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-1 - DESCRIPTION APPARATUS AND METHOD FOR RECORDING
DIGITAL DATA Technical Field 5 The present invention relates to an
apparatus and a method for recording digital data. Background Art The
MiniDiscTM for use in recording and reproducing digital audio data
organizes the digital data in cluster 10 units, and the cluster is the
minimum unit of writing to the disc. For such a system, there has been
proposed a system for recording digital data in such a way that digital
data during a unit length of about 10 tp 20 seconds is recorded 15 in
continuous recording area on the disc. Fig. 3 is a diagram for describing a
method for signal processing of the system. The video signal and audio
signal are encoded to digital data{pragramstream) DM in the MPEG2
(Motion Picture Experts Group Phase 2) format, as shown in 20 Fig. 3A.
The data®BRAFASEGUEMialyERTtien FORhRHILFfaD I e NGy BAIS IAMA in
Fig. 3B, and then sequentially and intermittently read as data DR from the
buffer memory, as shown in Fig. 3C. In this case, the data DR is a signal
Tead & @fixed L5speed in such a way that the MPEG data DM is
separated by 2

The present invention relates to an apparatus and a

‘-method for recording digital data.

Background Art -

The MiniDisc™ for use in recording and reproducing
digital audio data organizes the digital data in cluster
units, and the cluster is the minimum unit of writing to the
disc.

For such a system, there has been proposed a system for
recording digital data in such a way that digital data
during a unit length of about 10 to 20 seconds is recorded
in continuous recording area on the disc.

Fig. 3 is a diagram for describing a method for signal
processing of the system. The video signal and audio signal
are encoded to digital data (program stream) DM in the MPEG2
{(Motion Picture Experts Group Phase 2) format, as shown in

Fig. 3A. The data DM is sequentially written to the buffer

- memory, as shown in Fig. 3B, and then sequentially and

intermittently read as data DR from the buffer memory, as
shown in Fig. 3C,. .
In this case, the data DR is a signal read at a fixed

speed in such a way that the MPEG data DM is separated by
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unit period TUNIT, and the data in unit period TUNIT is compressed in
time base every period TREC. The unit period TUNIT is anywhere
between 10 to 20 seconds. Although the length of the unit period TUNIT
may be changed in one 5 recording, the unit period TUNIT is generally
fixed during at least one recording to avoid the complication of the
system and control. The period TREC is a period during which read data
#n is recorded on the disc, the length of which is not fixed, 10 to be
described later. The period between ope period TREC and the
subsequent period TREC is the seeking period of a recording head or the
pause period of the recording. The data DM for each period TUNIT or the

data DR fareaghReniod . TREG are expressed.as data # s 2 35):
15 The data DR read from the buffer memory is subjected to modulation
formecerding, andtheanbdukated eata PR isdetaried omitlee whiga: inpetdesd

gf_lg%a #1, #2, # 3 and so on. Since the MPEG data DM has a variable bit
fate and thé WA BERo8 TURPRisix &P irf fertftr Wdsamolht {628 o 20

dataifn contained.nithe it pariad JI4NIL depends on fbe gqntgptof the
video and audio during the unit period TUNIT. When the MPEG data DM

Eereeitas datd DR wvety peribddl RECL Bndsrepeondaed bhythéidisd, thering
ggrigd TREC varies depending no the content of the data DR during the

Beriod TREC Sinte 25 the 'Jata DR Riad o e HifdrifBntry Ht
fyed &t 3nd control. .

The period TREC is a period during which read data #n
is recorded on the disc, the length of which is not fixed,
to be described later. The period between one period TREC
and the subsequent period TREC is the seeking period of a
recording head or the pause period of the recording. The
data DM for each period TUNIT or the data DR for each period
TREC are expressed as data #n (n = 1, 2, 3 -).

The data DR read from the buffer memory is subjected to
modulation for recording, and the modulated data DR is
recorded on the disc in order of data #1, #2, # 3 and so on.

- Since the MPEG data DM has a variable bit rate and the
unit period TUNIT is fixed in length, the amount (size) of
data #n contained in the unit period TUNIT depends on the
content of the video and audio during the unit period TUNIT.
When the MPEG data DM is read as data DR every period TREC
and recorded on the disc, the period TREC varies depending
no the content of the data DR during the period TREC since

the data DR is read from the buffer memory at a fixed bit
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rate. The recording area for one period TREC depends on the content of
data #n during the period TREC. Fig. 4A shows changes in the amount of
data (the remaining data) in the buffer memory shown in Fig. 3. Fig. 5 4B
shows the state of recording onto the disc. When the disc has a bad
sector or an old recording period fragmented into pieces-because of
repeated recording or erasing, an area unavailable for recording may be
generated. The symbol x in Fig. 4B indicates the unavailable area. The
area 10 having no symbol or sign is_a gecordable area. Referring to Fig.
4A, when an instruction to start recording is given at time t0, the recording
head is moved to the position to start the first recordable area on the

disee andithe weiting of the MREGrdata,DM in.the BUREES MEMORY 1Sy the

started at time to. Accordingly, the data amount DBUF in the buffer
framientgraid uklsint reabesifrgmtiraent®r ikhe F&BOS the increase is not
fixed cause thehdata DM has a variable bit rate. When the data amount

DBUF reache? tRBUPheF RE BLIM: 2076t REBiHerthefiior attifie 1,
thandate: DM i the buffer yaemoryds readas datadihofithe-dgta BR frem,

time tl. Therefore the data amount DBUF gradually decreases from time
f1BIrsprangiceh the Wikt godt theadutd iR isrdontitiuedd éven afiBraimettk 25
g§¥¥1gggiglggéoggégggpggoggiggg-EE@%%%%%gﬂgétiod fragmented
into pieces-because of repeated recording or erasing, an
area unavailable for recording may be generated. The symbol
x in Fig. 4B indicates the unavailable area. The area
having no symbol or sign is a recordable area.

Referring to Fig. 4A, when an instruction to start
recording is given at time t0, the recording head is moved
to the position to start the first recordable area on the
disc, and the writing of the MPEG data DM to the buffer
memory is started at time t0. Accordingly, the data amount
DBUF in the buffer memory gradually increases from time t0.
The rate of the increase is not fixed because the data DM
has a variable bit rate.

When the data amount DBUF reaches the upper limit DLIM
of the buffer memory at time tl, the data DM in the buffer
memory 1s read as data #1 of the data DR from time t1.
Therefore the data amount DBUF gradually decreases from time
ti. 1In practice, the writing of the data DM is continued

even after time til.

