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- 1 - DESCRI PTI ON APPARATUS AND METHOD FOR RECORDI NG
DI G TAL DATA Technical Field 5 The present invention
relates to an apparatus and a nethod for recording
digital data. Background Art The M niDi scTMfor use
in recording and reproducing digital audio data
organi zes the digital data in cluster 10 units, and
the cluster is the mnimumunit of witing to the

di sc. For such a system there has been proposed a
systemfor recording digitdl “data in such a way that
digital data during a unit |length of about 10 to 20
seconds is recorded 15 in continuous recordi ng area on
the disc. Fig. 3 is a dit§gRARTION descri bing a net hod
for signal rocessi ng of the system The video signa
and adfthFGRHTYRafND Jf 58§dRF%O%IPBW AIGIEE PRFdgr am
strean) DMin the MPER2 (Mtion Picture Experts G oup
Phase 2) format, as shown in 20 Fig. 3A. The data DM
ThehSEMENR iAld Yy witten to the buffer nenory, as
shown in Fig. 3B, and then sequentially and

I Nt evd preskhy IeashtasndatdaR faomd hpphubhtes amoory,
as shown in Fig. 3C. In this case, the data DRis a

‘ngtiged| fare g catcdangi diegitad5daspeed i n such a way that

the MPEG data DM is separated by 2
Background Art -

The MiniDiscm“fqr use 1n 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 continuocus 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 conpressed in tinme 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 |east one
recording to avoid the conplication of the system and
control. The period TREC is a period during which
read data #n is recorded—oR the disc, the length of
which is not fixed, 10 to be described later. The
peri od between one period TREC and t he subsequent

upét i per IRECUNI Tt hend egld rigtpeihodndf perircecavdingisead
or the pause period of the recording. The data DM for
cerRRepErd da@ TUNRpTPaRe t%rd’aparDRdfbeECeachhGerm@‘él PaREd

d ta #n 15 The dat
T%ﬁ??@a%rﬁgf@“ etr%zbﬁﬁ‘f%é} lr?eﬁar§0. §e%‘iﬂ‘ﬁserct é&tbaugeh the'
f di | t d d DR
TRGE e Vel Bbs £ EBOLAL Gondiink ) IR AR PR 9

ré@oﬂhncﬁl Ree Lher MREG LatranBh hé‘sge@lé’]?efﬂl@rblf@xgﬁtdlﬁl?itrﬁg
and the wunit period TUNNIT is fixed in | éngth, the

aneHdt (SlezepcotdiZd watbaoka thateiniad datibheofntie
period TUNIT depends on the content of the video and
SE&RH%)ﬂmﬁﬂcﬁgtrhé unit period TUNIT. When the MPEG
data DMis read as data DR every period TREC and

r ecd"GeBeHHOt MR <€, 3t ReT iR i BH rreEhi gk %%acblé’&éﬁdl#ﬁg

no_the nt.en of Ihe u peH
1R R kS TR eAT PO RIS e Perbhy
té‘ﬂé’&@%cglkeé 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 thé 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 amobunt of data (the

remai ning data) in the buffer nenory 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 fragnented into pieces-because of repeated
recording or erasing, an area unavail able for
recordi ng may be generated. 3The synbol x in Fig. 4B

i ndi cates the unavail able area. The area 10 havi ng no
synmbol or sign is a recordable area. Referring to
reitg. 4¥e wheprdingnstdalcidOmnkOpst féd THEECAe@ieAgsi 6n the
given at tine t0O, the recording head is noved to the
cpasert orf tdetet ant dehind ithst peatod dBRE® area on the
disc,., and_the witing of the MPEG data DM to the

buf fih9-152nBheFS Fhardes dadthe MRt 9f Aetar HEbRY v,

. {_ DBUE in the buff dyal 1 y.
PREERL AR, B ol ey Bepre e Atbente i Bo-

4B0kndi X qelePgEaLS Eof NQ LAlA NN PASIR VAIAD! fnbhtthe
rate. When the data anount UF reaches the upper

dis@iHadDlal bad28eofod her kuf bea Peo®FYiRY deiriBdt Fradhénted
data DMin the buffer nenory is read as data #1 of
inke pigtcesbRetawre tdMerapeate@heeednting e dataiagpuant
DBUF gradual |y decreases fromtime ti. In practice,
a¥¢re WEVeihgP e fdie %pacadbRD| B diR ideiedateden Ba¢ eyymbol
ti en dat%h#l for qfqaunit perigd TUNIT is
e unavaila

xr%ﬁi ié%'é%ﬁ%gg#cates le 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 tO.
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 t1, the data DM in the buffer

memory is réad as data #1 of the data DR from time tl.
Therefore the data amount DBUF gradually decreases from time
tl. 1In practice, the writing of the data DM is continued
even after time tl.

When data #1 for one unit period TUNIT is read at time
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t2, the reading is tenporarily stopped, therefore the
data anopunt DBUF gradually increases again fromtine
t2. The period fromtine tl to t2 is also a recording
period TREC, and the data #1 read fromthe buffer
menory 5 during the period fromtl to t2 is recorded
in a continuous area on the disc, as shown in Fig.

