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WO 2006/009310 PCT/JP2005/013793 1 DESCRIPTION
INFORMATION RECORDING METHOD AND INFORMATION

WOREHRBING APPARATUS FOR RECORDING MEDIUM 5 FebRtad/013793

Field The present invention relates to a recording method and a recording
apparatus for recording medium having two recording layers. 10
Background Art Hitherto, a DVD (digital versatile disc) is ]Jmown as
recording medium for recording video, audio, computer data, and other
various contents. Depending on themapligatian; various 15 standards of
DVD have been specified. One of them is DVD-Video standard (see
pages VI 3-5 of non-patent document 1). In the DVD-Video standard, a

basigreprpddeiopmRB AAMRIS &%ﬂ”ﬁ%ﬁ@ﬁ%ﬁﬁ&%ﬁ%ﬁﬁ%"ﬂﬁﬂ TUS
sequence is controlled. In particular, in a recording medium having two
information recording layers, 08 dE¥igRaiek tHabokiE Cell should not be
recorded in plural recording layers. Accordingly, in commercial DVD-Video
software, in order to record AV data in recording medium having two

|ageln byakorifeliding to DVD-Video format, the AV data to be recorded in

each 25 layer j@qgrelirréigargy editeolgand rec%%ed so that one Cell should

not be recorded in plural ayers (SB&-F0r Exampie, pateft §6Eomehe foethod and
ronzeaterdidocuapeat-hl By URing PADrgcafdei-ROmMeVaEMWAEN two recording
recording in real time in a recording medium having two layers, the AV

Sta-Cannot be

Background Art

Hitherto, a DVD (digital versatile disc) is known as
recording medium for recording video, audio, computer data, and
other wvarious contents. Depending on the application, various
standards of DVD have been specified. One of them is IVD-Video
standard (see pages VI 3-5 of ﬁon—patent document 1) .

In the DVD-Video standard, a basic reproduction unit of
AV data 1is defined as a "Cell", and reproduction sequence is
controlled. In particular, in a recording medium having two
information recording layers, it is designated that one Cell should
not be recorded in plural recording layers.

Accordingly, in commercial DVD-Video software, in order
to record AV data in recording medium having two layers by
conforming to DVD-Video format, the AV data to be recorded in each
layer is preliminarily edited and recorded so that one Cell should
not be recorded in plural layers (see, for example, patent document
1, non-patent document 1).

By using DVD recorder, however, when recording in real
time in a recording medium having two layers, the AV data cannot be

recorded by authoring preliminarily so that one Cell should not be
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30 recorded by authoring preliminarily so that one Cell should not be WO
2006/009310 PCT1JP2005/013793 2 recorded in plural layers, it was

WO MG to record in conformity with DVD-Video standard PCE&R3(5/013793

document 1: JP, 2000-48542, A * Non-patent document 1: DVD
Specifications for Read- 5 Only Disc Par€3, version 1.0 August 1996 That
IS, it is impossible to record in real time so as to conform to DVD-Video
standard designating "one Cell should not be recorded over plural layers."

1QDisglosurg eht&mﬂ@s(@gi%%@ Eﬁ@%%@f;gl&o SQIVEIIS ProRIent, - ity

and it is hence an object thereof to present an information recording
apparavs-alidepreterdiagdnethod capable of recording AV data in real

time to a recorgding.medium having two informatiol rdipg 15 layers
while satisfying t etr%gq%iré)é: g%%%ﬁiédtiér?.%%@%a%%ge%bf e invention

provides a recorditog-pethod fabreeetding datevp basie-tepreduction Wit Read-
tQ a recordi edium having a first recording layer and a second
ré%%sr/dlr%gSFany}%ﬁ e gggﬁl%gr%d%c%%ﬂlﬁﬁtlr%%@ include a plurality of

data units 20 Iningicgntinglitydn finpesandieach datagpl MAaYy R&A +time so as
minimum unit, for recording and reproducing data to a recording medium.

Fhe SFRECGI MBI sk Sfe 5ot detsiniAg e dsfanshould not be

uRrEeseidedxraion af-the _ﬁ@é’@prding layer, while recording data in
reproduction basic unit in the first recording layer, comparing 25 the size

of the unrecorded region of the first recording layer with a specified value,
and sterping gecerding dnto first recording layer at boundary of the basic

reproduction unit when the size of the unrecorded region is smaller than
the specified viige Jangeeording devised to solve this problem, and it

is hence an object thereof to. present an information recording
apparatus and a recording method capable of recording AV data in
real time to a recording medium having two information recording
layers while satisfying the required specification.

A first aspect of the invention provides a recording
method for recording data in basic reproduction unit to a recording
medium having a first recording layer and a second recording layer.
The basic reproduction unit may include a plurality of data units
having continuity in time, and each data unit may be a minimum unit
for recording and reproducing data to a recording medium. The
recording method includes the steps of detecting a size of an
unrecorded region of the first recording layer, while recording data
in reproduction basic unit in the first recording layer, comparing
the size of the unrecorded region of the first recording layer with
a specified value, and stopping recording into first recording layer
at boundary of the basic reproduction unit when the size of the
unrecorded region is smaller than the specified value, and recording
a subsequent data in the second recording layer.

A second aspect of the invention presents an information
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a subsequent data in the second recording layer. 30 A second aspect of
the invention presents an information WO 2006/009310

WORe86/9893805/013793 3 recording apparatus for recording daB{iHIB2e9§/013793

reproduction unit in a recording medium having a first recording layer and
a second recording layer. The informatiof recording apparatus includes
an encoder operable to encode data, a buffer operable to temporarily 5
store the encoded data, a drive operable to record the encoded data in

: e | g : . -
the disstionsesqnd-recarding §¥859&£%8er3§9£ 'Ng %?%E@e%#gec‘gﬁ’égi% unit in

controller operable to control the encoder, buffer and drive,
deteetsrspErablaadigete bewhether thel rstordiagppbisiionlefthe fusti a  second
r Ing lay che end.of the first 10 recording layer while

rgggr%:ﬁgn atﬁagl%%%é bzlglcIg re%%g%ég%?%oanif elﬁotjﬁceqlﬁ t FECSTe Taydicludes an
Trecdetectopeletbtts dsizencbdn datecordedbuEgion efdbesfinst recordiigorarily
a %gognn%ar esdtké%tsize of the unrecorded region of the first

ing

|
%)é%% ayer with a Spatificd Vatle, ShE TRefmhted frthetfiedranmgled data

recor

positigre offthes 1 Sdirst eecordingtayerirepchesean endiofdhedisstrecordinGium, a
Ialaver when the size of the unrecorded region becomes smaller than the
S

EOfE IS Wi s JteRRIfed tRat et FedordiRy porirsiitor thaffer and
fst regording layerseaehes theenghihe contrglies -confrolsrecording SQ. - ying

as to stop the recording in the first 20 recording layer at the boundary of

theBaditteprodiiGion Gk, &RECKEST davmiehtRmtertain tnelsedontre first
resesithiayes According %H&wt%ad%@ %ﬁlga%gr{ﬁﬁ;%gue%gl ulrj}ﬁgggn unit

is prevented from being recorded in two layers, in a rec
Havirdewd Feebrdingaagers. ILavRence fbssibitobatisfie2Ectie a size of an

%%Egﬁ%?%gvﬁg’géq %%Z&D}:@D&gf er?f@%‘ﬁ'%@' Bag% compares the
size of the unrecorded region of the first recording layer with a
specified value, and determines that the recording position of the
first recording layer reaches an end of the first recording layer
when the size of the unrecorded region becomes smaller than the
specified value. When it is determined that the recording position
of the first recording layer reaches the end, the controller
controls recording so as to stop the recording in the first
recording layer at the boundary of the basic reproduction unit, and
record a subsequent data in the second recording layer.

