 4. A system according to claim 1, characterized by
further comprising storage control means (1, 4, 5) for
_ causing said reproduction order storage means (3) to
25 store the reproduction order of the events in accordance
with the order of reproduction of the events by a manual
operation.
5. A digital recorder characterized by comprising:
audio input/output means (8-1 to 8-3) for
30 performing an input/output operation of audio data;
audio data storage means (12) for storing audio
data supplied from said audio input/output means (8-1 to

* c L M S *

8-3); and
means (3) for storing an event address table
35 including identification information and position




,
L4

-'22 2%8-3 in this case) set in the recordrng node wi || be described bel ow.
In 5¢4, it is checked whether a sanp Tng timng has come. The operation in

5-4"is repeated unti ITlthh Repidcdii N0 cones. Dete EEN
sanpling timng nmay be he basis of an OLGBG$% ET5“¥%grd
timer which is arrange e audy o. i nput/outjput 11 rf

Al ternatively, a common y be arranged so that each audio

i nput/output unit is operated in accordance with an 10 out put fromthe

timer. As Mﬂ||1ﬂ£btmﬁkiém00ﬁ évents htofmed oby niji visding ppudio dataaudi o
VERUT TRt e da lad 0o Bed MR DLl LLSLE0L RAMRS! 8 ] TEfEENE! oS 1T
plurallty of portions.
6. A recorder according to claim 5, characterized
5 by further comprising means (3) for storing a control
track formed by arranging the identification information
of the events, included in said event address table, in
the order of reproduction of the events.
7. A recorder according to claim 6, characterized
10 by further comprising means (3) for storing a
( | reproduction schedule table including start and end
addresses, of each of the plurality of events arranged
in the order of reproduction, on said audio data storage
means (12).
15 8. A digital recorder characterized by comprising:
audio input/output (8-1 to 8-3) means for
performing input/output operations of audio data in
correspondence with a plurality of tracks;
audio data storage means (12) having a storage area
20 corresponding to the plurality of tracks and capable of
storing audio data supplied from said audio input/output
means (8-1 to 8-3);
means (3) for storing an event address table
( including identification information and storage
25 positions of events formed by dividing audio data stored
in said audio data storage means (12) into a plurality
of portions; and
means (3) for storing an individual control track
formed by arranging the identification information of
30 the events, included in said event address table, in the
order of reproduction of the events, in units of tracks.
9. A recorder according to claim 8, characterized
by further comprising:
means (1) for forming a total control track which
35 is formed by dividing the individual control track
corresponding to a plurality of tracks into a plurality
of individual control tracks in relation to a time base,

* [ L N S *




saﬁpléd/held and A/ D-converted.~1n 56, the DVA 15 transfer request
S|gnal DRQ i s render ggi 3fLi Y€ ut to the DAM control ler 10 N
response to the reques 'lE '| e DVA cont r olffyj %kﬂEEFWEEENWE ACK

signal DAK to perforn1 the operation iin pw 1 be
descri bed 20 in det f YES Ln_5-7, tihe flnu:nuvu”bca o 5-8.°
In 5-8, the audi o input/output unlts 8-1 to 8-3 (|n this case, the audio

i nput/output units 8-2 and 8-3 in the recording node) output digital audio
data, obtained QMdAéPréﬁa‘:lﬁ@Sié@nti@ibb@i@ﬁt AnFeEmbe 1onAtHetec®® in tHE
data to the correagondgwg g 11t0.,9-3 (in this case, the buffers 9-2
and 9-3). In 5-9F9fRe® ePFSﬂ F°Peq38§t signal DRQ is rendered inactive.
In this case, therefmeansthd)afidrorewpiitingt phe ddentiFi2atricdbrB-3 convert

external l'y S“pphh‘fgaﬁ%mﬂ 3h8"ak$ahBbRen? of ¥hd' EdlentUIHQAHY AT the
sanpl i ng peri od,

5 said individual control track in accordance with said
total control track.

NI



transfér themto the current addresses of the buffers 9-2 and 9-3
respectively designated by the DVA controller 10, as will be described
later. If a playback state is determined in 5-3, the flow 35 advances to
5-10 to active the DVA transfer request signal DRQwth respect to the DVA
controller 10 render. Upon reception of the ACK signal DAK from the DVA
- 23 - controller 10 (5-11), the CPU 1 fetches digital audio data on the
data bus (5-12), and renders the request signal DRQ inactive (5-13). An
operation of th@bghfagamtrpfign i9 at this time will be described later. In
5 this case, as shown in Fig. 8 wth the above-described operation, the
current address (the contents of the

"DIGITAL RECORDER"

A CPU (1) edits audio data stored in a hard disk
(12) by referring to an event address table (3). The
event address table (3) serves to store the ID
information of each event and the storage position of
5 each event on the hard disk (12). Pieces of ID
information corresponding to the order of reproduction
( of the events are arranged and stored in a control
track. In the reproduction mode, the storage position
'of each event on the hard disk (12) is detected from the
10 ID information arranged/stored in the control track, and
audio data is read out from the hard disk (12) in a
desired order of the events.



area fqr Trl of the hard disk 12 has already been transferred/recorded), in
the buffer 9-1, which corresponds to Trl is input/set in the audio

i ‘nput / out put 10 unit 8-1. Subsequently, it is . checheg—w a
sanpling timng has conme (5-14). The detection of thisfs< ' Ry i S
the sane operation as in 5-4. If YES in 5-14, the flo :

5-15, after D/ A conversion an
resul ti ng anal og audi o si gpal
associated with the oper ag On:
state and the playback state.
5-15, the flow returns to 5-
with sanpling timngs ISrSG

@t . The above description is
o@asarrpl ing timing  the recording

. e on of the p®cessing in 5-9 and
ently, pr associ at ed
ed in thel$amag ner_as

described above. Fig. 9 "s\a"t‘u_m ng cgart shdwi g oﬁe@tggs" bt t he
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audi o-ipnput/output units 81 to 8-3. In this case, the 25 audi o

i nput/output unit 8-1 for Trl is set in the playback de—tn-this npde,. a
sanpling request (DRQ is generated between a sanpling THI&MET idAS! BEEN
sanpling timng t+1, DVA transfer fromthe buffer 9-1 fto t h@ERUACED
I nput/output unit 8-1is perforned by controlling 30 I n
the DVA controller 10, and D/ A conversion is perfornmed in synchronismwth
the sanpling tining t+1. In contrast to this, in this case, the audio

i nput/output units 8-2 and 8-3 for Tr2 and Tr3 are in 35 t he recording

mode. In this nmodg, A/ B-eerversion is pgr-e~mgd in synchronismwth the
sanpling timng t @ <H ana-a DVA tranrﬂf T_pcn’mand I s subsequent |y out put
- ElE3|=5
= T 7 <2
w||let|gx]|| X OllX=
Glleal=a]|0 wiloz
Lt oo ¥ | U’)Q @ O
ot o}
- g); o
N wl =l =
A x| Y[ED|-o z|| ©
[ = ol|lEC| x| |X O||RE=
N= <||EQ|~=0]|]|0 oz
AT =Y=1 1 Y=1 0
L = = 10«]| '« o e 2]
SE - S
<5 N
0w -
wwicwliaq 9 NfC
CX|ict|iT - - o
ED|-2(|0 oz N
Og| « (&) w O =
-
) = E&d "
w0 =1 -1
Qo =1 0 S -
w AL L | ol = 7] u.
K|t L~
58| ||58[ba|[E °z
17
b= b= o<|?a|lo 1
no
Char
L A
[+ 7]
' ©
5 o
ot ™
( o m S N \NZ 0 | <
™ ™~ T
A Yo o x
ul
n 0 - w
Do pr | | ol o3
i~ 1L} LLE w z =0
siz| |zi3| |5k~ £3 =2
Q5% i 35 =2 =
Q@ Qm 0 FE | n§
© 3 o
- 07
y s 5.3%.38%2
~ ~XZ22Z
O|E2 gE- g <
o oo ao<g
=
Q

niiiiﬁiiiﬂ’ﬁ\’i ||fﬂ'“°‘




- 24 - to the DVA controller 10. DVA transfer is executed in the order of
. Tr2 and Tr3 (because the order of priority with respeg Q_Si rmltaneous DIVA

requests is set as follows: CHL > CH2 > CH3 > CH4), thIHISPS Rg~data 5
transfer fromthe audio input/output units 8-2 and 843 to k: )- 2
and 9-3. <Operation of DVA Control le Q>_An _operati Ome

controller 10 will be described bé¢

¢l ow yTtA'R'q-efernce to Fig. 6. Tt ow 10
--- 2 equence of operations perfornmed

~ m_croprogram contr ol
’byahﬂans of hard | ogic
he command signal CS

chart shown in Fig. 6 may be rega
by the service controller 108 ip
or as a function realized by the

control. 15 In 1, it
fromthe CPU 1 is recei (actlve)

ES|n61,

1T it
PERFORM KEY INPUT }~ 3-1 3-2
] 5
4 DETERMINE TYPE OF MODE | >
PLAY/REC| .3-3 CONT.TRACK|  .3-17 EDIT |~ .3.99
SELECT/ DESIGNATE CONTENTS
DESIGNATE TRACK FORM EVENTS OF EDIT PROCESSING
\ < 3 4 s3-18 !  ¢3-23
SET OPERATION MODE]| [FROM ICT(INDIVIDUAL PERFORM EDIT
OF EACH TRACK CONTROL TRACK) ||| PROCESSING
( ] <3-5 Y s3-19
SELECT A/D OR D/A DESIGNATE TE
CONVERSION AND (TOTAL EVENT)
INITIALIZE 359

REGISTERS OF |
CHANNELS CH1 TO CHg| | FORM/EXECUTE TCT

(TOTAL CONTROL
OF DMA CONTROLLER TRACK)