4B. When the reading of data #1 fromthe buffer nenory
is - finished at tinme t2, an area necessary for
recording subsequent data #2-into the buffer nenory
is calculated from 10 the anount of data #2, and the
recordi ng head seeks a recordable area that satisfies
t2 hetloalreukah gdi areanphitairi@y sbeppel, atteakfbraethe daaa
t3. Wen seek operation by the recording head is
ageowp! BEF gunadeahiy tiJcreasas#@9din threnbafifer tenory is
read fron1t|ne 15 t3 and recorded on the disc, as at

ti mEPEl PeRA HF &ikBEnt ] D‘Bwt% <5t REPRT BresREHda | y
dﬁrl ng'%?-ﬁ f'g%ﬁn t%};l]erredfs} %1 t# e cﬁo J:(;“osfnS t%lg u%%?%omérpoa Y

r oug I'S repeate e peri‘od

d@fldg Met el Ns@Ughd 31 Whersi s dataq#d ks aeg&mﬁﬂm%

di sc. The process is repeated 20 also for the

apﬁlc@;dtﬁfe dise, t4s tahdwh, inhei@) mrdata #3 is recorded
on the disc. At tinme t7, the reading and recordi ng of
dat #h¢d o ceadiasdpfcdate &t dfircedihé nbwhtexawenogly is -
Fig. 4, however, since the anount DBUF of data #4

f%%%ﬁ%eﬁlﬂﬁ F%m?tﬁ¥fb@@féFeﬁeﬂ%ﬁ%§%ﬂ¢YZ§°F|ﬁéc??d}%gless

subé@&u%gg Qaééiéﬂnidﬂb Egr ugfégnﬁe o%&lgg galculated from
the amount of data #2, and the recording head seecks a
recordable area that satisfies the calculated area duriﬁg
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 tl. The data amount
DBUF is therefore gradually decreased from time 3.

The process similar to that during time tl1 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 té 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 amcunt DBUF of data #4 remaining in the buffer memory at

time t7 is less than the data amount for one unit period




10

15

20

25

TUNIT, the data anount DBUF of the buffer nenory
reaches zero at tine t8. Therefore, the readi ng of
data #4 fromthe buffer nenory and recordi ng of data
#4 to the disc are tenporarily stopped at tinme t8.
Accordingly, only #4A which 5 is a front part of data
#4 is recorded. The data anount DBUF in the buffer
menory increases again fromtinme t8.  \Wen the data
anount DBUR reaches the upper limt DLIMof the buffer
menory at tine t9, the remai®ning #4B of data #4 is
read fromthe buffer nenory and is recorded in the 10
subsequent area of the disc in which the front part
THHAT| sthecrtdedndunt NpBIhe fpehieothubfet imendry treatBes
Accordingly, although the reading of data #4 is
zgir¢i dbdtiepSr-al Fheraforashdne raapipy 9 datige #4r 5omnthe

iich data #4 is recorded is . continuous, as shown in
b@?ﬁ?u@mﬁ@ WREn F ERRT SR Hg 9&ha Faoks dritfy B RES

[.0J 4B_of . dat.a #4 | SC ar. .

SERBEOL DY HeBpel "B G uffe® o 2SRl IS, gog pengen
ikepeat &k thetkeakt @ita ArCaldiRghbYded datdh DRatQr aMBER
data DMis recorded on the disc as one continuous
DRVEaievgrey butfife r pesnary TluNréas20 dfain i Srdrheimeads ng
and recording of data DR for the buffer nenory and
wri tiheg thet drtaliawounThBBUFt headloreddiengprprsystemit DLIM

gerforns recording by the unit geriod TUNIT of about
04 oth% DY TS BABSTY P s Uciea tRay Ch R at e VERG "att4Bi ALt rta

L L T MR O 3 erBR 08 e
subsequent area of the disc in which the front part #42 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 intermttent, so that the drive of the
disc can be stopped during the period fromtOto tl
and t8 to t9. This reduces average power consunption
necessary for driving the disc, thus shooting and
recording tinmes of recording 5 devices that use
battery cells as power source, such as a canctorder

i ncrease. Moreover, in this system since the unit
period TUNIT is fixed in length and the area on the
disc for one unit period TON'T is continuous, the
seek operation by a 10 reproduction head can be
reliably performed during reproduction (and
thecdidi nigp beThinseahi ovsntyi deo thagnahs driveawdi the disc
signals to be continuously obtained even at the bound

CRBt KR Pt MRS ARE LS r FRRI PERINKT Lram| b Ry tdearresd to t9.

T%Egeg Qe sound_reproduction evgn at_the boun%].O 15 An

exanpre ot HETFEF At e arT ¥ S EPTAPRANMSE 5iéNafP he@ V119
t usCabhLop; ' [ - - ' :

oo el SaliCohon B Leak o by SEREIR (B0 rias

dpeites tHd Tser vt ery ceihier ad powdhesdutlicker sqeALAY . a

. Accordingly, it is desirable to find the anmount of

cdatorder,2Gngmndasal cul ate an area necessary for
recording data #1, and then to make the recording
headloF¥&erebpetnttitdis Eysieny eebrealiihe apéh pamiod TUNIT

.satjsfjies the calculated area. This _also applies to
137054, 5% 49RaF T1%0 o REse, onf bhe (diRs £6¢ BRficentat a

pdfi dd FhE TbE%_[ﬁnlri%ﬁ]o'ﬁ%m, the' SebfSSdRILNRY Lor one
unit period ) €

reproduction head can be reliably performed during

reproduction (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

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 t1, 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 t10.

