10

15

25

-1 DESCRIPTION VIDEO-ENCODING DEVICE AND
VIDEO-ENCODING CONTROL METHOD Technical Field 5 The present
invention relates to a video-encoding device for encoding a video signal
and particularly relates to a video-encoding device that controls the
amount of codes generated from a following chapter, where seamless
connection between chapters is performed, a video-encoding 10 control
device, and a video-encoding controlymethod and a program for making a
computer execute the method. Background Art In recent years, optical
disks have received attention, 15 as recording mediums that can store
video data and audio data. Theopticatdiskis used, not only as a medium
used for a contents commodity such as a movie, but also as a writable
meédithtused forinéeordingdataloh e tiSersideLFor example; tHe VD
standard that allows onetime recording 20 of data onto one and the same
area, the DVD-RW standard that allows rewriting data repetitively, and so

~forth, are knewp; as the rewritable medium. The DVD-Video standard
used for a reproduce-only disk is known, as the file format of the
abovérgescribedraptical enedioms: sHowevelt; data candve- 25 wrdtte onto
the writable medium in keeping with the DVD

3

evice for encoding a video signal and particularly relates
to a videc—encoding device that controls the amount of codes
generated from a following chapter, where seamless
connection between chapters is performed, a video-encoding
contrel device, and a video-enceding control method and a

program for making a computer execute the method.

RBackground Art

In recent years, optical disks have received attention,
as recording mediums that can store video data and audio
data. The optical disk is used, not only as a medium used
for a contents commodity such as a movie, but also as a
writable medium used for recording data on the user side.
For example, the DVD standard that allows onetime recording
of data onto one and the same area, the DVD-RW standard that
allows rewriting data repetitively, and so forth are known,
as the rewritable medium. The DVD-Video standard used for a
reproduce-only disk is known, as the file format of the
above-described optical mediums. However, data can be

written onto the writable medium in keeping with the DVD-
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2 - Video standard. The DVD-Video standard allows recording to a
maximum of ninety nine titles per disk. Further, each of the titles can
include to a maximum of ninety-nine chapters (PTT: Part 5 of Title). In the
case where data is recorded onto the above-described DVD-R and
DVD-RW through a camcorder: camera and recorder, a single recording
unit from the start of recording to the end of recording is recorded, as a
chapter. Further, the single recording,unit is recorded, as one and 10 the
same title until predetermined condition is satisfied. The predetermined
condition for closing the title is, for example, that the disk is ejected, the
snumber. of chapters of the title reaches ninety-nine, the number of cells of
the title reaches ninety-nine, the transition from video 15 recording to
still-intage p&cording oceurs;dtc.dnathéwcaserwhereitheydata thatds:imum of
recorded on a chgg;r-by-chapter basis in the above-described manner is

TepFoduCet % dishl&yinade - lterruptedfoT & niohiént-dué 16 & niintite
gap that oceurs pefween chapters. In average; 20 thesecordingupit. of:the.
camcorder is about from a little over ten seconds to several tens of
secondselt is not desirabledhata repriduceddmage-isdatercuptedfor

each recording unit.
above-described DVD-R and DVD-RW through a camcorder: camera

‘and recorder, & single recording unit from the start of

recording te the end of recerding is recorded, as a chapter.
Further, the single recording unit is recorded, as cne and
the same title until predetermined condition is satisfied.
The predetermined conditicn for closing the title is, for
example, that the disk is ejected, the number of chapters of
the title reaches ninety-nine, the number of cells of the
title reaches ninety~-nine, the transition from video
recording. to stili-image recording occurs, etc.

In the case where the data that is recocrded on a
chapter-by-chapter basis in the above-described manner is
reproduced, a display image is interrupted for a moment due
to a minute gap that occurs between chapters. 1In average,
tha recording unit of the camcorder is about from a little
over ten seconds to several tens of ssconds. It is not
desirabhle that a reproduced image is interrupted for each
recording unit.

Therefore, there have besen propoesed technologies for

achieving seamless connection that allows connecting video
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Therefore, there have been proposed technologies for 25 achieving
seamless connection that allows connecting video - 3 streams to one
another without no interruptions to be seen therebetween (For example,
refer to Japanese Unexamined Patent Application Publication No.
11-155131 (Fig. 25).). According to the above-described known
technology, 5 where partial. sections of a video object are coupled to one
another, a VOBU including picture gaga at the end of the partial section
and a VOBU including picture data at the leading end of the same are
read from an optical disk, and the VOBUSs are divided into a plurality of

Audig packs and.a 19 plurality qf,video packs; Then, the yideq packs are
re- encoded anfpart of the plurality of audio packs is multiplexed into a

subsestient section - ThatkisdDssayy ane putput Bireamdausthbe amined
remultiplexed. On the other hand, the MPEG-2 (Moving Picture Experts
ER5 Sl phase 2} starfddrd is Hisedlin'the case whete vided -er?c%&iirhg is

performed far. performing.recording compliant ,with the DYD-Video

endar A iinG 10 o ML AnGaN Howeher & URCAT Bt
wefersed 10 asa VB (refes to Videa Budfering Merifier: 4 SO1381842 Anngxe
C) is 20 expected to be provided between an encoder and a decoder, and
oty niust B pefformed ss et Fioerreratdcdr ighe end of the

partial section and a VOBU including picture data at the
leading end of the same are read from an cptical disk, and
the VOBUs are divided inte a plurality of audio packs and a
piluraiity of video packs. Then, the video packs are re-
encoded and part of the plurality of audio packs is
multiplexed into a subsequent section. That is to say, an
output stream must be remultipiexed.

On the other hand, the MPEG-2 (Moving Picture Experts
Group phase 2} standard is used, in the case where video
encoding is performed for performing recording compliant
with the DVD-Video standard. According to the MPEG-Z
standard, however, a virtual buffer referred to as a VBV
{refer to Video Buffering Verifier: IS013818~2 Annex C) 1is
expected to be provided between an encoder and a decoder,
and encoding must be performed so that no errcrs occcur in

the VBV buffer. When trying to achieve the seamless

connection between video streams that are separately encoded,

the data of a following chapter is transmitted to the VBV

buffer without consideration of the occupled amount of a



the VBV buffer. When trying to achieve the seamless connection between
video streams that are separately encoded, the data of a following
chapter is transmitted to the VBV 254uffer without consideration of the
occupied amount of a 4 preceding chapter of the VBV buffer.
Subsequently, an error may occur in the VBV buffer. Embodiments of the
precgé%ﬁif‘t 'Q‘k{%%té%“xPrS%d%%é"d%;\Fr‘}%%%'f‘gvd.e"'g%%?ea%hé%‘é'Tg,_ an error
séamfess connection between chapters withiout causing an error in the
may ~BM:buffer. Disclosureraf favention 5 In a first aspect of the invention,
there is provided a video-encoding device for encoding video signals that
cBRtanT iatiedst a pfecedifig chapterand afolfswing thapterwheh &  video-
encogp:ﬂlgws. tggy{g%edIggfhaggq{fggiexe'rtss%on rf)lfg\sler t@oenggggq:?g bhetween
acc&'dlng toan occupied amount of & virtual buf er, the occupied amount
chapbeing deterpinedhasedran the amewit ofncades generatetifthraugh the
encoding and the amount of codes transferred to an output destination,
the video-encoding device comprising: recording-mode determination
D4 e ggggéogﬁe}er@gi{lg whether or not seamless connection between said
~ " “preceding éhapr%er and said following chapter that are included in the
video signals is feasible based on at least whether or



not said following chapter is the first chapter of the title to which the
following chapter belongs, and if said seamless connection is feasible
setting an initial value of the occupied amount of said virtual buffer to an
initial value of the occupied amount of said virtual buffer immediately
before the video signals of said following chapter are transferred to said
virtual buffer, and if said seamless connection is infeasible then setting,

theinftialValGé ofthesdeupied Htfourtt 6 S abirtudi Buffer to’zefg:o 7 +aed &

vide 89%@8@'%“&‘&9?9@%%3@%EQ{&F}Q?“QQ the occupiedamount.of the. « - s

virtual buffer'5a every time the encoding is performed;
at leptmumroccupiedsamount healcuatioarmieans fios Catoulating ahapter which
redetermined optimum occupied amount based on the updated

p L
follgucupiedamBaRESrihedvirtiia Bufter; afget-Cotfetamourt Bafctifation’ s*  the
enco ,%%ﬁ%ﬁ:&?@ﬂ%ing@ %rﬁd%tggﬁwgéa%g&ﬂge amoynthased.an theree

video signals of the following chapter; target-code-amount adjustment
the meanpioarsetiingthe targetreodeamountted valteedbtained by amcunt of
subtracting the current occupied amount from the optimum occupied

code §mBERETF tHeeSunt ItaHEF thé BRouPIsE HReunt BFthe Rl Btifter st <odes
¢ ran1E18ge codg amount exceeds the opiimum, accupigd, amoyntin Order 61 ng

to adjust the target code amount so that the sum total of the occupied
deviamountefthesdnal bufferand ihe targeecodeésamountdoeson means  for
determining whether or not seamless connection between said
preceding chapter and said following chapter that are included
in the video signals 1is feasible based on at least whether or
not said following chapter i1s the first chapter of the title
to which the following chapter belongs, and 1f said seamless
connection 1s feasible setting an initial wvalue o¢f the
occupied amount of said virtual buffer to an initial value of
the occupied amount of saild virtual buffer immediately before
the video signals of said following chapter are transferred to
said wvirtual buffer, and if sald seamless connection is
infeasible then setting the initial wvalue of the occupied

amount of said virtual buffer to zero; occuplied~amount update

means for updating the cccupled amcunt of the virtual buffer



not exceed the optimum occupied amount; and encoding means for

performing the encoding based on the adjusted target code amount.

