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In many cases, the program presentations are recorded in the viewer
and/or listener’s absence, for presentation at a later, more convenient time. This
is referred to as time shifting the program. At other times, a program is being
viewed and/or listened to without being recorded, and with out any interest in a

25 recording, but the viewer’s and/or listener’s attention is interrupted, for example
by a telephone call or an unexpected visitor. If the viewer and/or listener is
watching a television program, for example, and has a cassette tape in a VCR, or
can retrieve and load such a cassette tape quickly, the program can be récorded.
However, the viewer and/or listener cannot view and/or listen to the program in

30 its entirety, and in a proper time sequence, until after the recording has been
completed. The time to completion of the recording can be short or long,

depending on the length of the program.
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seanl ess and si mul taneous are used herein to denote that recordi ng and
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j unps. Feemipatér Hardasive!l €A secordable DVD device with a single head for reading
and writing cannot read and write simultaneously. Accordingly, the terms
20 seamiess and simultaneous are used herein to denote that recording and playing
back program material in accordance with the inventive arrangements has the
appearance of being simultaneous to the viewer and/or listener, even though the
functionality is actually alternating or multiplexed.

A basic rewritable DVD device, having for example a 1X (one times) read

25 and a 1X (one times) write capability, typically has maximum data rates for
recording or playing back of only approximately 11 megabits/second.

A system for implementing a single pause in such a basic rewritable DVD
device is described in copending, co-owned US Application Serial No.
09/433434, filed March 31, 1999, now US Patent No. (insert patent number

30 when available). Multiple pauses are even more problematic. Multiple pauses

can result in a very large number of frequent jumps. Frequent jumps are a
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pi ckup asspé%efr(f.ec’ﬁ@ﬁ’é{g ™hg 1%@?%}9[’% aﬁé‘gj’g&ébq%ls;%ﬂ"got HX’HE%\QEH Fate%il t t han
nmanagi ng sivaphisle al?éiﬂﬁ%xirhéteﬁﬂ'@Hé&ab&s@@éﬁ%o@%iﬁd‘@écl@(réﬁr&g)%@nd to
initiate a second pause 20 can occur not only during the mdst of the

progr atfy Boegakits/sesopd foriiacprding. hSuehy tatee ats only dwifitha minknwn ratet efv@ous

d/ pl 3 i . ' A ingly, it
< Ges Fanlactife SERMAREF caBauitcy, 86 abQinbl” bhErab SHRGareBRE N i ¢ he
pauses t o Haekiamdl recenlirapwithrstich W inbétiine Woutd abdra t6 belimpbesibll es Wi thin t he

constraints of the nmaxinum avail able data rates. 25 Summary of the
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recording and viewng a programthat ha aused previ ous
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segments %vrhirq‘ee\i/igwﬁr{gagrlf l-ﬁjw mo%}/ei Vr\]lﬂh bs%(r:rléund sound.
Frequent jumps also prematurely wear out the pickup assembly.
Managing multiple pauses is also much more difficult than managing single
pauses. It should be appreciated that a user command to initiate a second pause
20  can occur not only during the midst of the program, but will occur during the
course of a continuous simultaneous record/playback sequence resulting from
the first pause. Accordingly, it is desirable to provide novel features that can
enable second and further pauses to be implemented, and further, to enable such
features within the constraints of the maximum available data rates.
25

Summary of the Invention

In accordance with the inventive arrangements, a method utilizing a disk
medium for implementing a second pause during the course of recording and
viewing a program that had been paused previously by alternately recording said

30 program in a first pattern of interleaved segments on said track and playing back
said program from said first pattern of interleaved segments, comprises the steps

of: (a} upon initiation of said second pause, interrupting said alternately



said programfromsaid first pattern of interl eaved segnents, conprises the
steps of: (a) upon initiation of said second pause,” interrupting said

al t er nat ey oif3643l/ 35643 PCTI USO0/ 30615 4 recordi ng to RERAUSHPAMESNg back
fromsaid first pattern of segnments and junping to a different portion of
said track; (b) establishin t said fgdifferent portion of said. track a
second pasdrding t9ran ’P‘éY'I"@ang!ﬂa‘lE‘Hﬂﬁﬁ.H’t rsBF"‘FSUb?‘Sf%"?ﬁF(?“&'B@"M to
every ot\@fferfdFortio?bf 8abdraRs W) bsRablishing at¥did diftiréntgértioR d¥fsakhi d second
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sequent igaiky; (cf aNAREET Henb@ting gnsuticessibhiofn sadaliist patteai df §egrséntsr second
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as | ong and & suqnegsaign i Finichsacopd pastern of yeamgatsdby altersatrly re¢arAing cach of

said fir . : . ; | ' t n said
First afloddayig BaBR B Sab of salCRTFERT sl piitim T Rep e e
r ecor dediugingrsaid step (ch (dianovihgsequentlly frind skgment to segwentiwithin er ns of
segnents. 15 An% er nethod, i n_accordance ¥VI &h.the N nyent itve arrangenent s
for seAmrBof|spid Uy ohSAGENHBALEES of FeATER S N Fath I ™M%g a track of a
di sk o Megkdtding"HPpla§iy Bk a%t|6ﬁ§ a8frecdrdbd debients €drvbg phafedtbaey in
succession of a first pattern of interleaved segnents on said track and a
successiasderoWithinseantnef said firstrar serond patteens @igsegipaitsn anch {ekBIMPIRG ack by
alternately recordin | f | m wi t hin each
of ' oai d WP 2 R gl s ALY, OtRBNIERLS Snfy'whdh thebRREET T IO each
sequent iyHplayetirresorded egnene issiagiie ithembitdohsaid finstodr ssmoddfpatternoef second
patterns of interleaved segnents during said alternating recording and

pl ayi ng seaBeNEss | ong as recorded segnents can be played back in order-

W t hign each Nno%ﬁérﬁg%r{oﬁtinqccépo%ﬂﬂg with B Poenfive 89aRgEmMentdFornd, (C)

j unpi'ng between sa I'rst and second patterns of interleaved segnents
onl y wheseatlessbt thestding phd\playing backiedreargmetilizing pirackefn disk one of

Fur t her MeduBt eGP R U SERETE ol Phfipally BendrBRE Y ok BBt 0P BT IFY neoLs
recor di rtspatteincdf ifterlbackd degmiehts onibéidtackpantsa sucgession of a second :
pattern of interleaved segments on said track by alternately recording and
20 playing back parts of said program within each of said first énd second patterns
of interleéved segments; (b) moving sequentially from segment to segment
within each of said first or second patterns of interleaved segments during said
alternating recording and playing back as long as recorded segments can be.
played back in order within each of said first or second patterns of segments;
25 and, {c) jumping between said first and second patterns of interleaved segments
only when the oldest unplayed recorded segment is in the other one of said first
or second patterns of interleaved segments.
In accordance with further aspects of the inventive arrangements, the
apparently simultaneous recording and playing back despite muitiple pauses is
30 advantageously transparent, or at least substantially transparent, to the viewer
or listener. The rewritable DVD device and corresponding method enable the

program presentation to be played back to the viewer or listener when the pause




30 advant ageously transparent, or at |east substantially transparent, to
the viewer or listener. ‘The rewitable DVD device and correspondi ng net hod
enabl e t he rogram presentation to be played back to the viewer or
listener m@ﬁ’"&‘ ause WO 01/ 35643 PCT/ USOQ 30615 5 i s PCEASPWW6ISd, al so
denoted as a resune, but playback begins fromthe nonent the pause began.
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recordi ng and ihqél ng back because the recording and playing back occurs
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Lo the | 2 randBRRole P Lohes b AP it REE A hhad Sinfl e Vory

ti me ther ea minimupunivhe \Whemtivb argagervedte rsovifie jthetjampirgy ik edtiréqired ot s of
noi se is %@erat ed. H%r the nost part, DVD players are intended to operate
in an enviTHREEAPSLHNE SRLitaReoys gasording andPlaving tigplo Seepuse the t he only

sound heangeorfifty é'rfB’EIBWn!’J%a%Wd%EQI%Wﬁ@Eéceﬁi\@rgl{eirr?ﬁ@&yle%egg{r}{m?8?tl]i41i S

envi ronment by reducing junp noise to a mninmum unps” al so have
t he effoecttrask. (Hububyly rtirolel oijumyptis ecyssamytis oviadn thiefatdéstrinphiyeti hecaraedani cal

assenbly a ciated with. the record/pla ck head. Multiple pauses are

t hus enabl%gg\ﬁbﬁf Qq{cecogﬁgppggfo ﬁ'!fs@?‘g‘i%g?‘@glfégmﬁg in witing and 20

readi ng duty cyabescortiiptaybaek hesd nikes AbisefevBA) BMeaRbre 8% RIFR.| @Menadver se
effect on operational |ifetinme. Finally, the nethods and apparatus for

i mpl enent il37ge mymbegs ef Bﬁ%%%’e ff%igﬂ% lots odingisgrie geberster.efier thietthogtr orot i ng a
maxi mum u 556 0 ew i S recessing

al ong t he%ﬁtglg Iy[gP fa? h%r érjrlee\%rﬁtletn g%‘? gé B%agesfnagsn %‘}e"to%glc%rt gly l%-eéﬁ% pgqgé?i"ng back
progr eéss. sBundis dgpposepto be thé ohlyesduhd\leagh TFheiventive arran§bmeltsdi agr am of
a rewitabl egDVD dev'hce havi ng a record during pause and playback function

in accor dSie0ificantly, enhance, this, efiviconment by reducing jump noise to a minimum.