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

memory is less than that for one unit period TUNIT, the




10

15

20

25

total anmount of data #4 cannot be known. Therefore,
the process shown in Fig. 5is perforned to record
data #4. That is, the maxi num anount of data for one
unit period TUNIT is first assunmed, and the area SBLK
of the recordable 5 area for recording the maxi mum
anount of data is calculated. In the case of Fig. 5B,
‘the recordable area ABLK A follow ng the recorded
region of data #3 is smaller in size than the
necessary recordable area-SBLK. Accordingly, the.
recording head is noved to a recordable area ABLK B
| arger 10 than the necessary recordable area SBLK As
tehalwamourfei gf dbCy BhtaardA bse kecat dedhemetthee, the
recordabl e area ABLK B, and then date #4B is
Preeefdediovandndbia- fT i dardo#Bedrte sreqogdorfded #111
equenc Accor di ngl a wn in Fig. 5C, even
TRRG Lt e mi*%lla%aa%@ésgér arﬁrf%éamuﬁgtda?al% is
Tﬁﬁﬁlﬁ&ﬁt}@@ LQ§ {c&c% %ak%lhg aLég Wo’% the recorc%%ble

recor & aréa AB not ~Uuse record
afléd ardid refsraifhesStld ,mamﬁmmt BRost@ter 'cﬁt‘élh b hc&t@u%é@i.

anount DBUF of the buffer nenory is |l ess than that

for Ianehentdse 23 Pagl. o8B TUNE , reaa®rdbblen®réH,ABIK A

repeated, an area unavailable for recording i ncr eases,
fehiayidec thasragreded asgiak! 9t adaiid i3 dsasmalbertire size

di sc. Moreover, since the MPEG data DRis witten

tl?e%&be%’se \I}SF?S%I'?W dsfiaFdabpe AtRbeIBlEY  ArraEdErIkBethe
tion during recording is | reased

oS SRR Lt BT T p R T S L

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

recorded in sequence.
Accordingly, as shown in Fig. 5C, even 1f 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. Furthernore, even if the
recordabl e area ABLK A can be used in another
recordi ng, usel ess seek operation occurs during the
recording, resulting in an increase in power 5
consunption, and inevitably causing usel ess seek
operation also during reproduction, resulting in an
increase in power consunption during reproduction.
Accordingly, in the case of Fig. 4A, it is also
possi bl e not to start the r&ading and recordi ng of
data #4 10 (front part #4A) even at tinme t7 but to
continue the witing of the remaining part #4B of data
rgproauotidre ibufrkesesenory, and after the data anount
DBUF of the buffer nenory has reached the upper limt
DLI Mukthedogre . t freett dedithg 6ﬁcaa@@bl&¢@rfe|aoﬁﬁf4ﬁe@‘x b‘%ﬁl’f dre

recording,to the disc, as at 15 t
R T e s s Re 10 %, et ctuh P BekuE
f
e A5t R G, A LA A 01 Rkl SROLERD:

cdﬁ@@npﬁib&ﬁ,V%hd Vhéhi 1S, LBl hber dad anoupt rHBlem
of the buffer nmenory at tine tg soneti nes becones

atsbsdaniricaldeprodiceipms| Heaullhengakh namm idatre@aasoint pdwsr

one unit period TUNIT. Accordingly, when the MPEG data
CORBUEPHiQjh dgaiag regrrodussiogat a amount DBUF varies in
t he ranggbfron1nearl y the maxi num data apount for one

uni £FEFFORIFUNITP (5% ABSEpPer I ni%h BEI M 352 hat
p+%%h?ﬂgeo?lro%n§:ocs aa:g’rl. tt)f]eOfretaH:einguglflgrrecorJl%gzgfbga‘ga{m#&
(front part #4A) even at time t7 but to continue the writing
cf 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
#n, allowing effective use of the recordable area.

However, with this method, the data amount DBUF 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.
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Di scl osure of Invention The present invention is nmade
to solve the above- described problens. The invention
provides a digital-data recording 5 apparatus,
conprising: a buffer nmenory into which
vari able-bit-rate digital data is witten and from
which the witten digital datais intermttently
read; a recording head for recording the digital data
read 10 fromthe buffer nenory on a disc; and a
control circuit for controlPing the position at which
the digital data read fromthe buffer nenory is
recorded on the disc, wherein when the anmount of the
Didsgioamhradatfa Inmethiorbuf fer 15 nmenory is |arger than
that for one unit period, the control circuit reads
t he WigiPrapedat nvantine bafhede fehorolvevehy aknte-
dgeriqg' nak&z the recordi ng head seek a recordabl e
PEERF FFORAFRA- the read digital data can be recorded