1

SET DISK ACCESS
POINTER INITIAL
VALUE FOR EACH

TRACK IN
WORK MEMORY

{
“START A/D OR
D/A CONVERSION
T <38 REFER TO 3-12

[PERFORM FIRST DATA KEY INPUT
TRANSFER BETWEEN
( BUFFER AND HARD
| DISK BY SOFTWARE
INTERRUPTION

\ < 3-9

AcgESng3=ﬁ¥'ER RENDER DMAEND |[~3-14

VE TO
3-10 ACTIV

INTERRUPT
DMA TRANSFER

PROGRAM DMA 3- 15
CONTROLLER FOR A/D

4

STOP A/D OR OR D/A CONVERSION
D/A CONVERSION PROCESSING IN
ACCORDANCE WITH
Qb OPERATION COMMAND
L
——— GENERATE SOFTWARE}|~3-16
INTERRUPTION
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i s checked whether the read signal RD or the wite signal WRis supplied

f,(omthe CPU 1. If the read signal RD is supplied, tHh vagmces—t9 6-3
t 020 out put the contents of the registers 104 ance%g, ﬁdﬁ“%ﬁ&N
desi gnat ed by address signals supplied through the a dressR \CEDo t he|data

bus so as to allowthe CPU 1 to read them In contrast to this, 1f the
wite signal WRis received, the flow advances to 6-4 to input/set 25
desired data in designated registers through the data bus. The processing
in 6-3 and 6-4 corresponds to the processing in 3-5 and 3-15 in the nmain
routine of the CPU 1. Wth the processifg In 6-4T theNdesi refHP@ a are
respectively set in the registers 104 aRd 103 NnTFi M When
such access fromthe CPU 1 to the DVA control | § 10 and the execution of an
associ ated program are conpl et gd,[ the COETERMINBENEXTS | S r?qder_qd

i nactive, and the flow advances flrom 6- TRANSFER TRACK
(DMA CH1 TO CH3)

1

" COPY START ADDRESS OF |._ 4-2
CORRESPONDING CHANNEL
ON START ADDRESS OF
CHANNEL CHa

—h

SETTING/CONTROL

WITH RESPECT  J ' ]
. TO DMA CALCULATE NUMBER OF | __4-3
CONTROLLER 10 TRANSFER OPERATIONS

( FROM START AND
CURRENT ADDRESSES OF
CORRESPONDING CHANNEL

!
COPY CURRENT ADDRESS OF {-_ 4-4
CORRESPONDING CHANNEL '
ON START ADDRESS
“ {

( FETCH. DISK ACCESS L 4-5
POINTER OF
CORRESPONDING TRACK
FROM WORK MEMORY

PROGRAMMING WITH i

; 4
ggﬁﬁ%%{ggnlﬂ PROGRAM HD CONTROLLER |~ 4-6

ON THE BASIS OF
OPERATION MODE OF
CORRESPONDING TRACK,
DISK ACCESS POINTER,
AND NUMBER OF DATA

( ' TO BE TRANSFERRED

ST
\ DMA TRANSFER

UPDATE DISK I~ 4-7
ACCESS POINTER

¥
( mrReTi )

FIG.4

—_—
—_—_—
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In 6-5,.it is checked whether the DVA transfer 35 request signals DRQL

to DRQB are supplied fromthe audi o input/output units {[ﬁ@l%& HAE%EN
A

DVA transfer request signal DRQ (DRQ4) is supplied from
controller 11. If any one of the request signals is reckived CED o\

advances to 6-6 to set the DVA enabling signal DVAENB at " (active) to
allow the DVA controller 10 to exclusively use the address bus and the 5
data bus in the DMA unit, thus inhibiting access fromthe CPU 1. If a

plurality of r are received, channel selection is perforned
in accordance Gith ¥R der Jof priority, i.e., fromthe channel CHL to the

5-1

SET OPERATION }~ 5-2

MODE BY CPU
5-3 PLAYBACK
RECORDING "MODE

OR PLAYBACK .
( MODE? V 5 180
RECORDING |- -
GOSN =54 ][ PENRERDRG
| 5-11

CONTROLLER
RENDERS DAK

\__| PERFORM S/H AND |
A/D CONVERSION

OF ANALOG 5-12
AUDIO SIGNAL 4
| FETCH DATA
5-6 RENDER DMA FROM DATA BUS
- REQUEST Y  ¢5-13
(DRQ) ACTIVE RENDER DEG
\ INACTIVE

8| SIANAL UPON D/A
DATA TO DATA BUS CONVERSION AND

5-8 ["OUTPUT CONVERTED

| LOW-PASS FILTERING
5-9 RENDER DRQ OPERATION
- iINACTIVE
\
FIG.5
-
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10

t hrough t he

apparent from,
| owest priorit

- gchannel
al t hough data transfer
audi o i nput/output units 8-2 and 8
sanpl i ng operation,
channe

CH4 (6-7).

For exanpl e,
request signals are sinultaneousl
-3 for Tr2 and Tr3 inm
DVAL+
I n addltlon

since the channel
S requested by one of the audio

sfer

since Tr2 has priority over Trl
performed first.

the ngAmpl ng §escription,

in the case shown_jin Eig

ISt SHEETH W&]Btéﬁ@
di at §EPLACERr a
T CIIIDI' er 1O
as will be

CH4 has the

i nput/out puf units %e‘ In the process of 20 data transter be
the hard dipk 12 and-sne ¢f the buffers 9-1 to 9-3, the requested data
transfer is|prete ' perN@rned first. Subsequently, the current
address of h SehaACQUIVE2paer (e.g., CH2 tents of the current
address 25 regi Stsy~01 the channel ddress register 104)|is
output to tphe address YR 6&28) .
DRQ ACTIVE?
6-6 6-16
5 ‘ o)
RENDER DMAENB RENDER DMAENB
OUTPUT VALUE -
OF REGISTER ACTIVE INACTIVE
BY ADDRESS B
SELECT CHANNEL 6-7
TO DATA BUS HAVING HIGHEST|
{ I PRIORITY
6-4
5 Y [OUTPUT CURRENT] _ 6.8
SET VALUE OF ADDRESS OF
DATA BUS IN CORRESPONDING
REGISTER CHANNEL TO
DESIGNATED ADDRESS BUS
BY ADDRESS { '
REFER TO -
+ contro |- 89
REGISTER OF
CORRESPONDING
' CHANNEL
6-10
BUFFER 110 — BUFFER
BUFFER?
\ ” 6-12
BUFFER—T1/0 \ 4
6-11 ~_| RENDER RENDER
RD ACTIVE WR ACTIVE
- ]
RENDER ~—6-13
DAK _ACTIVE
|
INACTIVATE RD ~—6-14
OR WR AND DAK
1
INCREMENT t-_6-15
CURRENT
céﬁgggﬁﬁiﬁﬁie
FIG. 6 CHANNEL BY ONE
[ — :
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DMVA transfer is determined with reference to the contents of the control

rregi ster 105 of the selected channel (e.g., CH2) (6-9).

be-30 performed fromone of the buffers 9-1 to 9-3 t bTHIGSHERT HB%%}

(1/0), the flow advances from6-10 to 6-11 to supply thé readRERLHBEP RD

the selected one of the buffers 9-1 to 9-3. In contrast %otTts, IT

transfer is to bg per TAFeF anot her conponent (I/0O to one of 35

t he buffers 9-1 NQ9- advances to 6-12 to supply the wite

si gnal q ffer. Subsequently, the ACK signal DAK is
t

rendered actji ' As a result, in this case, with the
processing i 5), the audio input/output unit 8-2

WR 7-4
\ 5

SET TRANSFER
DIRECTION

OUTPUT _
CONTENTS 7%

OF ADDRESS
REGISTERS FOR SET DISK PROGRAM

Tr1 TO Trs | ADDRESS . EXECUTED
( AND THE LIKE TO BE ACCESSED BY CPU 1

r < 7-6

— ' SET TRANSFER
DATA COUNT
IN COUNTER

\

RENDER DREQ |~ 7-7
ACTIVE

PERFORM DMA
TRANSFER IN
TRANSFER
DIRECTION

( [ ¢c7-10

DECREMENT
TRANSFER
COUNTER BY ONE

Been Reraced

\\ll\l\\ \l\l\\ L

RENDER DREQ k- 7-12
INACTIVE

. 7-13
S
INT TO CPU FlG-7




out put's. sanpl ed audio data to the data bus, and the DVA controller 10
wites the data in an area, of the buffer 5 9-2, deS|gnated by the
current address (see Fig. 8). In 6-14, since the data tr
conpleted, the read or wite signal RD or WR and the A
rendered inactive. In 6-15, {he cur&ent address (in the
104 in Fig. 2) of the corresgondi ng=10 cha fnel (CH2 i IS case) is

i ncremented by one. Wth ﬂl ope%i on in gry time new y- sanpl ed
audio data is witten in o G-f~t buffersmg,-t , or new audi o data
I's read out therefrom the(y'blges ng cur§ adfiress is increnented by

one. After the 15 = procesSe g | KH 45 S p€£ the flowreturns to
6-1. In the previous statex ansf er request signals

F% ,thex
are output fromthe audio E!Eut/o ut unlt Q 2 atSi 8-3 for Tr2 and Tr3 to

t he
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Tr.2. Therefore, YES is obtained in 6-5. Subsequently, data transfer
associated with Tr3 is performed fromthe audi o input/out '
the buffer 9-3 in the same manner as descri bed above by

processing in 6-7 to 6-10 and

transfer,

the fl ow advances fr

to 6-15. Upon conpleti

2%%%-5 to 6-16 to sat the

‘DMA controller 10, and the data transfer has been executed onl y for

sTHIS
no

)

i

enabl i ng signa

at "0" (inactive) to inhibit tlweVA control ler A4 from 30 excl usively
using the data bus and the add bus in the DNf\unit, thus allowing
access from the ¢€PU The abowe lescription is@gsociated with data
transfer, infrelation to Tr2 arg §r 3, fron1the;$ndio | nput /out put units 8-2
and 8-3 to the corrg$ponding 3%p ¢ buffers 9-2udﬁd 9-3. In contrast to
this, inrelatio tg Trl, data grgnsfer fromtggbuffer 9-1 to the audio
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i nput/.qutput unit 8-1 is perforned by the DVA controller -

shown in Fig. 9,
out:put s the request signal
the sanpling 5

response to this request signal,
processing in 6-5to 6-7 in the sane manner as descri bed above.
address data representing an address,

data is read out
and 6-10 is conpleted,

RD to ( OPERATION )
START

11-1
¢

|
SELECT TRACK

11-2
| IS

PERFORM RECORDING
OPERATION

L 11-3

{ PERFORM PUNCH-IN/
PUNCH-OUT
- OPERATION

1 q

FROM EVENTS
11-5
g

11-4

FORM ICT
(INDIVIDUAL
CONTROL TRACK)

‘ 511-6
DESIGNATE TCT

(TOTAL CONTROL
TRACK)

\ §11'7

"FORM/EXECUTE TCT
(TOTAL CONTROL
TRACK)

\
END

C )

of the buffer 9-1,
is output to the address bus.
the fiow adv

27 - 10. As

the audi o i nput/output unit 8-1 corresponding to Trl
DRQ to the DVA controller
timng t and the sanpling timng t
the DVA controller