When data #1 for one unit period TUNIT is read at time
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t2, the reading is temporarily stopped, therefore the data amount DBUF
gradually increases again from time t2. The period from time tl to t2 is also
a recording period TREC, and the data #1 read from the buffer memory 5
during the period from tl to t2 is recorded in a continuous area on the
disc, as shown in Fig. 4B. When the reading of data #1 from the buffer
memory is - finished at time t2, an area necessary for recording
subsequent data #2 into the buffer memory is calculated from 10 the
amount of data #2, and the recording head seeks a recordable area that
satisfies the calculated area during the period of time t2 to t3. When seek
operation by the recording head is completed at time t3, data #2 in the

buffernaemaiy is.sead fromgine 15 13 ardypeordad.en dhe fisG:1as abta
time tl. The data amount DBUF is therefore gradually decreased from time
IBOPRE PrBEESS sifitarltbthar dafingaime tiethrodglons tismepéated for the
period,of time t3 through t5,. wherein_data #2 is recorded on the disc. The
proced£§ Ts Fgﬁégté]dgzrg rg\ls%o‘lf(u)ef tr\ti‘éL p%?iotgzofl fimé 16 tot7, \‘?v(ﬁ%?éiiﬁnc?ata #3

perecardegon thediseAtlime tf1 the readingand reqardingrof.data 4
onto the disc are started. In the case of Fig. 4, however, since the
Arrdast DBYPSF Hath ZaT8nidinitg ikdhébuffranéatbritat 25 tmeitrigus

dgssthan thedgta,amount for one Lnitperiod 5

When the reading of data #1 from the buffer memory is -
finished at time t2, an area necessary for recording
subsequent data #2 into the buffer memory is calculated from
the amount of data #2, and the recording head seeks a
recordable area that satisfies the calculated area during
the period of time t2 to t3.

When seek operation by the recording head is completed
at time t3, data #2 in the buffer memory is read from time
t3 and recorded on the disc, as at time t1l. The data amount
DBUF is therefore gradually decreased from time t3.

The process similar to that during time tl through t3
is repeated for the period of time t3 through t5, wherein
data #2 is recorded on the disc. The process is repeated
also‘for the period of time t6 to t7, wherein data #3 is
recorded on the disc.

At time t7, the reading and recording of data #4 onto
the disc are started. In the case of Fig. 4, however, since
the amount DBUF of data #4 remaining in the buffer memory at

time t7 is less than the data amount for one unit period
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TUNIT, the data amount DBUF of the buffer memory reaches zero at time
U. Therefore, the reading of data #4 from the buffer memory and
recording of data #4 to the disc are temporarily stopped at time U.
Accordingly, only #4A which 5 is a front part of data #4 is recorded. The
data amount DBUF in the buffer memory increases again from time t8.
When the data amount DBUF reaches the upper limit DLIM of the buffer
memory at time t9, the remaining #4B of data #4 is read from the buffer
memory and is recorded in the 10 subsequent area of the disc in which
the front part #4A is recorded during the period of time t7 to t8.
Accordingly, although the reading of data #4 is divided temporally, as

shawn,indHg. ddcihercea i whigh data #4 isreeQraedds cntinUQYs, &s
shown in Fig. 4B. 15 When the reading and recording of the remaining
8860 #1B bidatd &4 o ircdiSerre ddmpheted antine tl@e the #grofess the

gggktimemgm%r% is ée%e%tegoth E%afteorngc_ct)rdin Iyﬁ data DdR, or MPEG

ata DM s recorded on the dist s Sie SEdtinuoU afdie Ya UMt Beriod

T dr20:Thatisdppdeadingand regarding of data, PR, fordhe bulfar yhicn
memory and writing to the disc. Thus, the foregoing system performs
fecatdingPBy thé thittfedsd FUMITioF aissirrdede 200 becoladsirswsng

ey MEEG gl he uni, period TUNIT coniugs on e disg, 25
The system allows the perloanlyRéE for recordalﬁg data in 6

When the data amount DBUE reaches the upper limit DLIM
of the buffer memory at time t9, the.remaining #4B of data
#4 is read from the buffer memory and is recorded in the
subsequent area of the disc in which the front part #4A is
recorded during the period of time t7 to t8. Accordingly,
although the reading of data #4 is divided temporally, as
shown in Fig. 4A, the area in which data #4 is recorded is
continuous, as shown in Fig. 4B.

When the reading and recording of the remaining data
#4B of data #4 on the disc are completed at time t10, the
process from time t2 on is repeated thereafter. Accordingly,
data DR, or MPEG data DM is recorded on the disc as one
continuous area every unit period TUNIT.

‘That is the reading and recording of data DR for the
buffer memory and writing to the disc. Thus, the foregoing
system performs recording by the unit period TUNIT of about
10 to 20 seconds in such a way that MPEG data in the unit

period TUNIT continues on the disc.

The system allows the period TREC for recording data in
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the disc to be intermittent, so that the drive of the disc can be stopped
during the period from tO to tl and t8 to t9. This reduces average power
consumption necessary for driving the disc, thus shooting and recording
times of recording 5 devices that use battery cells as power source, such
as a camcorder, increase. Moreover, in this system, since the unit period
TUNIT is fixed in length and the area on the disc for one unit period
TUNIT is continuous, the seek operation by a 10 reproduction head can
be reliably performed during reprod_ucgo_rj (and recording). This allows
video signals or audio signals to be continuously obtained even at the
bound between the unit periods TUNIT, allowing seamless video or

seundy reproduciion guen gt heheund 15 Anexqmple of the elated ads .
is Japanese Unexamined Patent Application Publication No. 5-54518. For
exampte, dtdpped, due MBEG dateeDiMbof 6nemunitd pesiodi TENIT 10 more:S.

is stored in the buffer memory. Accordingly, it is desirable to find the

AMotint SFHEES 41720 ARG GRS SR HHBR e sRERP RAELofdihg Yty - °9
#heand Shendeymakedbe pgording head.sasl;operation e aJecesdatle

area that satisfies the calculated area. This also applies to time t4, t6, and
tfevHowevarafontimelt6 f simce datdi#l msthechuffers 2brmemaenyds less a

than that for one unit period TUNIT, the 7
camcorder, increase,

Moreover, in this system, since tke unit period TUNIT
is fixed in length and the area on the disc for one unit
period TUNIT is continuous, the seek operation by a
reproduction head can be reliably performed during
reproduction (and recording}. This allows video signhals or
audio signals to bhe continuocusly obtained even at the bound
between the unit periods TUNIT, allowing seamless video or
sound reproduction even at the bound.

An example of the related arts is Japanese Unexamined
Patent Application Publication No. 5-54518.

For example, at time tl1, the MPEG data DM of one unit
period TUNIT or more is stored in the buffer memory.
Accordingly, it is desirable to find the amount of data #1
and calculate an area necessary for recording data #1, and
then to make the recording head seek operation to a
recordable area that satisfies the calculated area. This
also applies to time t4, t6, and tlg.