According to the invention, data of basic reproduction
unit is prevented from being recorded in two layers, in a recording
medium having two recording layers. It is hence possible to satisfy

the requirement specified, for example, in DVD-Video standard.

Brief Description of Drawings
Fig. 1 is a block diagram of an information recording
apparatus in embodiment 1 of the invention.

Fig. 2 is a diagram of AV data conforming to DVD-Video
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Fig. 1 is a block diagram of an information recording apparatus in
embodiment 1 of the invention. 30 Fig. 2 is a diagram of AV data

WOCHAfAIAHY to DVD-Video WO 2006/009310 PCT/JP2005/01 37 3IR2005/013793

standard. Figs. 3A to 3D are explanatory diagrams of changeover method

from a first recording layer to a second recording layer in embodiment 1

of the invention. 5 Fig. 4 is a flowchart of recording process for changing

over from the first recording layer to the second recording layer in

%q%%gg&gnt 1 of the invention. Figs. 5A and 5B are explanatory diagrams
changeover method from the first recording layer to the second

recording layeFi38 in émboolirient=2of theinuentinrn Fsd@Ame 66F atthangeover

explanatqry diagrams of changeover method from the first recording layer ,

BN dOR rearting \SSeP I LAIoNtS o (78 eGSR Pn igver in

aniexplapatory diagras diveseiding of dummy 15 data in embodiment 3

of the invention, Fig. 7B is a block diagram of information recording

apparatus in emfoditert 3 of tRYTRGEMIGH. FigsoBALR sPraress for changing
explanatery diagramsof.ehangeoven 4pethad from thedisst recordinglayelver in

to the second recording layer 20 in embodiment 4 of the invention. Figs.

SRR BEAe éxplara®ri¥iggkanis-of changeover method from the first
recording Iayegﬂ_{g»_ghe second regorging %&@W%ﬁ%ﬁ@f gzie changeover

invention. Fig. 10 is a flowchart of recording process for changing 25 over
frefese firstreEordif Ry eraethdisecondeacorlingdayecimd recording layer

in embodiment 2 of the invention.

Figs. €A to 6C are explanatory diagrams of changeover
method from the first recording layer to the second recording layer
in embodiment 2 of the invention.

Fig. 7A 1s an explanatory diagram of recording of dummy
data in embodiment 3 of the invention.

Fig. 7B is a block diagram of information recording
apparatus ih embodiment 3 of the invention.

Figs. 8A to 8D are explanatory diagrams of changeover
method from the first recording layer to the second recording layer
in embodiment 4 of the invention.

Figs. 9A to 9C are explanatory diagrams of changeover
method from the first recording layer to the second recording layer
in embodiment 5 of the invention.

Fig. 10 is a flowchart of recording process for changing
over from the first recording layer to the second recording layer in
embodiment 5 of the invention.

Fig. 11 is an explanatory diagram of division of Cell

data in embodiment 5 of the invention.

Best Mode for Carrying out the Invention
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embodiment 5 of the invention. Fig. 11 is an explanatory diagram of
division of Cell data in embodiment 5 of the invention. 30 Best Mode for

WOCHNARE YUt the Invention WO 2006/009310 PCT/JP2005/01BZHFPE005/013793

Referring now to the accompanying drawings, preferred embodiments of
the invention are described specifically below. Embodiment 1 5 1.
Configuration of Information Recording Apparatus Fig. 1 is a block
diagram of information recording apparatus according to the invention. An

information re iglg. paratus.10 records information in a recording
medium 20 ha%glr% twji)&gec%%in%%a&eﬁ%s (f?rgf nggpﬁﬁaqay%?‘glé%%%ﬂ preferred

redordingidayger)t 1€hkn thisernbadimentiasan exanmnplecoftecondingelow.
medium 20, a recording medium conforming to DVD standard is used.
The information recording apparatus 10 of the embodiment conforms to
BwioMidee-standard, and can record one Cell (detail described blow)

within on layer only, in real-time recording to the recording medium 15 20
having %%%e@b"ra %@glﬁ?%Wﬁ%g%?@%%ﬁqméﬁEHﬁecording

apparatus 107ngludas a;BVR driyedforrecording and {aprRgHENghdata o rding
to the recording medium (DVD) 20 and a hard disk drive 2, as data ‘
SRR e adsCPREIRfDbrratich fe CHRURE apParatubrl 0 fofbrerdatmdesecording

ap.20-epcodes 4-for.encoding and-geperating ééé&'@aargg b secardgd ’%@mg tvio

encoder controller 5 for controlling the encoder 4, a butfer memory 6
feanporaly steiaghed AV sataeodedigebrdedean endcdaiectorddfdimg layer) .

detecting wheher ayregording paattion of the, recordina, medium neaty, 20, -
reaches%m en O?{he irst recor(ingelé%xg? % and issuing an &nd™ !
detentibmpotivedignal, amufamecogdinge DVD  standard is used. The
information recording apparatus 10 of the embodiment conforms to
DVD-Video standard, and can record one Cell (detail described blow)
within on layer only, in real-time recording to the recording medium
20 having two recording layers.

As shown in Fig. 1, an information recording apparatus
10 includes a DVD drive 1 for recording and reproducing data to the
recording medium (DVD) 20 and a hard disk drive 2, as data storing
means. The information recording apparatus 10 further includes an
encoder 4 for encoding and generating AV data to be recorded, an
encoder controller 5 for controlling the encoder 4, a buffer memory
6 for temporarily storing the AV data to be recorded, an end
detector 7 for detecting whether a recording position of the
recording medium nearly reaches the end of the first recording layer
and issuing an end detection notice signal, and a recording
controller 9 for controlling data recording to the DVD drive 1.