{448 BEER tWee“

SACTEYYS ol R

In 6-8,
from 10 whi ch
After the processing in 6-9

%Bﬁ?s to 6-11 to supply the read signal

ORIGINAL ven Schedule
ECORDING Event 7
TRACK) . |
I |
| |
| . |
AUTOMATIC AUTOMATIC  AUTOMATIC
FORMATION FORMATION  FORMATION
OF ORT OF EAT OF OTS
(EVENT (ORIGINAL
ADDRESS TRACK
TABLE) SCHEDULE)
{
|
|
|
|
|
|
|
\$4 \\) i
1 I |
‘ i l
} = MANUAL '
| FORMATION !
| OF EAT !
| | MANUAL
| | FORMATION
} ; — OF ITS
, | (INDIVIDUAL
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l | :
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the buffer 9-1. In 6-13, the ACK signal DAK is set at "1" . 15 As a
result, digital audio data read out fromthe designated address of the
buffer 9-1 is transferred to the audi o i nput/output un =

data bus. Thereafter, the flow returns to 6-1 through SEET $1ABSBEEN

In addition, the DVA controller 10 perforns data trangfer bRERIAESEDt he hprd
disk 12 and the buffers 9-1to 9-3. In this case, the address register 104
and the control regist®r ,105 for the channel CH4 are used. This operation
i's perfornmed upon conp ion of the setting/ 25 control operation with
respect to the DVA confy@ller 10 in 4-1 to 4-4 am'g,the pr ogr amm ng

operation with respect te the HD controll er¥%1 IH@-5 and 4-6 in the
execution of the i nter%g routine of the @ 1 Zaé 4). In accordance
with the setting/contr eration i =X W=q _~
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30 “4-1to 4-4 with respect to the DVA controller 10 by neans of the CPU
1, the DVA controller 10 perfornms the processing in 6-3- and 6-4. Mre
specifically, the CPU 1 determnes a track fromwhich data is-te—be
transferred through the channel CH4, and sets the st _th\-\\SIM\IEE'-ESHP&B a
buffer corresponding to the track (i.e., an address rext tRE-PltM)E@ddre‘s_l; of
bl ock data previously transferred between a buffer a the—trard—di sk 12) in
the start - 28 - address register (in the address register 104 in Fig.
2) for the channel CH4. Thereafter, the CPU 1 obtains the nunber of

transfer operatipns for_this wack fromthe difference between the start
address and theﬁurren&S address (incremented after the previous data
t ransfer n: H.:’ g
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bet ween. the hard di sk 12 and the buffer), and copies the current address of
this track as a start address. The CPU 1 sequentially perforns data
transfer between the hard disk 12 and the buffers 9-1 to 9-3 10
corresponding to the currently operated tracks in uni l
perforns data transfer subsequent to the previous dath @ﬁ%ﬁ%%ﬁi é ocC
transfer) in units of tracks. In the case shown in Fi L Q I n
relation to Trl, the anount of data corresponding to 15 a bl ank portlon
between the start address (CHl) and the current address (CHl) is
transferred fromthe hard disk 12 (in relation to other tracks, data
transfer is perfornmed by the sanme control as described above, although the
direction of the data transfer is opposite 20 to that in the above data
transfer). Note that in the buffer in the playback node (corresponding to
the buffer 9-1) and the buffers in the recordi ng node
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(corresponding to the buffers 9-2 and 9-3), hatched portions correspond to
data portions in which audio data 25 are respectively input. Upon
programm ng the HD controller 11 in 4-5 and 4-6, the CPU 1 causes the HD
controller 11 to actually generate a transfer request so as to start DMA
transfer. Upon detection of the transfer request fromtge HD 30

controller 11 in 6-5, the DVA controller 10 executes th ég%T ASi %Eg‘
to 6-9 in the same nmanner as described above, and subse uentI%EP - Qs |
6- 10 whet her data transfer fromthe buffers 9-1 to 9-3 to the hard disk 12
I's requested or whether data transfer fromthe hard disk 35 12 to the
buffers 9-1 to 9-3 is requested. |If the fornmer data transfer is requested,
the fl ow advances to 6-11. If the latter data transfer is requested, the

6

SR, [ORNA START | oy | onour | ATTinuTe
® Tr 00000 | 00799 E
( ® Tr2 10000 11199 .
® T3 | 20000 | 20799 E
Tr2 11200 | 11799 g
<:> Tr1 00800 | 01799 E
@ Tr3 20800 21799 E
@ Tr3 21800 | 22299 E
® Tr2 11800 12499 E
® Tr2 12500 12899 E
Tri 01800 | 02099 E
(' Q) Tr3 22300 22499 E
FIG.16
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- 29 - flow advances to 6-12. In either case, the processing in 6-13 to
6-.15 i s subsequently perfornmed. In this case, for exanple, digital audio
dat'a corresponding to one sanpling operation is transferred by one transfer
5 operation. Therefore, block transfer is perfquned by repeating the
processing in 6-5to 6-15 a plurality of tinmes. Sin hy gfer
bet ween the hard disk 12 and the buffers 9-1 to 9- Scﬁgscégggﬂyﬁ;hFa?=d to
the operation of the HD controller 11, a nore det ail-ed—1 scription
thereof will be given later. When the DVA transfer is conpleted, the
request signals DRQL to DRQ4 are rendered inactive, and the flow advances
from6-5to 6-16 to set the DVA enabling signal DMAENB at "0" (inactive).
15 <QOperation of HD Controller 11> o

( START )

\

START —~ 17-1
REPRODUCTION

: \ 17-2
{ - ~ KEY\K NO

INPUT?

YES

CALCULATE START ADDRESs [ —17-3

OF HARD DISK ON TIME BASE BY
REFERRING TO CURRENT ADDRESS
OF BUFFER TO WHICH DATA IS
BEING TRANSFERRED AND
REFERRING TO NUMBER OF BYTES
OF DATA TRANSFERRED FROM
HARD DISK TO
CORRESPONDING BUFFER

\

SET CALCULATED START
ADDRESS AS START POINT OF
( DESIGNATED EVENT NUMBER

—17-4

END

FI1G.17
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An operation of the HD controller 11 will be described bel ow with reference
tog Fig. 7. This HD controller 11 may be based on either hard | ogic control
or mcroprogramcontrol. In either case, the function 20 of the flow
chart in Fig. 7 can be realized. It is checked first whether the conmand
signal CSis supplied fromthe CPU 1 (7-1). This signal |s supplied in the
interrupt routine of the CPU1 (4-5 and 4-6 in Fig. 4 NO~—Fm—detq| S
step is repeated. 25 If YES in 7-1, the flow advank éHIS SHEEDHAS BHENCK
whet her the read signal RD or the wite signal WR is $uppl iREPLAEBEN t he |[CPU
1. If the read signal RD is supplied, designated data (®&.Q., tne contents
of an address register) in the HD controller 11 is output to the CPU 1 30
through the data bus. If the wite signal WR is supplied, the fl ow advances
from7-2 to 7-4 to set the dagtatrTamnsfer

- BC START )

—

)

DISPLAY END POINT OF EVENT |~ 18-1
DISPLAY ON TIME BASE

DESIGNATE INPUT TRACK,
INPUT EVENT, AND START POINT

18-3

START POINT
> END POINT?

NO

WRITE TIMING OF START POINT |~ 18-4
AND EVENT NUMBER IN ITS

CALCULATE END -~ 18-5
POINT FROM EAT

18-6
NO

COMPLETED?

i



directi-on of DVA transfer between the corresponding buffer and the hard

di sk 12 through the channel CH4 of 35 the DVA controller 10. In 7-5, an

access point on the hard disk 12 is set. This operation is based on the

di sk access pointer of the corresponding track which the - 30 - CPU 1

obtains fromthe RAM 3 (4-5 in Fig. 4). Subsequently, i transfer

data count (digital audio data count) is set in the intpTHS SHEEI“&%
7

HD controller 11. This transfer data 5  count is obtaj ned Rppgdp
interrupt routine of the CPU 1. Upon execution of the process+hg-
7-6 in this manner, the HD controller 11 is programed under

( sTaRT )

| _
DISPLAY TIME BASE ~—19-1

\

DISPLAY ALREADY INPUT |_ 19.2
TRACK NUMBER AND
EVENT NUMBER

l

{ DESIGNATE TRACK NUMBER [~—19-3
AND INPUT EVENT NUMBER

§19-7
2_INSERTION ,
ADDITION
OR INS?EFITION DES'G'}I,%TSEITIII‘(I)SNERTION
19-5 {  c19-8

Y ADDITION )

CALCULATE END CALCULATE START AND

POINT FROM EAT !END POINTS OF INSERTION
' POSITION FROM EAT

1 ¢19-6

WRITE CALCULATED \ ¢ 19-9
END POINT IN ITS

WRITE CALCULATED
POINTS IN ITS,
( CALCULATE SUBSEQUENT
- POINTS, AND UPDATE ITS
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the control of the CPU 1. Thereafter, the HD controller 10 11 outputs a
data transfer request signal to the DVA controller 10 (7-7). As is
apparent fromthis description, upon reception of the interrupt signal |INT
fromthe HD controller 11, the CPU 1 executes setting/ control of DVA
~transfer corresponding to the next track 15 (1.e.,J& Re—qrder of Trl,
Tr2, Tr3, Trl, providing that all Trl to Tr3 are currg f%/SHEEIr
respect to the DVA controller 10, thus progranm ng the_HD GEPLA
Thereafter, the CPU 1 transfers control to the HD controlT® ¢
controller 20 10 to cause themto execute actual DVA transfer by means
of nmutual interaction therebetween. The HD controller 11 advances from 7-7
to 7-8. The operation in 7-8 8 repé&ated gntil t he ACK signal DACK ( DAK4)
is received fromthe DVA cont IIer 0 (s e 6-13 25 in Fig. 6).
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If YES4in 7-8, the flow advances to 7-9 to transfer digital audio data
correspondi ng to one sanpling operation through the channel CH4 of the DVA
controller 10. Thereafter, a transfer counter set in 7-6 is 30

decrenented by one (7-10). In 7-11, in accordanc —tirthe UCPtCP*S of the
transfer counter, it is judged whether data transfywscgi‘ég GEEN |t o the
preset transfer data count is conpleted. If NOI 7- 11 REPLACED ow rdturns to