However, for time t6, since data #4 in the buffer

memory is less than that for one unit period TUNIT, the
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total amount of data #4 cannot be known. Therefore, the process shown
in Fig. 5 is performed to record data #4. That is, the maximum amount of
data for one unit period TUNIT is first assumed, and the area SBLK of the
recordable 5 area for recording the maximum amount of data is
calculated. In the case of Fig. 5B, the recordable area ABLKA following
the recorded region of data #3 is smaller in size than the necessary
recordable area SBLK. Accordingly, the recording head is moved to a
recordable area ABLK B larger 10 than the necessary recordable area
SBLK. As shown in Fig. 5C, Data #4A is recorded on the recordable area
ABLK B, and then date #4B is recorded, and data from data #5 on is

fecardedin.saausnce, Accprdingly, &s shown in Fig. 3. eyen jt the gtual
15 area necessary for recording data #4 1s smaller than the recordatb e
rreadBl K ¥gwtheiecBidablé areapABIEk nisinab useddon reearsing the
data #4. As a result, when the state in which the data amount DBUF of

e butfer nrémoR? 15 THE #ARRLL fr G Binit 020 PRficETFONTT r48 4t
e 46,13 repeated, an.aiea uggwailahle forrecarding jpcreases, 1S 11

decreasing an actually available area on the disc. Moreover, since the
MPREG datar PR sMrittehhexcessivelyn dardecy, the dumbet of cimesiafted .
seek gperation during recarding is increased. As a 25 result, the number

Ofmﬂé o %eﬁ%ﬁﬁﬂgﬁoﬁ%ﬁﬂi 8_the recordable area ABLK A

following the recorded region of data #3 is smaller in size
than the necessary recordable area SBLK. Accordingly, the
recording head is moved to a recordable area ABLK B larger
than the necessary recordable area SBLK. As shown in Fig.
5C, Data #4A is recorded 6n the recordable area ABLK B, and
then date #4B is recorded, and data from data £5 on is
recorded in sequence.

Accordingly, as shown in Fig. 5C, even if the actual
area necessary for recording data {4 is smaller than the
recordable area ABLK A, the recordable area ABLK A is not
used for recording the data #4.

As a result, when the state in which the data amount
DBUF of the buffer memory is less than that for one unit
period TUNIT, as at time t6, is repeated, an area
unavailable for recording increases, thus decreasing an
actually available area on the disc. Moreover, since the
MPEG data DR is written excessively dividedly, the number of

times of seek operation during recording is increased. As a

‘result, the number of times of seek operation during
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reproduction increases. Furthermore, even if the recordable area ABLK A
can be used in another recording, useless seek operation occurs during
the recording, resulting in an increase in power 5 consumption, and
inevitably causing useless seek operation also during reproduction,
resulting in an increase in power consumption during reproduction.
Accordingly, in the case of Fig. 4A, itis also possible not to start the
reading and recording of data #4 10 (front part #4A) even at time t7 but to
continue the writing of the remaining part #4B of data #4 into the buffer
memory, and after the data amount DBUF of the buffer memory has
reached the upper limit DLIM, to start the reading of data #4 from the
@ggqugg&rgnaqq]g%oarg&g_ to the disc, as at 15 time tl. This method
allows the size of the necessary area to be determined from the amount
of acturlly teearstecbdatasdin, alovirg effestiveuse ofibe regorlablean be
area. However, with this method, the data amount DBUF of the buffer
MERTbry AtIRAE 16 SoRfeHhg s HeconsEs SEBSEREXIPERE eElan RIS

' t o] nit.period. TUNIT. Accordingly, when the
o e s e A R ok
reogedrgminearlythe et Idataamount iosanesynis kot EYMM T da

-the upper limit DLIM, so that the apparent capacity of the buffer memory

BgcgﬁﬁﬁﬂgmeR}QdUCtiOnf resulting in an increase in power

consumption during reproduction. -

Accordingly, in the case of Fig. 4A, it is also
possible not to start the reading and recording of data #4
{front part #4A) even at time t7 but to continue the writing
of the remaining part #4B of data #4 into the buffer memory,
and after the data amount DBUF of the buffer memory has
reached the upper limit DLIM, to start the reading of data
#4 from the buffer memory and recording to the disc, as at
time tl. This method allows the size of the necessary area
to be determined from the amount of actually recorded data
fn, allowing effective use of the recordable area.

However, with this method, the data amount DRUF of the
buffer memory at time t6 sometimes becomes substantially
equal to the maximum data amount for one unit period TUNIT.
Accordingly, when the MPEG data has a high data rate, the

data amount DBUF varies in the range from nearly the maximum

- data amount for one unit period TUNIT to the upper limit

DLIM, so that the apparent capacity of the buffer memory

becomes low.



Disclosure of Invention Example embodiments may solve the
above-described problems. In accordance with a first aspect of the
present invention, there is provided a digital-data recording apparatus,
comprising: a buffer memory into which variable-bit-rate digital data is
written and from which the written digital data is intermittently read; a
recording head for recording the digital data read from the buffer memory
on a disc; and a control circuit for controlling the position at which the

\%ﬁsltgi dsaaq:ée%% f&om th% buffer memory is recorded on the disc, wherein

en the-amount of the dﬁi?al data in the buffer memory is equal to or

more thaiithat far,epe it peripsl, the cantrol, sirguit veads thedigital data
in the buffer memory every unit period; makes the recording head seek a
recordadie area in which the read digital data can be recorded as a

contin%rolus area; and recorq\‘s the iread digital data ?(l)#to he recordable
e

dance wit osd%? S}']d %epgr%%%ﬁ’ of

area as aacco%?ﬁ']uous area o tﬁe U%‘Iﬁsbterl
the.digital dataincthe buffef rovided a digital-data recording

apparatus, comprising:

a buffer memory into which wvariable-bit-rate digital
data is written and from which the written digital data is
intermittently read;

a recording head for recording the digital data read
from the buffer memory on a disc; and

a control circuilt for controlling the positicn at which
the digital data read from the buffer memory is recorded on
the disc, wherein

when the amount of the digital data in the buffer
memory 1is equal to or more than that for one unit
period,

the control circuit

reads the digital data in the buffer memory every unit
pericd;

makes the recording head seek a recordable area in
which the read digital data can be reccorded as a continuous
area; and

records the read digital data ontc the recordable area
as a gontinuocus area of The unit pericds, and

when tThe amount of the digital data in the buffer

memory 1s less tThan that for one unit periced,



memory is less than that for one unit period, - 10 - the control circuit
estimates the amount of the digital data in one unit period including the
digital data less than that for the unit period from the time corresponding
to the amount of the digital data less than that for the unit period and the
length of the unit period; makesmtq%rgcording head seek -a recordable
area in which the estimated amount of digital data can be continuously
recorded; records the digital data of an amount less than that for the unit
g%ré'o &%gége gﬂjg@ fecordable area; and records the remaining digital

ata for the unit period including the digital data less than that for the unit
periad: fellowing theseaarded part ldiaccordante-witha seconthaspeetriod
of the present invention, there is provided a digital-data recording,

incluggutattRe cotmprising: Fatret HémbERAMtcWhIch Vafior&bit-Fate digitdi- o<
from d%%istwge%gﬁﬁefggw% the written digital datacis Jdptermittently,  yara

read; a recording head for recording the digital data read from the buffer
less Memen:ana disg; anda-eohtrobeircuit famcontiodlingsthepositibn ate unit
_which the digital data read from the buffer memory is recorded on the
perigise, wherein when the amount of the digital data in the buffer memory is

%%%@%06%8“98%§¥31H¥“H858“gééﬁt93”9@c@¥8§@ﬂé°%rea in which

the estimated amount of digital data can be continuously
recorded;

records the digital data of an amount less than that for
the unit period onto the sought recordable area; and

records the remaining digital data for the unit period
including the digital data less than that for the unit period,
following the recorded part.