The encoder 4 generates data to be recorded to a
recording medium 20, and writes the data into the buffer meméry 6.
The data written in the buffer memory 6 1s sequentially recorded

into the recording medium 20 by the DVD drive 1. While the data is



10

15

20

25

30

controller 9 for controlling data recording to the DVD drive 1. The encoder
4 generates data to be recorded to a recording medium 20, and writes the

WOLNR/MB e buffer memory 6. The data written in the buffer RtEr#IB2)05/043793

sequentially recorded 30 into the recording medium 20 by the DVD drive
1. While the data is WO 2006/009310 PCGT/JP2005/013793 6 being

rrecorded in the first recording layer, the end detector 7 detects a size of

unrecorded region of the recording medium 20, and issues the end

getectio i ignal n ize becomes smaller_than a specified
valuego%ér%%g%%g% ewé%% d%}%%zcm%%%@%l%ig]g{etﬂb %%&dlgr%ﬁ: Getector 7
clritegiter 8 chiarmyestovertherdedrdingilayen firamsthesticstdaeprdiagi layero, and

to the second recording layer. An information recording apparatus 10
s a7 CIUCa e LTl PR aIRG e Aerereffamenal Ler

theaDVE dseelfHences data carohe dubbedibgtweaen the DVRwME dn notice
and hard 10 disk drive 2. Herein, the Cell is a basic reproduction unit of

SPECIfFEFBPOND SPRdard Sind iSRS &Y ST pitifal XRoBIgEng layer
(MigeorRbject L) whisharedisposed-epntinuayalyin-lagicakaddress

(that is, having continuity in time). The Cell is defined in the 15 navigation
data as basic fifit BhFepreddetor Byl BenfBP3ETHNErd Bf i ledrse. he hard

sizeiof Gell.ean besetarhitraly in g, x q@%&%ﬂ&%ﬁé&@ﬁ&"@%om the DVD
(maximum Cell number) as far as the SCR (system clock reference) and

PV Epreseriakion tivkleareaedrrinbtinedndedtibutdéhsuetasiaspect and hard
rﬁi&(ﬁgigrelg:p) are not 20 changed. In this embodiment, of the two

recording layers of the recording medium 20, a layer in which data is first
recorded is caltetkifirst theofdihy layes' andinextdayeditotbenecordedis AV data

specified by DVD standard, and is composed of plural VOBUs (Video
Object Units) which are disposed continuously in logical address
(that is, having continuity in time). The Cell is defined in the
navigation data as basic unit of reproduction by the control
software of the device. A size of Cell can be set arbitrarily in a
range of a specified upper limit (maximum Cell number) as far as the
SCR (system clock reference) and PIM (presentation time) are
continuous and attributes such as aspect ratio (4:3 or 16:9) are not
changed.

In this embodiment, of the two recording layers of the
recording medium 20, a layer in which data is first recorded is
called “first recording layer” and next layer to be recorded is
called “second recording layer.” The first recording layer is
preferably at a side farther from the medium surface to be
irradiated with light. Recording is started from the first
recording layer, and when the vacant capacity of the first recording
layer become smaller than a specified value, the recording layer is
changed from the first recording layer to the second recording layer.

Data is recorded in the first recording layer in a direction from
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called "second recording layer." The first recording layer is 25 preferably
at a side farther from the medium surface to be irradiated with light.

WORBRWAY is started from the first recording layer, and whenRAE{RO4H013793

capacity of the first recording layer become smaller than a specified

value, the recording layer is changed frorh the first recording layer to the

second recording layer. 30 Data is recorded in the first recording layer in a

direction from WO 20061009310 PCT/JP20051013793 7 inner

Cliguumference ipoutercinglimicrence of lacerding medium 20, While |43 20,

recorded in the second recording layer in a direction from tﬁe outer

cilcureferencededithieiriier aecandermoedSaméwmctsmam Berebtamedtrom the
n the recor direction s reverse. 5.2. Co uratlon f AV dat

‘%S erring to Fig. G\ﬁ’%conflt_jgéur atioh GPAY dath Can r%lﬁﬁ to%mﬁ ﬁe&ts can be

standareds exataited . 1addVidivgdedrsianiatdi evesyepsegram has a data

structure called VTS (Video Title Set) 40. VTS 10 40 is composed of VTSI

(41) as AV data control information and menu control information, VTSM

\JOBS (43 asoMRE G2 dataAor gagau, VTSTT VOBS (45) as MPEG2 data

of AV data, and VTSI BUP (47) as backup data of VTSI. VTSTT VOBS is

composed of & FRFERYSF bRt 8alléd \FOBS (AR Objeétf6riapacmeptorming

IRISEOHEG1R818sLahadither, XQBA6Q)ds CO@HO%@S—%@@&U@E%BSM every

Cells (61) which are units for starting or ending reproduction. The Cell
(BP9 eBomipdsd Sia pRiraneF e MPES 2davd Df Absiac0 Zitole. ZSet 40. VTS

- segonds. GaledMQBUR-(videq pbiget wiits) (65) as minimym units for o

recording and reproduction to the recording medium. Accor ng to
PRS-Vl 3-5néectioRi’n,. 5 dfidhiFaRent dédument 1 MPAECeltlissa for menu,

"gstedigbe preet I 0ng [ecIing IaY8E.  ang vrsI BoR (47) as
backup data of VISI. VISTT VOBS is composed of a plurality of units
called VOBs (Video Objécts) 60 specified in ISO/IEC 13818-1.
Further, VOB (60) is composed of a plurality of Cells (61) which are
units for starting or ending reproduction. The Cell (6l1) is
composed of a plurality of MPEG2 data of about 0.4 to 1.2 seconds
called VCOBUs (video object units) (65) as minimum units for
recording and reproduction to the recording medium. According to
pages VI 3-5, section 3.1.5 of non-patent document 1, one Cell is

required to be present wholly in one recording layer.

3. Recording operation

Figs. 3A to 3D are explanatory diagrams of data
recording method in two recording layers in this embodiment. In
this embodiment, the maximum Cell size is compared with unrecorded
region size of the first recording layer, and when the unrecorded
region size Dbecomes smaller than the maximum Cell size, the
recording layer is changed to the second recording layer.

The maximum Cell size is the upper limit of Cell size,
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3. Recording operation Figs. 3A to 3D are explanatory diagrams of data
25 recording method in two recording layers in this embodiment. In this

WOLHaUPENt, the maximum Cell size is compared with unrecBfEdPFSIBR3793

size of the first recording layer, and when the unrecorded region size
becomes smaller than the maximum Cell&ize, the recording layer is
changed to the second recording layer. 30 The maximum Cell size is the
upper limit of Cell size, WO 2006/009310 PCT/JP2005/013793 8 and is

rmij ' cificati inf tion recordin .
S R Ml gogmation
D¥DoVideg stappardtsincelthe ntinatier of,Celteperditle istlimitesl tasth®der for

maximum of 255, when recordi S fitle by ysing the first recording
layer gﬁg}t%% sgeéc&wn%?éco%}ndépl%a%ﬁ '[E'r\l}écr%gxi %a@%ﬁ’siﬁéqgeprg gyt of
tQdiel 340MB ot merel Whien retardingelurat titkes, dfe 78aximben GelksiZ@ing one

trolled to_.b t larger than the value obtained by dividing the ‘
S B R Rkt Bttt A o B Rty TaSe RSBy barecording