7-8. Therefore, the DVA controller 10 35 continuously recerves the
transfer request signal DRQ4 fromthe HD controller 11 until transfer
(bl ock transfer) corresponding to the preset data count is - 31

conpleted. That is, the DVA controller 10 executes the
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processtng in 6-5 to 6-15 (Fig. 6) in accordance with this transfer
request, while the processing in 7-8 to 7-11 is executed on the HD
controller 11 side in 5 response thereto. Wien the [I

transfer is determined in 7-11, the flow advances to 7 %&@E@t”ﬁ%@@ﬂta
transfer request signal DREQ (DRQ4) fromthe HD cont rol_Ler_BEPLACEDhe DMV
controller 10 at "0" (i nactlve) Thereafter, . the HD controller 1
supplies the interrupt sj e CPU 1 to perform data transfer,
associ ated with the next{ tracklTABdi weer the hard disk 12 and one of the
buffers 9-1 to 9-3 (7-13) to this request signal, the CPU1
executes the interrupt routine (Fig. 4), as described above. <Data
Transfer Operatifon bet WeESISTER ¥ WIEH and Buffer92941 to 9-3> Wth the

above descriptiqn, dat aREFERENCE RO HME
BASE OF ICT

1

AUTOMATICALLY FROM —~ 22-2
TIMINGS AND THE LIKE OF
TTS WITHIN RANG OF
DESIGNATION OF TTS

\
INPUT EXECUTION COMMAND | —22-3

1

SEARCH FOR EVENT WHICH HAS [—22-4

DATA ON START OREND POINT

OF EACH TE BUT IS NOT START
POINT OR END POINT

\

FORM EVENTS BY DIVING |~ 22.5
CORRESPONDING EVENT AT
BOUNDARIES OF TES

\

SEARCH FOR IDENTICAL PRESENT
EVENTS UPON
GROUPING OPERATION ~ 9.6 25.7
ABSENT \ A
(e PEUEGTUNG 1 Mo moceson:

DESIGNATED BY USER
—

RESULTING VALUE IN EAT

1

UPDATE EACH ICT AND EACH ~ 22.9

ITSSADDITION OF DATA BY
NSERTING EVENTS)

\
CLEAR TET AND TTS —22-10
\
C END )
F I G . 22
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the hé&rd disk 12 and the buffers 9-1 to 9-3 is also 20 understood. A
case wherein a DVA request is generated with respect to the DVA contr
10, “and the DVA controller 10 responds to the reque ' Pt
manner wi |l be described below with reference to Fig TH
As described above, in the state shown in Fig. 8 Tr{L is i pray
state, and Tr2 and Tr3 are in a recording state. In.thi's state, data
transfer request signals are supplied fromthe audio input/output units 8-1
to 8-3 to the DVA controller 10 at every sanpling 30 time (tine fs'in
Fig. 10) to request data transfer wth raspect toythegpuffigrs 9-1 to 9-3.
This operation is also performed while t & CPU 1 Es pSgr&@8ming the HD
controller 11 (4-5 and 4-6 in Fig. 4, anf7-4 to -7 Fn Fi 7). In
response to the data 35 transfer requdst signals frﬁom t?e audi o
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units 8:1 to 8-3, the DVA controller 10 outputs the DVA enabling signal
DMAENB (6-6 in Fig. 6), as described - 32 - above, and causes the CPU 1
to stop (WAIT) the progranm ng of the HD controller : Lon
DVA transfer through the respective channels CHL to 11St SKEEPMIAS BEEN G
10 causes the CPU 1 to resune its 5 progranmm ng oper ati REp(&EED Fi 9.
Even while data transfer between the hard disk 12 and '
9-3 is sequentially performed by DVA transfer through the channel CH4, data
transfer requests are generated by the audio input/output units 10 8-1
to 8-3 at each sanpling tine (fs in Fig. 10). In this case, upon
determnation in 6-7 in Fig. 6,

TOTAL EVENT ,
NUMBER START TIME . END TIME
TE-1 00:00:00"00000 00:01:11"47999
TE-2 ' 00:01:12"00000 00:02:59"47999 -
{
FIG.24
TTS
H/M/S Sample EVENT
_ 00:00:00"00000| TE-1
(

00:01:12"00000] TE-1

00:02:24"00000| TE-2

FIG.25

i



data transfer is preferentially perfornmed by the DVA controller 10 through
a .channel, of the channels (CHl1 to CH3), which has higher priority than
other channels. 15 During this period, the data trg sfer request si gnal
DRQ4 is continuously output fromthe HD controller 1 ontroller
10 (see 7-7 in Fig. 7). However, since the ACK signal
the DVA controller 10, a wait state is kept to wait fe Ll
transfer (the operation in:7-8 is repeated). Froma nmacroscop “dewpo nt
therefore, as shown in Fig. 10, the DVA controller 10 repeatedly perforns
DVA transfer (block transfer) for Trl, Tr2, and Tr3 between the hard disk
12 and the buffers 9-1 to 9-3. 25 From a m croscopi c viewpoi nt, however,
DVA transfer (signal transfer) between the buffers 9-1 to 9-3 and the audio
i nput/output units 8-1to 8-3 is executed through the channels CHL to CH3

o eery S S TORE STARY | 138 | o | arrmour
Q) Tr1 00000 | 00799 E
@ Tr2 10000 | 11199 E
® Tr3 20000 | 20799 E
( @ Tr2 11200 | 11799 E
® Tr1 00800 | 01799 E
3 20800 | 21799 | E
@ T3 | 21800 | 22299 E
Tr2 11800 | 12499 E
©O) Tr2 12500 | 12899 E
Tr1 01800 | 02099 E
@) Tr3 22300 | 22499 E
(. D) Tr1 00800 | 01199 E
) Tri | 01200 | 01799 E
Tr3 21800 | 22199 E
() Tr3 22200 | 22299 E
FIG.26
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while'the HD controller 11 is being programed, or 30 actual DVA
tr.ansfer (through the channel CH4) is being perforned, or an idle state is
bei hg set, thereby satisfactorily responding to A/D conversion or D/ A
conversion at every sanpling timng in ternms of op
<Recording and Editing Operations> Fig. 11 shows t
enbodinent in Fig. 1 with the |lapse of tine. Fig. | _
33 - relationship between various types of operations in the €
Fig. 1. Wen track selection and a recording operation are perforned in
addition to a punch-in/punch-out operation as needed in 11-1, 11-2,
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5 and 11-3, an ori ginal recording track (ORT), an event address table

(EAT) and an original track schedule (OTS) are automatically forned. The
ORT is formed by arranging the ID information (event nunbers) of events in
the order of recordi ng/ reproduction and is stored | t he RAM 3. The

EAT includes the ID information (event nunbers) of trhfs %1%,& or age
oS

positions (original track nunbers, start points (sjart nd end
points (end addresses)), of the events, on the hart—e-s dislstored
in the RAM 3. The OTS is a table 15 i ncluding the recordi ng/reproductlon

start tlmngs Tt art ,L,U t-s—ot et—after—tyg
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and events 1 to 11 are stored at addresses, in the hard disk 12, shown in
Fi.g. 13. In this case, the EAT has the contents shown in Fig. 16. Note
that "E" in the 25 itemof "Attribute” in the EAT i r&satas

grouping or dividing operation is not performed after
recorded. Fig. 14 shows an ORT corresponding to the stg a.ef&#@hglj

repl aced 30 with that of an event 9 in Figs. 13 and 14 is that although
the event 8 is recorded earlier than the event 9, since the event 9 is
recorded by a punch-in operation (11-3), the event 9 is reproduced earlier

t han the event &_JJLJM%SiTinn, "Blank" in Fig 14 indicates that a 35
silent portionjis defingd as a blank. Fig. 15 sho an OIS corresponding to
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with track selection (11-1), recording (11-2), and a

- 34 ¥ #As described above, an EAT is autonaticall y fo MSHE@CHRS@@ENG
unchpEp{ Retls h- out

operatlon (11-3). However, formation of events (11-4)lean—berahually--
£ig. 17 shows manual

perfornmed, and an EAT can al so be manually forned
desi gnation processing for events. [
i s depressed in the process of
designate its start and end p
is started (17-1), the CPU 1

designating the forrmation of

event is designated, the CPU

base, of the ADDRESSES OF DMA CONTROLLER

'; Wtch

D LLER
g’\lfe@ﬂ-ﬂnput f or

ion of an
N the tine

RECORDING
MODE
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30-3

NUMBER
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DATAZMAXIMUM

TRANSFER CORRESPONDING
TABLE ELEMENT
(THROUGH CHa)

~ 30-5

UPDATE DISK ACCESS POINTER
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. NUMBER OF DATA WHICH
( CAN BE TRANSFERRED

~ 30-6

_ I
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. |
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15 ’hard disk 12 by referring to the current address of a buffer (9-1,
9-2, br 9-3) in the process of transfer, and al so referrlng to the nunber

of bytes of data transferred fromthe hard disk 1 - -3).
Thereafter, this start address is set as the star 'E ﬁﬂgﬁ#éfﬁe

desi gnat ed event nunber (17-4). The end point of {the eVel CED a1 s be
designated by similar arithnetic processing. A descrription of this
processi ng, however, will be omtted. According to another nethod of nanual
designation 25 of events, the range of an event is designated on the

time base on an ICT (|nd|V|duaI control track). Fig. 18 shows an exanple of
the ICT formation processing in 11-5 in Fig. 11. This processing is based
on the assunption that tine is a known factor. The CPU 30 1 displays a
time base and an end point En-1 of a previous event on the display unit 5
(18-1).

( START " END

00000 _ 00799 EVENT1
00800 01199 EVENT12
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Subseguent |y,
of-the keyboard 4 to designate an input track, an
poi nt 35 (18-2). The CPU 1 conpares a start p

with the end point En-1 of the previous event.

| f [t he fREFLACEDs | ar

an operator (user) who perforns edit processing operates keys
b SHEEE HASnBRRA

A start
in 18-2

per than

the latter, the CPU 1 - 35 - wites the start point
nunber in an individual track schedule (1TS) (18-4),
point En fromthe EAT (18-5). | f i
point Smdesignated in 5 9-118-2 i

theTde;é

“TTTTET and U

event

and cal cul ates an end
detern1ned in 18-3 that the start

| er than og-@qual to the @ag. poi nt

En-1 of the previous event wai t.s fefrzdesg gnation gfpza new i nput
track, a new input event, art
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poi nt .

$top conmand is input by the operator 10

forming an ICT and ag ITS. Fig. 20 shows.g
the I'CT is formed by arranging the ID]j
i ncluded in an EAT’I)%he o]

~descri.bedsabove,
nunbers) of events,

events in-units of 15 tracks. _1CT

correspond to Trl, Tr2, "and Tr3
rearrangi ng the O?T in Fi geN L
of the operator. Fig. 21 sfows
processing in Fig. 18. The I

an ITS’:ﬂorrre

n I CT forned

rder
and | CTj
The ICT 1s forned by

#dance] with sel ecihon (key operation)
as a resul ggof the ICT 20

whi ch the yeproduction start

:u in units

The processing from18-1 to 18-5 is continuously perfornmed until a
through the keyboard 4,

t hus
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The | TS
mat i on
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25 processing in 11-5 in Fig. 11. |In this processing, the CPU 1
displays a tine base on the display unit 5 (19-1). The CPU 1 then displ ays
track nunbers and event nunbers, which have been alr FApat—ofr-t e
display urfit 5 (19-2). The operator operates keys of | tREPUASEMERNTSHERT "30
designate an input track number and an input event nlinber (1§; 1936
Subsequently, the CPU 1 checks whet her addition of ajy Relent-+s-seleete
t hrough t he keyboard 4 or whether inserzjizm of an ev

-4).