In accordance with a second aspect of the present invention,
there is provided a digital-data recording apparatus, comprising:
a buffer memory into which wvariocus-bit-rate digital data is
written and from which the written digital data is.
intermittently read; a recording head for recording the digital
data read from the buffer memory on a disc; and a control
circuit for controlling the position at which the digital data
read from the buffer memory is recorded on the disc, wherein
when the amount of the digital data in the buffer memory is
equal to or more than that for one unit period, the control

circuit reads the digital data in the buffer memory every unit



circuit reads the digital data in the buffer memory every unit - 10a period;
makes the recording head seek a recordable area on which the read

digital data can be recorded as a continuous area; and records the read
digital data on the sought recorda_ble;qrea_as a continuous area of the

unit periods, and when the amount 0 Ae digital data in the buffer

memory is less than that for one unit period, the control circuit estimates
gheiampunt RPRE pbthedigital idafa ir:ane swikperiogdacluding thearea on
digital data less than that for the unit period by the equation DPRE = .
"ORUE £ PUKERS TBUES & BRI whete TSP REC @i fateth dataambuntous

DBUF: th% mount C.%‘::gat !%ti gwedbug.r emory, TUNIT: the length, of .
“one Unit %eﬂ%d TBUF: play ackrtﬁlrmae for tgg%ata Ie)ét%-n theolr)liuffer ?nem%rfzzI
BMAX dbeanaxiawimabit eate-obdigitabdatay meakesfthe recording headicds,
seek a recordable area on which the estimated amount DPRE of digital

“dita Eafrbe tontitiotslyrecbided-retbids fhetdighal data ofte EmBGReTY
1&ss 4 E*‘Sé&oréﬁ%ug%toeefégldeogﬁ@% Sg%@%&??@ﬁéb'sg%%%ﬁndcircuit
ata for th n

records the remaining digital unit period including the digital
dlatadassthanrbatfes the unitiperiofl, folewingthexecarged patt. bre unit
accordance with a third aspect of the present invention, there is provided

BemitRodifsr Heedringt tfgitdl dated Whefdia inlthécaséWheféat for the
Jyiable:bit rate djoityl data s writien g 2 buffepmemory and fhe _ rrur)
x BMAX where, DPRE: estimated data amount DBUI: the
amount of data left in the buffer memcry TUNIT: the length
of one unit periocd TBUF: playback time for the data left in
the buffer memory BMAX: the maximum bit rate of digital
cdata, makes the recording head seek a recordable area on
which the estimated amount DPRE of digital data can be
continuously recorded; records the digital data of an
amount less than that for the unit periocd on the sought
recordable area; and records the remaining digital data for
the unit period including the digital data less than that for
the unit period, following the reccorded part.

In accordance with a third aspect of the present
inventicn, there is provided a methoed for recording
digital data, wherein in the case where variable-bit-
rate digital data is written into a buffer memory and the
written digital data is intermittently read, and the
digital data read from the buffer memory is supplied to
the recording head and recorded on a disc, when the
amount of the digital data In the buffer memory is
equal to or more than that for one unit periocd, the

method



written digital data is intermittently read, and the digital data read from the
buffer memory is supplied to the recording head and recorded on a disc,
when the amount of the digital data in the buffer memory is equal to or
more than that for one unit period, the method - 10b comprises: reading
the digital data in the buffer memosy guery-unit period; making the
recording head seek a recordable area on which the read digital data can
be recorded as a continuous area; and recording the read digital data on

thesopghtrecordahle alga as,a coptinuous area of the-unit periods;-aad

when the amount of the digital data in the buffer memory is less than that
fOEBASXINIE PRAB, Hhé el comprisési eatintating T5€ aRfbur ofthd

digital data,ip onesupit perid.inclyding the digital datg less;thap thatfor ,
the unit period from the time corresponding to the amount of the digital
data 1655 thareidt forctheauritpérisacand theclengthist thie apitperibdthe

making e fecording, head seeka recordable area anhichthe, 55

estimated ‘amount of digital data can be continuously recorded; recording
therdigitaldata efram améuntess thar-thae forohesunit peridd shthe the

sQualit recardable %(fﬁi-égﬂ Efa?édi?ﬁ “E%ée%ﬁ%'gg %‘Q%Pﬁ%&ori@%s
unit period including the digital data less than that for the

than that for one unit period, the method comprises:
estimating the amount of the digital data in one unit
period including the digital data less than that for
the unit period from the time corresponding to the amount
of the digital data less than that for the unit period
and the length of the unit period; making the recording
head seek a recordable area on which the estimated
amount of digital data can be continuously recorded;
recording the digital data of an amount less than that
for the unit period on the sought recordable area; and
receording the remaining digital data for the unit
period including the digital data less than that for the
unit periced, following the recorded part.

In accordance with a fourth aspect of the present
invention, there is provided a method for recording digital
data, wherein

in the c¢ase where variable-bit-rate digital data is
written intc a buffer memory and the written digital data is
intermittently read at a constant speed, and

the digital data read from the buffer memory is
supplied to the recording head and recorded on a disc,

when the amount of the digital data in the buffer
memory 1s equal to or more than that for one unit
period,

the method comprises:

reading the digital data in the buffer memory every
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unit period, following the recorded part. In accordance with a fourth aspect
of the present invention, there is provided a method for recording digital
data, wherein in the case where variable-bit-rate digital data is written into
a buffer memory and the written digital data is intermittently read at a
constant speed, and the digital data read from the buffer memory is
supplied to the recording head and recorded on a disc, when the amount
of the digital data in the buffer memory is equal to or more than that for
one unit period, the method compri§e§:lre§ding the digital data in the
buffer memory every - 11 - unit period; making the recording head seek a
recordable area on which the read digital data can be recorded as a
Ganfinugus; grea; and 5 recording the read digital data on the sought
recordable area as a continuous area of the unit periods; and when the

amourtak thes digital data i they bhéfer reerory is-lessrhapithat fer-ong,

unit period, 10 the method comprises: estimating the amount DPRE of the
&ﬁﬁﬁﬂmﬁﬁﬁn?ﬁﬁg digital data can be recorded as a continuous

area; and

recording the read digital data on the sought
recordable area as a continuous area of the unit periods;
and - -

when the amount of the digital data in the buffer
memory is less than that for one unit period,

the method comprizes:

estimating the amount DPRE of the digital data in one
unit period including the digital data less than that for
the unit period by the equation

DPRE = DBUF + (TUNIT - TBUF) x BMAX
where, DPRE: estimated data amount

DBUF: the amount of data left in the buffer MEMOTrY

TUNIT: the length of one unit period

TBUF: playback time for the data left in the buffer
memory

BMAX: the maximum bit rate of digital data,

making the recording head seek a recordable area on
which the estimated amount DPRE of digital data can be
continuously recorded;

recording the digital data of an amount less than that

for the unit period on the sought recordable area; and



unit period including the digital data less than that for the unit period by
the equation DPRE = DBUF + (TUNIT - TBUF) x BMAX 15 where, DPRE:
estimated data amount DBUF: the amount of data left in the buffer
memory TUNIT: the length of one unit period TBUF: playback time for the
data left in the buffer memory 20 BMAX: the maximum bit rate of digital
data, making the recording head seéek'4 recordable area on which the
estimated amount DPRE of digital data can be continuously recorded;
recordin%tr}%girgital %aeta of an amount less, tha{u ;%at 25 for the unit

period o the sogghif r&cordabie area; a?nl 3t SFdarngft(% rg%%inﬂ{bit
digital dataforthe umnit- peried dneludingthe digital data Jessthan that for.