Accordingly, the initial value of the qccupied amount of the virtual buffer is

set, the target code amount is calculated based on the occupied amount,

and the encoding is performed. Therefore, the seamless connection

between chapters can be achieved without causing an error in the virtual
everpuffesb tSebseqtenty: dvhcte BRIARIEN¢alie BPhE VTP RmBtnEacunt

.- .of the.virtual buffer for.the followin pter is set, t . .
cdlca¢§¥~oa means  for éQW% g%%ﬁg 3 pESd@@&%@&%%?B optimum

occupiéd amount due to the preceding chapter of ‘the virtua

occutaken ovae fruthes 4 thecaabove videgenceding devige sthe amount  of the
. occupied-amount update means determines a predetermined value that
virtjggbtained Brsubtrastit the st fortranster motint Frorfthe Bédipled oL

camggﬂﬁ% and addi“eqd@ﬁ enerated-code g@_og@é?tghg%%wpisfgggﬁoug& the

atgis r?ot Pal;gert an the maximum value of the V|rtuakl buffer to be a

videBewsaceupied agounthwhefe ithewceypieshameunt;is largeydhan thee -amount
~ code-for-transfer amount, and determines the generated-code amount to
adjupenke heledBEUPIEd afifotint\Whérethe DESEpied aftoutilaquivalent to2 L ue

obta%hnee%odggors-%%@%grc%g}?gm’c%relescsu égg%@ingyc&ggggat%ount from the
optimum occupied amcunt 1f the sum total of the occupied
amount of the virtual Dbuffer and the target code amount
exceeds the optimum occupled amount in order te adjust the
target code amount so that the sum total of the occupied
amount of the virtual buffer and the target code amount does
not exceed the optimum occupied amount; and encoding means for
performing the encoding based on the adjusted target code
amount. Accordingly, the initial value of the occupied amount
of the wvirtual buffer i1is set, the target code amount 1is
calculated based on the occupied amount, and the encoding 1s
performed. Therefore, the seamless connection between chapters
can be achieved without causing an error 1Iin the virtual

buffer.



about the occupied amount of the virtual buffer is updated. Further, in the
above video-encoding device, the optimum- occupied-amount calculation
means calculates a predetermined Malue that is equivalent to and/or as
large as the updated occupied amount of the virtual buffer, as the
optimum occupied amount. Subsequently, the occupied amount of the
virtual buffer can 7 be reflected in the bit rate, so that steep image

Subs gatstivration LAF b8 réltced 8" 1 & SEEORE aSpelt’ST tRE fkertiontiere t
is provided a video-encoding control device for exerting control over
encoding based on an occupied amount of a virtual buffer, the occupied
amount being determined based on the amount of codes generated at the
time where video signals that contains at least a preceding chapter and a
following chapter which follows the preceding chapter are encoded and
the amount of codes transferred to an output destination, the
video-encoding control device comprising: recording-mode determination
means for determining whether or not seamless connection between
said preceding chapter and said following chapter that are included in the
video signals is feasible based on at least whether or not said following
chapter is the first chapter of



the title to which the following chapter belongs, and if said seamless
connection is feasible setting an initial value of the occupied amount of
said virtual buffer to an initial value of the occupied amount of said virtual
buffer immediately before the video signals of said following chapter are
transferred to said virtual buffer, andfif said seamless connection is
infeasible then setting the initial value of the occupied amount of said
virtual buffer to zero; occupied- amount update means for updating the

of taecupietamountof the- viftual bufter everydime thenooding is s set, the
performed; optimum- occupied-amount calculation means for calculating a

stateyrefetdrifingd SititGin oREGpRE afitunt Baseldonthe tipdhtsy chapter of
the \%%ngg %%Pf the virtual buffer; target-code-amount calculation

means for calculating a predetermined target-code 8a amount based on
the videe:signalsrof theHellowing-chapter;. and targetcodg-amoant.ce,  the
adjustment means for setting the target code amount to a value obtained

ccculpyibtaRtRg therditfent Beetfied ahtdiht o the BpERfINT BECdSied 72 11e
that 3}’1‘8“@}5&@%@3&&“ goral atthe oceupied amount of the virtual. bptfer.and,, .

e target code amount exceeds the optimum occupied amount in order
fromta-adiustdbetarget cade,amountsosthiat the stime totaln ef-thecatoupisd amount
amount of the virtual buffer and the target code amount does not exceed

to tﬂﬁaSﬁﬁﬁﬁﬁfﬁ%cﬂﬁﬁ%ﬂ%néﬁﬁtthat i1s not larger than the maximum

value of the virtual buffer toc be a new occupied amount, whers
the occupied amount 1is larger than the code-for-transfer
amount, and determines the generated-code amount to be the new
occupiled amount, where the occupled amount is eguivalent to
the code-for-transfer amount or less. Accordingly, information
about the occupied amount of the virtual buffer is updated.
Further, in the above videc-encoding device, the optimum-
occupied-amount calculation means calculates a predetermined
value that 1is eguivalent to and/or as large as the updated
occupied amount of the wvirtual buffer, as the optimum occupied

amount.

Subsequently, the occupied amount of the virtual buffer can



be

Accordingly, the initial value of the occupied amount of the virtual buffer is

set and the target code amount is calculated based on the occupied

amount, so that the encoding is controlled. Therefore, the seamless
connection between chapters can bé achieved without causing an error in

the virtual buffer. Subsequently, where the initial value of the occupied

amount of the virtual buffer for the following chapter is set, the state of
thefoceupied amiaunt diresto the preceding chapter of 8bathe vistuaepuffermage
is taken over. Disclosed herein a video-encoding control method for

detegkerting Ghtfot BvErercsHitg Based on an occupied amount 9 of a

virtual buffer, the occupied amount being determined based on the
amount of codes generated at the time where video signals are encoded
and the amount of codes transferred to an output destination. The
video-encoding 5 control method comprises a step for determining
whether or not seamless connection between a preceding chapter and
the following chapter that are included in the video signals is feasible, a
step for setting an initial value of the occupied amount of the virtual buffer
based on the 10 determination result, a step for updating the occupied



amount of the virtual buffer every time the encoding is performed, a step

for calculating a predetermined optimum occupied amount based on the
updated occupied amount of the virtial buffer, a step for calculating a
predetermined 15 target-code amount based on the video signals of the
following chapter, and a step for adjusting the target code amount so that

the sum $etabafithe aceupied Amount ofithen vittua] bufferandithe parget ded a
code amount does not exceed the optimum occupied amount and using

Vide?ﬁéé&j@@ﬁé&ﬁtarq&@@%e dnfoUirtfor the BncSdifg ACCDrdifgly et ©ver
encolt %%Lg%gf%%%ue@&g@%m%%\drw huffer issehandthe . - cne

targéet code amount Is calculated based on the occupied amount, so that
occutheencoding is control’ etkt Eherefere, theseamiessttonnestiombetweencdes

chapters can be 25 achieved without causing an error in the virtual buffer.