as %h%o%wﬁu‘?i‘o% é%:ogggﬁéng GESAL s dofe %Sé‘&’rcﬁirﬂj tal

data onfo the re e area’ as a contrnuous area of
a%pgréﬁﬂg, Q@ﬁ€9ﬂ§ingﬂuj when the anount of the digital
at

ain the buffer 25 nenory is less than that for
one aubuf fpermathry 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 contreolling 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 larger 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 periods, and

when the amount of the digital data in the buffer

memory is less than that for one unit period,
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- 10 - the control circuit estimtes the amount of the
digital data in one unit period including the digital
data | ess than that for the wunit period fromthe tine
corresponding to the ambunt of the 5 digital data |ess
than that for the unit period and the Ilength of the
unit period; makes the recordi ng head seek a
recordable area in which the estimted anmount of
digital data can be continuously recorded; 10 records
the digital data of an arouift 1ess than that for the
unit period onto the sought recordable area; and
records the remaining digital data for the unit period
i nclthei pgnthel diigiqudit data | ess than that for the unit
period, follow ng the recorded part. 15 The invention
pro@F&éQageﬁe¥WﬁxPWQ%“tr@EoF%ﬁrﬁfQ$H$1t§Ptadh%aPn%WRﬁ%§ n

b R “‘*e@ﬁfc@:'@@&sfigv U b B8
mqif\; i od @t_»sm}ﬁé antey ﬁro ﬁwglrggs%t 2Rk amssa% 4 he

O the digital data rea ffer menory 1Is

dfcﬁ,ﬂﬁ]] edtholébe fleaprdiang fbeaghanchiregerded &hdackh sc,
when the anount of the digital data in the buffer

leregtdr p1i $hbanger perdwedshat for one unit period, the
nmet hod conprises: 25 reading the digital data in the
bufﬁékeﬁmﬁﬁﬁjFQ99§ﬁ9ng head seek & recordable area in

which the estimated amount of digital data can be
continuously recorded;

recoxrds 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.

The invention provides 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
sﬁpplied to the recording head and recorded on a disc,

when the amount §f the digital data in the buffer
memory is larger than that for one unit period,

the method comprises:

reading the digital data in the buffer memory every
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- 11 - unit period; making the recording head seek a
recordabl e area on which the read digital data can be
"recorded as a continuous area; and 5 recording the
read digital data on the sought recordable area as a
conti nuous area of the unit periods; and - when the
anount of the digital data in the buffer nenory is
| ess than that for one unit period, 10 the nethod
conprises: estimating the anount DPRE of the digital
data in one wunit period TnEluding the digital data
|l ess than that for the unit period by the equation
DPRE = DBUF + (TUNIT - TBUF) x BMAX 15 where, DPRE
uvestipatiebidat a anount DBUF: the anmount of data left in
the buffer menory TUNI T:the [ ength of one unit period
TBuma@nayEa@krec%derm herd dath 4 efecqndapie pued en

Hg 20 B the ximumbit rate of digital data,
i S8eRear FECEIthA%e %F@&tbﬁuous

c & e estlnated anmount DPRE of digital data can be
conilnuously recorded; recording the digital data of

an aneRtiihgSent hakd hal:c25 cﬁé)tfa tdie ¢Hd GoRghtod on
t he sought recordable area, and

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 DPRE of the digital data in one
unit period including the digital data less than that for
the unit period by the eguation

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 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
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- 12 recording the remaining digital data for the

unit period including the digital data | ess than that
for the wunit period, follow ng the recorded part.

When the anount of digital data in the buffer nmenory
is 5 less than that for unit period, such as data #4,
the anmpbunt of data for the unit period is estinated
in consideration of the tine corresponding to the
anount of data, and the recording head is nmade seek a
necessary recordabl e area” ¥ccording to the

estimation. This allows maki ng a good use 10 of the

di sc. Since the arrangenent of the invention nakes a
ef f imdcemtiingetind rtereinéogr daplerlardeda tthe hoerberitof
times of seek operation is decreased, resulting in a
PEEP@ AT U ipHethe sttt adf dpitaedes Bk thpér 40T ofbhe
during reprqoduction, thus 15 inc¢reasing the recording
u?f%n?%%ﬁ?d?hg°$g§VﬁﬁﬁéﬁﬁbﬁeFPﬁge F3revi ces using

bat tgr I : e ur.t h | -
et R A s QR E e i P b e dhiory 10
1884 00Har @hle Esedueid erldivel Ysudl 18f dJRSChipt R Sfount
the Drawings 20 Fig. 1 is a systemdiagram of an
ofndxodi femt thé bt pgendewdt ienesElmpted i aohkbddehariorofof
an enbodi nent of the invention; Fig. 3 is a diagram
thertiges eeirbepgerdiad rppeitheopmo@st Rifg dataj, sanddil@r am
for describing the invention; and ‘

recording head Is made seek a necessary recordable area

according to the estimation. This allows making a good use
of the disc.