the unit period, following the recorded part. In example embodiments,
 whih theramount ol digitahdatardnthediudfed membory is less than that for
unit p?riod, such. as data #4, the amo%nt of data for the unit_perjod is

estimated Ti SORSTHeFANSH of The Time coiteSpondifg 18 the arrodni-af data

data; andShestecardinghead isimade segk apnecessary.fecordable.area, oy,
according to the estimation. This allows making a good use of the disc. _
Sincelafie arfdhgerrent cfexamipleémbedimeftemakes aunit period is

estimated Iin consideration of the time corresponding to the
amount of data, and the-recording head is made seak a
necessary recordable area according to the estimation. This
allows making a good use of the disc.

Since the arrangement of example embodiments.makes a
efficient use of the recordable area, the nurber of times of
seek operation is decreased, resulting in a decrease in the
number of times of seek operation during reproduction, thus
increasing the recording time and the reproduction time for
devices using battery cells as power source. Furthermore,
this arrangement allows the whole capacity of the buffer
memory to be used effectively. Brief Description of the
Drawings

Fig. 1 is a system diagram of an embodiment of the
invention; |

Fig. 2 is a flowchart of an embodiment of the
invention;

Fig. 3 is a diagram for describing the invention;

Fig. 4 is a diagram for describing the invention; and
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efficient use of the recordable area, the number of times of seek
operation is decreased, resulting in a decrease in the number of times of
seek operation during reproduction, thus increasing the recording time
and the reproduction time for devices using battery cells as power source.
Furthermore, this arrangement allows the whole capacity of the buffer
memory to be used effectively. Brief Description of the Drawings Fig. 1 is
a system diagram of an embodiment of the invention; Fig. 2 is a flowchart
of an embodiment of the invention; Fig. 3 is a diagram for describing the
invention; Fig. 4 is a diagram for dest ibing the invention; and 13 Fig. 5
is a diagram for describing the invention. Best Mode for Carrying Out the

Invention Fig. 1 shows.an example of the recording apparatus according
to the denton S ASEHAUATD Ll S A BB B o dre
seppligdde ayides-gn50dey 12V apde afraudie gncoder 12A via input

terminals 11V and 11A, respectively, where they are encoded to digital
data Fdemdntaipseam)etoraxample, i &PECZ dérmyat Tiver &hcoded

%‘é‘%ﬁd@%‘rﬁ%ﬁ < %[Qv“%% iexer 13, w lgéd‘iéhgy 10.are @“'tﬁ%@ﬁgé" &n
- gital data (program” streany DM, frém Whie

dada BN isexdmciadiihseduene®pplied to a video encoder 12V and
an audio encoder 12A via input terminals 11V and 11A,
respectively, where they are encoded to digital data
{elementary stream), for example, in MPEG-2 format. The
encoded output is supplied to a multiplexer 13, where they
are multiplexed to an MPEG-2 format digital data {program
stream) DM, from which MPEG data DM is extracted in sequence,
a&s shown in Fig. 3A.

The MPEG data DM is written to a buffer memory 14 in
sequence, as also shown in Fig. 4A, and read out as data DR
in sequence. The read data DR is supplied to a modulation
circuit 15, where it is modulated for recording into a
recording signal. The recording signal is supplied to a
recording head 16, where it is recorded onto a disc 19, for
example, as shown in Fig. 4B.

To achieve the foregoing process, a drive controllier 17
and a system controller 18 composed of a microcomputer are
provided. The system controller 18 controls the recording
position of the recording head 16 for the disc 19 through
the used of the drive controller 17. 1In this example, the

system controller 18 also has a function of memory
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as shown in Fig. 3A. The MPEG data DM is written to a buffer memory 14
in sequence, as also shown in Fig. 4A, and read out as data DR 15 in
sequence. The read data DR is supplied to a modulation circuit 15, where
it is modulated for recording into a recording signal. The recording signal
is supplied to a recording head 16, where it is recorded onto a disc 19, for
example, as shown in Fig. 4B. 20 To achieve the foregoing process, a
drive controller 17 and a system controller 18 composed of a
microcomputer are provided. The system controller 18 controls the
recording position of the recording”hérfd 16 for the disc 19 through the
used of the drive controller 17. In this example, the 25 system controller
18 aclso sa func% n of memory 14 controller, so that it controls the

K At the TG of tfe Hats DR fétthEsurfiata DY

Con: r, SO
writing o the’ data
memene 14eaHe.gystem sentaliar 48 alse:coptiols,thepultiplexer 33 and
the modulation circuit 15 for the data DM and DR. 5 The system controller

18 graSy’s &Y¢ Feanages- el fevordblel aveg amdrthbsuridvailable ard@pér

gée QIS§ %%.eWhoey %&hae cggtrol infor.rga&i%n har_l es, | is_ recorded on th_e
isc 19, This The aigital Vidso Sghal and the'digitsl &fdia SignaParé®

Tecorslesem the fiseold 10 Thesysiem conptrallallR bashor axagmigpae

recording routine 100, as shown in Fig. 2, as a part of the program

area and the unavailable area of the disc 19. When the

control information changes, it is recorded on the disc 19.

Thus the digital video signal and the digital audio
signal are recorded on the disc 19.

The system controller 18 has, for example, a recording
routine 100, as shown in Fig. 2, as a part of the program
executed by the microcomputer thereof. The recording
routine 100 is executed for each recording of data #n,
wherein even if the data amount DBUF‘of the buffer memory 14
is less than that of one unit period TUNIT, seek operation
to an appropriate recordable area is done.

More specifically, at the completion of the previous
recording period TREC, as time t2, t4, t6, and 10, the
process of the microcomputer of the system controller 18 is
started from step S101 of the routine 100. 1In step 5102, it
is determined whether the data amount DBUF of the buffer
memory 14 is equal to or more than that for one unit period
TUNIT.