gerepthfa third asfectoftfie iiventon tHeFe is rovided a itee-eresHAgR® &t
Leasfontol @gghoeddff Xeﬁwgﬁ@éyol ower encoding pased on ap occunied . ; .y,

amount of a virtual buffer, the occupied amount being determined based
follondhecamoynicoicodes generaied atthe timecwhere videod signalsdhatint of
contain at_least a preceding chapter and a following chapter which

code follbRsTtheé Preceding chapter &k énchu ditithe amdiiitt of “higes>ncoding
contH899%@$98%3%8MH¥E9§§@Fﬂ@gc%¥ﬁﬁﬁal589¥m&étermination means

for determining whether or not seamless connection between
said preceding chapter and said following chapter that are
included in the wvideo signals is feasible based on at least
whether or not said following chapter is the first chapter of
the title to which the following chapter belcongs, and if said
seamless connection 1is feasible setting an initial wvalue of
the occcupied amount of said virtual buffer to an initial value
of the occupied amount of sald wvirtual buffer immediately
before the video signals of said following chapter are
transferred tc said virtual buffer, and if sald seamless
connection is infeasible then setting the initial walue of the
occupied amount of said wvirtual buffer to zero; occupled-
amount update means for updating the occupied amount o©f the
virtual buffer every time the encoding is performed; optimum-
occupied-amount calculation means for calculating a
predetermined optimum occupied amount Dbased on the updated
occupied amount of the wvirtual buffer; target-code-amount

calculation means for calculating a predetermined target-code



control method comprising: a step for determining whether or not

seamless connection between said preceding chapter and said following

chapter that are included in the vid ignals is feasible based on at least

whether or not said following chapter is the first chapter of the title to

which the following chapter belongs; a step for determining an occupied
amou@mnoyateithe wirtyakbufferimamediately befare thenvidem Signals of theapter;

following chapter are transferred to the virtual buffer to be an initial value

and bfiEFoCCHpT afffdaht of the virarbuffsi “Wheredit isSdetériined tat™ =+ e *
code NE38MIESS connection Is feasible based on the determination. gesully, o ¢

and setting the initial value of the occupied amount of the virtual buffer to
occuZeri wheranit s determingd:thatthemseamlessicarnectionisinfeasiblena sum

step for updating the occupied amount of the virtual buffer every time the
totagndpling i pefsHheda StEp i caktilafififa Sredktermingdidpifupnd  the

targ@Ect iig??m%%?ﬁse%%?et 6 ypdafed ocgupied amount ofthe 108y e 5

virtual buffer; a step for ca cu%atlng a predetermined target- code amount

ordebased enithesvidemsignals ©f thedfollewingochapters andh atstepfor settingotal
the target code amount to a value obtained by subtracting the current

of %uﬁi@@%&%t R the 8|§ltirﬁ1ﬂ’ﬁ odeUpiét amauntiffhe Fith tbtdt of-2T et
codeﬂugﬁgﬁﬁ¥ed&@Qgunhggﬂméﬁg%@kpuqﬁﬁgnQE%ﬁﬁﬁggt999§&H98Hntamount.

Accordingly, the initial wvalue of the occcupled amount of the
virtual buffer is set and the target code amount is calculated
based on the occupled amount, so that the encoding 1is
controlled. Therefore, the seamless connection between
chapters can be achieved without causing an errcr in the
virtual buffer.

Subseguently, where the initial wvalue of the occupied amount
of the wvirtual buffer for the following chapter 1s set, the

state of the occupied amount due to the preceding chapter of



exceeds the optimum occupied amount in order to adjust the target code
amount so that the sum total of the occupied amount of the virtual buffer
and the target code amount does ot exceed the optimum occupied
amount. Subsequently, where the initial value of the occupied amount of
the virtual buffer for the following chapter is set, the state of the occupied
the amal duedoibe precaeding chapter of the virtual buffer is taken over.
Disclosed herein is a program for exerting control over encoding based

=

o diTééctifled Afidtt of & virfdalBUTeR 1he *Sctupféd arfount Being®? £~

exer {E1RIMIRGA hR3eA 00 e AMAUNLOT sades; dsnetaied Al tha Uaneahere:
vide0 signals are encoded and the amount of codes transferred to an
output destination. The program makes a computer execute a step for
determining whether or not seamless connection between a preceding
chapter and the following chapter that are included in the video signals is
feasible, a step for determining an initial value of the occupied amount of
the virtual buffer based on the determination result, a step for updating
the occupied amount of the virtual buffer every time the encoding is
performed, a step for calculating a predetermined optimum occupied
amount based on the updated occupied amount of the virtual buffer, a
step for calculating a predetermined target-code amount based on the
video signals of the
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li following chapter, and a step for adjusting the target code amount so
that the sum total of the occupied amount of the virtual buffer and the
target code amount does not exceed the optimum occupied amount and
using the adjusted target code amount for the encoding. Accordingly, the
initial value of the occupied amount of the virtual buffer is set and the
target code amount is calculated based on the occupied amount, so that
the encoding is controlled. Therefore,4he seamless connection between
chapters can be achieved without causing an error in the virtual buffer. 12
In a fourth aspect of the invention, there is provided a program for exerting -

cgontrol over encoding based.on,an, .aqeupied, amaunt of 4 vistual bpifer

the occupied amount being determined based on the amount of codes
rgenerated abtheatimen wherecvideo sigimals thatcContairmat leastavhere
preceding chapter and a following chapter which follows the preceding

Verster “Eeehicated &ﬁ&‘fﬁ@danei‘(‘i’ﬁi_nt eco?fé%“tf‘&né?érr%ﬂdt%san output
+destinatiop, the pragram, being pravided far making a computer  execuie:

a step for determining whether or not seamless connection between said
qarecedingrehapter andys saick following rchiapterthat arérineludeddnttbe or
video signals is feasible; a step for determining an occupied amount of
qﬂg\ﬁﬁagpﬁﬁﬁeponnection between a preceding chapter and the
following chapter that are included in the video signals is
feasible, a step for setting an initial value of the
occupied amount of the virtual buffer based on the
determination result, a step for updating the occupied
amount of the virtual buffer every time the encoding is
performed, a step for calculating a predetermined optimum
cccupied amount based on the updated occcupied amount of the
virtual buffer, a step for calculating a predetermined
target-code amount bhased on the video signals of the
following chapter, and z step for adjusting the target code
amount so that the sum total of the occuplied amount of the
virtual buffer and the target code amount does not excesd
the optimum cccupied amount and using the adjusted target
code amount for the encoding. Accordingly, the initial
vaiue of the occcupied amount of the virtual buffer is set
and the target code amount is calculated based on the
occupied amount, so that the encoding is controlled.

Therefore, the =eamless connection betwsen chapters can be

achieved without causing an error in the virtual buffer.



immediately before the video signals of the following chapter are

transferred to the virtual buffer to be an initial value of the occupied

amount of the virtual buffer, where it is determined that the seamless
connection is feasible based on the determination result, and setting the

initial value of the 13 occupied amount of the virtual buffer to zero, where

iths deterfrifed thabfietseam|eSScorhetlicn infehdmie aldepforided &

v gedbdating the occupied amount Qjﬁgg V"@@Lbuffeegeed{f@wme DE-ro1  over
encoglng IS Cf)erforme& a step?or calculating a predetermined optimum

enco@Ceypipd ampush based-on the wpdated ueecupiedamaurt wf theovittdal-, the
buffer; a step for calculating a predetermined target-code amount based
occuphafie YR SigRis 16T tREFSHERIRG thapetcaritFa Step f6FSetling tHe codes

gene%%rigeea& Cc%dte a%oe“m%t:? V%e%%tai%%%@é Su?ﬂ?ﬁﬁ@.% th%‘r%t'gergontain at

occupied amount from the optimum occupied amount if the sum total of
1easthe gccypied amount of thesvistual buffer and the! targéhcode-ampuat  which
exceeds the optimum amount in order to adjust the target code amount

follgyshatite SR EEIBRthe "Gottpled AffouRif SRR Virtial buffet a8 e ™ ©F
code%ﬁ%%%%% eﬁ%@? négogﬁnggfggﬁEQJ gé&ﬁ@@ﬁeﬁmc%ﬂsdéq%%guencoding

sequently, where the initi ue of the occupied amount of the virtual
cont byfferder thefollowing thapter isssettthe state ofithesaecupledhambanter or

due to the preceding chapter of
not seamless connaction between said preceding chapter and
said following chapter that are included in the video signals
is feasible based on at least whether or not said foellowing
chapter is the first chapter of the title to which the
following chapter belongs; a step for determining an occupiled
amount of the virtual buffer immediately before the video
signals of the following <chapter are transferred to the
virtual buffer to be an initial value of the occupied amount
of the wvirtual buffer, where it 1is determined tThat the
seamless connection is feasible based on the determination
result, and setting the initial value of the occupied amount
of the virtual buffer to zero, where it iz determined tThat the
seamless connection is infeasible; a step Zfor updating the
occupied amount of the virtual buffer every time the encoding
is performed; a step for calculating a predetermined optimum

occupied amount based on the updated occupied amount of the



the virtual buffer is taken over. Example embodiments of the present

invention have a good effect of achjeving seamless connection between

chapters without causing an error in a VBV buffer. Brief Description of the
virtkrawingstkig. 1 shews@anfexamplé cohfiguration op asiteosendoding target-

device according to an embodiment of the present invention. - 14 Fig.2 |
code shafRHH exampieicomtiguraitn of \ideo Séritbitef 100faccofingfo the 19

chapt?gp'()d%%mgf tggegge%e&f Iy eﬂ;'ﬂ@ Flgﬁe?’ptg@%égs@g}yem%q%ﬁx@é to a
VBV buffers compliant 5 with the MP%G-Z standard. Fig. 4 shows an
valu€xampieittapsition efithereccupier amount of-a:VB\bbuffer é0il endhet from
encoder side. Figs. 5A and 5B show example transitions of the occupied
the SRipHRLBf & VENVPEEfer 7090 the ‘decber Sk, MUFEY. 6ShdWs anccupied

amou%a”@e functional configurafion of A proggssanpl0 otane:  code amount

encoding-control unit 500 according to the embodiment o6f the present
excevention: Fige 7 shows anexample functior: VBM ofthégresent imvéntion. the