1:byihetercadenduthus10 chanrge shepetue RidnaXimEmLekSe nore.  When
properly, Fig. 4 is a flowchart of changeover process of recording layers

i e b dinterit: ALSizERst uRPScBIIEETEYiIBR! thiirdtatedirditrolled to
layer isequaliadhe antine capacitygithe Arst-15 recordingaygiMiBenne  total
unrecorded as shown in Fig. 3A. When recording starts, the size

R ABEI D ARE FECOTdRE BRI BSsHwwh FeFigd 3B2Tivsliegordifigrs by 255
oo 7 tee inrasardnd regiod Srg ot the Tt FcorThuer sl size
viatemes kisaximum Cell size 20 (S12). When the maximum Cell size is

smaller than thﬁi'@'{r."eéf: C);'Lr(sj(:"c%j flowchart of changeover process of recording
layers in this embodiment. A size of unrecorded region of the first
recording layer 1s equal to the entire capacity of the first
recording layer when unrecorded as shown in Fig. 3A. When recording
starts, the size decreases by the recorded portion as shown in Fig.
3B. The recording controller 9 starts recording from the first
recording layer (S11). The end detector 7 compares unrecorded
region size of the first recording layer with the maximum Cell size
(812) . When the maximum Cell size 1s smaller than the unrecorded
region size of the first recording layer (No at S13), an end
detection notice signal showing “Not detected” is issued. At this
time, the recording controller 9 continues to record in the first
recording layer (S14). On the other hand, when the maximum Cell
size 1s greater (Yes at S13), the end detector 7 issues an end
detection signal showing “Detected.” At this time, the recording
controller 9 stops recording in the first recording layer at the
Cell boundary, and changes over the recording layer to the second

recording layer (S15) (see Fig. 3C), and thereafter AV data is

recorded in the second recording layer (S16) (see Fig. 3D).
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region size of the first recording layer (No at S13), an end detection
notice signal showing "Not detected" is issued. At this time, the recording

WOMHIENY continues to record in the first recording layer (SR4 Y/ BR0HE13793

other hand, when the maximum Cell 25 size is greater (Yes at 513), the

end detector 7 issues an end detection 8ignal showing "Detected.” At this
time, the recording controller 9 stops recording in the first recording layer
at the Cell boundary, and changes over the recording layer to the second

recording lay 5) (see Fig. 3C eaf ata | .recorged .
in the second%:g(c%l'rdingﬁayel&r%(%m%%ge%&gﬁg&. BDI%{%% 20§é%%39%5180 %O this
BODIRR005/0137 9219 Thusoh thecrederting methdd wacording to this
embodiment, one Cell is not recorded in two layers. Embodiment 2 5 This
embodiment relates to other method of changeover from first recording
fayerdtwseecond recording layer. The configuration of the information

recording apparatus is same as in embodiment 1. According to

DVD-Video stantardERed A En-pateHEs0 Hocarist 1 fHdrmhafion Changeover
ealind "Navigatieapackinghichuipgludes repregugtionconiohinformation  The
and search information for AV data compiled or the basis of AV data .
aoPEe gatars1 #f CERSmuBBE akRhStPRP i P gARTAGS S el Hagae as in
Iheretors,:ggnerally, when recording in real time in a 15 recording

medium 20, as shown in Fig. SB, Cell data 61 including Navigation pack

53 is once coRpieEidnd bbtfertMeriéaee, apicrtdardecottied inithe non-patent
) g gy g el 5
tecording mediugn, 20411 rags 108 acuay dala; sie Drgl e dalR Ohnctuges

compiled on the emory 6 is estab ta size D is use
asphedvasicodataconitdd information and search information for AV data

compiled on the basis of AV data (MPEG data) 51 in Cell must be
attached to the beginning of Cell data.

Therefore, generally, when recording in real time in a
recording medium 20, as shown in Fig. 5B, Cell data 61 including
Navigation pack 53 is once compiled on a buffer memory 6, and then
recorded in the recording medium 20. At this time, the actual data
size D of Cell data 61 compiled onh the buffer memory 6 is
established. The data size D is used as the basic data unit in
actual reproduction. In this embodiment, when recording in the
first recording layer, the actual Cell data size D compiled on the
buffer memory 6 is compared with unrecorded region size of the first
recording layer, and when the unrecorded region size becomes smaller
than the Cell data size D, it is judged that the recording position
in the first recording layer has reached the end, and the recording
layer is changed from the first recording layer to the second
recording layer.

More specifically, as shown in Fig. 6A, recording starts
from the first recording layer. While recording in the first

recording layer, the actual data length of Cell data compiled on the



10

15

20

25

30

20 actual reproduction. In this embodiment, when recording in the first
recording layer, the actual Cell data size D compiled on the buffer

WOrRH8#9380is compared with unrecorded region size of the firtCTABRSHFOL3793

layer, and when the unrecorded region size becomes smaller than the
Cell data size D, it is judged that the recérding position 25 in the first
recording layer has reached the end, and the recording layer is changed
from the first recording layer to the second recording layer. More

ificall s shown in Fig. 6A, recording starts from the first recardin .
A A isaot st Soaltt e bt SUs L B s U R

lengthddh € ellgata. corhpilethomthenWQRO0MHP09RAN the actual data length
PfT/J 2005/013793 10 buffer memory, 6 is compared with the _ '
Ghr&Cord&i Hagidh 456 SPARE rdSSIdinglay SR ASSHOWT in FGOB3 RehdAYer 1s

e gstdnkaatanengih 10bcelldat 6irg lengendesprding Muthe-fils! changed to
recording layer is stopped at the Cell boundary, and the recording@layer is

ERENGFEFIBE tFRESEERY rdcoftiing REfer Rd ihe AV @ata Sty thBCdipll data

daip1qeaRied-an the Hrifer Y6648 regordeddn the 8€086-ond recording
recording layer (see Fig. 6C). Embodiment 3 10 In embodiment 1 or

epitssdifgent Plehe ¥ecording in the second recording layer starts while
the unrecorded region is left over in the first recording layer (see Fig. 3D).
In a general DVD player, if recorded in one layer only out of two recording
Ejerd imiere3may be a case that data can not be read out due to 15

characteristcs.of e iive, Accordinaly, ffunieggrded redion s, Ieftover 5, 1
in the first recording Tayer, a problem occurs in “compatibi fy ot the
reenncing avedidi rAccosging tetthetB VirMideahstandasdomtreoveryion is left
%%eesrenl%e g Isffpsts;nugggo?gj{%%l i%gflé%ss(issere]o%ig. 3D). In a general DVD
player, 1if recorded in one layer only out of two recording layers,
there may be a case that data can not be read out due to
characteristics of the drive. Accordingly, if unrecorded region is
left over in the first recording layer, a probiem occurs in
compatibility of the recording media. According to the DVD-Video
standard, moreover, presence of discontinuous logical address is not
permitted in stream data in the same title.

To solve these problems, in this embodiment, dummy data
is recorded in whole unrecorded region of the first recording layer
at either of the following timings after transfer to recording in
the second recording layer as shown in Fig. 7A to eliminate
unrecorded state:

(1) After recording in the first recording layer, before
starting recording in the second recording layer; and

(2) When finalizing the recording medium.