When the data amount DBUF of the buffer memory 14 is

equal to or more than that for one unit period TUNIT, as
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executed by the microcomputer thereof. The recording routine 100 is
executed for each recording of data #n, wherein even if the data amount
DBUF of the buffer memory 14 15 is less than that of one unit period
TUNIT, seek operation to an appropriate recordable area is done. More
specifically, at the completion of the previous recording period TREC, as
time t2, t4, t6, and t10, the process of the microcomputer of the system
controller 18 is 20 started from step S101 of the routine 100. In step S102,
it is determined whether the data amount DBUF of the buffer memory 14
is equal to or more than that for one uhit period TUNIT. When the data
amount DBUF of the buffer memory 14 is 25 equal to or more than that

for one unit period TUNIT, as - 15 time t2 and t4 the process proceeds
hroRfsiep 8182%0 LB BIOSeRRAcREF HE fitouRt O dRESBNSbY thé firgtep

g@i@j)pri,gg JUNIT ir'é%g%taotgl\/hgtcwe#plu@%r memory.14 '£s calcglated.. q
Subsequeﬁtly, in sei[ep 5104, a recordable areaﬁn%icglgstheud}ﬁa nof
thalamoimt dadcated istep $HA3 Insdeghtimendhe hasis of tha culated.
management information on the disc 19 which is controlled by the system

controliBP 1831 BEe’ 5165, & Pecditifhy Resf 4B R¥AbFedt8Tn&n Which
tagordable grea, soyalt in sten S104.101psten 5106, the 9@%3 0 soughe

calculated in step S103 is recorded in a continuous area on the
racdriablecarea sdughe management information on the disc 19

which is controlled by the system controller 18. 1In step
5105, the recording head 16 is moved to the recordable area
sought in step S104.

In step 5106, the data #n calculated in step $103 is
recorded in a continuous area on the recordable area sought
in step 8105, and then the routine 100 is finished in step
S107. The finish time is time t2, t4 and so on.

Data #1, #2, #3 are thus recorded on the disc 19 to
form a continuous area.

On the other hand, when the data amount DBUF of the
buffer memory 14 is less than that for one unit period TUNIT,
as at time t6, the process proceeds from step 5102 to step
3111, where the amount DBUF of the data DM left in the
buffer memory 14 is calculated.

Next, in step $112, for the case of Fig. 4, the amount
of data #4 is estimated by Eg. (1). That is, the data
amount DPRE of one unit period TUNIT to which the data #n
left in the buffer memory 14 belongs is estimated by Eq. (1).

DPRE = DBUF + (TUNIT - TBUF) x BMAX (1)
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in step S105, and then the routine 100 is finished in step 5107. The finish
time is time t2, t4 and so on. Data #1, #2, #3 are thus recorded on the disc
19 to 15 form a continuous area. On the other hand, when the data
amount DBUF of the buffer memory 14 is less than that for one unit
period TUNIT, as at time t6, the process proceeds from step S102 to step
5111, where the amount DBUF of the data DM left in the 20 buffer
memory 14 is calculated. Next, in step S112, for the case of Fig. 4, the
amount of data #4 is estimated by Eq. (1). That is, the data amount
DPRE of one unit period TUNIT to w the data #n left in the buffer
memory 14 belongs is estimated by Eq. (1). 25 DPRE = DBUF + (TUNIT -
Tlli%ég:F x % cpe e, DPRE: estimated data amount DBUF:
the am'ount of d 1ﬁeﬁ‘ m?he %r ?nméHB 14 TUNIT: the length of one

unlt peiog (alﬁ)i\é/hgﬁ%bﬁBN%&n dHd ko 205econds) e TRYF: repraghiictiony

time for data left in the buffer memory 14 BMAX- the maximum bit rate of
digital’dAtaIDME DR thisictse, te data anidumDBUE dambelsateulatatieen
{r@n%th«% ifgergng getween the writing address and the 10 reading _
address for the buffer memory 14. The reproduction time TBUF can be

obtaingsifromrterdatacstieamstae i th®ata 1eft in the buffer
memory 14

BMAX: the maximum bit rate of digital data DM.

In this case, the data amount DBUF can be calculated
from the difference between the writing address and the
reading address for the buffer memory 14. The reproduction
time TBUF can be obtained from the data stream stored in the
buffer memory 14; for example, it can be obtained by
detecting the header of the picture in the stream and
counting the number of the frames. The one unit period
TUNIT and the maximum bit rate BMAX are given to the system
controller 18 in advance.

The process proceeds from step S112 to step S5104, where
a recordable area on which the data of the amount DBUF
estimated in step S112 can be continuously recorded is
sought. 1In step 8105, the recording head 16 is moved to the
recordable area sought in step 5104.

Subsequently, in step S106, the data left in the buffer
memory 14, in this case, the front part 4A of data #4 is
recorded on the recordable area sought in step $105, and

then the remaining part #4B is continuously recorded as one
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buffer memory 14; for example, it can be obtained by detecting the
header of the picture in the stream and counting the number of the
frames. The one unit period 15 TUNIT and the maximum bit rate BMAX
are given to the system controller 18 in advance. The process proceeds
from step S112 to step S104, where a recordable area on which the data
of the amount DBUF estimated in step 5112 can be continuously
recorded is 20 sought. In step S105, the recording head 16 is moved to
the recordable area sought in step 5104. Subsequently, in step 5106, the
data left in the buffer memory 14, in thi5 case, the front part 4A of data #4
is recorded on the recordable area sought in step S105, and 25 then the
remaining part #4B is continuously recorded as one 17 area, and the

dfifre 296 idRRISHIEHPSep 167 Fhod shpxbinpiectiatd ¥4 s

recordggl As opg, CORURURUS agea ongdhe disq 13, Since the rytine 100 is
executed for each data #n, the 5 data DR, or the MPEG data DM, is

regordedw@rsthecdiscold, s shown oFig. 4. At the recording, area control
information recorded on the disc 19 is updated with the process of the-

routing 106%y fife E98EM RoABBIdr1E PR echrEfty SpPRraRET R, the
repordihe MPEG dai@ M on 104 disc 1949 RISWaY- THE qisc 19, as

reproduction can be achieved by the process complementary to the
reordintppiicessd - At the recording, area control information

recorded on the diec 19 is updated with the process of the
routine 100 by the system controller 18.

The recordingrapparatus can record the MPEG data DM on
the disc 19 in this way. The reproduction can be achieved
by the process complementary to the recording process.
Specifically, the recording signal is intermittently
reproduced from the disc 19 in the order of data #n
according to the control information recorded on the disc
19; the data DR is demodulated from the reproduced recording
signal and written into the buffer memory, and the written
data DR 1is continuously read as MPEG data DM.

Thus the recording apparatus can record the MPEG data
DM on the disc 1%9. In that case, particularly, the
recording apparatus estimates the data amount DBUF by Eq.
(1) when the data, such as date #4, in the buffer memory 14
is less than that for one unit period TUNIT at the recording
start time t6. The disc 19 can therefore be used
effectively.