Frequent jumps also have the effect of unduly reducing the operational lifetime
of the mechanical assembly associated with the record/play back head. Multiple
pauses are thus enabled with the smallest possible reductions in writing and

20 reading duty cycles, the smallest amount of noise and the smallest adverse
effect on operational lifetime.

Finally, the methods and apparatus for implementing multiple pauses

taught herein are consistent with promeoting a maximum useful re-recording
lifetime for rewritable DVD's by precessing along the track of the rewritable DVD

25  as the recording and playing back progress.

Brief Description of the Drawings

Figure 1 is a block diagram of a rewritable DVD device having a record
during pause and playback function in accordance with the inventive

30 arrangements,



30 arrangenents. WD 01/ 35643 PCTI USOCQO 30615 6 Figure 2 is a diagram useful
for illustrating how recordabl e segnents in accordance with the record
during pays pl ayback function of the inventive ar é\.ﬁP relate to
a spiral trgoé Ekg% arewitable DVD. Figures 3-12 sequemi:’la W;ﬁ‘ ustrate a
met hod in accordance with the 5 inventi ve arrangenents for inplenmenting a
record duri ngFigareskisamdiagram hseful fouilustrating howoeocordahlessegments ire i nventi ve
arrangenents. Figur 3.1is abl e summari zin e alternate .

Fecor d neetdasRRR i ratard cuiPp paEPnand Sieybask Rindliarih e ioveptivey o
SUMTRT i Zjighddmferits Pa86St08 shiralupddikedrcd rewride!D8D.3- 12. 10 Figure 15 is a
flow chart useful for explalning buffer manage_ment for a rewitable DVD
devi ce i n acdtiguren@e1diseauentiallyiusitate @ methedde Aererslanee gyjtethels(a), 16(b)

and 16(c) are rel | Ll ti r ' ly\avk Nng back
duri nﬁ( nfﬂ‘P’FPBY%a‘ﬁ%@i‘ﬁ‘%%ﬁ@%ﬁ‘#&”@r‘%%r’S?n‘g‘dl %td%élﬁgdaq%g%c %?( [ gn of the
Pr ef er r eflinctiBh Gl aBBsrdande deth the indéntiver arrangeatedes.i ng a record during pause

and pl ayback _utilizing a rewitable disk nedium 102 i q accordance with the
i nventive arfigwgehd i & table summarzingtheiternats rsrerdialierbaskyure 1. The
rewitab | . rﬁqj{ 1 Is enbodied as a rewitable DVD. The device 100
S capabi"gs%éégdnwr r?ﬂgﬁto and reading fromthe rewitable DVD 102. The
devi ce conpr i Figgreal 4 ises babie sammerzingthe drédessiorcinstratedsa diguses 3212. a

v o0, 2001 5, ARl BRSNS BSLLf A Sk ST BB Y . o051

pat hs i sye3@lithbRVDUB devicd I R20rddie kit €8 invantivé afrangerfénishe bl ocks is
made for purposes of convenience and is not critical to 25 understanding

t he oper at i orFigtiresHeb(ale\li6dl). anchd6 el erareleted diagrams| ifustintinggieseidings a not or
106 for spinnin : I 08 that is adapted to
be m)veda'gélg{éyf'%eég]cgﬁoﬂhﬁ?]‘:anégﬁfpﬁ.ga%ﬁ%éggﬁgos%ﬁ‘?@é%g&up assenbl y bulrons

spots onto a spiral track on the disk or illum nates spots already burned
onto the track for recording and 30 .p i ng_bg vi deo ?nd/or audi o program
mat etfal . For pur posigtalipd Descly Al PRaGIDENIS t is irrel evant

whet her the djievics TEF B8rAARIEMERY 8 record during pause and playback

utilizing a rewritable disk medium 102 in accordance with the inventive

arrangements is shown in block diagram form in Figure 1. The rewritable disk
medium 102 is embodied as a rewritable DVD. The device 100 is capable of

20  writing onto and reading from the rewritable DVD 102. The device comprises a
mechanical assembly 104, a control section 120, a video/audio input processing
path 140 and a video/audio output processing path 170. The allocation of most
of the blocks to different sections or paths is self-evident, whereas the allocation
of some of the blocks is made for purposes of convenience and is not critical to

25 understanding the operation of the device.

The mechanical assembly 104 comprises a motor 106 for spinning the

DVD 102 and a pickup assembly 108 that is adapted to be moved over the
spinning disk. A laser on the pickup assembly burns spots onto a spiral track on
the disk or illuminates spots already burned onto the track for recording and

3o playing back video and/or audio program material. For purposes of
understanding the invention, it is irrelevant whether the disk is recordable on one

or two sides, or in the event of a double-sided recording, whether the double-



or two sides, or in the event of a doubl e-sided recording, whether the
doubl e WO 01/ 35643 PCT/ US00/ 30615 7 sided recording, or subsequent reading
fromthe disk, takes place fromthe same side of the disk or from both

si des. The YP&KE43and the notor are controlled by a ser¥6TPiWA8IRe servo
110 al so receives the Playback Signal of data read from the spiral track
of the di %é@%cﬁ?diﬁg,féﬂﬁ{bsbﬁ\%ﬁkfeaU?ﬁgi]Pr‘oﬁ'Vﬂi%CJﬁs@ﬁEé’d plaSe #oPP t&sdmbnput to
an error correction Circuit 130, which can be considered part of the
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control sectio 2Q..conpr.i control .central | | U 122
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gener ats orinRl teusn erpprorraationsaicyls 136h wihish cee begiesiderasparhof the t he

control section. | ' : e | |- L& 126 supplies a
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vi deo/ audi o i nfTie qunet sectivy P20 borhpflsesTheontrbpetntrabprddessiXinitSCALS  an

I nput to an_error correction coding circuit 128 The out of the error
correct i onl Zbanég navigation @ﬁgﬁ%erag%e&smaﬂﬂé-imﬁmgi FZ’F} %é%ﬁPPBEesto t he

pi ckup 108, 1/‘&!\@[@ ii%‘(’)%iétta&?? gr'é)ﬁ% J iorCd43 gte@l@ra'iﬂinr@tlcuﬁlﬁ%(arﬂf tHehgerdh Sk 102 by

t he | aser. cont or viewer activatable functions indicates
t hose 1df untto suppliesessacong isweisigial &g thmnavigatnragata geoerationrainguitse26.f ast

f orwar d, ause/ pl a d stop. The p e is.a counterpart f use
operation $PrYRgan #ﬁ?régeeﬁ%%‘ﬁ) é‘;ﬂ?rér"rqt%? icﬁBtrPh%echgy @gpn{i(a\}éé)at%%

pr er ecor defhtR gRAEALACirchi H2BURIPPNES a ket IhBGPSIGhAIGo @he anultislerer PAVEY am t 0
elimnate comrercials fromthe recording. A special record during pause
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for exanple NTSC or PAL, into djgitized packet, data, for e MPEG 1 or

NPEG 2, f dhediigliupal 08.cwhichiwil ke b 'PFé‘Z” dHVPégethB'% tgek ‘?frfbﬁt&%%n?hsflo

conpri ses tﬁg#g&ﬁc decoder 142 and video 30 encoder, for exanple MPEG 1 or
or

MPEG 2, 14 video in, and conprises an
A control buffer 132 for viewer activatable functions indicates those

functions presently available, namely play, record, reverse, fast forward,

20 pause/play and stop. The pause is a counterpart to pause operation in a VCR,
for example interrupting the play back of a prerecorded program or interrupting
the recording of a viewed program to eliminate commercials from the recording.
A special record during pause and playback function, labeled Pause {during
Record and Playback], is illustrated as part of a separate buffer 136 to

25 emphasize this aspect of the inventive arrangements.