In this case, the dummy data is stream data composed of

one Cell, of which size is same as the unrecorded region size of the

first recording layer. Since the timing is fixed, (1) 1is better
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permitted in stream data in the same title. 20 To solve these problems, in
this embodiment, dummy data is recorded in whole unrecorded region of

WORMHEYAEording layer at either of the following timings afte PEARSRAN13793

recording in the second recording layer as shown in Fig. 7A to eliminate
unrecorded state: 25 (1) After recording id the first recording layer, before

starting recording in the second recording layer; and (2) When finalizing

the recording medium. In this case, the dummy data is stream data

C ma%O?ES of one Cell, of which size is same as the unrecorded region

size of the " 30 first recording layer. Since the timing is fixed, (1) is better

WO 2006/0093H2 PET7 2005413893 chibothan (23. Tha dummy datais is, at
composed as follows. That is, at least the beginning VOBU of Cell

inclades H&Feomthgd%é?ﬁing%Bﬂg mpdSES offaddingnd  the

pasketsi hhevoadding-paskebsdas ardptainisture-sresifiedrin ISOARESy packet
13818-1 Table 2-17 as the standard of MPEG2, the packet start code is
GRE0GOGEBE, Aridraaitd cORPFisTréchraedlivCal Hata $8fors. Tagl 217 as the

shewRiaconfiguvabien of inforpatienrecerding -ARRArAlUS0bNB01BE, and data

embodiment capable of writing dummy Cell. The 10 information recording
dpparatss 1B BHeRisanbodigrdat Ketienmcludes a dummy Cell

generator 8 forteceivjpg the end_ def, ﬁt}? ice signal a eneratin .
the dummy Cell data , in additlg(])nato %1e c%ﬁg%ufr(g%o%@l%ﬁ)m cion %ecordmg
erpbedanent 0L ThedurwhyCakbgenermarl® caf receiventhedmthy Cell.  The

siciensales sonlioy e ey 15 e ange
Celttlateswetesuitrty tite blffeemeentary & afsk receiving the end detection
notice signal and generating the dummy Cell data , in addition to
the configuration shown in embodiment 1. The dunmy Cell generator 8
can receive the end detection notice signal from the end detector 7.
When receiving the end detection signal, the dummy Cell generator 8
generates the dummy Cell data, writes it to the buffer memory 6, and
notifies the recording controller 9 of the generation of the dummy
data. When receiving the dumy data generation notice, the
recording controller 9 stops recording of AV data, and starts
recording of dummy Cell data. When recording of dummy Cell data is
over, recording of AV data is resumed. The layers are changed over,
while recording the dummy Cell data or after finishing recording.

Other process is same as in embodiments 1 and 2.

Embodiment 4

This embodiment relates to a recording method of
starting recording of the second recording layer from a radius
position on the second recording layer corresponding to a radius
position of recording end of the first recording layer.

Figs. BA to 8D show the recording method from the Ffirst
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notifies the recording controller 9 of the generation of the dummy data.
When receiving the dummy data generation notice, the recording

WOHKH8ARHE stops recording of AV data, and starts 20 recordi§ BIBRA9HY3793

Cell data. When recording of dummy Cell data is over, recording of AV
data is resumed. The layers are changedlaver, while recording the
dummy Cell data or after finishing recording. Other process is same as in
embodiments 1 and 2. 25 Embodiment 4 This embodiment relates to a

peainapeof ot s ndalie seand ecing ot

a radius position on the secon responding to a ra

positiorroégedoninglent néthe firstxeoatting Eyethd0 Fdgen8AdteBbding layer

show the recording method from the first WO 2006/00931 ‘
ﬁé‘%ﬁb%%fo%‘%s r(eoélécrsd]iéﬁ la (;ar tgcﬁéztslé’(’fbn%freié FdifigIayer Hecording

thewmbgdiwnent.dn e foregoing embeginentis:deeprding aftheseeondent, as
recording layer is started from_the outside end position of the second

r8E8Hing ageP (set Fig- S Big' B O BY CoritPsstth frRsembeaimteieasis not
Ssshewsrintig: 8Rerecondine-of the secorddsrardinglayeris nok: stattedey from

from the beginning of the recording region, but started from a radius
FoSTRGHGh ARS SeLomPreddiBifgTaer E6fespErtihgetheoragiponding to the

Position obrraerding SR Rosition,on tiesfirshracording, Jayel. The, .o rocorging
advantage of this recording method is that the seek time 10 from the first
régdrding |&yer agthetsscond rebbrdineriaydiniy shbhed becdusy thdenskek time

AR L g L S e 1
pHysitally bedaasantesadius @ositiorait dhistime, AltegiondR2ftdmctheayer and
gceer%r:%ié‘gi%%%1§§e§€£‘§aﬁe9§’£gg'gi'€y§éé%rﬁ coding sartnaintofthe . e
relation of_ upper and lower layers physically at the same radius
position. At this time, a region R2 from the beginning of the
second recording layer to recording start point of the second
recording layer is unrecorded region (unrecorded region of the
second recording layer), but it is processed by dummy data recording
as follows.

According to specification in pages VI 3-5, section
3.1.5 of non-patent document 1, one Cell should not be recorded over
plural layers. Thus this embodiment generates first dummy data
composed of one Cell of which size is equal to the size of
unrecorded region Rl of the first recording layer, and second dummy
data composed of one Cell of which size is equal to the size of the
unrecorded region R2 of the second recording layer. The first and
second dummy data are recorded in unrecorded regions Rl and R2 after
finishing recording of the first recording layer and before starting
recording of the second recording layer, or when finalizing.

Since the first dummy data and second dummy data are

composed of a Cell, respectively, information about beginning
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recording layer is unrecorded region (unrecorded region of the second
recording layer), but it is processed by dummy data recording as follows.

WOLLIGPATHE o specification in pages VI 3-5, section 20 3.1.5 STGTHRYMHM3793

document 1, one Cell should not be recorded over plural layers. Thus this
embodiment generates first dummy datalomposed of one Cell of which
size is equal to the size of unrecorded region R1 of the first recording
layer, and second dummy data composed of one Cell of which size is

%au@legyh&ﬂzec@mﬁa%%@r%w&%fecg&ortgﬁog«fge.ﬁ%&ﬂ%@%fdi@ﬁe video

layer. The first and second dummy data are recorded in unrecorde
iegions RitandRe sdtdrifindsHinfpreeorting 67IRediBDTétordinyTaygFranchich is

fore starting recording of the second recording.layer, or when finalizing.
%ﬁlec%%tﬁeg |rslt d %ﬁ%g (?gtallatr?g ge%célr?a (ﬁ?%?nn;# a?ﬁxg}%n%g ¢omposed of
a Cell, respectively, information about beginning WO 2006/009310
%%FT/ P2005/013793 13 address and terminating address of Cell is
inc

488 tha video title set address table information (VTS C ADTI) in

VTS IFO whicliris spegifieldbpageas, V1 #héh otranpaentdeeumant d-ording
Embodiment 5 In this embodiment, when changing over the recordin
%@gé@% layer,

1558 %o e Y8t (S TdiRGIRYETS tHeEeord fdedraripns/ere

tonpedecordedis dividechand seegrdedd) each layer-dhe iﬂf%g@iquer. The
recordmg apparatus has the same configuration of that 10 shown in Fig.