If the CPU 1 determ nes that addition of an event is 35 sel ected, it
cal cul ates an end pg WEAT (195 —afyl wites this end point as
'Ehe reproduction stg Ei Eﬁgl-% t he add evgr inthe ITS (19- 6) . - 36
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If the CPU 1 determnes in 19-4 that the insertion of an—event. is_selected

it receives a signal for designating an insertion positi mgﬁ@&m-r SHEET

keyboard 4 (19-7). Thereafter, the CPU 1 calculates the gtart and end
poi nts of <an insertion position on the basis of the EAT W)zfp,rmjﬁ/\dg%s
the reproduction start timng of the evenf jnserted in thedlS

addition, the CPU 1 calculates the re art timng of "an event
subsequent to the inserted event, and upd&T&RT he ) TS 10 (19-9). The
processing from19-1 to 19-9 is repea ' CPU 1 determ nes (19-10)

that a stop command is input fromthe SN0

?oﬁm ng an | CT and

an I TS. Wien the | CT form ng 1 15 S
conpl eted, designation of a v is perforned (11-6).
As described above with reference t[ T B 1L 8-£0 in FI% 3, and
as shown in : i 5
C DETERMINE TYPE OF MODE . >
PLAY/RECY 3-3 CONT.TRACKY (3-17 <3-17 EDITW
"SELECT/ . DESIGNATE CONTENTS
DESIGNATE TRACK ||  FORM EVENTS OF EDIT PROCESSING
_ Y <3-4 3-18 3-23
SET OPERATION MODE] [FROM ICT(INDIVIDUA PERFORM EDIT
OF EACH TRACK CONTROL TRACK) PROCESSING
! <35 1 s3-19
SELECT A/D OR D/A DESIGNATE TE
CONVERSION AND (TOTAL EVENT)

REGISTERS OF ’__1_55-10_
CHANNELS CH1 TO.CH3 FOT%hﬂr'Enggg?RBET
OF DMA CONTROLLER (T o oL

Y

SET DISK ACCESS
POINTER INITIAL
VALUE FOR EACH

TRACK IN
WORK MiEMORY

START A/D OR
D/A CONVERSION

3-8 REFER TO ~-3-12
[PERFORM FIBST 5 DATA] KEY INPUT
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BUFFER AND HARD
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) <3-9
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[ FIG.3




Fig. 23,
nunbers, e.dg.
reproductlon

in Fig. 3,vand as shown in Fig. 23, a TEis one of a
23) of data obtained by dividing an | CT correspondi nd

tracks (thre

a TE neans that the TE is registered in a_total
information (TE-1 and TE-2 in Fig. 23) 4447
start timngg;
The great difkeren thwee

24, in-the T
arranged in

end points)

e.g., Fig 1

TE-1 and TE-2 in 20

As descri bed above with reference to t

the TCT is formed by arranging the ID information of TEs (TE

e 25

ET, TE nunbers,
unlts of TEs.

representing storage
6, but the TET does

SETTING/CONTROL
WITH RESPECT
. TO DMA
CONTROLLER 10
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RESPECT TO HD 1
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tracks in Fig. 23) along the tind
event table (TET) W|th I D
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y i
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35

includes only information associated with the tinme b
track schedule (TTS) shown in Fig. 25 is f
the formation of the TET in Fig. 24. The TTS has inf
the reproduction timng of each TE. Each TE can be 5

- A total

such information representing positions on the hard disk 12 but

r epr oduced.
tw ce.

information r
| CT, but the
i S,

That

t he

In the case shown in Fig.
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only one piece of tine information (constituted by a (
timng and an end timng) of each TET, but the TTS c
pi eces of tinme information associated with each TE

designation (11-
formation of a t
t he EAT and the

formng a TCT. Th

display unit 5.

TET shown in Fid.

aTTS, i.e., 25
reproducti on of
timngs of TE-1

ination of a

start

%!ﬁcém%wrsr}lg‘eﬁy jiof

efiTCT

6) in Fig. 11 is perforned, and the les=TSrAlgd 1996
ot al control track (TCT) is executed -7Ym"”""5"Vﬁ§U1 :
I T atically up&é%%d Fig. 22 shows a process for
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forns the TTS shown in Fig. 25 (22-2).
Fig. 23 is automatically fornmed. 30

command for executing the formation of a TCT through the kﬁgpeﬁégﬂéwfngg}

At the sane tine,
When t he operator

the CPU 1 searches for an event which has data on the st

a TE but
the event is 35
additi on, the CPU

are present,
(operator) (2

Is not a start or end point (22-4).

| f such an

d|V|ded at t he boundaygoof TEs to for

events which becone identical
-38- operation (22-6).

the TCT shown in
i nputs _a
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operation and wites the resulting value in the EAT 5 (22-8).
Subsequently, the CPU 1 perforns addition or the |ike upofFrnsertiron—of=—— y
events, thus updating each |ICT and each I TS (22-9). Upojp REFWICESMENT RIERThil[s
processi ng; since the TET and the TTS becone unnecessarly, theysagggc'ggere
(22-10). 10 When the formation of the TCT shown| iD§teRi.g.-..2-2..i. 8. ....
conpl eted, the individual control tracks,34T-1, |CT-2, =31
tracks are updated to forml| -1, |- 2", and CT-3', respectively, as
shown in Fig. 23. In additigh theghdividual,krack schedule (1 TS) in 15
Pig. 21 is changed to an | T8asho an Fig. 2% Theﬁevent address table
(EAT) in Fig. 16 is change E);;a%;,‘shovm- Brg.EL26 or 28. The EAT in
Fig. 26 is obtained when t gEoup@ngEoper at KoN=& n $2-8in Pi g. 22 is not

performed. The EAT in Fig. 2&&s of ned wh&’n:-@ E t he groupi ng operation
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"Attribute" in Fig. 28 neans a groupi ng operation. For ex e, an event 5
I s obtained by grouping events 12 and 13. Note that event
EATs in-Figs. 26 and 28 are fornmed by dividing an event
resul t of the processing in 22-5in Fig. 22) in Fig. 26
Subsequently, when a reproduction corrmandc%j énput by th hrough-tne
keyboard 4, the CPU 1 refers to | Clglg, | ?2 , and ICT-3" in Fig. 23

(stored in the RAM 30 3) to genePde addresses (stlored in the-RAM 3), of

Bat%& - S'AU.G 1

events to be reproduced by referri n&@o the EAT ingHg. 26 or 28, on
t heshard di sk 12 i.n agcorgdance w t hitklde order of t events arranged in
these tables. WtH this operation, Eﬁ CPU 1 accesgEs the hard disk 12 35
t hrough the HD corfjtrolfl er4-11 at repgtguction tim inthe ITSin Fig. 27,
t hus reproduci ng tlhe ev% S. As des<rabed above, ﬁt he enbodi nent shown in
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<Anot her
been described in detai

enbodi nent

Figs. 1 to 28,

Enbodi nent> 5

above.
i nvention can be nade.
in which two DVA units,
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( END
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10

since edit processing can be perforg
the disk 12 need not be accessed for each editin
An enbodi nent of the presgnt
Vari ous changes and nodi f|fi Beteii.on
Fig. 29 shows one of them
each identi cal _
t he enbodi nent described above, constituteggpagligital nultitrack recorder of
six tracks with one DVA unit used for Trl to Tr3 and the other
used for Tr4 to Tr6. That
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I's, the nunmber of nultitracks can be increased with an 15 I ncrease in
the nunber of DVA units. Referring to Fig. 29, a CPU 1'_is_connected to the
respective units through a control bus, an address bu -k 1S (
perform control and managenent of six tracks. Interru R??gﬁg‘f'g'%m%’%ﬁd?

| NT1, each 20 representing the conpletion of data tff agsf.er §iAUG Ne8fed
to a hard disk, are respectively suppl ilq_qugromthe ' : . .
Simlar to the previousdenbodi nent, prograns and data which are updated in

accordance with the nurﬂ# of 25 tracks, which is twice as large as that
in the previous enbodi nlt, are stored in a ROM 2~ and a RAM3'. As wait
signals (WAIT) to the dpe 1", signal s from §e nit for Trl to Tr3 and
the DVA unit for Tr4 tdggr6 are supplied th gh?:ﬂ? gate 200. 30
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those of the previous enbodi nent, a further description will be omtted.
The present invention may further be applied to a dlgltal recorder having
an audi o i nput/output unit for 35 perform ng an Inpﬁ -?zﬁﬁf“ '
of an.audio signal at a fixed sanpling rate, or to a d|/gREPHAGRME! ”‘tﬁ’%*sﬁ(T
recorder which can change the sanpling frequency of ea:h -54@[}1 di o‘
|nput/output unit. If the sanpling freqegney of each aljdpatel-nputout-put
unit is changed depending on note frequencies (sanpling=ctocks are
generated by a VCO or a digital oscillator) the overall apparatus 5
functions as a pgg yphonb,c sanplser (sanmpling el ectronic nusical instrunment).
In this case, the) sarrplmng cl ok
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of each audi o input/output unit during reproduction (playback) is changed
depending on a play operation. If different sanpling frequencies are set
for the 10 respective tracks, track control can be OT et Wt et m;ﬁﬂgh
degree of freedom e.g., a decrease in data capacity, b§E°§§9§W£ﬁ53ﬂ§w
sanpling frequencies to tracks which do not require hijgh freq qgl $§ﬁF|'
30 shows another interrupt routine of the CPU 15 1 |WRPER-cah be-used
pl ace of the interrupt routine, of the X329, shown in Fig. 4. Wien
interrupt routine shown in Fig. 30 is to be enployed, for exanple,
reproducti on schedule tables are stored in the RAM3 in Fig 1. Each
reproduction schedule table is a table 20 I ncl udi ng start and end
addresses, of a plurality of events arranged in the order of reproduction,
on the disk 12. Such reproduction schedule tables are arranged in units of
tracks. Fig. 31 shows a reproduction
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schedul e table for a track 1 corresponding to the event 25 address table
shown in Fig. 26. The interrupt routine in Fig. 30 will be described bel ow.
In order to transfer the digital audio data of, e.g., an event 1 of, e.g.,
Trl fromthe hard disk 12 to the buffer 9-1 by DVA tra t-he channel
CH1 30 corresponding to Trl is selected as a channel HepiackfiENYsHseT
controller 10 (30-1). |In addition, a current address jand a start, SH
are read out fromthe area for the chanagi29CHL of the
of the DVA controller 10 to cal cul ate the maxi num nunb
whi ch can be transferred fromor to the buffer 9-1 (the anpunt of data
stored in the data storage area of the buffer 9-1, i.e., the maxi num nunber
of data which

"

‘-E

\EVENT |ORIGINAL START pOINT | GROUP | ATTRIBUTE
@ Tri | 00000 | 00799 E
( @ Tr2 10000 | 11199 E
® Tr3 20000 | 20799 E
@ Tr2 11200 11799 E
® Tr 00800 01799 E
® Tr3 20800 | 21799 E
@ Tr3 21800 22299 E
Tr2 11800 12499 E
® Tr2 12500 | 12899 E
| Tr1 01800 | 02099 E
(. KON Tr3 22300 22499 E




- 41 - can be transferred fromthe buffer 9-1, in the recordi ng node, and
t he ampunt of data which can be stored in the enpty area of the buffer 9-1,
i .e., the maxi mum nunber of data which can be transferred to the buffer
9-1, iin 5 - the reproduction node) (30-1). Subsequent
whet her the corres- ponding track (Trl in this case) i
node or the reproduction node (30-2). If it is determ
in the recordi ng node, the 10 DVA contraoller 10 an
are progranmmed to performdata transfet3®28m the buffer
controller 10 (30-8). Moire specifically, the DVA controller 10 is
programmed by copying the start address of the channel CHL on the start
address and 15 current address of the channel CH4. The current address

of the channel CH4 is increnented_ever time a unit
( START )

1

START —— 17-1
REPRODUCTION

—3

-—._.. — ]

17-2°
NO

KEY
INPUT?