The video/audio input processing path 140 is a signal processing circuit
for converting a conventional television signal, for example NTSC or PAL, into
digitized packet data, for example MPEG-1 or MPEG-2, for digital recording by
the device 100. The input path 140 comprises an NTSC decoder 142 and video

30 encoder, for example MPEG-1 or MPEG-2, 144 for video in, and comprises an
audio analog-to-digital converter (A/D} 146 and an audio encoder, for example
MPEG-1 or MPEG-2, 148. The digitized signals are combined in a multiplexer



audi o anal og-to-digital converter (A/D) 146 and an audi o encoder, for
exanple MEG 1 or MPEG 2, 148. The digitized signal's are conbined in a

mul ti pl exwoo1/3s643 --- -------- --- WD 01/ 35643 PCT/ USOPFEAgsbbrsgsis 150 and
stored in a record buffer 152 until ag entire packet has been constructed.
C
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can also 5 be deened to be part of the input pa a practi cal

p the inpu '
mat t er, QUERUtGfIheavigalionLdaia igeperation airsutt e the MUX 15daarkd eént tohhedi sk i s
an ECC : | : ) o] sect of.s. whe ach sector
el uded 3048 Byt 2T CoyR A1 28, RtaP bortSer oty B aBiem dFo cec
bl ocks, befdremsscatipbe patt.offhelingutqpgth af4thl ocks represents approxi mately 0.5
seconds of 1qQ conbi r1ei(glP vi deo ﬁnd audi o program materi al. The anmount of

li near space”5IDRFCUEHMELPL dhe smallestaddiassaple it op dhe sgiralisael oEEC

bl ocks, th@wisk4iaHR! Ecd Yerorsitddtion dodief BloRF 1@&%&36‘%\,%&3%3%&;(: j the

spiral track. Accordi nglly, it can appear that the récor feeds t o
be onl yinchides 2048 itasoisusar slatme A gregpdn an diteget BumBacos EBOWMckef dat a can

corresp f o 3.5 . approxi mately 0.5 secon of audi o and
vi deo p?%g?’éanqq Hr;rlgﬁ)e&? r§+‘§1 ‘#?eu po?ﬁ%ﬂﬁ&prre&%?ﬂ%é”ﬂfﬁf'ﬂ"aﬁb &%niﬁ‘ﬁ%‘ﬁ of track
buf hier, combneditieo bntifadidio Brograrh maaiis TRd ambBARLT idaridpacdiafihg S
assenbl ed i nto packets for further processing. The packels are grocessed

by condth® SpiF! terckdneeded te fpgordmgroupaf EEShblogks for epamats ¥920f the packets
t hr oughsgdgigd ti ' I [ pa f.or ,vi.deo and audi o
br ocess T Raryie SeAEd dreh 94 seBinfort bt o3 BRI kB PhEerb ol bR 17
needs t eppsarcdhiy thearegord:hutighnéarsstodseconipdarge@Eneaghab stéketiehe al so

proxi mat el seconds of aydjo and video program

correspondin tp 0 $ _
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ot herwi se appear to be necessary. In the presently preferred enbodi ment ,
the record biMg ewtAus pracassing rath| 70 eemerisssoa track buffienr er apudxi mately 1.5

fﬁgopﬁigﬁ{ffe@ Jw;zgg.g r\{g{ei%e H?gﬁf’ie%ddf%rﬁ 1RE SRR AL Nbied ivd paLiEs phdance W' th.
further processing. The packets are processed by conditional access circuit 174 ‘
that controls propagation' of the packets through demultiplexer 176 and into
20 respective paths for video and audio processing. Accdfdingly, it can also appear
that the track buffer 172 neéds to be only large enough fo store one segment of
data, also corresponding to approximately 0.5 seconds of audio and video
program material.
In accordance with the inventive arrangements, the record buffer 152 in
25 input path 140 is advantageously much larger than would otherwise appear to be
necessary. In the presently preferred embodiment, the record buffer is
sufficiently large enough to store approximately 1.5 secphds of a video and
audio data presentation. Also in accordance with the inventive arrangements,
the track buffer 172 in output path 170 is also advanté_:g.eously much larger than
30 would otherwise appear to be necessary. In the preseritly preferred embodiment,
the track buffer is also sufficiently large to store approximately 1.5 seconds of a

video and audio data presentation. The larger record and track buffers are



the track buffer 172 in output path 170 is al so advantageously nuch | arger
than 30 woul d otherw se appear to be necessary. In the presently preferred

embodi ment , wddifsdss ack buffer is also sufficiently large
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back ({reading) and 5 megabits/second for recording. Such rates are only half the

26 minimum rate of a machine of minimal capability, and accordingly, apparently
simultaneous playing back and recording with such a machine would seem to be
impossible. Neverthaless, such a minimal capability machine can be
advantageously operated in accordance with the inventive arrangements to
provide apparently similtaneous playing back and recording as is necessary to

25 implement the record during pause and playback function by advantageous
management of the record and track buffers. It will also be appreciated that the
inventive arrangements can also be useful for devices having higher data rates.

A record during pause and playback {or pause during record and playback)

feature is very desirable in a rewritable DVD device. Such a function can be

30 utilized, for example, when a viewer is watching a television program and is
interrupted by a visitor or a phone call. During the time the viewer is

unavailable, the recorder continues to record the program. After some period of



A record during pause and pl ayback (or pause during record and pl ayback)
feature is very desirable in a rewitable DVD device. Such a function can
be 30 uti wiczeadseds or exanpl e, when a viewer is watching BCTAB@BBESoNn program
and is interrupted by a visitor or a,ghone call. During the time the .
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nore 20 tol erable o the vi because p tantiall 'z
if not dBFRIANGLA E‘@&'ﬁpe@é’ﬁ ihBauee, t&ag Véﬂﬁ%g rogjr%l naq'é'g‘ﬁ%ﬁss%%
advaniagepasiing of tRRE HktChdithep mrttngsmrfaaamg cfaﬁrooeuarrrrhe reéghbdahast to two
or three rotations of _the disk, |eaving spaces ip between the segnments
that ar e agvantagepusly mipimizes theslength apd ﬂefn wnbehaflopgdumgs asdetich gament s.
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pon g to the beginning of the pause, so that the
recor di ngpldackdgatural hyiavgtibebuffeAmaraghment and bis ratecmadegement can
compensate for those jumps that cannot be avoided. The feature is thus more
20 tolerable to the viewer because the playback can be substantially, if not
completely seamless. During a pause, program material is advantageously
recorded in short segments, for example equivalent to two or three rotations of
the disk, leaving spaces in between the segments that are at least as long or
slightly longer than the recorded segments. When the pause ends, a jump back
25 can be made to the start of the recording corresponding to the beginning of the
pause, so that the recording can begin playing back. As each of these recorded
segments is played back, the spaces in between the recorded segments can be
used to record the incoming program material. Eventually, another jump back
must be made after another time interval equal to the original pause has passed.
30 In this way, potentially long jumps can advantageously be avoided except for
those jump backs made at the period of the pause. In other words, if a pause is

10 minutes long, then the playback after the pause terminates will require a jump



segnents is played back, the spaces in between the recorded segnents can be
used to record the incom ng programmaterial. Eventually, another junp back

nmust be mad another tine interval equal to the origjnal pause has
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and played back froma rewitable DVD in segnents as noted above. Each

segnent r ejacedenst aansonasateafer eXample, dcenrsting ty thenMBEGa? standare 15 spiral

track, as illu ' Lau | t e LS. sui for use
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Square 16 denotes the end of the
media type indexing. Due to difficulties of scale only portions of the track 12 are
20 shown, and these are shown in greatly enlarged scale. The direction of
recording an the track is typically outwardly along the track, from a smaller
radius part to a larger radius part. The several series of three large dots (s ¢ o)
denote portions of the track not shown in the drawing.
Reference numeral 14 denotes a recorded segment during a pause, in
25 accordance with the inventive arrangements. Square 16 denotes the end of the
recorded segment. Sguare 16 also denotes the beginning of an unrecorded
segment 18. The end of the unrecorded segment 18 is denoted by diamond 20.
Diamond 20 also denotes the beginning of an optional guard band 22, which can
be shorter than the recorded and unrecorded segments. The end of the optional
30 guard band 22 is denoted by circle 24, Circle 24 also denotes the beginning of
the next recorded segment 26. The guard band can be provided to assure that

segments are not unintentionally overwritten if the rewritable DVD device cannot



recorded segnent. Square 16 al so denotes the begi nning of an unrecorded
segnent 18. The end of the unrecorded segnent 18 is denoted by di anond 20.

Di anond 2@o3i8884€N0t es the begi nning of an optional guRiGudaseis2. Wi ch
can be shorter than the recorded and unrecorded segnents. The end of the.
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the track has been recorded or the program ends.

20 When the pause is terminated as shown in Figure 4, the device must first
finish writing of the seament being written onto the disk medium before jumping.
The last recorded segment in Figure 3 is segment 43. If the termination occurs
during the skipping of segment 42, for example, then segment 43 must be
recorded in full. The pickup assembly jumps back to segment 1. After this

25 jump, it is desirable to begin playing back while recording, in such a way that no
program material is lost. This requires an initialization of the innovative buffer
management method. Understanding this method requires an appreciation of the
starting conditions of the device when the pause is terminated. During
recording, no program material is being read from the disk medium. No program

30 material is thus available to be written into the track buffer 172, and no program
material is available to be read out of the track buffer and played back to the

viewer through the playback path 170. In short, the track buffer 172 is empty.



25 junp, it is desirable to begin playing back while recording, in such a
way that no programnmaterial is lost. This requires an initialization of

t he innovati uf fer nmanagenent net hod. Understanding this method
requires anvg‘g?}%é Pation of the starting conditions of tRE/RRYIEE when the
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buffer congbd WaNSnaHIE sedlfless dbksdtio : | ability
nmust be avai l abl ent 0 is?li ti gl [ Ez)e tﬁgﬁéﬁ/gpg?%eeg %"Z%?;E?ﬁreu %%‘?Jg;g%ga{)er m nat ed.
Accor dihgl {eatwrade deviee J80s and othémddvices ed cohepabalile daterates. t he encoder is
set to a constant  bi.t rate. The deco_de{?ggo nmust decode. at a rate

correspondi ng 8 TRANTIADT 7 RRUSE (5 teHpnatrdy s gecessary e cANdEIORS arte

decoder Wi hdt RS MorbdverOBSB b rate L4PRbARYE Ailis Bl JVRTHARGY inifllifleneed not
be' set to a specific value. In the presently preferred enbodi nent the

const ant bthe hudfess pEesthechpusetis terodnatdd. iAcceoutinglyasmce tfie pauseds es
initiated the bit rate for the encoder is set to a constant bit rate. The decoder
20 must decode at a rate corresponding to the bit rate during encoding, and
accordingly, the decoder will automatically operate at the encoding frequency
and need not be set to a specific value. In the presently preferred embodiment
the constant bit rate is 5 megabits/second, in each case. This leaves
approximately 1 megabit/second of bit rate capability (11 megabits/second less 2
25 X 5 megabits/second} to control the buffers.