Fazs ussgersHagb B AS Hat I aRisting iFareeieaTsgehadd drar@t that
disk.grive, Zinto regording medium 20. In this case, since the AV data is

already present in the hard disk drive 2, the time restriction is not so

severe as in réaleRereeordigoHefigebing AV data existing in a device

such as hard disk drive 2 into recording medium 20. In this case,
since the AV data is already present in the hard disk drive 2, the
time restriction is not so severe as in real-time recording. Hence
the following control is possible near the end of firs layer in
order to satisfy the DVD-Video standard that one Cell should not be
recorded over plural layers.

As shown in Fig. 9A, recording is started from the first
recording layer, and when the size of unrecorded region of the first
recording layer becomes smaller than the size of Cell data 61 near
the end of the first recording layer as shown in Fig. 9B, in order
to satisfy the DVD-Video standard that one Cell should not be
recorded in plural layers, the original Cell (61) is divided to
generate a first division Cell (6la) and a second division Cell
(61b) as shown in Fig. 9C. These division Cells (6la, 61b) are
recorded in the first recording layer and the second recording layer,
respectively. In this embodiment, too, dummy data is recorded in
regions R1 and R2.

Fig. 10 is a flowchart of recording method by the

information recording apparatus according to this embodiment.
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15 the following control is possible near the end of firs layer in order to
satisfy the DVD-Video standard that one Cell should not be recorded over

WORMREPIRYEYs. As shown in Fig. 9A, recording is started from tREHER2005/013793

recording layer, and when the size of unrecorded region of the first 20
recording layer becomes smaller than thé%ize of Cell data 61 near the
end of the first recording layer as shown in Fig. 9B, in order to satisfy the
DVD-Video standard that one CeII should not be recorded in plural layers,

the original C%&G Zéggég% Bﬂnﬁag)ﬂr g?}nsmr}p%1 (91@)1%81:%01: ding

second division Ce as s own'i ese division
(6, tabh) afe tieeofdedtintbedsfirstngchediag Iayabhad thesseeondn the method

recordi ayer, respe ively. In this em o dummy data is
reegtﬁjrre%(i% fl‘n reglot(hahng ﬁ]flqzlge!%%‘g ?re{;ﬁg&?ﬁﬁlﬁ%tﬁtgﬂ first
bydbgdﬁﬁ)glnﬁalyﬁatlwzeppr@ﬁ@ qmg@stua@@gﬁﬁdﬁ!gr&yﬁI$mbpdﬂn@%mgma1

WO.20061009310 PCT/JP2005/013793 14 The recording controller 9
feRides WWhathts tHE-Yeebriing Position of thetfirdi Feedrding Byer 1&Aahegnd the

the-end inithesmethod: desetibed ipthe, foregaing embodimentswhile: (61a) is
recording in first recording layer (S21), and judges affirmatively (S22), the

SRAEHAIS.CN (879 i HivitetrirREtHairse dRisi6PRERIl (Ba) BerPlising layer is
%ﬁ%ﬂ@gcg'\f@@ﬁé:@é&@;ﬂ) @8&!@1}?& flr%iéjiy '%%Fe%@%%é %%%%Vlsmn

in the first recording layer (S24), the recording Iayer is changedtot

%éénd@@@bréﬁgﬂ%’&@ﬂ@@ﬁ areetiieserdndadivisiong Celli8lh)sisl thereafter
o e Sasons resording yer ane) Beraria 157011, a

method of gerferatingithe divisidiCell is.more spedifically déscybeer-dthieg the
%gﬁnsai!o\r/xogéﬁl is more specifically described. The original VOBU
group 51 including plural VOBUs is divided in units of VOBUs. At
the beginning of first divided VOBU group 5la and second divided
VOBU group 51b, Navigation packs 53a and 53b are attached,
respectively. The information of Navigation packs 53a and 53b
includes reproduction control information and search information

according to non-patent document 1. The reproduction control

information specifies reproduction start time and reproduction end

time of the VOBU group. The search information specifies an address

of each VOBU in VOBU group.

Therefore, Navigation pack 53a is newly added to the
beginning of the second VOBU group 51b obtained by dividing the Cell
61 to generate the second division Cell (61b). In the first VOBU
group 5la in which Navigation pack 53 has been already added to the
beginning, the Navigation pack 53 is revised to Navigation pack 53a
according to the first VOBU group 5la to generate the first division
Cell (6la). The generated first division Cell (6la) is recorded in
the first recording layer, the recording layer to be used is

changed over to the second recording layer, and the second division
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group 51 including plural VOBUSs is divided in units of VOBUSs. At the
beginning of first divided VOBU group 5la and second divided 15 VOBU

WO Navigation packs 53a and 53b are attached, respRETVERIITAE3793

information of Navigation packs 53a and 53b includes reproduction
control information and search informatioh5according to non-patent
document 1. The reproduction control information specifies reproduction
start time and reproduction end 20 time of the VOBU group. The search

infarmation,specifi dress, of each VOBU in YOBU group.
'Iek%%gf?)ggjg ?\Igwggﬁg??pl&a%% %a%gng\?v(fy%}édlé%c%r%len gog& %ring of the

second VOBUTgoyp Stbatthiged by divising:theCelbrfk fo gragratedh®iing in
IS\C] contdgivtision Cell (61b). In the gst VOBU 25 group 51a in which ‘
avigation pack < e already dOUSHFIHRE BEGHiing e of the first

Navigation prokedS3 is reviges tiNavigatiorpack:53a ageordingtothe: to judge
first VOBU group 51a to generate the first division Cell (61a). The .
général@G st divrioR dall miisltord&d MP'the fifst rdedrameiayeregion is

therreserding layer tode tsadyisi30 eﬂén%@&/efé%?aﬁ%c gearding: g,
layer, and the second division WO 2006/009310 PCT/JP2005/013793 15

ceft (Gﬁﬁﬁg%@oﬁdéd:ﬂ?tﬁ@g@é@r_lmm fegreer Tﬁﬂs%‘a@tbeding fdence, one
these %@Q&?&”Fégér&é&mﬁeiﬁ&?&% aiP @Q,Stégaoﬁq!n%%%é%elg to record

unrecorded region size of the first recording layer is compa
HeahsdCalumitdize tejudgersifts vafam\iedgionds safficidatdr notdpecially,

tgg % r b@ﬂi n fficient, recording in the first recarding layer i
sto%)pegloi%,Hl:éltn%%recor(?in%'th}%%‘)t%lemggtgén5L Sre&?%“?r?é: ?gyé"?% s?z?ﬁ%%é% e,i and 2,
¢he Edfliisirotiecdrdestiivyphiral tayenrsiang itdspossiblerta-teesrdbitncead.

satisfying the tequirements of, DVD-Videp standard. Especially, 10 .
according to trﬁ’é e?nhgocﬁrrrr‘%)éjﬁ{lf%e%l 5 %%d e bSnTeHEoamgatorming to

DVD standard is explained. However, the concept of the invention is
not limited the application conforming to DVD standard only, but may
be applied to other conditions of use in which recording of
specified data unit over two layers is prohibited or not recommended.