Since the arrangement of the invention makes a
efficient use of the recordable area, the nﬁmber 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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- 13 Fig. 5is a diagramfor describing the
invention. Best Mdde for Carrying Qut the Invention
Fig. 1 shows an exanpl e of the recordi ng apparatus
according to the invention. A digital video signal and
a 5 digital audio signal are supplied to a video
encoder 12V and an audi o encoder 12A via input
termnals 11V and 11A, respectively, where they are
encoded to digital data (elenentary stream, for
exanple, in MPEG 2 format~ 1Phe encoded output is
supplied to a nultiplexer 13, where they 10 are

mul ti pl exed to an MPEG 2 format digital data (program
stredn) BDMs fa ahhagrach EVPE: datidibh theextvactiech.i n
sequence, as shown in Fig. 3A. The MPEG data DM i s

Bapt tNasle £6TaCHTEYERT oIt elln‘i’ﬁﬁltis%quence as al so
sho DR 15 in

i n_ Fi 4A, and rf ut as dat
seqidcer Hiind dny SAAFATER stfg%ﬁﬁcpé@lfl% SPRRFFATEL i on
aCkd L tg 13 ¥ :{:r?véf{]tlo% ”DE“&E‘% Q;flde%cgﬁghggé Oa a

recor I'ng sI'g e recordin na

dfgi daAC gﬁawgs e WRBpLiILE 46 d %@@@edn@a&@r alzd; %%d
19, for exanple, as shown in Fig. 4B. 20 To achieve

an headior egobdgr (rAIC8Ss, iapdti vermiorilisolihgr add 1B0d a
systemcontroll er 18 conposed of a m croconputer are

refrpAtdedly Thehensttdrayc oner ohteded Socdauivhs daen
recording position of the recordln head 16 for the
‘%#e%f@nfgr?h?‘b?@{“’ t HOTUSEA B 1 W AFEFe2c 6AFFBY 1 erThE7.

AR 3RS 2 08 1 25 3V sonsall et 1,8 80,05

are multlplexed to an MPEG-2 format digital data {(program
stream) DM, from which MPEG data DM is extracted in sequence,
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
in sequence. The read data DR is supplied to a modulation
circuit 15, where it is modulated for recording into a
recording signal.. The recorxding 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 controller 17
and a system controller 18 composed of a microcomputer are
provided. fhe system controller 18 controls the recording
position of the recording head 16 for the disc 19 through
the used of the drive controller 17. In this example, the

system controller 18 also has a function of memory
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------------ - 14 controller, so that it controls the
witing of the data DM and the reading of the data DR
for the buffer nenory 14. The systemcontroller 18

al so controls the nultiplexer 13 and the nodul ati on
circuit 15 for the data DM and DR .5 The system
controller 18 grasps and nanages the recordable area
and the unavail able area of the disc 19. Wen the
control information changes, it is recorded on the

di sc 19. Thus the digital~Video signal and the digital
audio signal are recorded on the disc 19. 10 The
systemcontroller 18 has, for exanple, a recording
cpptitdhleerl 060 abashbivrdniréilg. tRe asitaimpartt chet Heta DM
program executed by the m croconputer thereof. The
aP@c%f?jirr?j‘leéqu nehd gl tiss DBx etit blee vt feac mepessr 4 ng

of ta #n wherein.even_if_ the data.a nt UF of
e 5T PPt Ty IPE TE FAAS GO AR AL o MOHe RARET
er| U 1.0 L Qpkfa
1P iy BokeL8ER QB ACTDs £0: AR ADBNANDTLA, ox.
TRO NP} RlenOBo8t rb B PrEvVig@UsSps! 868 HH MG REhed r I dallSe
time t2, t4, t6, and t1 QO the process of the
amex raycorrpet enavdildbdlesyseenvforite aliser 188 | ¥hah the
started fromstep S101 of the routine 100. In step
cogrl ipforgafipereiargdswhethey r4rongEda canbhat dDBUR Y.
of &ge b ffg{,,ne r¥ 14 is equal to_ or nore than that
for TBRE BT (o iErogd VL 4RI FLIVHe R Ch P afhd Sk BUR
sf)g;natlh%rgut:gggr@@cpoorry t:i’lé !cﬁsc 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 recordablé area is done.

More specifically, at the completion of the previous
recording period TREC, as time t2, t4, t6, and tl10, the

process of the microcomputer of the system controller 18 is

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 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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25 equal to or nore than that for one unit period
TUNIT, as 15 tinme t2 and t4 the process proceeds from
step S102 to step 5103, where the anpunt of data #n
for the first unit period TUNIT in the data DM of the
buffer nmenory 14 is cal cul ated. Subsequently, in step
5104, a recordable area in which 5 the data #n of the
anount calculated in step 5103 is sought on the basis
of the managenent information on the disc 19 which is
controlled by the systemcTddtroller 18. In step 5105,
the recording head 16 is noved to the recordabl e area
sought in step 5104. 10 In step 5106, the data #n
ttmécmﬂzﬁnﬁdtMntBéemmdﬁuxﬁip&océederfkmhista@ SaNRi hoosisep
area on the recordable area sought in step 5105, and
S102n vitrrer shei amourno qfs d@tﬁu 4heflor ntlset e?r;rsswrzlt Thrriod
finish time is tine and so a #1, #2

#3
| T%%Ttmsth@eésl:ﬂe%%# ﬂ‘ﬂ)@ & §ée£9m%°r>1é4f denFalctated.