The jump after termination of the pause is illustrated in Figure 4. This
jump can be thought of as the first jump. As soon as the first jump commences,
writing onto the disk medium is not possible. However, the encoder stil
provides an output, although at the reduced and constant bit rate of 5

30 megabits/second. Accordingly, program material that will become segments of
pattern B illustrated in Figure 5 are sequentially stored in the record buffer 152.

As soon as the jump ends, and while the record buffer continues to fill, the first



approximately 1 negabit/second of bit rate capability (11 negabits/second
less 2 25 X 5 negabits/second) to control the buffers. The junp after
term nati woef3sédde pause is illustrated in Figure 4. ThipgTnjstogessan be

t hought of as the first junp. As soon,as the first junp commences, witing

onto the disk nmediumis, not ssible.. wever, the encoder stil rovi des
o' out poseorient Bttt ool TR ane iRt ohd Fioved b ot Fack hured!

megabi t shygecond. Accordingly, programmterial that will beconme segnents of
pattern 8 illustrated in Figure 5 are sequentially stored in the record

buf fer 152. TRe s¥sa bityateapability enables ansteadly state o butfep prerstiphde

conti nue Lyl fel ment of
pattern ie?é)a‘{heegﬂ regﬁ]ntfhlgﬁé?ﬁé{)erﬁég\ﬁ%%gﬁﬁcgcg}s%gﬂ?g;%g: EebL&frleerl‘%Esqbuf fer 172.
The extr aividys comhgleg@pedry) ilb ptissrabbris, thesinpatlpuffbaisefilled dxdHecdutpper ation to
be reached, wherein filli ng and e\r&tyi ng of the record and track buffers is
5 al waysPHERDISTRRtIR AN Yico VRER- RIFasther sien of the dat@ indheitwor byffera. as t he

output  Bubifkednt cﬁ%h@ﬁr, ié'ﬁﬂmé@é@uﬁ’ﬁéﬁﬁallyﬁ%é@taﬁthQLﬁHénogffef fs;“/&iat ain the

two buffers, as a perce of capacity, I1s always substantia constant.
| f one bilk, dor exarple, tHeubther bufferisdiptull, If bae duififer oY full, theofed ful | . | f
one buff

r..is. Y2 full,,the other uffer is,also '/z full. If.each of the
bt tore Burfenis g i o Baagh o3 he BukeR par b Pime fedriems ortin B
enbodp Meptesehth phefeirell emBdAIHENE th® suscanbRt furhbertFdegniarié i Bottt the same
time must be constant and nust be equal to three. Figure 5 illustrates

readi ng buHerscfribatsame Upednuyiia eenstantuend must bagauAkto Weement s 2- 44 of
pattern B, Wiﬁte?reg%ﬁyfes?rai%atggg@éttﬁé ’}%H%ﬂaé ?Ellgf’gfgat?&%? R wiifgdye State

operation of t S n ‘achFeved. ure represents a second
j unp backegmetsi 2v4#aaft patterp Be sehitls oatlrs in anedlterngtinguseimiehee loncé\biesn t he

first ju ccurs fromse nt to segnent .1, the buffers are not
initiali g@&.gy\ﬁﬁ%tﬁ "cﬂ?_éat_é‘?ébggﬁ‘ﬁ%ﬁgerﬁ%éﬁ ef'_rat?mejé’éﬁnent 44 to segnment 2, the
buffers are atipeRY régrebérts iaZaftonl JuRp Harki BN iMidtt, (ePra¥eRTEA] a7y manner.
Accordingly, after .the second junp comences, the 20 track buffer is full

enough f amajsingdumpsttmcke Wheni thafirst jemb srcoprsaibacseament bhte aegment
ot P oy AR, SR o P o 3B b
- 44 to segment 2, the buffers are already. initialized and operating in a :
complementary manner. Accordingly, after the second jump commences, the
20 track buffer is full enough for segments to be read out and for playback to
continue uninterrupted, that is seamlessly, during the jump. At the same time, .
the record buffer is empty enough for 'encoded segments to be stored during the
jump, preventing the loss of data. Recording and playing between jump backs
has a time period equal to the length of the pause. | '
25 As even numbered segments 2-44 are played back, odd numbered
segments 3-46 of pattern C are alternately recorded as shown in Figure 7. After
the even numbered segments 2-44 have been played back, and after the odd
numbered segments 3-45 have been recorded, the pickup assembly jumps back
as shown in Figure 8 to segment 3, which is the first segment of pattern C that
30 needs to be played back. As odd numbered segments 3-45 are played back,
even numbered segments 4-46 of pattern D are alternately recorded as shown in

Figure 9.



junp, preventing the |oss of data. Recording and pl ayi ng between junp backs
has a tinme period equal to the length of the pause. 25 As even nunbered
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4, which is the first segnment o pattern S ayed back.
As even nuabsheandefigune 3 14-Afterathe éveplraymeibrédiségmendd 4rdaihave besegnent s

5-47 of pattern E are alterpately recorded as in Figure 11. After
the even nﬂ%“é‘??ﬂc‘%e@@?ﬁ?tﬁ? gd e ﬁegm?@ﬁxglﬁﬁk? baAd regarded.t he odd
nunber ed 9@@?32@ BssEmBNIANREBELK KR in ngnfehgz géifgg?aaﬁﬁgpmdhwgps back

as shown in ure 12 to segnent 5, which is segnent of pattern
E that neelis first peorpentyefpastack E thet needs toskshpleyéhbasit.eady state operation

of the, buffers, e Rk Su [ he . steps of: after
pl ayi nlg(pback t %&ge%ﬁﬁgﬁggé&ﬁ?asegp e%n ?Zfﬁﬁggxgtﬁﬁ é’?‘f‘l,pp 9%6H°AB Phack to
the first summoareet beginestepsiof! étes pRYNTY PatkitheRecorddd segrnbrisndf ey pl ayi ng

back the Efcorded sg'?me,nt ?Péof the second pattern and recording the program
in a thirdSHPEERH. dfmRiBgRask Lo ghe Hiratraporded seament of thegrsand pPattertie fir st

pattern. The, aiteﬁﬁaq%uvqﬂak saa{&Jx%?&ﬁea%e{gmenwwﬁgsecgﬁ%tp%h@ﬁ« Qhq S€gNMENt S

until termnation of "the program I's belleved t | tines as |long as
0.9 secondesorfding theapnogeam iraa thied pattemnoiostgrestdizy bvetfveritingthe he size
gt g aceeaTota t Fie A el ThE Brafgping PR $RCRPERFS G TR e di sk
nmedi um JujatferAé beEedribntsiunii tériimatidnl &f @ prégiaRl.et ed nore qui ckly because
the buffers will already be operating in the
It is believed that jump times as long as 0.9 seconds, for example, can be
accommodated by buffers of the size noted. The time duration of the jump will
include the time required for jumping as well as the time required for
20 resynchronizing with the disk medium. Jumps after the first jump will be
completed more quickly because the buffers will already be operating in the
steady state condition. Accordingly, there will be no interruption of the played
back material as the reading from and writing to the disk medium alternates,
thus assuring a seamless presentation of the program material, wherein the
25 recording and playing back appears to be simuitaneous.
The process continues until the program presentation terminates. [f the
end of the track is reached before the program terminates, a routine can be
provided to jump back to the beginning of the track, or any other location on the
track to continue the alternate periods of recording and playing back until the
30 program does terminate. The alternate recording and playing back is summarized

in the table of Figure 13.
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nor e avi ng' the deco en the pause term nates
can be htdrpingtes naf iblel halgfut incfilting the tratk buffep moreguuidkly:. Accerdintingky, it

is presentl referred fo turn f the decpder, after the pause begins, in

accor danl?ep%ﬁpﬂﬁ’s?’@ﬁerﬁ%m byt °(§g£h% eqagER 3fteE theiBayse t??gé‘[‘s?dﬁt tern of

segment s ;gkrardd Rithadtep i2besegnment s on the track of the di sk mediumin

accordance with step 208. As Iogg. as the pause has not been term nated,
£

Sﬁci si ﬁn bl ockhedevice themeecords adirstpttesn of segments RORIAN3E3 and wai t s.
en, 1g,s£?ﬁ4§ﬁts%st Eft el 8{ 'ﬁﬂe\?\ﬁ%%%\%c#\]tgl'ﬁdn RboREnbE @\Pﬁh&%p%ﬁah@ Igr]r%ht Y

step n-accordance W evice conpletes recording The |ast
segnent a$ thépadse bds patt besrmtermiveted,f dexision blocki 2K pEtuds thegeethiod tounps

back L2 b JOAEY Ao s a1 i beead SRR BR, 2P

method branches on path 211 to step 212, in accordance with which the device
completes recording the last segment of the first pattern. Thereafter, the pickup-