CALCULATE START ADDRESs | —17-3
OF HARD DISK ON TIME BASE BY
REFERRING TO CURRENT ADDRESS
OF BUFFER TO WHICH DATA IS
BEING TRANSFERRED AND
REFERRING TO NUMBER OF BYTES
- OF DATA TRANSFERRED FROM
HARD DISK TO
CORRESPONDING BUFFER

\

SET CALCULATED START ——~17-4
( ADDRESS AS START POINT OF
- DESIGNATED EVENT NUMBER

\
END

FIG.17



anount of data is transferred fromthe buffer 9-1 to the HD controller 11.
The HD controller 11 is progranmed on the basis of the disk access p0|nter
of Trl read out 20 fromthe work nmenory of the RAM 3j—tie nmax O
of data which can be transferred fromthe buffer 9:1 t off tRRCLABEMS r%ﬁﬁé?)
11, which is calculated in 30-1, and the node (recordin nnde%,éeégg E@ﬁ
30-2. As a result, the HD controller 11, in this case, o

DVA controller 10 (outputs the request g4 gl DREQ to perform DVA transfer
fromthe buffer 9-1 to the hard disk 12, and the DVA controller 10 executes
correspondi ng DVA transfer. Subsequently, the CPU 1 changes the val ue of
the di sk access pointer to a value 30 to be obtained as a result of the
above-descri bed transfer processing (30-9). That is, all subsequent data

transfer between the buffer 9- di sk 12 is executed by the DVA

controller 10, and the CPU 1 START

|

DISPLAY END POINT OF EVENT 18-1
DISPLAY ON TIME BASE

, 182

DESIGNATE INPUT TRACK
INPUT EVENT, AND START POINT

18-3

START POINT
> END POINT?

NO

WRITE TIMING OF START POINT K 18-4
AND EVENT NUMBER IN ITS

\

CALCULATE END ~ 18-5
POINT FROM EAT

. 18-6
NO

- COMPLETED?
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sets an address, of the hard disk 12, which is set upon 35 conpl eti on of
this DVA transfer, in the disk access pointer. If the reproduction node is
determned in 30-2 in - 42 - Fig. 4, the CPU 1 cal cykates t-he nunher of
remaining data of current table elenents in a reproduct|i REPISIEREEkRET ¢
to which the disk access pointer in the RAM 3 bel ongs ([30- 3) he
reproduction schedule table, 5 as descri bed above a AUEHEB63 !
has one table el ement constituted by one start address!
for each event to be reproduced. The digk,afcess pointer in the RAM 3 does
not indicate the storage position of audi'o data currently

Q START )
K
DISPLAY TIME BASE ~19-1

i

DISPLAY ALREADY INPUT }_19-2
TRACK NUMBER AND
EVENT NUMBER

Y

( DESIGNATE TRACK NUMBER |~ 19-3
‘| 'AND INPUT EVENT NUMBER
19-4 (197
INSERTION
ADDITION
on haNoN | DESIGNATE INSERTION.
19- ' \ 19-8
ADDITION 12 }5 _ <
CALCULATE END CALCULATE START AND
POINT FROM EAT [END POINTS OF INSERTION
n POSITION FROM EAT
< 19-6
WRITE CALCULATED | -
END POINT IN ITS ! ¢19-9
WRITE CALCULATED
| POINTS IN ITS,
( CALCULATE SUBSEGUENT
POINTS, AND UPDATE ITS

— ’
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10 reproduced by one of the audio input/output units 8-1, 8-2, and 8-3
(8-1in this case) but indicates the start position of a.data bl ock which
is stored in the hard disk 12 and is to be transferred o;g\é:‘o?:“ﬁi&::::::__....
buffers 9-1, 9-2, and 9-3 (9-1 in this case). If the valfué %Ewsggm‘/
di sk access pointer is "520", a table elenent to which fhg, _@-isgﬁ?%qg ngg
is a table elenent corres- ponding to the event 1 in Fi RN I 20 9 0Ty of
t he nunber of renmmining data is 799 - (B9 1) = 280 20 :
t he nunber of remaining data, obtained in 30-4, and the maxi num nunber of
data which can be transferred, obtained in 30-1, are conpared with each
other. If the maxi num anount of data which can be transferred is |arger,

data indicated by the corres- W25 gondi table elenment is transferred to
=
i

the buffer 9-1 (30-5). If theEaIue f thl_disk access pointer is
!

A

Blalnk
i

@, ®
00:02:00"00000

FIG.20
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"00520", the nunber of remaining data is 280, and the maxi num anount of
data is 500, since 280 < 500, audio data stored at 280 resses of the
di sk 12 indicated by 30 the di sk access pointer, stgffg oM g =
address "00520", are transferred to the buffer 9-1. Thi EE%EEE?%P&EEW
the disk 12 to the buffer 9-1 is performed by programmjnggt.heeBy
controller 10 and the HD controller 11. The DWVA control ab? ngsgﬁ
programed by copying the start addressl®f2%he channel CHL on the s
current addresses of the channel CH4. The current address of the channel
CH4 is - 43 - increnented every tinme a unit anmount of data is
transferred fromthe hard disk 12 to the buffer 9-1.
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The HD controller 11 is programmed on the basis of the value of the disk
access pointer (00520 in this case), 5 t he nunber of remaining data of a
current table elenment calculated in 30-3 (280 in this pase)._and_the node
detected in 30-2 (the reproduction node in this case). HEPBACE@ER%@%ﬁL?:PD
controller 11 requests (outputs the request signal Q the @gﬁU§OEhBO [er
10 to 10 perform DVA transfer fromtiuaﬂﬁrd disk 1 Dmethe
and the DVA controller 10 _exe 2 espondlng DVA
Subsequently, the CPU 1 e of the di sk access pointer to a
val ue obtained as a resul‘h.e e of this transfer processing (30-6).
15 In the above case (see F|o 31) the di sk access pointer is changed
to a value "0080p“—to—TTHES n@&? the table el ement of
posi tifjon #fA"Fig. 31). In

an event 12 |located at t
ICh can lje transferred to the

addi ti on, the maki num anbun

AUTOMATICALLY FROM —~— 22-2
TIMINGS AND THE LIKE OF
TTS WITHIN RANG OF
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i

INPUT EXECUTION COMMAND [ —22-3

{

SEARCH FOR EVENT WHICH HAS |~ 22-4

DATA ON START OREND POINT - :

OF EACH TE BUT IS NOT START
POINT OR END POINT

\

FORM EVENTS BY DIVING —~— 22.-5_
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BOUNDARIES OF TES

\
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EVENTS UPON
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20 buffer 9-1 is updated (becones 220 in this case). The flowreturns to
30-3 again to calculate the current table el enment of tlfe= uction
schedul e to which the disk access poi nt er bel ongs, i.e REMGEmf?@gﬂ
remai ni ng data of the event 12 ("400" between "00800 AT g 5
Subsequently, the nunber of remaining data (400) and theatexi.m HA

data which can be transferred to the buj{gsq9-1 (220) T
each other (30-4). In this case, since the nunber of remaining data is
| arger. than t he maxi num amount of data 30 whi ch can be transferred, the
fl ow advances from 30-4 to 30-7, and data,at 200 addresses fromthe address
"00800" of the hard disk 12 are transferrgl. The ow en%dvances to 30-9
to change the value of the disk access poEhter togZ00 0"#= The fl ow
returns to the main 35 routine (Fig. 3. Figs. p2(a t0432(e) show
operations of the buffers T _ f
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9-1, 9-2, and 9-3 in the reproduction node when the - 44 - interrupt
routlne of the CPU 1 in Fig. 30 is enployed. Assune t : 0
i nput /out put units 8-1, 8-2, and 8-3 are in the repro IREHLéﬁEMEd‘eTSPﬁf& !'
enpty: areas are present in the buffers 9-1, 9-2, and -3 at .tge

position (audio data are stored in the hatched ar eas (a)) bec use
audi o data are reproduced, as shown in Fig. 32(a). Si tm-,- or der_ of
priority is set as Trl > Tr2 > Tr3, datzj®transferred first fromthe hard
disk 12 to an enpty area P in the buffer 9-1 corres- 10 ponding to Trl.
When the transfer operation is conpleted, the current address of the buffer
9-1 is set as a start address, as shown in Fig. 32(b). Note that

TOTAL EVENT _
oeen START TIME . END TIME
TE-1 00:00:00"00000 00:01:11"47999
TE-2 100:01:12"00000 | 00:02:59"47999
(
FIG.24

TTS
H/M/S Sample |EVENT
00:00:00"00000| TE-1

00:01:12"00000; TE-1
00:02:24"00000| TE-2




al ready stored audio data is read out and transferred to the audio
| nput/output unit 8-1 during this period. 15 Th er, data is
transferred fromthe hard disk 12 to the buffer 9-

When the transfer operation is conpleted, the curr n?eggﬁigggaéng%he uf fer
9-2 is set -as a start address, as shown in Fig. 32 c@ateDur-lﬁngAUGmgggO i od,
al ready stored audio 20 data Is transferred to - ut+-eut/put
unit 8-2. Thereafter, data is transferred fromthe hard di sk 0 enpty
area R of the buffer 9-3 corresponding 23/393. Wien the transfer operation
I's conpleted, the current address of the buffer 9-3 is set as a start
address, 25 as shown in Fig. 32(d). During this period, already stored
audio data is transferred to the audlo I nput / out put un|t 8-3. Assune that
audi o data stored at the address. "520" to the address "799" of the hard