15 Fig. 8 is a flowchart illustrating example processing performed by the
j sum tota. of the “occupied

targgides-aftodigdtvice Secordifg to'the
amount of the virtual buffer and the target code amocunt does
not exceed the optimum occupied amcunt. Subsequently, where
the initial value of the occupied amount of the virtual buffer
for the fellowing chapter is set, the state of the bccupied
amount due to the preceding chapter of the virtual buffer is
taken over. |

Disclosed herein 1is a ﬁrogram for exerting contrcl over
encoding based on an occupied amount of a virtual buffer, the
occuplied amount being determined based on the amount of codes
generated at the time where video signals are encoded and the
amount of codes transferred to. an output destination. The
program makes a computer execute a step for determining
whether or not éeamless connecticn between a preceding chapter
and the following chapter that are included in the video
signals is feasible, a step for determining an initial value
of the occupied amount of the virtual buffer based on the
determinaticn result, a step for updating the occupied amount
of the virtual buffer every time the enceding is performed, a
step for calculating a predetermined optimum occuplied amount
based on the updated occupied amount of the virtual buffer, a
step for calculating a predetermined target-code amount based

on the videce signals of the



embodiment of the present invention. Fig. 9 is a flowchart showing

example processing performed for exerting control over the VBV buffer

according 20 to the embodiment of the present invention. Fig. 10 is a

flowchart illustrating example processing performed for updating

information about the occupied amount of the VBV buffer according to the

embodiment of the present invention. 25 - 15 Best Mode for Carrying Out
ro11 R iIvenian Bex', agegibadiniag) oldbe PLaseALnYERNonl Be rger  code

described in“detail with reference to drawings. Fig. 1 shows an example
amougenfiguration-of awidee drencoding de¥ice Aecordingtd an embodiment f the

the present invention. The video-encoding device includes a video

virtepeoderiioorfor Bcddify & Vidkd siGhacar Bdioteridtasr BBb G ceed the
gneodna a0 audio sigtiah.a multiolexer 390 fof muldplexing putpHiRithe:oge
Optlr\{}}aréo é%g(%er 100 and the audio 10 encégder 280, a%r;}edium-recor%js?r%
amoutiBit 400 fonerecording isteeam datarmudtiplexedtihyethermuattiplexes 308 onfo the
a recording medium 490, and an encoding-control unit 500 for controlling
occupheEding peRerniel bylthe Vited Ehtoderiot: ThE erEdding Contrdofuric *9&*
codeSQQﬂggw e%f%p%§§§§ﬂggﬁgﬂ based on the o¢ccupiled amount, so©
that the encoding is controlled. Therefore, the geamless
connection between chapters can be achieved without causing an

error in the virtual buffer.



15 a ROM 520, a RAM 530, an input-and-output interface 540, and a bus

550 for connecting the above-described units to one another. The

processor 510 receives a generated-code amount or the amount of data

encoded by the video encoder 100 via a signal line 1'79, determines a

guantization index conforming 20 to a target-code amount or the amount

of target data for encoding the next picture, and externally transmits the

quantizatgn jndex through a signglding 159, The, ROM 320, is 3 MEMAYeq 4

forvhofdlng programs, various parameters, and so forth that are executed

progbyithe processers10 and acbieved by 25/anr EPRQMdnelydingaastiush on an
memory or the like, for example. - 16 The RAM is a memory for holding

occubpkldatacor the dike 2wHére" tiel wbH<d&ta is heBesSaryvhen thgcunt being

dete %%é%i% 30 rb%]?Oegxeociytec% éheﬁﬁr&glrﬁm o%”dc%%mﬁv%% aa ‘§§:1AEEM &he time

, etc., for example. The input-and-output interface 540 exchanges
whe rdataisibetweemitself ancgthe oitside rangtis used forapdatiag:theng chapter
program in the ROM 520, for example. Fig. 2 shows an example
and cynfigurafidit BEthe Viddo %néﬁ&fé‘?%O@ ﬁgédﬁﬂr“ng 1§ the RAREGHimant gthapter

are BERIESCNT.INYention. This videoencader, 100 encodes 4 vigeq signal 10, ¢ pyr
transmitted thereto via a signal line 101 and externally transmits the
desteneadeshyideo signabyviaarsignal dige 499y Thewiden-encodend0@ computer
includes a rearrangement circuit 111,
execute: a step for determining whether or not seamless
connection between saild preceding chapter and said folleowing
chapter that are included in the video signals is feasible; a
step for determining an occupied amount of the virtual buffer
immediately before the video signals of the following chapter
are transferred to the virtual buffer to be an initial value
of the occupied amount of the virtual buffer, where 1t is

determinad that the seamless connection is feasible based on

the determination result, and setting the initial value of the



a. scan-conversion circuit 112, a motion-detection circuit 121, a
motion-compensation circuit 122, a subtractor 131, an 15 adder 132, a
OCT circuit 141, an inverse-DCT circuit 142, a quantization circuit 151, a
dequantization circuit 152, an encdder 161, and a buffer memory 171.
The rearrangement circuit I'll rearranges each of pictures of video signals
transmitted thereto via the signal 20 line 101 according to the encoding

occugi%%f angd fransmits the,rearranged. pictyres fa thescan-conversjgn circujty 1 g
12. The scan-conversion circuit 112 determines whether the data of the
det e tiapsmitted-pictureés=hasa frame:structurecdr aofield sstructiweainidle; a step

performs scan conversion compliant with the 25 determination result for

For  thetddta’s the farffiiitted <47 Jictinés. Thert e Scdr-torverdion Tredit © Y
t ime TIZEOMVEIS, {6 data (0to facrasniaelc dain and exterpally tanpatehens

macro-block data fo each of the motion-detection circuit 121 and the
predsubtradtoe 33 1o btThe:motionsdeteetion aircuit: 12 1kdetects amotidre vestdrted

based on the data transmitted from the scan- conversion circuit 112 and
occURhREMAT I ofién Vol to” T mofibR-compeRsatioiFeirctit 153} FHe 2 #1119

2 prAQlon- compensation circuit .22 weadsimage data conforming tosthe 041 5

macro-block data transmitted to the subtractor 131 of image
of the fcllowing, chapter; and a step for setting the target
code amount to a value obtained by subtracting the current
occupied amount from the optimum occupied amount if the sum
total of the occupied amount of the wvirtual buffer and the
target code amount exceeds the optimum amount in order to
adijust the target code amount so that the sum total of the
occupied amount of the virtual buffer and the target code
amount does not exceed the optimum  occupled  amount.
Subsequently, where the initial value of the occupied amount
of the virtual buffer for the following chapter is set, the
state of the occupied amount due to the preceding chapter of
the virtual buffer 1s taken over.

Example embodiments of the present invention have a good

effect of achieving seamless connection between chapters

without causing an error in a VBV buffer.