The concepts of the respective enmbodiments may be
properly combined so far as not contrary to each other in structure
or action.

The invention 1s described herein in relation to
specific embodiments, but the invention may be changed and modified
in several forms, easily for those skilled in the art, without
departing from the spirit of the essential characteristics thereof.
Hence the invention is not limited to the present embodiments alone,
but is defined by the appended claims thereof. This application is
based upon and claims the benefit of priority from the prior
Japanese Patent Application No. 2004-214037, filed on July 22, 2004,

the entire contents of which are incorporated herein by reference.

Industrial Applicability



the efficiency of using the recording region is further enhanced. In the

embodiments, the recording method conforming to DVD standard is
WOLBP4ALHOHowever, the concept of the invention is not limitd§ #EP2005/013793

application conforming to DVD standard only, but may 15 be applied to

other conditions of use in which recording'éf specified data unit over two

layers is prohibited or not recommended. The concepts of the respective

embodiments may be properly combined so far as not contrary to each

other in structurgeoriagHeR-128 Theinventiop,is described herein ﬂg & e chnology

relation to specific embodiments, but the invention may be changed an

mModRiedefi? seiedalfefiian e 45y ferampde skilB-R tHBlart baithBeatsatile Disk-

departi t iri e tial characteristics.thereof.. Hence

e b e T o the oy b e B ABhie aloha Fo by Che case

difinesl bpdhersdpehdeddeiaimirthepreot. fikid application isrbaseduotshould be

ims the benefit of prigrity from the prior Japanese Patent
e N G 1057, Hioan S, S0 entits RS for a0
ohwvihicheareincosporaténcheseiraby referenegoa idusyjal Applicabilibie, pvp-
\1\\;%%806 09%31%| PCT/JP2005/013793 16 The invention can be applied
in recordi % T iology into recording medium (for example, DVD-R
(Digital Versatile Disk- Recordable)) having two layers for recording
information in the case it is required that data in specified data
management unit should be 5 recorded in one layer only. The invention is
useful for an information recording apparatus conforming to, for example,
DVD- Video standard. 17 CLAIMS



10

15

20

25

30

1. A recording method for recording data in units of cells which are basic
reproduction units to a recording medium having a 5 first recording layer
and a second recording layer, the cell including a plurality of temporally . ...
continuous minimum data units each of which is a unit for recording ané““) ‘D WISE
reproducing data to and from the recording medium, the method

comprising the steps of: detecting a size of an unrecorded region of the

first 10 recording layer, while recordingzdata in units of cells in the first

recording layer; comparing the size of the unrecorded region of the first
recording layer with a maximum allowable size of the cell; and stopping
recording in thee firsteedardingdayed af the A&cbadndarylef she cellnvihenof cells
the.size of the unrecorded reqgian is smaller.than the maximum allowable .
A S o S e (s R HE SR HBvin
layest2. rerseokding natisad ferdecardisrydath inremitsiohigellsagomwhidine cell

%G?CEQE:R%%;E%O%%H%GW%Q aleeqring medipm having @ fitsh iy qara units
recording Tayer and a second recording layer, the cell including a plurality

SREmpoéraiyicontiricus Wiimth degauriisicegeoftpichlis Bndnigddp to and
recording and-repraduicing data 19,andfrom thefacqrding m@dgﬁ%éhsf:
or

method comprising the steps of: 25 detecting a size of an unrecorded .
region of the f'§F9EERdIng layers while Fecordfifg datatin TrfitoBf Gdlisthe first

thefiret: recarding layghicomparing the size of theiniecordediregion afre first
the first recording layer with a size of data being about to be recorded in
36 tRE%rRY réesfding layer; and stopping recording in the first recording

layer at the beungary 6f thecediwbesrthe size-oktheruarecergded regiomis first

smaller than_the size of data bejng abqut to be recorded in the
recording layer with a maximum allowable size of the cell; and

stopping recording in the first recording layer at the
boundary of the cell when the size of the unrecorded region is
smaller than the maximum allowable size of the cell, and recording

subsequent data in the second recording layer.

2. A recording method for recording data in units of cells
which are basic reproduction units to a recording medium having a
first recording layer and a second recording layer, the cell
including a plurality of temporally continuous minimum data units
each of which is a unit for recording and reproducing data to and
from the recording medium, the method comprising the steps of:

detecting a size of an unrecorded region of the first
recording layer, while recording data in units of cells in the first
recording layer;

comparing the size of the unrecorded region of the first
recording layer with a size of data being about to be recorded in
the first recording layer; and

stopping recording in the first recording layer at the
boundary of the cell when the size of the unrecorded region is

smaller than the size of data being about to be recorded in the
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zSE ~_7?11i~,J V~ 18 first recording layer, and recording subsequent
data in the second recording layer. 3. The recording method according to

claim 1 or 2, wherein 5 dummy data is recorded in the unrecorded region LLOYD WISE

of the first recording layer after stopping recording in the first recording

layer and before starting recording in thegsecond recording layer. 4. The
recording method according to claim 1 or 2, wherein 10 a dummy data is
recosdeddndheiwaretoyded regionretthefitst secerdinglayepwhem the second
fLr&l(i)ziggnaft?r st%pping recording in the first recording layer. 5. The

recoralng atho according to claim 1 or 2, wherein 15 a radius position

of recording start position on the second recording layer corresponds to a

radius position,plrecarding end,asiion an e fIstiecording IWVeL & nerein
The recording method:accor ing to claim 1, w ergin a atatobe -’
régonsle it the fisst kecording layer iStdivided drordiest aneidevondfcelise first

nggﬁlﬁ%e qfa%u%?EQW%&S’;&%&?H&%&Q&%&'@&'H t%@ _thfirst recording

maximum allowable size of the cell, and the divided first cell is recorded
inrRIfiritddeotairyy Riyertand thediviied secdhe cerienrbdoidedlimehdayer .
second recording layer. 25 7. The recording method according to claim 2,
wherein a data to be recorded in the first recording layer is divided into

first and secornd e TR sBREPthetRrecoied e gioA Becbrmés 2, wherein
smallerthandhe size ofdhedata beingaboutta-bereserded;inthe30 first £ rst

recording layer, and the divided first cell is recorded in the first recording .

|55EP i thel @Vifed Laond CEl A SChraad i thatopping  recording™ in  the

first recording layer.

5. The recording method according to claim 1 or 2, wherein
a radius position of recording start position on the second
recording layer corresponds to a radius position of recording end

position on the first recording layer.

6. The recording method according to claim 1, wherein a
data to be recorded in the first recording layer is divided into
first and second cells when a size of the unrecorded region becomes
smaller than the maximum allowable size of the cell, and the divided
first cell is recorded in the first recording layer and the divided

second cell is recorded in the second recording layer.