In the method shown in Fig. 5, the maximum data amount
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Specifically, the recording signal is intermittently reproduced from the disc
19 in the order of data #n according to the control information recorded
on the disc 15 19; the data DR is demodulated from the reproduced
recording signal and written into the buffer memory, and the written data
DR is continuously read as MPEG data DM. Thus the recording apparatus
can record the MPEG data DM on the disc 19. In that case, particularly,
the 20 recording apparatus estimates the data amount DBUF by Eq. (1)
when the data, such as date #4, in the buffer memory 14 is less than that
for one unit period TUNIT at the reGording start time t6. The disc 19 can
therefore be used effectively. 25 In the method shown in Fig. 5, the
maximum data amount - 18 for one unit period TUNIT is estimated for

Hata 22° 1M ton Rt nE S e APEGS BBt ha@muis tatd Amodrt is
&stimated oniy fardbeunknqyn gata pait #48, of the data #4. Accordingly ;

the estimated data amount DBUF for the data #4 5 is smaller than that by
¢lyé hvethed sholyn ipFig.Hs: Acdordinglyisince the: estibatéd cieadizen 4.

necessa%/gg recording data #4 is also equal to or smaller than that by

RS RTSthBE of FigP8, fie-prsStstiidhar Grecairh ABUEIN 1 rddsrddat for® 4
exagple) an the secerdable area ABLKAJQ 10ifg, SBbggames high. That

is, the probability that data DR for one unit period TUNIT is recorded on a
recordatterdingly, since the estimated area size necessary
for recording data #4 is also equal to or smaller than that
by the method of Fig. 5, the probability that the data #4
will be recorded, for example, on the recordable area ABLK A
in Fig. 5B becomes high. That is, the probability that data
DR for one unit period TUNIT is recorded on a recordable
area that is not used by the method of Fig. 5 becomes high.
As a result, data can be recorded even on a short recordable
area effectively, so that the disc 19 can be used
effectively.

Moreover, since the recordable area ABLK A is used
effectively from the beginning, the number of times of
seeking at the recording is decreased, as a result, the
number of times of seek operation during the reproduction is
also decreased, and for devices using battery cells as power
source, recording time and reproduction time can be
increased.

Furthermore, since the data amount DBUF of the buffer
memory 14 varies from the minimum value 0 to the upper limit

DLIM, the whole capacity cf the buffer memory 14 can be used
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area that is not used by the method of Fig. 5 becomes high. As a result,
data can be recorded even on a short recordable area effectively, so that
the disc 19 can be used 15 effectively. Moreover, since the recordable
area ABLK A is used effectively from the beginning, the number of times
of seeking at the recording is decreased, as a result, the number of times
of seek operation during the reproduction is 20 also decreased, and for
devices using battery cells as power source, recording time and
reproduction time can be increased. Furthermore, since the data amount
DBUF of the buffer memory 14 varies from the minimum value 0 to the
upper limit 25 DLIM, the whole capacity of the buffer memory 14 can be
used 19 effectively. Moreover, even if all the data DM of one unit period

FONIT Aol be TARBAYRhe Bifferihefioty Bl HéehasBYhafdRRDRNIE
pas sobiohditate athe hudfenmemary; 14has g, gpall capacity, the

whole capacity of the buffer 5 memory 14 can be effectively used. The
diseal® mayhbe daceptivalidisc sunhgts & DYV R arecosdakied DMIPR)- Ofémory

%ug[l?ay disc-or a magnetoo%téilcal disc (MO). The invention may be applied
o récordfg®BP HhtS WA Varidthe bittateofi 2Paise By Giit paficldder

easnective ofdhecontent.of datey format of the signal, the kind of the

disc, and the method of managing the data on
The disc 19 may be an optical disc such as a DVD

recordable (DVD-R) or a blu-ray disc-or a magnetooptical
disc (MO}. The invention may be applied to recording of
data with a variable bit rate on a disc by unit period
irrespective of the content of data, format of the signal,
the kind of the disc, and the method of managing the data on

the disc.



the disc. 20 - CLAIMS 1. A digital-data recording apparatus, comprising: a
buffer memory into which variable-bit-rate digital data is written and from
which the written digital data is 5 intermittently read; a recording head for
recording the digital data read from the buffer memory on a disc; and a
control circuit for controlling the position at which the digital data read
from the buffer memory is recorded on 10 the disc, wherein when the
amount of the digital data in the buffer memory is equal to or more than
that for one unit period, the control cirgyit reads the digital data in the
buffer memory every unit 15 period; makes the recording head seek a
recordable area in which the read digital data can be recorded as a
continuous area; and records the reac:digital data onto the recordable
area 20 as a continuous area of the unit periods, and when the amount of

the digitdl AR ME TRFRr TRRARGAFS |88 eatthat fG0BRE Lmitgeriod,
the contrgl giteuit eatipates;the.ameunt of the;digital data in one ynit, .
data is written and from which the written digital data is
intermittently read;

& recording head for recording the digital data read
from the buffer memory on a disc; and -

a control circuit for controlling the position at which
the digital data read from the buffer memory is recorded on
the disc, wherein

when the amount of the digital data in the buffer
memory is equal to or more than that for one unit period,

the control circuit

reads the digital data in the buffer memory every unit
period;

makes the recording head seek a recordable area in
which the read digital data can be recorded as a continuous
area; and

records the read digital data onto the recordable area
as a continuous area of the unit pericds, and

when the amount of the digital data in the buffer
memory is less than that for one unit period,

the control circuit

estimates the amount of the digital data in one unit

period including the digital data less than that for the
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25 period including the digital data less than that for the 21 unit period
from the time corresponding to the amount of the digital data less than
that for the unit period and the length of the unit period; makes the
recording head seek a recordable area in 5 which the estimated amount
of digital data can be continuously recorded; records the digital data of an
amount less than that for the unit period onto the sought recordable area,;
and records the remaining digital data for the unit period 10 including the
digital data less than that for the unit period, following the recorded part.
2. A digital-data recording apparatus, comprising: a buffer memory into
which various-bit-rate digital 15 data is written and from which the written

digital datal isi inteemittentlycriees; ecrecosdingdbag fos reserding the digitalne
data read from the buffer memory on a disc; and a control circuit for

E3R6RhgIREDosiith PfRidhTo FRrdighs dakhtreadmon thechirer

Memer isrecquded on (e disg, wherein when the amount of the digital
data’in the buffer memory is equal to or more than that for one unit

periodrathescoriirol circuit 2nrpadsathesdigital=data da the budfes maamory
every unit i
which the estimated amount of digital data can be
continuously recorded;
records the digital data of an amount less than that
for the unit period onto the sought recordable area; and
records the remaining digital data for the unit period

including the digital data less than that for the unit

period, following the recorded part.

2. A digital-data recording apparatus, comprising:

a buffer memory into which various-bit-rate digital
data is written and from which the written digital data is
intermittently read;

a recording head for recording the digital data read
from the buffer memory on a disc; and

a control circuit for controlling the position at which
the digital data read from the buffer memory is recorded on
the disc, wherein

when the amount of the digital data in the buffer
memory is equal to or more than that for one unit period,

the control circuit

reads the digital data in the buffer memory every unit
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- 22 - period; makes the recording head seek a recordable area on which
the read digital data can be recorded as a continuous area; and 5 records
the read digital data on the sought recordable area as a continuous area
of the unit periods, and when the amount of she digital data in the buffer
memory is less than that for one unit period, the control circuit 10
estimates the amount DPRE of the digital data in one unit period
including the digital data less than that for the unit period by the equation
DPRE = DBUF + (TUNIT - TBUF) xBrPAX where, DPRE: estimated data
amount 15 DBUF: the amount of data left in the buffer memory TUNIT:
the length of one unit period TBUF: playback time for the data left in the
bafférdnemory BMAX: the maximum bit rate of digital data, 20 makes the
recording{ head seek a recqrdable area on_which the estimated amount