20 assembly jumps back to the first segmént of the first pattern in accordance with
step 214. As the jump proceeds, the record buffer begins filling with the
segments that will become the second pattern, in accordance with step 216.
This is necessary to assure that no incoming program material is lost during the
jump. |

25 In accordance with the inventive arrangements, the playback operation
after termination of the pause is seamless. This means that once playback
commences, playback can never be interrupted. Accordingly, the track buffer
must never be in an underflow condition or the decoder will run out of material
to decode and the playback will be interrupted. At the same time, in order to be

30 certain that no program material is lost during recording, the record buffer must
never be in an overflow condition, or the output of the encoder will have no

place to be stored. The complementary management of the buffers in



segnents that will becone the second pattern, in accordance with step 216.
This is necessary to assure that no incomng programnmaterial is |ost
during the _junp. 25 In accordance with the inventive arrangenents, the
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i |1 ustrat edrrangesdemtsntlt asll be appagidtéd tratmat thire one pberesefcan bregnents in
both buffers js e As. soon as. that_ occurs, the device can

| tq.three, . X . A ,
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ar r angementksandctioWiwith PRLAPRBES bRy hadeRBIe than one process can be
i mpl enented to achieve initialization. The 1nitialization process described

in coAPection Af the mcgrd buffer fills, slecisiont step 211 8fqureriesl whedhésthiejempdwsr d

buffer fil L.si t 8 erj.es et.her the j has been

conpl et ed. Lﬁ?n g%f'b%ltt%]e ﬁe’ﬁgoéﬁ%b gﬂ’&‘i’e@%‘ﬁ%ﬁ b@ﬁkﬁé’t?'ﬁtb%aﬂ'&é%%ﬁnﬁs. When
the junp i Whiorghetj@priedbae ths arthebbeRchal oh gath 2T0e m;ieqmlaxdpaés%emw
reads the flrsthgﬁi?rrent of pattern A fromthe disk medium and the track

buffer betfade the FFFtRgImenh of RetemA Jrurs trAisk mgdivmsanspthestpackiidferecor d
putfer 1S _BEYhe RRS witn Bt nl dBBradfite With LB ST hE TeddrliliRisrefoC! SLON st ep

u
222 queries whe the sumo nu f sSegnments | buffers has
beconeigquedntinues to de filledi ng step 220, that is, before the first segnent
the fjrst

has Doen oD ok el et bilet s celpihr Aok 22t fethe ot bk
the met hodnhBarcrseghiere iMbeehdb ifers hal bedéme 'dQuaICROHIEAGNY bitp 220,
that is, before the first segment has been completely written into the track
buffer. If not, the first segment will be entirely written into the track buffer. In
20 this case, the method branches on path 223 to step 224, in accordance with
which writing the first segment into the track buffer is finished, and thereafter,
writing into the track buffer stops. At this instant, there is no reading from the
disk or writing to the disk. Decision step 226 then queries whether the sum of
the number of segments in both buffers has become equal to three after step
25 224, that is, while the decoder is turned off, the track buffer continues to hold
only the first segment and the record buffer continues to fill. If not, the method
branches back on path 229 and waits. The record buffer will eventually be filled
with two segments. At this instant the sum of the number of segments in both
buffers has become esqual to three, and the buffers are thus initialized, The
30 method then branches on path 227 to step 232, in accordance with which the
decoder is turned back on. Thereafter, the device can begin reading from the

record buffer and writing onto the disk medium, and can begin reading from the



which witing the first segnment into the track buffer is finished, and
thereafter, witing into the track buffer stops. At this instant, there is

no readi n@gofpi@sees he disk or witing to the disk. Deci sporusipemsif226 t hen
gueries whether the sumof the nunber_ of segnents in both buffers has

become equal to three after step,2s EL, that,is ile t decoder is '
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segnent sbuffier omtosthierdisia mediure, theraespnd iseament ef thsr firse gattatnsisiraadot h

buffers has Qec eqgual taot -\ e r r L nkdlal i zed.
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whi chs t hgnd daRIEESE iHe ihuente dreangefiontd Retheafdseablishéd: devi ce can begin
reading fromthe record buffer and witing onto the di sk nedium _ and can
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After witing I'TSt segnment o e seco patterntromthe record
buf f er ofits? sebmetit séachfrdiruthe disieredoonds sempletely ofrittéreirito the taaktern i s

read from.th I sk medium.and witten intgo the track.buffer. The _.alternate
readi ng Bmaﬁ"d etengr oet ﬁiﬁW'H\?&ﬁ‘t"i @?eagﬁi?{&sﬁe?n ﬂ‘q témfﬁ{%atéosﬂ 3ﬁmeshed.
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the firthe firsgisegment isdcamplatalyavritteskinge the radosd buffer hespysatha $WR into t he

track buff.er. eth t, ' ' | ar the tinme
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wi || be baffbistdredgitialiadd) varitirighiaté and resdtognéroin bethcbuliférstreleyls ww ibet en i nt o

the record buffer, be_causewg he sum - of Lhe ntrirrgg)r of se neagf‘% bot h

buf fers @rabledhe Acgaedingly. and at thatipstapt, the mgthad branches on pathi22syto (i ng
i nto,and ' f . e el Y, and
ot CRy pleBRAa i BB RRleS YA Wiich BREHSddRy MBS BhE i R Ra v and.

accor dantte décddenhit ihstihpeckssarycto finish wyriting the. firat segmenir inththeotrack he
decoder,

rack  bhptes f fecoangafB Yk 230 JfiSohtbe e Sabb ooh bEnGBRIRE" 11D o
readi Ny fonPtRd RRofEbaffer bid fettingnshtarthé idigk wmetinm, lenddéaskbegialreadingind can
begin 1 e?rglmn%\e track buffer and writing into the decoder, in accordance with steps 234
20 and 236. After writing the first segment of the second pattérn from the record
buffer onto the disk medium, the second segment of the first pattern is read
from the disk medium and written into the track buffer. The alternate reading_
and writing of the inventive arrangements is thus established.
Irrespective of the process for initialiiing the bufférs, a certain period of
25 time is required for preparation for the next jump at a given bit rate. In the
illustrated embodiment, 1 megabit/second is available for the preparation
process. This period of time may not be available if the pause is too short, for
example less than 10 seconds in length. One source of such a pause is
accidental viewer sélection of the feature. Another possible cause is viewer
30 initiation of a second pause immediately after initialization following a first pause.
Accordingly, it may be necessary to limit all pauses to a minimum duration,_ for

example through the control program.




fromthe track buffer and witing into the decoder, in accordance with
steps 234 20 and 236. After witing the first segnent of the second pattern
fromthe re ffer onto the disk nedium the secondrﬁq@ﬂi f the
first patte?@ﬁgségad fromthe disk mediumand witten into eﬂ6 rack
buffer. The alternate reading and witiong of the inventive arrangenents is
t hus est abl i she#ftet steesyﬁétancbzw thealepicecatesndtely readd thel éag'mmtshétbmffers,
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| engt h. méomlﬁwt@w rBaperdn pamrdan@ witbitere 2881 Thiepracesebouespandsft t he
feature gﬁr_ spé)%& ble cause is viewer 30 initiation of a second pause
|rrrred|a§ely Initialization following a first pause. Accordingly, it

may be necessaryhd Gomplirentary o@éﬂﬁﬁﬁ dfGhe blifftthistlbé ahdedtoddods exanpl e
t hrough t he control program |;: WD 41/33643 PCT/USOQ 30615 19 After steps

234 and 23Bferring tadhe avetallqnerationl §f thedwsfernand aghitha sopditiondhat sy st
pattern ffﬂgskésggr J?{ﬁnéﬁn{asﬁrﬂémﬁ% ‘é(éhélﬁb?{ Qﬁnﬁﬁgn‘?ﬁ‘% filstrifegsecond  pattern

onto the di ies the buffers in a conplenentary
nanner in embodutmuedmrtdﬁrcetreporﬂﬂ& oriliblatemaieeagmemsr tispreeded baffepisFi gur es