7. The recording method according to claim 2, wherein a
data to be recorded in the first recording layer is divided into
first and second cells when a size of the unrecorded region becomes
smaller than the size of the data being about to be recorded in the
first recording layer, and the divided first cell is recorded in the
first recording layer and the divided second cell is recorded in the

second recording layer.
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second recording layer. CC 19 8. An information recording apparatus for
recording data in units of cells which are basic reproduction units to a
recording medium having a first recording layer and a second recording

layer, the cell including a plurality of temporally continuous minimum data LLOYD W

5 units each of which is a unit for recording and reproducing data to and

from the recording medium, the apparatus comprising: an encoder

@perable to ermoodindataj=a bofercaperible tagempaorarilystoretheding data in
enc%ded c?ataél Sdrive.%gerable g)arecord the glnc%ded data iI’S] tht% first 10

units of C whl ?ﬁ? 31c.reﬁ%o UCT 1O un%F a _recording
or 'second recording layer of the recording medium; a recording controller
operableliewcontrel thereticagenrtheduffercand:thle drivesamtl agetettoy laver,
Qperable to;detect whether,the. racarding  position of the first recording: i o
layer reachjés an e'}\og o%wtﬁ%et‘ﬁrgt 1@%{ recordelngﬁayer %\/Eﬁé recorﬁgﬂ@atlén}%m ata
wiits of eedls, athereirthe setector detettsaxsize ofamuracordaticdiegiodata to

of therfirst ragording, layer, andicgmpares the size of the, ypregorded

region of the first recording layer with a maximum allowable size of the
cell, and deterffin@d Pt theneetiding 2pesipriat e first recording

layer reaches theengwhen the size Ot the yrrecorded SJegianbesOmES] data;
smaller than the maximum allowable size of the cell, and the recording

controller, whéh 4 (feteRMiREd ThaP theRICH iy st ofithe fikst the first

recasding dpyerraashes theand s 2eeontials thedeeerding; so as to stop
the recording in the first recordin% Iaier at the boundary of the cell, and

record a subs@qEECHEEIn the rEEGTdiRgJayér. control the encoder,

the buffer and the drive; and

a detector operable to detect whether the recording
position of the first recording layer reaches an end of the first
recording layer while recording data in units of cells,

wherein the detector detects a size of an unrecorded
region of the first recording layer, and compares the size of the
unrecorded region of the first recording layer with a maximum
allowable size of the cell, and determines that the recording
position of the first recording layer reaches the end when the size
of the unrecorded region becomes smaller than the maximum allowable
size of the cell, and

the recording controller, when it is determined that the
recording position of the first recording layer reaches the end,
controls the recording so as to stop the recording in the first
recording layer at the boundary of the cell, and record a subsequent

data in the second recording layer.

9. An information recording apparatus for recording data in
units of cells which are basic reproduction units to a recording
medium having a first recording layer and a second recording layer,

the cell including a plurality of temporally continuous minimum data
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9. An information recording apparatus for recording data in 30 units of
cells which are basic reproduction units to a recording medium having a
first recording layer and a second recording layer, the cell including a

plurality of temporally continuous minimum data 20 units each of whichis LLOYD WISE

a unit for recording and reproducing datacto and from the recording

medium, the apparatus comprising: an encoder operable to encode data;
abuftercaperabie watemporasilyustarefihe eseodedndatadd segiy@ucing data to
opglilraible totélecorrd thedencode .data jcrﬂlthe first Qr second recording layer

Sf the fecor iﬁg mediam: Irneec&%?hg controfier %plésr'aﬁfén?oréaln?r%l the

encoder, the buffenamiethegeive; bnd a detagtor dgperable to detect

whether the recarding, 19,posifion of the firstrecording lavereaches an, ..,
end of the first recording fayer while recorglng datd in units oPceﬁs,

wherein the detedtordetarts@size-of apcunreddrdechredioh dithe finstthe first
rgE%QH&@%%%Mﬁ?WB?;@P the size of the unregorded region of the

first recording layer with a Size of data 15 being about to be recorded in

the first recording keI il ERIERRIASS tiRREtRtecaTdirgPpositfontdftencoder,

first regerding:layer, keaches thg gnd when the size of the unrecorded
region becomes smaller than the size of data being about to be recorded

in the first recrdiff RSHEHE arPORE reEBrdiRf-86htrofie? tiiftien fig  recording
determipgddhatthe recordingpasitian ofdhefirstreriding, layes reaches first
the end, controls the recording so as to stop the recording in the first

rETraihg fayer At thid btindiry oF fhe Calidatil Hedrdl & 5uisseldirent data

in the second vgeotling leyer. &rector detects a size of an unrecorded
region of the first recording layer, and compares the size of the
unrecorded region of the first recording layer with a size of data
being about to be recorded in the first recording layer, and
determines that the recording position of the first recording layer
reaches the end when the size of the unrecorded region becomes
smaller than the size of data being about to be recorded in the
first recording layer, and

the recording controller, when it is determined that the
recording position of the first recording layer reaches the end,
controls the recording so as to stop the recording in the first
recording layer at the boundary of the cell, and record a subsequent

data in the second recording layer.

10. The information recording apparatus according to claim 8
or 9, wherein the recording controller records a dummy data in the
unrecorded region of the first recording layer after stopping
recording in the first recording layer and before starting recording

in the second recording layer.

11. The information recording apparatus according to claim 8
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10. The information recording apparatus according to claim 8 or 9,
wherein the recording controller records a dummy data in the unrecorded

region of the first recording layer after stopping recording in the first LLOYD WISE

recording layer and before starting recording 30 in the second recording

layer. 11. The information recording appadratus according to claim 8 21 or

9, wherein the recording controller records a dummy data in the

unregprdéc region:-oé thesfirstdecprding layierewheadinalizing afteny data in the

sigpeing fegording in the figst recording layer, 5 1%:3@? formation; ;i g arter
recoralng appargtus according to claim g orbrf%v erein a radius position
cftapecotdingstati positiortion the secendrécondigytayer corresponds to

a radius position of a recording end position on the first recording layer.

10 13. The information recording apparatus according to claim 8 or 9,

wherein, wherlitgs Hefester; v thecracbitingposiiichofagwofigsng to claim 8

recosding lavernteaches the gnd,; thefecording.controller scantrolsthe i on on the

recording so as to divide the data to be recorded in the first recording
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indhefirstyecqrdingslayesand reeorg the dividedsecond el in the
second recording layer. 14. The information recording apparatus
according to claim 8 or 9, further comprising a hard disk drive for storing

data. The information recording apparatus according to claim 8
or 9, wherein, when it is detected that the recording position of
the first recording layer reaches the end, the recording controller
controls the recording so as to divide the data to be recorded in
the first recording layer into the first and the second cells, and
record the divided first cell in the first recording layer and

record the divided second cell in the second recording layer.

14. The information recording apparatus according to claim 8

or 9, further comprising a hard disk drive for storing data.