£

r2.

disk 12, i.e. —pgtt—of

. SaEs [ "SR | ST | romr | crou | arraimure
Q) Tr 00000 | 00799 E
@ Tr2 10000 | 11199 E
® Tr3 20000 | 20799 E

( ® Tr2 11200 | 11799 E
@ Tri 00800 01799 " E
® Tr3 20800 | 21799 E
@ Tr3 21800 | 22299 E
Tr2 11800 | 12499 E
@ | 12500 | 12899 E
Tri 01800 02099 E
D) Tr3 22300 | 22499 E

C @ Tr1 | 00800 | 01199 E
B) Tr1 | 01200 | 01799 E
Tr3 21800 | 22199 E
@ Tr3 22200 | 22209 E

FIG.26



30 the data of the event 1, and audio data stored at the address "00800"
to the address "001020", i.e., part of the data of t ent 12, are
transferred to an enpty area S of the buffer 9-1 cor—_~‘-“§““gFFU~

the order nanmed. This transfer operation will be dedqfri E 5 g@ NTQﬁﬁﬁb
reference to Figs. 30 to 32. The channel CHl corres :
sel ected as a channel for the DVA controller 10 (30 ' ' Yrrereeses 45
- In addition, a current address and a start address are rea t he
area for the channel CHL of the address2gggester 104 of the DVA controller

10 to cal cul ate the maxi mum nunber of data which can be 5 transferred to
the buffer 9-1, i.e., a data anopunt
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corresponding to the enpty area S of the buffer 9-

this case,
whet her Trl
in Fig 30).

cal cul ates the nunber of

RAM 3 15

pointer is
upper nost tabl
(520 - 1)

is in the 10
Since the recording node is set
remai ning data of a curre
reproduction schedule in Fig. 31 to which the disk
bel-ongs (30-3 in Fig. 30).
" 520"

t he nmaxi mum anount of data’'is 500. Subs
recordi ng node or the
in thij

access pointer
| f the value of the disk access
a table element to wh?28h2%his pointer belongs is the

~(38=1_in.Fig. 30).
qasntAwsm.i.m L:}?'%Qhé“ ked
e

on no

in the

remai ni ng dat § NGRIBER

calculated in

e element in Fig 1.and the nunber of remmining data is 799
o T R e e T
30(f>|n |g.1%9 are 00000 00799

@ Tr2 10000 | 11199 E

® T3 | 20000 | 20799 E

Tr2 11200 | 11799 E

® 12413 G

@ Tr3 20800 | 21799 E

@ 14+15 G

Tr2 11800 | 12499 E

® T2 12500 | 12899 E

Tr1 01800 | 02099 E

@) Tr3 22300 | 22499 E

&) Tri 00800 | 01199 E

&) Tri 01200 | 01799 E

Tr3 21800 | 22199 E

@ Tr3 22200 | 22229 E

ilb -6+8 G

@ 12415 G

Tr3 22400 | 22499 B
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conpared with each other. Since the latter is larger than the former, audio
data stored at 280 addresses, 25 starting fromthe greel

i ndi cated by the disk access pointer, i.e., part of thg RERACE
transferred to the buffer 9-1 (30-5 in Fig. 30). Data ] ' b
disk 12 to the buffer 9-1 is performed by progranm ngj ,
and the 30 HD controller 11. The DM cantroller 10
copying the start address of the channel CHlL (the start address of TtHe=4al
S shown in Fig. 32(d)) on the start and current addresses of the channel
CH4. The current address of the channel CH4 is increnented every 35 tinme
a unit anmount of _data isgtransferred fromthe HD controller 11 to the
buffer 9-1. The |HD contradller 11 is progranmed on |the basis of the val ue of

the di sk I N
r Q R r - (=] l
e & | & & |
ki | =
| e 1| °<k |
| a3 1 a3 |
_ | L |
| 4 |
( ; I | |
b ——m— = B I I
D WATAN N
1
2 2
o * m (1))
= N <
g | L 5 N
o) a - a Ca
SN i B o el B
Z o !«
g & =
8Va R k) L
C Tt K
" < N
: -
—~IDMAEND o g
- =INT1 o K N <
~INTO A S M+
) &
X
-

AT

DISPLAY
UNIT




- 46 - access pointer of the RAM 3 (520), the nunber of remaining data
(280) of the current table el enment which is cal cul ate Eﬂ—’m

and the node detected in 30-2 in Fig. 30 (the reprodu RERLAOEMENTSHEET
As a kesult, the HD controller 11 requests (outputs t reque% m
DREQ the DVA controller 10 to perform DMA transfer fijjoBetehe’ l@lﬁd 1
to the buffer 9-1 so as to cause the DVA controller 1 EHEE
correspondi ng DVA transfer. Subsequently, the CPU 1 10 changes the val ue
of the current pointer to a value obtained a3, result of the execution of
"this transfer processing (00800). Wth thi - o~ Lhe fLFfﬂW&-fDATA
processi ng advances to the second table el AANSFEHR BY
schedule in Fig. 31, and the maxi num N NTRRLEER
transferred i s changed to 220 (30-6 Dg,?fé‘ﬂ"fﬁ%{&“@&%?“

TRANSFER DATA COUNT FROM
CURRENT AND START
ADDRESSES OF DMA CONTROLLER |

RECORDING
MODE

PE
OF MODE OF
CORRESPONDING
TRACK?
REPRODUCTION MODE

CALCULATE NUMBER OF REMAINING
ATA OF CURRENT TABLE ELEMENT,
OF REPRODUCTION SCHEDULE
TABLE, TO WHICH DISK ACCESS
"POINTER BELONGS

30-3

TRANSFER CORRESPONDING o 30-5
TABLE ELEMENT
(THROUGH CH4)

UPDATE DISK ACCESS POINTER L. 30-6
TO DESIGNATE NEXT TABLE
ELEMENT AND UPDATE MAXIMUM
NUMBER OF DATA WHICH
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in Fig. 30). The flow returns to 30-3 again to cal culate the nunber of
renmai ni ng data of the current table el enent (the secopd=tahl lLenent

t he reproduction schedul e 20 to which the di sk accgssemAoEMENT SGS6P)

bel ongs*- “In this case, the nunber of remaining data {js 1199 - (800 - 1) =
400 Subsequently, the nunber of remaining data (400) ﬂnmnéhe-@hAuauﬂﬁw er
of data which can be transferred 25 to the buffer B=% (228—are—conpdred

with each other (4-4). Since the nunber of remaining data is larger in this
case, audio data at 220 addresses, starting fromthe address 00800 of the

hard disk 12, i.e., part of the data of the event 12, are transferred to
the buffer 9-1 30 in 30-7. This data transfer is perfornmed by
programm ng the DVA controller 10 and the DH controller 11 in the sane
manner as descri bed above. 28/29
( | START END
| 00000 00799 EVENT1
00800 01199 EVENT12




subsequently, data transfer is perfornmed to the buffers 9-2 and 9-3
corresponding to Tr2 and Tr3. Upon 35 conpletionfo%_ EesE leubTC|
operations, data transfer to the buffer 9-1 correspgn F §ET
per f of red-agai n. 47 As described above, by arran;i%t heSg n
schedul e table shown in Fig. 31, events to be reprog can”

switched. Note the the function of thisaggpgoduction 5 schedule taole can
be realized by a read operation with re- spect to a conbination of the

above described individual gegntral | CT, indivipdgal track sc le ITS
(Firg. 27), and event addressbta ) I g. 2§ erefore, %he spe- cial
reproducti on schedul e t abl esghewad-a\H g.
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10 be arranged. Therefore, the range of the present in
termned only by its appended claims. ~ Clainms 1. Met cRF.RbﬂQEMﬁNTcﬁWTa d

reproduci ng digital audio data 5 conprising the_stepg of - mv*@a
di gi tal audl o.data storage means - (12) capable of stor r{yat@e:'r-cg-- b-O-deat

10 ~perform ng input/output operations of said Oata 1 n
rel atlon to sai d audi o data storage means (12) by audio input/output neans
(8-1to 8-3); - storing an event RIGETAds RERDER\c| udi ng i dentifi- 15
cation informati on and storage.positipons of. events

The presgnt g.nve%tign rel ates to dngtal audio re-

5 corder/reproducer wh:.ch ~can d:LgJ.tally record, reproduce,
~-and ‘edit ‘audio s:.gnals, ‘with features as defz.ne‘d in the
~ preamble of claim 1. '

In a 'ccnventional method of xecording, reproducing, ‘and

10 editing audio signals, analog audio signals are magneti-

| ‘cally recorded on a magnetic tape, and the recorded audio

' signals are 're'produced and .edited. In such a conventional

_technique, however, a deterioration in sound quality cannot

'be . avoided because of analog - recording/reproduction, and

15 the deterioration is conspicuously worsened especially when
recorded audio signals are dubbed.

In addition, since a magnetic tape is used as a recording
medium, it takes much time to xeach a target edit point,

20 and editing cannot be performed unless corxesponding por-
tions. of the magnetic tape are physically cut and connected
or a portion to be edited is copied at another location.

. Although the problem of a detexioration in sound quality
25 can be solved by employing a digital reccrding method as a
method of recording audio signals on a magnetic tape, draw-
backs associated with a search for a start position of a .
- record and the degree of freedom in editing due to a xe-
cording medium of a sequential access scheme cannot be
30 eliminated by simply employing a digital recording method.

Undexr the circumstances , & data recording techm.que using a
hard disk or an optomagnetic disk has -recently been - pro-
‘posed to eliminate the conventional drawbacks. ' B

35
'~ In this proposal, however, sufficient consideration is not
- given to editing of audio data. That is, a disk in which



=

2 stbring reproduction order information for desig- nating the order of

reproduction of the audio data 20 of the res
in said audi o data storage neans (12); characteri zed
providing, within said audi o data storage neans (12),

REBLACEMENT SHEET

_ : : toragg grg@ 491
respectively corresponding to a plurality of tracks; 4j baweat.i.nj..each..one

sai d audi o data i nput/output 30 .. means (8-1t SF—+0
correspondi ng one of said plurality ¢f tracks; - di viding said stored

+ored
s = )

of

- audi o dat auddioo datpl Uisl stored mestibas ateesisedrieespi timyeghs and;gavi ng

nmeans (12

the 35, 1ofata, 4o SRR Y Sl AP0 conpr E8hHel S daleng| O 20

A digital audio recorder/reproducer of the kind of interest

5 in the present case as defined above at the beginning is
now disclosed e.g. in European ©patent publication
No. 0 374 921, particularly column 1. The system in accor-
dance with the publication just mentioned is not capable to
avoid the drawbacks discussed before.