Rrief Description of the Drawings
Fig. 1 shows an example configuration of a video-encoding

device according to an embodiment of the present invention.
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data that was stored in the motion-compensation circuit 122 in advance
based on the motion vector transmitted from the motion-detection circuit
121. Then, the motion-compensation circuit 122 transmits the read image
data to each of the 15 subtractor 131 and the adder 132, as
predicted-image data. Where the macro-block data transmitted from the
scan- conversion circuit 112 is an | picture, the subtractor 131 transmits
the macro-block data in its original.fofmatto the DC'T circuit 141. Where
the macro-block data is a P picture, 20 or a B picture, the subtractor 131
transmits data obtained by subtracting the predicted-image data

transgnitted from the E&@tlé’ﬂa%@mee&%@i&@@&tﬂié&cf@@ thedeo
macro-block data to the DCT circuit 141. The DCT circuit 141 performs

<D OTDistfete Comsighn2s tRrahsfore)prddessing for tHeedateettansmitted
from the - 18 subtractor 131 and converts the data into a DCT coefficient.
PHEYuhRtization circuit 151 quantizes the DCT coefficient transmitted

from the,DCT:girguit 144 hased endhe guantizadiopindex dransmitiedn ¢
from the encoding-control 5 unit 500 via the signal line 159 and transmits

whehquanti2eétE ®CT coefficiedt to the encoder 161 and the dequantization
circuit 152. The encoder 161 converts the antlzed da a into a

variablédengttt 8648 atd StorE% tie VARRS 1i‘éﬁnth e occupied

amount of a VBV buffer 701 on the encoder side.

Figs. 5A and 5B show example transitions cof the
occcupiaed amount of a VBV bhuffer 709 on the decoder side.

Fig. 6 shows an example functional configuration of a
processor 510 of an encoding-control unit 500 according to
the embodiment of the pressent invention.

Fig. 7 shows an example function VBV of the present
invention.

Fig. 8 is a flowchart illustrating example processing
performed by the video-encoding device according to the
embodiment of the present invention.

Fig. 9 is a flowchart showing example prcocessing
performed for exerting control over the VBV buffer according
to the embodiment of the present invention.

Fig. 10 is a flowchart illustrating example processing
performed for updating information about the occupied amount
of the VBV buffer according to the embodiment of the present

invention.
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code in the buffer memory 171. The buffer memory 171 10 converts the
stored variable-length code into data in pictures and externally transmits
the data to the signal line 199, as bit-stream data. Further, the buffer
memory 171 transmits the amount of generated variable-length codes of
an entire picture to the encoding-control unit 500 via 15 the signal line
179, as a generated-code amount. The dequantization circuit 152
dequantizes the quantized data transmnitted from the quantization circuit
151. The inverse DCT circuit 142 performs inverse DCT processing for
the data dequantized by the dequantization circuit 152 20 and transmits

dbe:datado t@gﬁdﬂﬁfﬂ?ﬁ%g he,adder,132.adds; the data transmitted from

the inverse DCT circuit 142 to the predicted-image data transmitted from
the motion, compensation:circuitt 122 socthat thecorigimahimagews 11 be
reconstructed, and transmits the original image data to the 25

FdHENESMPBNSAHGT Cirkit 1 25% S8 (g dieraté Y 199 predicted-image
data gorresponding o the.magro-block image. data thafwill be gncoded

next time or later. Figs. 3A and 3B show models of VBV buffers under the
MPEG 2y standard. Under thesYIREG=2 standatdmeirtuab butfees b seferred

‘o as VBV buffers are envisioned between the encoder and a decoder for
tHaiérhitting anthdecodifig obitaimédd device includes a video

encoder 100 for encoding a video signal, an audio encoder
200 for encoding an audio signal, & multiplexer 300 for
multiplexing cutputs of the video encoder 100 and the audio
encoder 200, a medium-recording unit 400 for recording
stream data multiplexed by the multiplexer 300 onto a
recording medium 480, and an encoding-control unit 540 for
contrelling encoding performed by the video encoder 160.

The encoding-control unit 300 includes a processor 510,
a ROM 520, a RAM 530, an input-and-ocutput interface 540, and
a bus 550 for connecting the above-described units to one
another. The processor 510 receives a generated-code amount
or the amount of data encoded by the wvideo encoder 100 wvia a
signal line 179, determines a guantization index conforming
to a target-code amount or the amount of target data for
enceding the next picture, and externally transmits the
guantization index through a signal line 159. The ROM 520
is a memery for -holding programs, various parameters, and so
forth that are executed by the processor 5310 and achieved by

an EPROM including a flush memory or the like, for example.
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bit-stream data in an appropriate manner, and encoding is performed so

. that the VBV buffers do not overflow. The difference between the amount

of codes generated by the 10 encoder and the amount of codes
transferred to an output destination corresponds to the amount of data
(This amount is referred to as an "occupied amount".) existing in the VBV
buffers. The maximum amount of the VBV buffers is defined as 224 KB.
However, the VBV buffers are provided virtually 15 and do not
necessarily exist. When the VBV buffers are viewed from the
encoder-side, a VBV buffer 701 is connected to the output-side of the

T¥degancoder ]rQ&n%'}?(/dP%% is,pstaniangoysly fransfetred, from the vigeo, .
encoder 100 to the VBV buffer 701 in theory, 20 as shown in Fig. 3A.
thhemowhkers: data: exists:nsther VBVh duffelh 7 03 rancoutput Sighad frem the:

VBV buffer 701 is transferred at transfer speed Rmax. Where no data

F8%isErNI e VBV Buffer 781> the utiiut Sigha from the VBV Buffer 701 is
tansierred ak transfer speed Q. Subsequently. the. 23 pecupied amount of

5]
the VBV buffer 701 is obtained and - 20 operations of the video éncoder
h:@@rase contrelled sothat hewaccupied amount dosscnateexaeeththieng the
maximum amount of the VBV buffer 701 (so that the VBV buffer 701 does
Hﬂﬂgﬁﬁgﬁ&ﬂthe ROM 524, for exampie.

Fig. 2 shows an example configuration of the wvideo
encoder 100 according to the embodiment of the present
invention. This video encoder 100 encodes a video signal
transmitted theretc via a signal line 101 and externally
transmits the encoded video signal via a signal line 199.
The video encoder 100 includes a rearrangement circuit 111,
a scan-conversion circult 112, a motion-detection circult
121, a motion—compensation circuit 122, a subtracteor 131, an
adder 132, a DCT circuit 141, an inverse-DCT circuit 142, a
guantization circuit 151, a deguantization circuitr 152, an
encoder 161, and a buffer memory 171.

The rearrangement cilrcuit 111 rearranges each of
pictures of video signals transmitited thereto via the signal
line 101 according to the encoding order and Lransmits the
rearranged pictures to the scan-conversion circult 112. The
scan-conversion circuit 112 determines whether the data of
the transmitted pictures has a frame structure or a field
structure and performs scan conversion compliant with the

determination result for the data of the transmitted
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5 On the other hand, when the VBV buffers are viewed from the decoder
side, a VBV buffer 709 is connected to the input side of a video decoder
900 and data is instantaneously transferred from the VBV buffer 709 to
the video decoder 900 in theory, as shown in Fig. 3B. Then, an input
signal to 10 the VBV buffer 709 is transferred at the transfer speed Rmax,
or the transfer speed 0. In that case, the transfer is performed so that an
occupied amount of the VBV buffer 709 does not exceed the maximum
amount thereof and the input signal must be transferred, so as to be in
time for decoding 15 performed by the video decoder 900. If the input

csignalislate forthe decode-timing,of the videa.decoder 999, undexfiow
occurs in the VBV buffer 709. Fig. 4 shows an example transition of the
woecupiec amountietthe-¥YBM:-bufferr 20t oh thetencedersideatbei2@8 the

vertical axis represents the occupied amount of the VBV buffer and the -
Maferar axis Tépfédents tinté Sespectivély " rhe°seéiipied armbuft diohy the
a‘{fﬁ{t"ﬁ%a)g%%%%‘_é’@f”l% 1d_own_ward d|re<_:t|on, which means that the
occupied amount increases as it falls. Incidentally, the maximum amount
of 25 the \MBM buffed¥04ds definetras: 224 KB. d2t clncidentally, here, the
sign T represents the picture- generation cycle, that is, the reciprocal of
Wﬁ@?ﬁﬁn@%ﬁﬁg on the data transmitted from the scan-
conversion circuit 112 and transmits the motion vector to
the motlcon~compensation circuit 122. The motion-
compensation circuit 122 reads image data conforming to the
macro-block data transmitted to the subtractor 131 of image
data that was stored in the metion—-compensation circult 122
in advance based on the motion vector transmitted from the
motion-detection circuit 121. Then, the motion-compensation
circuit 122 transmits the read image data to sach of the
subtractor 131 and the adder 132, as predicted-image data.
Wnere the macro-block data transmitted from the scan-
conversion circuit 112 is an I picture, the subtractor 131
transmits the macro-block data in its original format to the
DCT circuit 141. Where the macro-bhlock data is a P picture,
or a B picture, the subtractor 131 transmits data obtained
by subtracting the predicted-image data tranzsmitted from the
motion~compensation circuit 122 from the macro-block data to
the DCT circuit 141.