conty uous ¥§ 9 SEhg gt her hanqii%ggQFtQ§é$han t 1ch

anoun thé SBurfar iendry ess

thOTaANe #li‘lnlo'f %él%ulechcu@ét@& id rm;e&ﬁs:.bbel@r@&@ga&
proceeds fromstep S102 to step 5111, where t

o NERAN thaBBYFo 6f tiid enadig@nbit] ehfoimative 20 bhéf@tsc 19
menory 14 is calculated. Next, in step 5112, for the
vithee iof chhrgrolled hy d&musysteh dentroldeirsl8st i hmtBerby

E (1). That is, the data anount DPRE of one unit
i FHCTORFIFAnavieas theldabavesn tq éhe FROPREABIA faea

sou&gg - stbelgﬂ@f is estimated by Egq. (1).

In step S106, the data #n calculated in step S103 is
recorded in a continuous area on the recordable area sought
in step 5105, and then the routine 100.is finished in step
8107. 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 islless than that for one unit period TUNIT,
as at time t6, the procéss proceeds from step 5102 to step
S111, where the amount DBUF of the data DM left in the
buffer memory 14 is calculated.

Next, in step 8112, for the case of Fig. 4, the amount

. of data #4 is estimated by Eg. (l1). 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)




10

15

20

25

25 DPRE = DBUF + (TUNIT - TBUF) x BMAX (1). 16 -
where, DPRE: estinated data amount DBUF: the anount of
data left in the buffer menory 14 TUNIT: the length
of one unit period (anywhere between 10 to 20
seconds) 5 TBUF: reproduction tine for data left in
the buffer nenory 14 BMAXr the maxi num bit rate of
digital data DM In this case, the data anmount DBUF
can be calculated fromthe difference between the
witing address and the 10 ¥%adi ng address for the
buffer nmenory 14. The reproduction tinme TBUF can be
obtained fromthe data streamstored in the buffer
wheney \DPRE;: Betimxtaarpldsta ttmoantbe obt ai ned by
detecting the header of the picture in the stream and
couBUig the anpwser off deha ieEheldl tikebvhREenire™6t itdd

15 and t.he Xi mbit rate BMAX are given to
Lhe T < 20 T o S50, v L rase Ay e treen
r f tep S112 to step 5104, where a .

1€é§%r a%ﬁggggég on which the data of the anpunt DBUF

est ingeredréfr shRR 194121 RANFHL LAl NBEOUSH VeHLa dRE 1S

20 sought. In step 5105, the recording head 16 is
memyed 1140 t he recordable area sought in step 5104.

Subsequently, in step 5106, the data left in the

buf B¥AX : nErmaxinum pifhrateaxfe dighsalrdata g+ 4A of

data #4 is recorgeddon the recordabl e ar ea %pqgh% an

StEEHSEBS? CHaE the data amount DBUF can be calculate
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 5104, where
a recordable area on which the data of the amount DBUF
estimated in step 5112 can be continuously recorded is
sought. 1In step S105, the recording head 16 is moved to the
recordable area scought in step S104.
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 S105, and

then the remaining part #4B is continuously'recorded as one
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25 then the remaining part #4B is continuously

recorded as one --------------- R -
----------- --- - --- -- - ---- - - 17 area, and the
routine 100 is finished in step S107. Thus, for
exanpl e, data #4 is recorded as one continuous area

on the disc 19. Since the routine 100 is executed for
each data #n, the 5 data DR, or the MPEG data DM is
recorded on the disc 19, as shown in Fig. 4. At the
recording, area control inflorration recorded on the
disc 19 is updated with the process of the routine

100 by the systemcontroller 18. The recording
a@PRArAldTheaRoh eeRd thddha sMekf gata DMsp $Qovhe disc
19 in this way. The reproduction can be achi eved by

t he Thuscessr carpipgrpntacy $6 idhergawooed ag process.
Specifically, the recording signal is intermttently
crptiSedrPRroAR t Hre diSE ig-in the order of data #n
accqrding to the contral .information recorded on the

i 56 P68 150¢  Fitien 1R 1§ SEROUAchred FRb ghe fa,° the
d%@fﬁ%“%%dtﬁscﬁﬁﬁé taS'D@ﬂaksaPQché@Egﬁ LREOqL D8 19, as

uf f'er ménory, and the witien data IS

SROR 1RUGYSl Y 41 eagh asIVREGEat Ag PM rddUnitR81r 606 £thdidion
apparatus can record the MPEG data DM on the disc 19.
rétoidet ohashe Phdd ilculiar hpdatbé wich eder girngeappaf athes
estimtes the data anount DBUF by Eq. (1) when the
reftine d@éhbusthatwsiem icanthelbes fEr- nenory 14 is

| ess than that for one unit period TUNIT at the

recAPEi AECOLT T PPAEAERS THe HHOEY §PealiFEhct Bt 8

U%?%%EC 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 is continuously read as MPEG data DM.