DPRE6F digital §atstCat Ba EoAfATb ity Fe origao FEaHIS tAE Hgital
date-af apamednt lessthan that forthe wit perad e0thesSeUgLt inuous

recordable area; and 25 records the remaining digital data for the unit
pefed and

records the read digital data on the sought recordable
area as a continuous area of the unit periods, and

when the amount of the digital data in the buffer
memory is less than that for one unit period,

the control circuit

estimates the amount DPRE of the digital data in one
unit period including the digital data less than that for
the unit period by the equation

DPRE = DBUF + (TUNIT - TBUF) x BMAX
where, DPRE: estimated data anmnount

DBUF: the amount of data left in the buffer memory

TUNIT: the length of one unit period

TBUF: playback time for the data left in the buffer
memory

BMAX: the maximum bit rate of digital data,

makes the recording head seek a recordable area on
which the estimated amount DPRE of digital data can be
continucusly recorded;

records the digital data of an amount less than that
for the unit period on the sought recordable area; and

records the remaining digital data for the unit period
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- 23 including the digital data less than that for the unit period, following
the recorded part. 3. A method for recording digital data, wherein 5 in the
case where variable-bit-rate digital data is written into a buffer memory
and the written digital data is intermittently read, and the digital data read
from the buffer memory is supplied to the recording head and recorded
on a disc, 10 when the amount of the digital data in the buffer memory is
equal to or more than that for one unit period, the method comprises:
reading the digital data in the buffememory every unit period; 15 making
the recording head seek a recordable area on which the read digital data
can be recorded as a continuous area; and recording the read digital data
éntladdughthrecdidablelareatas a continbous area of the tinit periods;
20 and Wh%glt e amount of the digital data in the buffer memory is less

Fah Rt fePoHe Uiep&RSd, RS theMddF@hprises: estimating the

amount of the digital data in one unit 25 period including the digital data
less than that for the 24
3. A method for recording digital data, wherein

in the case where variable-bit-rate digital data is
written into a buffer memory and the written digital data is
intermittently read, and -

the digital data read from the buffer memory is
supplied to the recording head and recorded on a disc,

when the amount of the digital data in the buffer
memory is equal to or more than that for one unit period,

the method comprises:

reading the digital data in the buffer memory every
unit perioed;

making the recording head seek a recordable area on
which the read digital data can be recorded as a continuocus
area; and

recording the read digital data on the sought
recordable area as a continuous area of the unit periods;
and

when the amount of the digital data in the buffer
memory is less than that for one unit period,

the method comprises:

estimating the amount of the digital data in one unit

period including the digital data less than that for the
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: recorded on a.disc,, when the ount qf the digital data i
E%ggf%gi§§£a ?ess %h? that g?ﬁ;% gmﬁﬁzt erg eﬁ8§

unit period from the time corresponding to the amount of the digital data
less than that for the unit period and the length of the unit period; making
the recording head seek a recordable area on 5 which the estimated
amount of digital data can be continuously recorded; recording the digital
data of an amount less than that for the unit period on the sought
recordable area; and recording the remaining digital data for the unit 10
period including the digital data less than that for the unit period, following
the recorded part. 4. A method for recéfding digital data, wherein in the
case where variable-bit-rate digital data is 15 written into a buffer memory
and the written digital data is intermittently read at a constant speed, and
Hie- tighat dath fasfrone thd beffer essorridisgppliied te thenparording the

the
memory is equal to 6r more or one uni %Vé
Irethed comprisesiteading theidigital data in the buffer memory every
unit period; making the recording head seek a recordable area on 25
whichTé i88d thgital setatmrebarecbraed lasza tontndeds @5rareaand

which the estimated amount of digital data can be
ceontinuously recorded;
recording the digital data of an amount less than that
for the unit period on the sought recordable area; and
recording the remaining digital data for the unit
period including the digital data less than that for the

unit period, following the recorded part.

4. A method for recording digital data, wherein

in the case where variable-bit~rate digital data is
written into a buffer memory and the written digital data is
intermittently read at a constant speed, and

the digital data read from the buffer memory is
supplied to the recording head and recorded on a disc,

when the amount of the digital data in the buffer
memory is equal to or more than that for one unit period,

the method comprises:

reading the digital data in the buffer memory every
unit peried;

making the recording head seek a recordable area on

which the read digital data can be recorded as a continuous
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~ recording the read digital data on the sought recordable area as a

continuous area of the unit periods; and 5 when the amount of the digital
data in the buffer memory is less than that for one unit period, the method
comprises: estimating the amount DPRE of the digital data in one unit
period including the digital data less than that for 10 the unit period by the
equation DPRE = DBUF + (TUNIT - TBUF) x BMAX where, DPRE:
estimated data amount DBUF: the amount of data left in the buffer
memory TUNIT: the length of one unitperiod 15 TBUF: playback time for
the data left in the buffer memory BMAX: the maximum bit rate of digital
data, making the recording head seek a recordable area on which the
estimatedhdmount DPRE of digital data can be 20 continuously recorded;
recording the digital data of an amount _less than that for the unit period

on the™SotyHt t88ordAbIe 8PEa Hitd Taloflilg the rdhainirg Bhgital data
for dhe unitiperinds including the.digital data Jess than that for;the, 25;unit ;
period, following the recorded part. 26 - ABSTRACT
and

when the amount of the digital data in the buffer
memory is less than that for one unit period,

the method comprises:

estimating the amount DPRE of the digital data in one
unit period including the digital data less than that for
the unit pericd by the equation

DFRE = DBUF + (TUNIT - TBUF) x BMAX
where, DPRE: estimated data amount

DBUF: the amount of data left in the buffer memory

TUNIT: the length of one uniit period

TRUF: playback time for the data left in the buffer
nemory

BMAX: the maximum bit rate of digital data,

making the recording head seek a recordable area on
which the estimated amount DPRE of digital data can be
continuously recorded;

recording the digital data of an amount less than that
for the unit period on the sought recordable area; and

recording the remaining digital data for the unit
period including the digital data less than that for the

unit period, following the recorded part.
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To reduce the occurrence of fragmentation when variable-bit-rate digital
data is recorded on a continuous area of unit periods. When the amount
of data in the buffer 5 memory is larger than that for one unit period, the
digital data in the buffer memory is read every unit period, and the read
digital data is-recorded as a continuous area (step S106). When the
amount of data in the buffer memory is less than that for one unit period,
the amount of data is 10 estimated from the time corresponding to the
amount of data less than that for the unit period and the length of the unit
period (step S112). The digital data of #15 unit period is recorded on a
recordable area in which the estimated amount of digital data can be
recorded 15 continuously (step 5%&%@1’%&

To reduce the occurrence of fragmentation when
variable-bit-rate digital data is recorded on a continuous
area of unit periods. When the amount of data in the buffer
memory is larger than that for one unit period, the digital
data in the buffer memory is read every unit period, and the
read digital data is-recorded as a continuous area (step
5106). When the amount of data in the buffer memory is less
than that for one unit period, the amount of data is
estimated from the time corresponding to the amount of data
less than that for the unit period and the length of the
unit period (step S112). The digital data of the unit
period is recorded on & recordable area in which the
estimated amount of digital data can be recorded

continuously (step $1046).