10
Therefoxre, it is an object of the present invention to pro-
vide a digital audio recorder/reproducer which allows easy
large scale editing of audio data.

15 This object, in accordance with the present invention, is
achieved by the features of patent claim 1. Advantageous
developments and improvements, respectively, are subject
matter of claims 2, 3 and 4.

20 Particularly, the present invention allows editing of audio
data without directly accessing a recording medium in which
the audio data is stored. '

In addition to the above, the presént invention can further
25 include control information



i ncl uded in said event address table, in the order repnoqpﬁECdﬁﬂg ’!
of the events, in units of said tracks. 2. Digital aB """"""""""""""" ]
recorder/reproducer for carrying out the method of cIa|n11 conprising: 10
- digital audio data storage neans (12) capable of storing said audio

49 - providing means (3) for storing an indHV“EEng“' ,“ftftfa'k
formed by arranging the identifica- tion infornatio% %PQ%£ HEET

data; - audi o i nput/output neans (8-1 to 8-3) for perform ing
| nput / out put operations of said audio data in 15 relation to said
audi o data storage neans (12); - .neans (3) for storing an event

address table including identification information and storage positions
of said events; and
. -3 -

storage means formed by arranging the identification
information of the events in the order of reproduction
of the events. | .
Wwith such control information storage means, the
5 audio data of the respective events can be easily
- reproduced in accordance with the order of reproduction
while address control is performed.

25 = 7 "'in addition to the above
arrangement, the present invention further includes
total control information storage means for storing
identification information arranged in the order of
reproduction formed by dividing storage -contents.of

30 the individual control information means corresponding
to the plurality of tracks into a plurality of portions
in relation to a time base, and rewrite means for
rewriting identification information and arrangement
of events, for each track, stored in the indiv;dual

35 control information storage means, in accordance with
contents stored in the total control information storage
means.



20 - reproduction order storage neans (3) for storing productlon or der
I nformation for designating the order of reproduction 2{ I @ dro_datayl
events stored in said audi o data storage neans (12), [ BELAFE E§T§hﬁf

that said audio data storage neans . I1y3 bave-storage Fas-ggqggp *
tracks

corresponding to a plurality of 30 tracks, of-
bei ng aIIocated to a correspondi ng one of said audlo dat a 1 nput /7 out put
nmeans (Qddsctobed81dter.capabl e of perform ng input/output operations

(racks: 35 sai d28; SPAYSTSSEHE S THTA cEF HRAFER, SeptAld by di vi di ng
said'storedespdceidetccmpdnentsy(the DMA controller 10 sets a pMa
enabling signal DMAENB at "1" and outputs it to an anp
5 gate 14 "through an inverter 16. As a result, an output
from the AND gate 14 is set at "0", and an enabling
signal E is supplied, as "0*, to the buffer 6 and the
transceiver 7. With this operation, the exchange of
data and address between the CPU section and the DMA
10 unit is inhibited. At this time, if a "l'-level signal
is supplied from the decoder 13 to an AND gate 15, an
output from the AND gate 15 is set at "1" to supply a
wait signal WAIT to the CPU i.
That is, if DMA transfer is started while the CPU 1
15 supplies a predetermined signal to the decoder 13 to
enable the buffer 6 and the transceiver 7 so as to
manage the DMA unit, i.e., a "l"-level signal is
supplied from the decoder 13 to one input terminal of
the AND gate 14 (if the CPU 1 outputs an address signal
20 for accessing one of the buffers 9-1 to 9-3, the DMA
controller 10, the HD controller 11, and the audio
input/output units 8-1 to 8-3, an output from the
decoder 13 is rendered active, and a "l%"-level output is
supplied to one input terminal of each of the AND gates
25 14 and 15), a wait signal (WAIT) is 'supplied to the CPU -
1 upon start of DMA transfer, and after DMA transfer is
preferentially executed, the CPU 1 resumes its operation
upon cancellation of the wait state.
In contrast-to this, even if the CPU 1 tries to
30 . -access, e.g., the DMA controller 10 while the DMA
controller 10 is executing DMA transfer, the wait signal
WAIT is supplied from the AND .gate .15.to extend the
execution cycle of the CPU 1, and the buffer 6 and the
transceiver 7 are disabled during this period.
35 - That is, the CPU 1 can access a given component of
the DMA unit only when the following two conditions are
satisfied:




"5 0 audi o data storage neans (12) into a plurality of_portions formng said
and - neans (3) are provided for storing an

track formed by arranging the identifica- ti
included in said event address table, in the
of .the events, in units of said tracks3816 3. A di fa b
recorder/reproducer according to claim?2, characterized by neans (3) for

events;
control
events,

]
on

storing a reproduc- tion schedule table including start and end addresses
on sai d auceReration: dR2g6 )neahs Fugh eyendscRrs presents atheycpo pvents

arranged i nex@€utesCpretessRhglesithated Py the user (operator)

10
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(22-7). Otherwise, the CPU 1 executes a grouping

operation and writes the resulting value in the EAT

(22-8). Subsequently, the CPU 1 performs addition or
the like upon insertion of events, thus updating each
ICT and each ITS (22-9). Upon completion of this
processing, since the TET and the TTS become
unnecessary, they are cleared (22-10).

- When the formation of the TCT shown in Fig. 22 is
completed, the individual control tracks ICT-1, ICT-2,
and ICT-3 for three tracks are updated to form ICT-1°¢,
ICT-2', and ICT-3', respectively, as shown in Fig. 23.

' In addition, the individual track schedule (ITS) in

Fig. 21 is changed to an ITS shown in Fig. 27. The
event address table (EAT) in Fig. 16 is changed to an
EAT shown in Fig. 26 or 28. The EAT in Fig. 26 is
obtained when the grouping operation in 22-8 in Fig. 22
is not performed. fThe EAT in Fig. 28 is obtained when

~ the grouping operation is performed. "G" in the item of
 "Attribute® in Fig. 28 means a grouping operation. For

example, an event 5 is obtained by grouping events 12°
and 13. Note that events 14 and 15 in the EATs in
Figé. 26 and 28 are formed by dividing an event 7 (i.e.,
as a result of the processing in 22-5 in Fig. 22) in
Fig. 26 and 28. : : :
Subsequently, when a reproduction command is input
by the user through the keyboard 4, the CPU 1 refers to
ICT-1', ICT-2', and ICT-3' in Fig. 23 (stored in the RAM
3) to generate addresses (stored in the RAM 3), of
events to be reproduced by referring to the EAT in
Fig. 26 or 28, on the -hard disk 12 in accordance with
the order of the events arranged in these tables. With
this operétion, the CPU 1 accesses the hard disk 12
through the HD controller 11 at reproduétion timings in
the ITS in Fig. 27, thus reproducing the events.
As described above, in the embodiment shown in



4. A digital audio recorder/reproducer according to cl F2—OF
characterized by 20 - neans (1) for formng at BﬁpbﬁﬁEMENTSHEEK H
which is formed by dividing the individual control track corre tp a
plurality of tracks into a plurality of individual cont Pete : tragaﬂﬂgﬁgﬂ.
relation to a tinme base, and arranging identificationT
mati on thereof ‘in the order of reproducﬂﬁbn and neans (1) for rewiting

the identifdca sehbeaora%vék By JBeeahERAGCRNE Upiduacesiit Ssdridyided T
sai d individua contro tra accord W th sa
cont r ol tr%lk e shown in Fig. 31, events to be reproduced can be

easily switched. Note the the function of this reproduction
5 schedule table can be realized by a read operation with re-

spect to a combination of the above described individual

contral track ICT, individual track schedule ITS (Fig. 27),

and event address table EAT (Fig. 28). Therefore, the spe-

cial reproduction schedule table shown in Fig. 31 need not
10 be arranged.

Therefore, the range of the present invention is to be de-
termined only by its appended claims.
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1. Method of recording and reproduc1ng digital audio data

_gl_Lcomprisxng the.steps. ofﬁn

providing digital audio data storage means (12)

capable of storing said audio data;

- performing input/output operations of said audio
data in relation to said audio data storage means
(12) by audio input/output means (8-1 to 8-3);

- storing an event address table including identifi-
cation information and storage positions of events;
and

- storing reproduction order information for desig-
nating the order of reproduction of the audio data
of the respective events stored in said audio data
storage means (12);

characterized by

- providing, within said audio data storage means
(12), storage areas respectively corresponding to a
"plurality of tracks;

- allocating each one of said audio data input/output
means (8-1 to 8-3) to a corresponding one of said
plurality of tracks;

;;.-dividiné-said stored audio data into a plurality of
portions for forming said events and having the
.respectxve storage positxons in said éudio data
storage means (12); and
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providing means (3) for storing an individual
control tréek formed by .arranging the identifica-
tion information of said events included in saig
event address table, in the orxder of reproduction
of the events, in units of said tracks.

Digital audio recorder/reproducer for carrying out the
method. of claim 1, comprising: '

digitﬁl audio data storage means (12) capable of
storing said audio data;

audio input/output means (8-1 to 8-3) for perform-
ing input/output operations of said audio data in
relation to said audio data storage means (12);

means (3) for storing an event address table
including identification information and storage
positions of said events; and

reproduction order storage means (3) for storing
reproduction order information fox designating the
order of reproduction of the audio data events
stored in said audio data storage means (12), |

characterized in fhat :

said audio da.ta storage means (12) have storage
areas respectively corresponding to a plurality of
tracks, each of said tracks being allocated. to a
corresponding one of said audio data input/output
means = (8-1 to 8-3) capable of performing
input/output operations of audio data to and from
the corresponding one of said plurality of tracks;

said storage positions of said events are defined
by dividing said stored. audio data within said

e
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audio data storage means (12) lnto a plurallty of
portlons forming said events; and

-~ means '(3) are provided for storing an individual
contrqlrtrack formed by arranging the identifica-
tion information of the events, included in said
event address table, in the order of reproduction
of the events; in units of said tracks.

A digital audio recorder/reproducer according to claim
2, characterized by means'(3) for storing a reproduc-
tion schedule table including start and end addresses
on said audio data storage means (12), of each of the
plurality'of events arranged in the oxder of -xeproduc-
tion.

A digital audio recorder/reproducer according to claim
2 or 3, characterized by

- means (1) for forming a total control track which
is formed by dividing the individual control track
corresponding to a plurality of tracks into a
plurality of individual control tracks in relation
to a time base, and arranging identification infor-
mation thereof in the order of reproduction; and

- . means (1) for rewriting the ;dentification informa-
tion and;arrangement of the events:inc;uded in said
individual ‘control track in accordance with said
total control track.