The | enent a rati the buffers nust be understood as
ref errihg f"ge ﬂb‘?/ﬁ'f‘caqq)é’ ngr’ﬁ?g 'hi Herahesen apLUh&Rted 1Beconditi on

that is ngsesHear if therBidl witaqd dimsx@mta%ayﬁhw is 3l MkbabitsMEstontiist Ne
illustrated enbodinment, during the recording onto alternate segnents, the

record buf degcribgdsthenithe e@pcmg buffer sriainie emptied atnagiesit megebitsisecanide chosen

out put rat r .otal wite to ate ability
"o b1 negat ty HEHRRERS Horabln HrEH 3ha Shie ek dplysp Pifiro 2 Rl

enpti ed atoperativn theegelbbuffésieteitg erfipted at bhRedhibits et thelsafriratde
filling and enptying rates. During the witing operation the track buffer

i s bei #y edpthedeceding rmaﬁptfsb%fémme being @amedp &pdnstantanepudy gteodi ng
rate. Bot hgRHidiqfe nlﬁﬁa%gggf]gg%rﬁ&r .ﬁﬂoﬂ%uff&%t.?%@ﬁéggpg' Yﬁ%fﬁér%e %@eﬂi the

nunber of segnents S IS decreasl ng e seg
is written to the disk, a segment is read from the disk and written into the track

buffer, also at 11 megabits/second as described. The track buffer is being
emptied at 5 megabits/second. Accordingly, when the disk is being read, the
20 track buffer is being filled at a net 6 megabits/second due to the difference
between the filling and emptying rates. During the reading operation the record
buffer is being filled at 5 megabits/second. Both.buffers are being filled, so
instantaneously, the sum of the number of segments in both buffers is
increasing. Nevertheless, when the operation of the buffers is considered at the
25 same instant in the read/write cycle, for example always at the beginning of a
read or a write operation, the advantageous complementary nature of the
operation is apparent.
In most cases the second pattern will not be the last pattern, but it is
possible. Accordingly, decision block 240 queries whether the last pattern has
30 been played. If not, the method branches on path 241 to step 242, in
accordance with which the pickup assembly jumps back to the first segment of
the next pattern that needs to be played back. After the jump, because the



Is witten to the disk, a segnent is read fromthe disk and witten into
the track buffer, also at 11 negabits/second as descri bed. The track
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junp, baganse the R 9443584 D48/ \d900/2380dSes atPtobEdsing B thelaseady
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accordance with_the i{h\égnt idvea e}s_;[ra]ag ments, the reading and witing and the
r ecor’di T§SYRESpI'AYiMA Ne53L SteR, nted as the buffers are filled and

enpti ed 5 i N TheGORPIRBALCENOVIR INBigulds £C608020@RdVI2 {3 sumembrizezhini ve
arrangenents. t eps 240, 242 and 244 are repeated until decision block 240
recogni zbe tablaaf Rigwrel tht (tnan ke seangthay dbe firgdemads bapk thEeg@EbAck. The

met hod then [ t :
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Def aul t fepahgtimpris tack e sbyginkat 4, the fitthjump. is Dack teskgrdernBsand set ep 248.
The junpi ng_back shown in Fiqures 4, 6, 8, 10 and IS su riz in the
t abl® ofor Gagheiump %P?k E%ﬁ"l'll:tﬁg" §é§ﬁe??f§f"9c ?l"e"ef"Y"?thg ?1f2u'ik}‘8 ﬁegnb%?? °F§H§egrrent'
1, the HQCOf otdéiRo ipteltift prématife BRAAustiont ofethltisidmeditm, i caable t 0 segment
3, the ourth junp is back to segnent 4, the fifth junp is back to segnent

5, and sweb3hehthemmerhgd agvasiegeousty presessesdy 2L leasiding FRETANEARPI ti ng of
the Segrrcl'a'p]te %hg rr!nettngd jumps back. The first jump back writes or rewrites onto the
odd-numbered segments 1-43. The second jump back skips segment 1 and
20  writes or rewrites even numbered segments 2-44. The third jump back skips -
segment 2 and rewrites odd numbered segments 3-45, and so on.

During the pause, unrecorded gaps in the track are formed between the
recorded segments. It is possible to jump from the end of one recorded segment
to the position on the track where the next segment is to be written. However,

25 it is easier in most cases to simply let the disk medium spin under the pickup -
assembly, scanning the track until the next segment is reached.

It is often necessary to jump back one revolution of the track due to the
rotational speed of the disk medium being higher than needed. Such jumps are a
third kind of jump with respect to those jumps described above. Such jumps are

30 very brief even for a DVD device, and such jumps do not require extraordinary

buffer management or large buffer sizes compared to the long jumps which can



di sk. In order to prevent premature exhaustion of the disk nedium it can
be seen that the nethod advant ageously precesses by at | east one segnent
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rewitable disk nedia |Is advantageous for repeated recordi ng operations

ot her thanfeai¥ecapdeProvisied; i gcpardanrcemithithaymenkive alrrpgemenatsgivithher ei n i n
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addi ti onal s Ln.the raogram,. This 1o feature can be provided in
accor danc es?[/%ﬁ% ﬁ%%émi ’h Ve ﬁ?ﬁ;ﬁcg ! %&fﬁﬁ?’k‘"’\ﬁ FRNIFMEP LS ﬁ’ﬁff%ﬁﬁ‘%‘“by a
recor d/ pl agortieetion RAOFGURS TBIG],MB(B) M36(YLi | izing segments i's described

above. The inplenentation of nultiple pauses in the same programin
accor déhce wi t Hnithe Spatielnkracie Digaram gbewm is Figure ifi(ali each row, pumbetsdi bn wi t h

E: gﬂ; 251 613 R ,uge%%,b)reg\%&(gﬁﬂs%@% %%&ﬁermntahseeqﬁgr%é 8 ch{t%%%ugs%ernaemssgp wn in
the track on the disk. Each track segment is large enough to hold one segment
of program material. One segment, in this example and as above, is equal to
approximately one-half second of video and audio program material. in the Time

20  Sequence diagram of Figure 16(b}, the order of writing, reading and jumping is
ilfustrated by a Write Segment column and a Read Segment column. The Track
Segment Jump Chart shown in Figure 16(c) identifies the first six jumps resulting
from the two pauses occurring in the sequence of recording and playing back
represented by Figure 16{a}. The sixth jump, and the numerous jumps that

25  follow, are not shown in Figure 16(b) due space limitations in the drawing.

The multiple pause embodiment is more easily explained if the term
"pattern” is defined differently than in the single pause embodiment. With
reference to Figure 16(a), the odd numbered segments 1 through 23 and the
even numbered segments 2 through 22 were defined as separate patterns in

30 connection with the single pause embodiment. The same would be true of the
odd numbered segments 25 through 43 and the even numbered segments 24

through 44. |n the multiple pause embodiment, however, segments 1 through



through 44, represents one segnent in a sequence of contiguous segnents of
the track on the disk. Each track segnent is |arge enough to hold one

segnent @i gpseds am material. One segment, in this exanptfysdifeds above, is
equal to approximtely one-half second of video and audi o program .

material. In the Time 20 Sequence di ag#am of Figure 16(b), the order of
wri ti ng, 2Behetheddiaad jevemnambesed, jare mare goavertigntly defines segnepettesi urm and
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i nterl eaved segnents on the track, for exanple a 5 second pattern. It
shoul d bcalipi®ci ated that designating a segment as the first track is for

the purpose ofndlgtritabirdthd ik Wrki, SRATRD terttRbaliivgl iR bIEYRG'HaLR, Pr OCESS,

and not necessarily the first segment of the track. SimTlarly, the first
segnent aife sdneetlrpesags@dnnte‘@bamb_m adain fan\parpdses qrfrmselense ndore

necessari | i rst se ] ram d W th r rd to the
Ravat ageeskstafy. arodlenh SHRR 1S stfin 5% o BE Al Bomelebre BRfRr o al
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and witing, and the terns readi ng and l% ayi ng back, are sonetines used
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and written into and accumulated in the track buffer, and then read from the
track buffer. This is equivalent to playing back for most practical purposes.

20 Assume that a program is being viewed, and that at some moment in
time, the viewer initiates a first pause. The program must be recorded as socon
as the first pause begins.

The first pause is noted at the top of the Time Sequence diagram as PAUSE#1.
Recording begins at a segment of the track identified as segment no. 1, as

25 shown in the Spatial Track Diagram. In accordance with the inventive
arrangements, the program is recorded onto every other segment, namely the
odd numbered segments, of a first pattern of interieaved segments 1-23. In the
Time Sequence Diagram shown in Figure 16(b), this is represented by
consecutively writing segments 1-12,

30 The first pause is terminated after about 18 seconds, assuming about 1.5
second of program material per segment. This is designated in the Time

Sequence diagram as RESUME#1. Jump #1 then occurs as the read/write head



I's accurately, programmaterial is witten into and accunul ated in the
record buffer, and then read fromthe record buffer and witten to the

di sk. This Gp@gsval ent to recording for nost practicalg Oq.wﬁg% . Program
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The second pause is terminated after about 15 seconds, assuming about

1.5 second of program material per segment. This is designated in the Time
Sequence Diagram as RESUME#2, Jump #3 then occurs as the read/write head
20  jumps back to track segment 7. Program segments 7 and 8 are read first, in
order to fill the track buffer as the record and track buffers are initialized again,
as explained above.
Within a half-second or so after the first jump, there should be two
program segments stored in the track buffer and one segment stored in the
25 record buffer. At this point, the decoder can be activated, and the deck can
begin full rate alternate writing and reading the segments of the first interleaved
pattern. Since the writing/reading bit rate equals 11 Mb/s {for a 1X machine)},
and the total bit rate of the encoder and decoder is 10 Mb/s, the front end can
produce an average rédistribution of bits from the record buffer to the play buffer
30 of 0.455Mb every cytle of writing a segment/reading a segment (909
milliseconds}. As a result, the front end can nearly fill the play buffer in about 5

more seconds and also nearly empty the record buffer during this same interval.