Thus the recording apparatus can record the MPEG data
DM on the disc 12. 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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effectively. 25 In the nmethod shown in Fig. 5, the
maxi mum data anmount 18 for one unit period TUNIT is
estimated for data #4. In contrast, in the case of

Eg. (1), the maxi num data anmount is estinmated only

for. the unknown data part #4B of the data #4.
Accordingly, the estimted data anount DBUF for the
data #4 5 is smaller than that by the method shown in
Fig. 5. Accordingly, since the estimted area size
necessary for recording dat& #4 is also equal to or
small er than that by the nethod of Fig. 5, the
probability that the data #4 w |l be recorded, for
£6XaBRé uni deh@oh epON Al 38 Ra ABE KedY Hhtan 4kl 9. 158
beconmes high. That is, the probability that data DR
cbotrase, uim tthpecasd UNGE (4 )1, etbe deakiomm dageoauainiie is
area that is not used by the nethod of Fig. 5 becones
et Hhateqomd vy dgy| the dap@opan dpéar el dtAP @feffhondata #4.

short. recordable area effectivel t e disc
RSO TSHET L eRa 75t DTiaet obry SHRBTEIRE Lornbhe, fats #4
; Legordahl e ' e inely framthe
l%é%?%n!ng%ﬁ?ﬁee%éﬁggﬁt%% #%ﬁggdo%ﬂgﬁééﬁfﬁggétgfhe
- recdoRdih§1 fed8reedhe28s i hHSEH tarcaNgi z B s Rfry
ti mes of seek operation during the reproduction is 20
fat s cectrieas ddta afyl fsomldevieqasl use ngr batatléey cidth stlas:
power source, recording tinme and reproduction tine
by dthéyanetingdr e5sBilg. 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
alsc decreased, and for devices using battery cells as power

source, recording time and reproduction time can be

"increased.

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

DLIM, the whole capacity of the buffer memory 14 can be used




10

Furt hernore, since the data anmount DBUF of the buffer
menory 14 varies fromthe m ninmumvalue 0 to the upper
limt 25 DLIM the whole capacity of the buffer
menory 14 can be used 19 effectively. Moreover, even
if all the data DM of one unit period TUNIT cannot be
witten in the buffer nmenory 14 because the data DR
has a high bit rate or the buffer nenory 14 has a
smal | capacity, the whole capacity of the buffer 5
menory 14 can be effectiveld used. The disc 19 may be
an optical disc such as a DVD recordable (DVD-R) or a
bl u-ray disc-or a nagnetooptical disc (M)). The
e ERYEN VAR, MaYobE PP IR@nt @ £ 8COT €A Afa DHALE ¥hé hurdit
variable bit rate on a disc by unit period 10
peried HilTv eaohot He: coritterh oh ted ahufffrmatmoryt hé
signal, the kind of the disc, and the nethod of
baegf et HetdabR re & hagli bét pate q@ ghpsbufifep memory

igital-da recor di ng apparatus, conprising; buf f er
1t o IO LR, AOPaRBPLSr SARA N DBl Cha it
' 0 ' t-he jtten digital datais 5
n%%é%ﬁﬁ?&?%ﬂt é ?%a fﬁge}gcgg%ghg head for recording
thepdieght 8¢ Oatdf @danf 69 dde Pulf etcAe®ry M a
disc; and a control circuit for controlling the
rgosiddbde gbvdklRChor theldi-gat adlisatear reeadgheoovphical
buffer nmenory is recorded on
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 daﬁa, format of the signal,
the kind of the disc, and the method of managing the data on

the disc.
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10 the disc, wherein when the anmount of the digital
data in the buffer nenory is equal to or nore than
that for one unit period, the control circuit reads
the digital data in the buffer nenory every unit 15
peri od; makes the recording head seek a recordabl e
area in which the read digital data can be recorded
as a continuous area; and records the read digital
data onto the recordable area 20 as a continuous area
of the unit periods, and wh&h the anount of the
digital data in the buffer nenory is |less than that
for one unit period, the control circuit estinmates the
anmount of the digital dat@auaTM®©ne unit 25 period
including the digital data |less than that for the - 21
uhkt PediBdaflremtense ey ngo BPPs RS ngceP tiFd ndrount

f th | d I f h
per iR RETOFBrGHHF & lpﬂa%%f%"ﬁlpﬂe%%ﬁﬁéﬂégg%
d hd h
R R s e R e

ihgggmfkﬂgntn?cggga,the d|g|tal data of an anount | ess
t han t hat or the unit period onto the sought

recar dabbedangaheah o eeobddididecHeerBigiitaq dagh tvdad
data for the unit period
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 pericd,