The DCT circuit 141 performs DCT {Discrete Consign

Transform) processing for the data transmitted from the
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Further, the sign n is an integer representing the number of a desired
picture. Further, the sign PX represents the 5 actual amount of generated
codes of the X-th picture and the sign BX represents the occupied
amount of the VBV buffer immediately before the X-th picture is encoded.
The video encoder 100 encodes video signals transmitted thereto in order
of the picture number. Immediately after 10 the O-th picture is encoded
(time 0), generated-code amount PQ, is instantaneously transferred to the
VBV buffer 701, and the occupied amount of the VBV buffer is
represented by BO + PO. Subsequently, until the time when encoding of

he-next, ot fiestpicture is finished, codeg are trapsmitted from dhe <13, ot |
VBV buffer 701 at the transfer speed Rmax, whereby the occupied

Tamoygnt of the VBW buffer 701 decregses overthe: lcoupse of tinte. iJustnt
prior to the time when the first picture is encoded (time T), the occupied

CRoERt bf e VERPbofier 761 26etbmeéd B1Rawr thefirst Hicture with
enerated-code,amount P1 is Instanianeously ransferred [o the VB, ;

uffer 701. As a result, at the time T, the occupied amount of the VBV
buifters7@1 is representeghby 21i+8 11 Afterrthat; datais furtherdransfetred=d
from the VBV 25 buffer 701 and the codes of encoded pictures are further
DGy coefficient to the encoder 161 and the deguantization
circuit 152. The encoder 161 converts the guantized data
into a variable-length code and stores the variable~length
code in the buffer memory 171. The buffer memory 171
converts the stored variable-length code into data in
pictures and externally tTransmits the data to the signal
line 199, as bit-stream data. Further, the buffer memory
171 transmits the amount of gensrated variable-length codes
of an entire picture to the encoding-control unit 500 via
the signal line 179, as a generated-code amount.

The deguantization circuit 152 deguantizes the
gquantized data transmitted from the quantization circuit 151.
The inverse DCT circuit 142 performs inverse DCT processing
for the data deguantized by the deqguantization cilrcuit 152
and transmits the data tc the adder 132. The adder 132 adds
the data transmitted from the inverse DCT circuit 142 to the
predicted-image data transmitted from the motion-
compensation circuit 122 so that the original image is
reconstructed, and transmits the original image data to the

motion-compensation circuit 122, so as To generate
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stored in the VBV buffer 701 in the above-described manner. Just prior to
the time when the n-th picture is encoded (time n X T), the occupied
amount of the VBV buffer is represented by the sign Bn (=Bn-1+1In-1)
and the n-th 5 picture with code amount Ph is instantaneously transferred
to the VBV buffer. As a result, at the time n X T, the occupied amount of
the VBV buffer 701 is represented by Bn + Ph. Here, when the amount of
externally transmitted codes 10 egcq%dg the amount of internally
transmitted codes, the occupied amount of the VBV buffer 701 becomes
0, as indicated at time Tx, and the VBV buffer 701 stops transmitting

pJat, When the téé}%%toé‘c’sgé%é"o@}(&%@e_t%c%‘-ﬁée%%ECQEHB‘?E%@P"Wéqe

the VBV buffer 701 on the encoder 15 side is tolerable. However, even
dihoughtthe datatisistored: drthe PAD, averdlowrofitheaBV buffer 701 is
not tolerable. Therefore, the video encoder 100 must have control over

the VBYbuffér 76F sehathié PBYEBGEer70PHokE hot bYverlcii® Figs.
124 and g@a%fa%%xamﬁ!%g@né&omgbf 20 ocgupied amount of the.

VBV butter 709 on the decoder side. The vertical axis represents the
receiupied amoust oktherVBYe buffer andrihie dateralpxis repraserts time,
respectively. In contrast to Fig. 4, the occupied amount along the vertical
eaXi896 shodWh i &F tpHard BirectisR Whidh Agansnd decoding obtained

bit-stream data in an appropriate manner, and encoding is
performed so that the VBV buffers do not overflow. The
difference between the amount of codes generated by the
encoder and the amount of codes transferred to an ocutput
destihation corresponds to the amount of data (This amount
is referred to as an "occupied amount".) existing in the VBV
buffers. The maximum amount of the VBV buffers is defined
as 224 KB. However, the VBV buffers are provided virtually
and do not necessarily exist.

When the VBV buffers are viewed from the encoder-side,
a VBV buffer 701 is connected to the output-side of the
video enceder 100 and data is instantaneously transferred
from the video encoder 100 to the VBV buffer 701 in theory,
as shown in Fig. 3A. Then, where data exists in the VBV
buffer 701, an ocutput signal from the VBV buffer 701 is
transferred at transfer speed Rmax. Where no data exlists in
the VBV buffer 701, the output signal from the VBV buffer
701 is transferred at transier speed 0. Subseguently, the

occupied amount of the VBV buffer 701 is obtained and
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25 that the occupied amount increases as it rises. - 23 Where a video
stream exists in a bit stream, a code is stored in the VBV buffer 709 at the
transfer speed Rmax. Where no video stream exists in the bit stream, no
codes are stored in the VBV buffer 709. Further, the code 5
instantaneously flows from the VBV buffer 709 to the video decoder 900
at the time when decoding of each of the pictures is started. Where
chapters are not seamlessly connqctgg to each other, as shown in Fig.
5A, a decoded image has a gap 10 corresponding to an interval between
a preceding chapter and the following chapter. In that case, after the

Qgaunied, amgunt of the VBV byffer. 709 due to, the generated godes of .

the preceding chapter becomes zero, codes generated by the following
techapterflowdn. Thereforethere is:ne needitotts make allewaneafar of
interference of chagters, where the interference is caused by the VBV

PutferSrog However wHéR tHetchaptérs are seamtdssly corfétetrfo

£ach-qther, as shown in Fig. SB, generated codes of the following

chapter flow in before the occupied amount of the 20 VBV buffer 709 due

to theoprecediagrehapterbecemes zara. Ehereforesthe aceupiedwmodnbm
of the VBV buffer 709 due to the preceding chapter should be taken over
Q%?céﬁﬁmﬁﬁﬁ;Sider a VBV buffer 702 1is connected to the input
side of a video decoder 200 and data is instantanesously
transferred from the VBV buffer 709 to the video decoder 500
in theory, as shown in Fig. 3B. Then, an input signal to
the VBV buffer 708 is transferred at the transfer speed Rmax,
or the transfer speed 0. In that case, the fransfer is
perfcrmed so that an occupied amount of the VBV buffer 709
does ncet exceed the maximum amount thereof and the input
signal must be transferred, so as Lo be in time for decoding
performed by the video decoder 200. If the input signal is
late for the decode-timing of the wvideo decoder 200,
underflow occurs in the VBV buffer 709.

Fig. 4 shows an example transition of the occupied
amount. o¢f the VBV buffer 701 on the enccoder side. The
vertical axis represents the occupied amount of the VBV
buffer and the lateral axis represents time, respectively.
The cccupied amount along the vertical axis is shown in a
downward direction, which means that the occupied amount
increases as it falls. Incidentally, the maximum amount of

the VBV buffer 701 is defined as 224 KB.
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the initial value of the VBV buffer 709. If the generated codes of the
following chapter start flowing in at the time 25 where much of the
occupied amount of the VBV buffer 709 due - 24 to the preceding chapter
remains, the VBV buffer 709 may overflow. On the other hand, if a
code-inflow for decoding is started at the time when the amount of code
data stored in 5 the VBV buffer 709 is insufficient, the VBV buffer 709
may underflow. For example, where a hecessary amount of code data for
decoding a first picture (12) of the following chapter is drawn
instantaneously and if the amount of code data stored in the VBV buffer

709 is insyfficient, the gade.10 data negessary jprthe decoding cannothe.
obtained. Therefore, the seamless connection cannot be achieved. For
cstoring thesufficiént anfount of code <lata in advante o fransferfofanbitrate.
stream of the following chapter should be started as soon as possible.

FloWesEr, thefe s 8Mimit t6° 18"holt 6661 The fransfésrorthe foltswigtess °f
Lhapter.can #&a&%ed, sincethe trangfer of the follqwing chapter has to

be started after transfer of the preceding chapter is finished. Therefore,
sacoodingrtothe emmbodimentefithequiesentt 2thimventionpéncodingdsd the
performed while restrictions are put

sign BX represents the occupled amount of the VBV buffer
immediately before the X-th picture is encoded.