portion of the track as Junmp #2, for exanple track segnment 26. The program
Is recorded onto every other segnent, nanely the even nunbered segnents,

of a 1.5 weepsepattern of interl eaved segnents 26-44. HQTS0¢30615¢ sequence
diagram this is represented by consgcutively witing segnents 18-27. The
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initializ a sequence begins. Programsegnent 28 is witten to track
segnent grégrapn sggmwent 8 §remt beoreiag. rﬁwobdfﬁvmafea&rka@\eglmtzedﬁo &atpr ogr am

segnent 29 is witten to track se nt 1 99 ead from
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segment 34 is written to track segment 7, program segment 15 is read from
track segment 8, program segment 35 is written to track segment 9, program
20 segment 16 is read from track segment 10, program segment 36 is written to
track segment 11, program segment 17 is read from track segment 12 and
program segment 37 is written to track segment 13.
it can be seen that program segment 33 overwrites program segment 3,
program segment 34 overwrites program segment 4, program segment 35
25  overwrites program segment 5, program segment 36 overwrites program
segment 6 and program segment 37 overwrites program segment 7.
The next program segment to be read, namely program segment 18, is not -
located sequentially after track segment 13, but is in track segment 26. Jump.
#5 then occurs as the read/write head jumps to track segment 26 so that
30 program segment 18 can be read. The buffers need not be initialized. The
following sequence occurs after JUMP#5, Program segment 18 is read from

track segment 4, program segment 38 is written to track segment 5, program




then occurs as the read/wite head junps back to track segment 4 so that
program segnent 13 can be read. The buffers are already initialized, so

that only w@i1Bs@8r am segments needs to be read before tpag Reodesi’ 09r am
segnent 15 can be witten. The foll owi ng sequence occurs after JUWP#4.
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program segnent, 37 rweites program se t 7. The t ram segnment
to be read, na eyfug%gbjrué‘_m ’sse'bﬁgﬁ%%ﬁfﬁag%gmepﬁéﬂ?‘gﬁiﬁgtgﬁuﬁ ly after
track segnmait).lIUMPHE is From tiabR GegmeaIR M to 2fack beBment' T 61dtCthaf prayramas t he
read/wite head junps to track segnent 26 so that 30 program segnent 18 can

be read. fmmm?@r%am%elam@ bpek pftet playingdack presramosaament2 Gedbence
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PCT/ USO0/ 366 End cf%he agemnd paubel afteeRESUME#M2L r ack segnent 6, program segnent
34 is witten to track s&gm&nt 7, program se%r;e_nt 15 is read fromtrack

segment 8, pro %ﬁﬂb%%% mﬁeifoWf"tgt@ﬁtf‘ﬁOt gicruiss fingticl mpver®dt so on.
The Time %QH@?E&/W%@EE@JW&WW& ﬁﬁbarré‘r‘&ﬂ/"Qh{&&aﬁécﬁ&r;ﬁmjiﬁﬁmﬂ%né& but the

recording and playing 5 back in patterns of interleaved Segnents continues
until the rpeargingnduringrd stgady staje roods dfoperatize dbisunede Gestéblishhér junp is

Frack Sogriiiy thE E3esmriEiR® i Hnthated, Bref i Rt aPa s el PR3 can be
pl ayed badshterbadid sHghydrmehbae bed @giabReAGHRINftet the ToGord Gnldawatihs of the
first six junps are al so shown. The | ongest junp, JUW#3, is at
buffers have been initialized. The first rule is moving sequentially from segment
to segment within each of the first or second patterns of segments during the
alternating recording and playing back as long as recorded segments can be
20 played back in order within each of the first or second patterns of segments.
The second rule is jumping between the first and second patterns of segments
only when the oldest unplayed recorded segment is in the other one of the first
or second patterns of segments. These rules assure that the number of jumps
will be minimized, because most of the alternate reading and writing occurs in
25 successive segments. These rules also assure that the number of jumps,
particularly the longer jumps, will also be minimized.
It will be appreciated from the spatial track diagram, an implementation of
these rules, that the second pattern of interleaved segments usually has the
effect of dividing the first pattern of interleaved segments into two patterns, or
30 sub-patterns. This characterization, although accurate, is believed to complicate

the description of the process.



the end of the second pause, after RESUVE#2. It can be seen fromthe
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rul es adfAqsPEdInglY: itiARY BEMAFSPSSATY io RERVIdE neariy, doyfin the DUFfer kaRagiIof gt of
the alt g Rag- aﬁ%@i‘ﬁyqs\%}raidjﬁ_%gr&pgmity% successi ve segnents. These
rul es al'so aSsure that the nunber of jungs, particularly the |onger junps,
wi |l al so belfriargenibuéigrs ate ndtl prapicalpan edermative Splyiirp e 1e sensessudyack :
diagram an,jnal enentati of ,these.rul t pattern of
interl eaﬁ?@H"‘@EdHﬁ‘i‘f’E"ﬁ%’ugﬂF mﬁ!ﬂ"?ﬁ%tmne?f@é é%@“&‘%’?‘é?ﬁ’éﬂt e first pattern
of it erdoRevRsd, SRUAEES Belaptifitiatibn BAtKEEHSondosause frarh-thattines resjuedieds

characterization, alt hough accurate, is bel i,eveg to _cog)l i cat t he
descri ptungihths endief gitenate playiyahacksanhrepending ehth et PatSE® 9he nanagenent

of the jyinge Al ddifeUhEl sty MomTBi@ it paiugyll ¢ under  certain

ci rcunst or- exanpl e | l'ong junps are separated by only about
0.5 seconds Therimaalitivg/arrarigemgents aresappiicablettorvided/audio o aydiorenly, @xinnot be

|1 ed f heir full X iti h J k buff
7S moar [9elset i recpringifn DEEEdRRT ferd fres aLRITY B, bR ot PimeREC 0000

thesg j unps. oarARRAE Mllehtivi larfRjeMentiea a6etiibel @bpye preldde aaidwy kitdubl e 't he
buf fer capacity for a two-pause capability as for a one-fgau?‘e capability..
[

| ) y
| f | ar geof DViDffeatyre thatranablrssa viewsar to inteuph 2 PPl ANAATYHes t o sense
such a conditian, SORG LR} G baleafiled mbRRerSRRABG: Afpise can be
i o cont r'St9eq) '°'s‘btda§ast%g'¥de g’)}nqﬁﬁ *"gpl} on o% the second pause f r%ﬂft he time
r equest edblay and without missing any program content. Moreover, the inventive
arrangements can be implemented with a basic rewritable disk medium device, .
20 for example a rewritable DVD device, that is also capable of playing prerecorded

DVD's and that is otherwise capable of conventional recording.



until the end of alternate playing back and recording of the first pattern
of interleaved segnents that resulted fromthe first pause. The inventive
ar r angenent plicable to video/audi o or audio-only as to
recordi ng oﬁ’%%psks hard drives or MO di sks, such ascg.{iﬁm\gﬁhﬁs
Overall, the inventive arrangenents as 2lescri bed above provide a new k| nd
of DVD feature that enables a viewer GLAIMSt errupt a pr o4l N TR 3" he
interruption, to resunme viewing the programin a seam e E= ]II“ Ilﬁm[
any delay and wi thout m ssing any program content. Mor eovér Lt h& ihventive
arrangenents caf PemeHRICRRRIAt ¥k auihATLE irhAMneh@R) & sdbsid PReliIm devi ce,
20 for exanple a rewitable DVD device, that i's also capable of playing

pr er ecor dedurirgv/thesceuise pheecording and vigveeg e apapiam tifat bed\beanipawaed r ecor di ng.

A ot ot uRieP CBEYGEY, SRRt ko, Pt el ek ekl pharsbedur g

t he cour seseymérfts @nckaigtradid aid @l&'yﬁ*@ Pack' 26 BFogrdiatirdh daldef@et patieRtors
previously by alternatelty recording said programin_ a first pattern of
Ss

i nt er | eavel@térieayad seemsn ﬁ?%@?’lﬂ&’k"%@ﬂ%’l‘&%%@eﬁﬁéi sai d program from said
first pattern ﬁg$@ e steps of:
(a) upon initi §t£)| gé\%ﬁiﬁ% secon Qﬁs“ahgg [-Wetr %Pﬁ%gms%'?écﬁﬂgﬁ N(;r nately
recordi ng fecoading pd ayd plpybgdiackfoom $aiddf|rEt psttemad ft sgmenits ard jenpisgaad

j unpi n to a different portion of said track; (b) establishing at said
di ffer 8%?‘?’6‘?? Rrtigyo gsf"pat&?ka second pattern of interleaved segnents

by recor d' ng S 3bfletaBEHHY A4 S?ﬁ%'}é/ntcﬁcﬂﬁég %?gg’ﬁr’tf'a&fa s&Rnd pREpRGrpattern

until term nation of sal second pause; al t er nat el Yy gener ati ng a
successi onntﬁrlegae@segmsmtsﬂmneeondlrm‘ saségmrem orte exaty etheusegrventorf of sai d

second pat n nate recor.din and pl ayi ng back

W thin eacei?‘?J Pe@Jgde%F&stuﬁgﬁﬁe @g@?ﬁ ?'ﬂ:émgfpagg%nents; and, during
said step (c): (§daiterateOgereentigta a:h&c;esénbamf%ewmt pERefP@Edyments hi n each
of said first or second patterns of segments during said alterpating

recor ding anshA SHECSISRP; 97@3%%98033 Pabkesn 8§ segpentadty Apnastysresaiding pi ayed

back in and playing back within each of said first and second patterns of segments; and,

during said step (c}:

{d} moving sequentially from segment to segment within each of

said first or second patterns of segments during said alternating recording
20 and playing back as long as recorded segments can be played back in
order within each of said first or second patterns of segments; and,

{e) jumping between said first and second patterns of segments
only when the oldest unplayed recorded segment is in the other one of
said first or second patterns of segments.