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 periods, and

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

the control circuit

estimates the amount of the digital data in one unit

?eriod including the digital data less than that for the
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10 including the digital data | ess than that for the
unit period, followi ng the recorded part. 2. A

di gital -data recordi ng apparatus, conprising: a buffer
menory into which various-bit-rate digital 15 data is
witten and fromwhich the witten digital data is
intermttently read; a recording head for recording
the digital data read fromthe buffer nenory on a
disc; and a control circuit for controlling the
position at which 20 the dilgital data read fromthe
buffer nenory is recorded on the disc, wherein when
the amount of the digital data in the buffer nenory
unst gepralod crom wbe et inmrcorirabpbodiometanitte pepiiod,of the
the control circuit 25 reads the digital data in the
dpgitet drdforgsevehyn uiiat fogpthe papiipdemimdesndhehe
1Lec rdi head,seek ac%ecordable area on which the
FRAY iy Y44t aPTEP e recorded as a continuous

ar e%ﬁk@'@dtﬁer9%{?%9&5{917?1@58&&&'& % _txae'co‘%%'élﬁltgnai%etjhne

soug recorda ea as a conti nuous area O

whildH RS iRdSma8Bd MMt Be anguptl dadhedi gktal data
in the buffer mnmenory is less than that for one unit

cerimaustllye reontded; circuit 10 estimates the anount
DPRE of the digital data in one
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 foxr 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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unit period including the digital data |ess than that
for the unit period by the equation DPRE = DBUF +
(TUNIT - TBUF) x BMAX where, DPRE: estinmated data
amount 15 DBUF: the ampbunt of data left in the buffer
menory TUNIT: the length of one unit period TBUF

pl ayback tinme for the data left in the buffer nenory
BMAX: the maxi mum bit rate of digital data, 20 makes
the recordi ng head seek a recordable area on which
the estimated anount DPRE of2 digital data can be
conti nuously recorded; records the digital data of an
anount | ess than that for the unit period on the
psougft recordabl e area; and 25 records the remaining
digital data for the unit period - 23 including the
di gitaesdaha reserdimen beRdt seok a Heqpiideblpertenl, on

ol ] owi ng the .recorde art. 3. A nethod for recordin
ahEh o kel Aol Al roinBe Rt ¢ @ CORELALAR
a%g%lqgkp-bit-rate digital datais witten into a

uffer menory and the witten digital data is

I Nt el tienthy Fead dighdait fecdid e dalight epsbdddRiBle
the buffer nmenory is supplied to the recordi ng head

aasdl aecordadionoas e ofl@hehenit heem@mnmisnt anfl t he
digital data in the buffer nmenory is equal to or nore
t hawhehathe opmeyme @Fi thpedigital 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 digitél 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 memory

TUNIT: the length of one unit period

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

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
continuously recorded;

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

records the remaining digital data for the unit period
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the nethod conprises: reading the digital data in the
buffer nmenory every unit period; 15 making the
recordi ng 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 the
sought recordable area as a continuous area of the
unit periods; 20 and when the anmount of the digital
data in the buffer menory is less than that for one
unit period, the method comri-ses: estimating the
anount of the digital data in one unit 25 period
including the digital data less than that for the - 24
ippnitdjpey ithe figidheldtiardessr thspotitithgotro thheuafrount
of the digital data less than that for the unit
PPELPOd fddovheg thmgtdrasidedhpaghit peri od; making the
recordi ng head seek a recordable area on 5 which the
estimated anount of digital data can be continuously
recor ; c [ t i Qi of an_ampunt | ess
han 1 R fof s At o b e s TR
recqndahbecA £aiheaRd vak 8501 U 11 o 8B Ak N Histsal
data for the unit 10 period including the digital data
wiestert Hanot habuffr mleorynbhd peié adsithehl anghgat hata is
recorded part.

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 egual to or more than that for one unit period,

the method comprises:

reading the digital data in the buffer memory every
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 the sought

recordable area as a continuous area of the unit periods;

and

when the amount of the digital data in the buffer
merory 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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4. A nmethod for recording digital data, wherein in the
case where variable-bit-rate digital data is 15
witten into a buffer nmenory and the witten digital
data is intermttently read at a constant speed, and
the digital data read fromthe buffer nenory is
supplied to the recordi ng head and recorded on a disc,
when the anmobunt of the digital data in the buffer 20
menory is equal to or nore than that for one unit
period, the nethod conpris&s:~ reading the digital
data in the buffer nenory every wunit period; nmaking
the recordi ng head seek a recordabl e area on 25 which
uphhe pedbddifgomatheat ane amrrespendinedtashe aantthnuofisthe
25 - area; and recording the read digital data on the
digiiyht datecdraabtamrtdmtadoa Ebatimorerdodaanfl the

unit periods: .and 5 when the amount of the digital
l%@ﬁ%Pi?#ﬁ%@ Bt eper ry is less than that for one

i B0 L QPP SELLIBLLAS L0

anount n one unli erio

whieH U@ sthRa €k @i drdundatod H@D%§t$i‘a:{httah%‘§anf ge 10 the
unit period by the equation RE = DBUF + (TUNIT -
cdBlifuousBYAXecabdrds, DPRE: esti mated data anount
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 déta in the buffer memory every
unit period;

making the recording head seek a recordable area on

which the read digital data can be recorded as a continuous
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DBUF: the anmount of data left in the buffer nmenory
TUNIT: the length of one unit period 15 TBUF: pl ayback
time for the data left in the buffer nmenory BMAX: the
maxi mum bit rate of digital data, making the recording
head seek a recordable area on which the estimated
anount DPRE of digital data can be 20 continuously
recorded; recording the digital data of an anount |ess
than that for the unit period on the sought
recordabl e area; and recor#dfing the renaining digital
data for the unit period including the digital data

| ess than that for the 25 unit period, follow ng the
areapraedl part.

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 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 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,

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.