The wvideo encoder 100 encodes video signals transmitted
thereto in order of the picture number. Immediately after
the O~£h picture is encoded (time (), generated-code amount
PO is instantaneously transferred to the VBV buffer 701, and
the occcupied amount of the VBV buffer is represented by B0 +
PO. Subseguently, until the time when encoding of the next
or first picture 1z finished, codes are transmitted from the
VBY puffer 701 at the transier speed Rmax, whereby the
occupied amount of the VBV buffer 701 decreases over the
course of time.

Just prior to the time when the first picture is
encoded {time T}, the cccupled amount of the VBV buffer 701
becomes Bl and the first picture with generated-code amcunt
P1 is instantanecusly transferred to the VBV buffer 701. As
a result, at the time T, the occupied amount of the VBV
buffer 701 is represanted by Bl + PI1.

After that, data is further transferred from the VBV

buffer 701 and the codes of encoded pictures are further
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on the amount of generated code data of the following chapter, as below,
so as to allow seamless connection between chapters even though
requirements for the VBV buffers are met. Further, since there is a close
connection 25 between the above-described VBV buffers 701 and 709,

. the VBV - 25 buffer_ 701 will be described, as a premise. Fig. 6 illustrates

an example functional configuration of a processor 510 of the
encoding-control unit 500 according % the embodiment of the present
invention. In 5 this example functional Configuration, a recording-mode
determination unit 511, an occupied-amount update unit 512, an optimum

s%c%é’%e%?”%%%”%%%‘f%gém}% 13, 2 {arget; code-amount calculation
unit 514, a target-code-amount adjustment unit gﬁ, anda
Juantization-index determinatinayl 0-usit S16argprovided, furtherseyen
though this example is given on the assumption that the processor 510
dcHieves Eaeh - of-fumctisAsakedraing 4o ‘a program HEl ihthéeROM 520,

those functions may, be achieved through hardware. The recording-mode
‘détermina i%%ibﬁ/it gﬁ dsejfgflmhg\nes(""iS%\%\}heth%r Brﬁ%t the Sean eé% e neeh

conneetionhetwesadhechapters, can be achieved. Fok aghieving the req
seamless connection, the following chapter subjected to the seamless
eonneetivh should aot beARedirseshapter of atitle toiwhich thel , the

cccupied amount of the VBV buffer 701 is represented by Bn +
Pn.

Here, when the amount of externally transmitted codes
exceeds the amount of internally transmitted codes, the
occupied amount of the VBV buffer 701 bescomes (0, as
indicated at time Tx, and the VBV buffer 70l stops
transmitting data. When the data is stored in a DVD, the
occurrence of underflow of the VBV buffer 701 on the encoder
side 1s teclerable. However, even though the data is stored
in the DVD, overflcow of the VBV buffer 701 is not tolerable,
Therefore, the video encoder 100 must have control gver the
VBV buffer 701 so that the VBV buffer 701 dees not overflow,

Figs. 5A and 5B show example transitions of the
occupied amount of the VBV buffer 709 on the decoder side.
The vertical axis represents the occupied amount of the VBV
buffer and the lateral axis represents time, respectively.
In contrast to Fig. 4, the occupied amount along the
vertical axls is shown in an upward direction, which means

that the occupied amount increases as 1t rises,
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following chapter belongs, a time period of reproducing the 20 final VOB
of the preceding chapter should not be less than 1.5 sec, and a seek time
period determined due to the on- medium layout should fall within an
allowable range, for example. The presence or absence of the seamless
connection determined by the recording-mode determination unit 511 25
affects a seamless playback flag in a C PBIT (Cell PlayBack - 26
Information Table) of PGCI (ProGr_arB §h_ain Informaion) of VTSI (Video
Title Set Information) in a data-storage area of the DVD. That is to say,
where the seamless connection is performed, the seamless playback flag

ofthe ollowing 5,chaptst I85! 19 ON andyinere the s

m " 1g;\emlngrss connection
is not perfeormed, the seamless playsback ﬁowallng gha(\:p?ter is i

setteOER. Fugthepwbherer i is tetermmineddhat-thesseamless: conagetion
_Is feasible, the recording-mode determination 10 unit 511 determines the
"ifrhgdistely preeeding6Ec@iiet dmotnt-6Fthe \FBY Bufféh-hélel iRtAes are
RAM, 530 (of the 220) o be the initial value of the VBY buffer. On

I3 Lo

Stﬁ% other hand, where it is %etermined that the seamless connection is
inoideasilecthelinitial valuerebthe: VBWES buffer is-setito zero: Hhevinitiad

value of the VBV buffer corresponds to an occupied amount "BO" shown
qﬁqq§g4_$ﬁ@ at the time when decoding of sach of the
pilctures is started.

Where chapters are not seamlessly connected to each
other, as shown in Fig. 5A, 2 deccded image has a gap
correspeonding to an interval between a preceding chapter and
the following chapter. 1In that case, after th;.occupied
amount of the VBV buffer 709 due to the generated codes of
the.preceding chapter becomes zero, codes generated by the
following chapter flow in. Therefore, there is no need to
make allowance for interference of chapters, where the
interference 1is caused by the VBV buffer 706,

However, where the chapters are seamlessly connected to
e2ach other, as shown in Fig. 5B, generated codes cof the
following chapter fleow in before the occupied amount cf the
VBV buffer 709 due to the preceding chapter becomes zero.
Therefore, the occupied amount of the VBV buffer 708 due to
the preceding chapter should be taken over for calculating
The initial wvalue of the VBV buffer 70%. If the generated
codes of the following chapter start flowing in at the time

where much of the occupied amount of the VBV buffer 709 due
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initial value of the VBV buffer is set in the above- described manner and
transmitted to the occupied-amount update unit 512. 20 The
occupied-amount update unit 512 updates the occupied amount of the
VBV buffer based on the amount of generated code data transmitted from
the buffer memory 171 of the video encoder 100. For example, where
"BO + PO" shown in Fig. 4 is determined to be the immediately previous
25 timing, the amount of code data fer,transfer up to "Bl" is - 27
subtracted from "B0O + PO". Further, the amount of generated code data
"PI" is added to "BO + PQO". In that case, if the assumption is made that

¢ Ihe transierspeed Rmax.is 9.3 Mbps.and the NFRCiNationabgy nay

Television Standards Committee) method is determined to be a screen
omethodythe frame frequency of the NTSC is represented, as: (1000/1001
x 30) 29.97 Hz, whereby the amount of code data transferred per cycle is

10 repredéfited™ 587 95 Mbpst29 97996 < 306 317K Ui, Mrare g 5
<amoyni of cogde.data for fransferis sublracted and.the UBV.buiferis, ;,

emptied, as indicated at Tx shown in Fig. 4, the occupied amount at that
tpoirtPecont®ser 709 is insufficient, the VBV buffer 709 may
underflow. For example, where a necessary amount of code
data for deccding a first picture (I2) of the following
chapter is drawn instantaneously and if the amount of code
data steored in the VBV buffer 70% is insufficient, the code
data necessary for the decoding cannot be cobtained.
Therefore, the seamless connection cannot be achieved. For
storing the sufficient amount of code data in advance,
transfer of a2 bit stream of the following chapter should be
started as soon as possible. However, there 1s a limit to
how soon the transfer of the following chapter can be
started, since the transfer of the following chapter has to
be started after transfer of the preceding chapter is
finished.

Therefore, according to the embodiment of the present
invention, encceding is performed while restricticns are put
on the amcunt of generated code data of the following
chapter, as below, so as to allow seamless connection
between chapters even though requirements for the VBV
buffers are met. Further, since there 1is a close connaction

between the above-described VBV buffers 701 and 708, the VBV
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15 zero, since further data transfer is infeasible. Then, a value obtained
by adding the generated-code-data amount to the occupied amount
becomes a new occupied amount. The occupied amount updated in the
above-described manner is held in the RAM 530 (or the ROM 520) and
transmitted to the 20 optimum-occupied-amount calculation unit 513. The
optimum-occupied-amount calculation unit 513 calculates the optimum
occupied amount of the VBV buffer af sthe time when the next picture is
encoded. The optimum occupied amount is an index of an ideal occupied
amount of 25 the VBV buffer after the next-picture encoding is finished. -

+28 if the eccypied amoynt of the YBV. buffer.exceeds the value, the

possibility that the VBV buffer overflows significantly increases. It was
showniby. expefiment data thattheseptimemt occupeteamoont taniye ion

calculated by a function shown as: By 5 = VBV (Bx). By using the function
VBV, B oEchipled atount e P8 B Cart b dﬁ?&&y%&?ected in

Ahefitrate, S0 that steep image deterioation.can. he redyced.iHere, the

sign Bx represents the amount of using VBV buffer before the x-th picture
tsiencaded-ard fhe sigioBy represeints the: 10raptmurcocciipigd amieunt

of the VBV buffer after the x -th. picture is encoded. Characteristic 1: By =
d@é%ﬁ@%@%&bﬁ&xﬂﬂ§a.bi , an occupled-amount update unit F12Z,

an optimum occupisd-amount calculation unit 513, a targst-
code—amount calculation unit 514, a target-code-amount
adjustment unit 515, and a gquantization-index determination
unit 516 are provided. Further, even though this example 1is
given on the assumption that the processor 510 achieves each
of functions according to a program held in the ROM 520,
those functions may be achieved through hardware.