25
2. The method of claim 1, further comprising the step of:
{f} repeating said steps {d) and (e}, until viewing said program terminates

or until a third pause is implemented.



order within each of said first or second patterns of segnents; and, (e)
junpi ng between said first and second patterns of segnents only when the
ol dest URPd FiveR6lsr ecorded segnent is in the other one ofecramsowBosisr st or
second patterns of segrrents 25 2. The nmethod of claim1, further

conprising the step of: etlrg sai d, steps (d d (e), until view ng
sai d prograndt dihei Rgthag °fo?'a'ﬂh5) ?“"H‘ [FOMPrisiNg the; é%shﬁ{'ement ed. WD 01/ 35643
PCT/ US00/ 306§t§rm§§ ramﬁo%'hg?gadv tocll.)é‘wntaen biol 3 disRMREdismne 4 he steps
of : storing prog ort ons ready to be witten onto said disk nediumin-a
first béifstduftencindtdtber portionsmead frath $aid diskangddigimsio aeegand byffer: second
buffer; and, 5 filling and enptying said first and second buffers in a
conpl e'rréﬂ(‘ary manner. 4. The nmethod of claim 3, conprising the step of:
provigdi ng at f.llhﬁe%hdnﬁﬁ;s Yhd ¥di€ Sirdthidsdcondivi@iesa pas icbhptimértanysai d filling
and 1o enptying of said buffers for processing two of said pauses than one
of sai dmagmmeses. 5. The nethod of claim1, further conprising the step of:
delaying initiation of said second pause until immediately after a conplete
is cycle of playing back and recording in said first pattern of segnents.

6. The nethog, ofneChnattiBdlor Eldinh Bebomaﬁpwgs&\agstémef step of: del aying
initiation of said second pause untjl d| at el éf after agﬂig)l ete, cycle

of pl ayi ng bekeviding at laast Ae#fly rwicedhe b|“| eing F2PP \f'ld'érlm%éﬂ cyele
gg di gt'r[ Yﬂgrgéjsa id Uﬁ{fgl%rfo?%ﬁmfe's&h Gwid6r $4igPatbes tHaBdHetbféhid al d pr ogr am

eo dis od of claim4, further conprising the
step of pausds.recordi ng said programon a digital video disk. 9. The nethod
of claimb5, further conprising the step of: recording said programon a
digital video disk.

5. The method of claim 1, further comprising the step of:
delaying initiation of said second pause until immediately after a complete

15 cycle of playing back and recording in said first pattern of segments.

6. The method of claim 4, further comprising the step of:
delaying initiation of said second pause until inmediately after a complete

cycle of playing back and recording in said first pattern of segments.

20
7. The method of claim 1, further comprising the step of:
recording said program on a digital video disk.
8. The method of claim 4, further comprising the step of:
25 recording said program on a digital video disk.

9. The method of claim 5, further comprising the step of:

recording said program on a digital video disk.




aCM.SIl.~k 1111112111 1 1 11 11 1 1111 11 11 1 WO 01/35643 ¢ L s
PCT/ US00/ 30615 29 10. A nethod fI ﬁmmmgcordi ng and pl ayi ng back
a program ugid diAk a track of a . rising of : (a)
alternately gedr%ér‘g ing a succession of a fi r st pattern ofptclt}ﬁ{siwg%ved

segnents on said track and a successiorzgof a second pattern of interleaved
5 segnments on sH.dAtmeatHodtipr abdrelessly ebsording @ndipiaying agk ayprograkack parts of
sai d progralmvvi thin eogch .of sajd first_ and second gatterns of interleaved
segnent s; utdlizing, 2 tragk of A fligk,me 4% qrRRfisigifertteRo0Segment within each of
sald Tirst or SEraRdngel) §éfktatily b BiEddsSRYH LAEIPRSmBY hilheatld
alternating recording and playing back as long aS recorded segnents can be
pl ayed bacsegmmerds gorsaid tracihand e seacéssafn ofad sedandsiatmrn séaaedepatt er ns of

ts; and j unpj t id first ttegns of
T or | oy eAPOTaI BRERE P B aHfS PRI B eRaeting aph 2adng Bedy bate GhaMent s in
the ot her ragraph witith daéh bsrsaierﬁrm&ﬁ]@%iﬁﬁnsocﬁf ih@ﬁéb@@%@&n%”ﬁms- 15

11. The nethod of claim 10, wherein said first succession of Interleaved
segnent s cor r espomayingsequentially fromsegmedt trasensendomithis each of iseid first

i nterl eave OL - s, 10 a cond pause. 12. The t hod, of
claim11, usret% ﬁﬂﬁ@%%,gﬂ%, %fi'ngéplgﬁ\geds%eeq&e %g :du%g Egl?aagﬁergaﬁmgf eggrirg?f‘q‘ W%t
pattern ofplayihgbaelawe dorregymtbrdddessgaismity €an Be pldyet ibatk o offeravithin St pause;

and, establqi‘}ﬁhi nsg, sgi d second pattern of interleaved segnents responsive to
i nitiat% orPash of seich ity op secqnd pajterns of gegrentsoandf claim 12, further

conpri si ng the SteRpiryf betwhld Ak BAd $85shd (}ét%érnpﬁ% irftefledfed! Nter | eaved
segnents by recording said programonto every other segnent of said first
pattern ofsegmepts enlyeslheretheeoitiest unplayedtrecordadsegment isdaitbe bihrestonpafse;
and, establishing said second pattern of interleaved segnments by recording
said 30 pﬁﬂb‘gf}' %%Bﬁ?ﬁorgﬁ%?@e%f ﬁg,lntg%%arygﬁtsegg\eggﬁ.d second pattern of

i nterl eaved segnments until term nation of said second pause.

o

15 11. The method of claim 10, wherein said first succession of interleaved
segments corresponds to a first pause and said second succession of interleaved

segments corresponds to a second pause.

12. The method of claim 11, further comprising the steps of:
20 establishing said first pattern of interleaved segments responsive to
initiation of a first pause; and,
establishing said second pattern of interleaved segments responsive to

initiation of a second pause.

25 13. The method of claim 12, further comprising the steps of;
establishing said first pattern of interleaved segments by recording said
program onto every other segment of said first pattern of interleaved segments
until termination of said first pause; and,
establishing said second pattern of interleaved segments by recording said
30  program onto every other segment of said second pattern of interleaved

segments until termination of said second pause.



WO 01/ 35643 PCT/1JS00/ 30615 30 14. The nethod of claim 13, further
conprising the step of : spacing said second pattern of interleaved segnents
at a | ocaf 9 said track spaced fromsaid first Rty

i nterl eave segrrents s 15. The nethod of claim 13, further conprising the
step of: junping to the ol dest unpl ay3d recorded segnent of said first
pattern of it eﬂ'hemhoma@rmmﬂ%ﬁgnhaectrmnaﬁlhﬁﬁheﬁt%ﬁ’ﬁ first pause and

alternately playi ack from and.r.ecqrdi n of
i nterl eaved s"'@@ﬁ‘@ﬂ%@ ‘Pi?fmﬂg’ P eef"r?ét"ﬁ ﬂe%‘?e%gﬁeﬁgné?é%t 'eoﬁ‘a%éﬁ%rl sing the
step of ! sdid AR Gphéed FrOnPhslaFrstpataryed |rﬁteﬂea\ﬂbzﬂsegegemst of said first
pattern of interleaved segnents upon term nation of said second pause and

alternately playing back fromand recording to said first pattern of

i nter| eaved S@@n%ﬁethag of Claith F3 "Riher Q@pﬁlslﬁ é@teﬂ gf:t her conprising

the st ep of: TF€cor onto sard unrecor seg nts of said second pattern
of interl ea\je.d;p&@t&mesoldéstamglayqdl recorded Isegment é sandrfsrst patternfefom sai d
first pattern i nterl eaved sematsto secaon

interl ea@éﬂ'%@%ﬁﬂ@e“ﬁﬁﬂ‘i’lﬂ' mifatipn, qf spid ﬁ_sfffuf? apg ﬁ? Shid ‘éVLP(?aV'"Q

back from and recording to said first pattern of interleaved segments.

10 16. The method of claim 15, further comprising the step of:
jumping to the oldest unplayed recorded segment of said first pattern of
interleaved segments upon termination of said second pause and alternately

playing back from and recording to said first pattern of interleaved segments.

15 17. The method of claim 16, further comprising the step of:
recording onto. said unrecorded segments of said second pattern of
interleaved segments after jumping back for the first time from said first pattern

of interleaved segments to said second pattern of interleaved segments.

* c L M H *