The recording-mode determination unit 511 determines
whether or not the seamless connection between the chapters
can be achieved. For achieving the seamless connection, the
following chapter subjected to the seamless connection
should not be the first chapter of a title to which the
following chapter belongs, a time period of reproducing the
final VOB of the preceding chapter should not be less than
1.5 sec, and a seek time period deterﬁined due to the on-
medium layout should fall within an alliowable range, for
example. The presence or absence of the seamless connection
determined by the reccrding-mode determination unit 511

affects a seamless playback f£lag in a C PBIT (Cell PlayBack
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monotonously increasing function for Bx in Bx section [0, Bmax] . 15
Characteristic 2: function (By = Bx) and function {By = VBV (Bx) - (Rmax
X T)} cross each other at Bx = Bth (where 0 < Bth < Bmax) in the Bx
section [0, Bmax]. Characteristic 3: Where an expression Bx<. Bth holds,
an expression {VBV(Bx) - (Bmax X T)} > Bx holds, and where 20 an
expression Bx > Bth holds, an expression {VBV(Bx) - (Rmax X T)} < Bx
holds. Fig. 7 shows an example VI§V2f nction having the above- described
three characteristics. In the case of the VBV function, the value By
remains constant at a predetermined 25 value (a value of Bth or more) in
Aseelion where e alue - 28 BX s 0, B Surthers e yalue By o
gradually increases at the increase rate of less than one in a section
wiaere(theiamlue BieissBth, Bmaxjaknibig) 6ithe:s data-storage area of
optimum-occupied-amount calculation unit 5 513 transmits the optimum
BeUpied amédrit ottalriedsitithe" apbte deschibed MafnerBrifeVBY 18

bufEerrtIQ the tgg%et-codel- amouTt ag'us]t(mgpt unit-fS;Eg. Tl%e 110wl
%S?ggtfcgéié-amouf?tecaaqlcﬁgﬁoﬁ unit éch calculates a t%trgé)t-ccc))c‘fi]éL amount
Dased:-oniavideo sighahofihe 1o following chapterdbat willbe subjected

to the seamless
not performed, the seamless playback flag of the following
chapter is set to OFF.

Further, where it is determined that the ssamless
connection is feasible, the recording-mode determination
unit 511 determines the immediately preceding occupied
amount of the VBV buffer held in the RAM 530 {(or the ROM
520) to be the initial value of the VBV buffer. On the
other hand, where 1t i1s determined that the seamless
connection 1s not feasible, the initial value of the VBV
buffer is sat to zero. The initial value of the VBV buffer
corresponds to an occuplied amount “B0" shown in Fig. 4. The
initial value of the VBV buffer is set in the above-
described manner and transmitted to the occcupied-amount
update unit 512,

The occupled-amount update unit 512 updates the

'occupied amount of the VBV buffer based con the amount of

generated code data transmitted from the buffer memory 171
of the video encoder 100. For example, where "BO + PO"
shown in Fig. 4 is determined to be the immediately previous

timing, the amount of code data for transfer up to "B1" is
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connection. Various types of models-have been proposed for calculating
the target code amount. Here, the known TM5 method is used, as an
example. The TM5 method has been proposed, as a model for controlling
the code amount of the 15 MPEG-2 (refer to ISO/IEC JTC1/SC29/WG11,
MPEG93/457, "Test Model 5," 1993.), so as to determine allocation of the
code- data amount according to each of picture types. The
target-code-amount adjustment unit 315 determines whether or not the
value obtained by adding the target code 20 amount to the current
occupied amount exceeds the optimum occupied amount with reference

dothetarget cade amount ealeulated by the target-cade-amount, . oy o1 eq

calculation unit 514 and the optimum occupied amount calculated by the
copimaat-aoctripied-amauirtcaloula8on-unitoS1.3. If the value exceeds 25
the ogtimum occupied amount, the target-code-amount - 30 adjustment
unit 5

15 Adffsts thetargét-Goe niotint s that & Vafie Gbained by
:supteacting.the.gurientoccupied aount. from he qpiimury occupied

amount becomes the target-code amount. The target-code amount
Tadjusted: mrthetabove B describedimannae isttansmittée-torthiened to be a
guantization-index determination unit 516. The quantization-index

SHEtErMIfRISI anit 518 JEEIMinEE W GaantiZation iRdEX Torresponding to

f%presenﬁed, as:

{1000/71001 x 30) 2%.97 Hez,
whereby the amount of code data transferred per cycle is
represented, as:

.3 Mbps/29.97 Hz = 310.31 K bits.

Where the amount of code data for transfer is
subtracted and the VBV buffer is emptied, as indicated at Tx
shown in Fig. 4, the occupied amount at that point becomes
zearo, since further date transfer is infeasible. Then, a
value obtained by adding the generated-code-data amount to
the cccupled amount becomes a new occupiled amcount. The
occupled amount updated in the above-described manner is
held in the RAM 530 (or the ROM 520) and transmitted to the
cptimum-occcupied-amount calculation unit 513.

The optimum-cccupied-amount calculation unit 513
calculates the optimum occupied amount of the VBV buffer at
the time when the next picture is encoded. The optimum
occuplied amount is an index of an ideal occupied amount of

the VBV buffer after the next-picture encoding is finished.
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quantization characteristic value of the quantization 10 circuit 151, so that
the generated-code amount of the video encoder 100 becomes the
target-code amount transmitted from the target-code-amount adjustment
unit 515. The quantization index is transmitted to the quantization circuit
151 via the signal line 159. 15 Next, operations of the video-encoding
device according to the embodiment of the present invention will be
described with reference to the attachgd drawings. Fig. 8 is a flowchart
illustrating example processing performed by the video-encoding device
according to the 20 embodiment of the present invention. Prior to
encoding.the, follawing chapter, theregardipg-modedeterminalion unif .,
511 determines whether or not seamless connection should be
tpesformed; lasia recording hede/fstep:59041). WherélthesseambesSicant 1y
connection is performed (step 5902), the 25 immediately previous

‘GeehpfetPamoutit ofthe VBV butfer HERF £ S1°THH tHE RAM 53D (of the RORH™
520)s set. as.the initial value_of the MBY fuffer (5(2p-5903). G ihe others,,
hand, where the seamless connection is not performed (step 5902), the
-nitialvalae af theywBYibufferis sette:zero: (step 5904). bAfterithe amount
preparations are made by the recording-mode determination unit 511, the

: %ﬁkﬁ?%gﬁ%ﬁ;%?ﬁﬁ?ﬁﬂﬁﬁﬁnﬁe quickly reflected in the bit rate,

so that steep image detericration can be reduced. Here, the
sign Bx represents the amount of using VBV buffer before the
x-th picture 1ls encoded and the sign By represents the
optimum occupled amount of the VBV buffer after the x-th
plcture is encoded.

Characteristic 1: By = VBV (Bx) represents a
monotonously increasing function for Bx in Bx section [0,
Rmax].

Characteristic 2: function {By = Bx} and function {By
= VBV (Bx} - {(Rmax X T)! cross sach other at Bx = Bth {(where
0 < Bth < Bmax) in the Bx section ([0, Bmax].

Characteristic 3: Where an expression Bx £ Bth holds,
an expression {VBV{Bx) - {Rmax X T)} 2 Bx holds, and where
an expression Bx > Bth holds, an expresszicn {VBV{Bx) - (Rmax
¥ Ty} < Bx holds.

Fig. 7 shows an example VBV function having the above-
described three characteristics. In the case of the VBV
function, the value By remains constant at a predetermined

value (a value of Bth or mere) in a section where the value
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chapter are encoded by as much as a single picture (frame) at a time by
the video encoder 100 (step 5905). Then, every time the video signals
are encoded by as much as a single 10 picture, control over the VBV
buffer is effected (step 5906). The above-described steps 5905 and S906
are repeated until encoding for the entire pictures (frames) of the
following chapter is finished (step 5907). Fig. 9 is a flowchart showing
example processing i5 performed for-gxerting control over the VBV buffer
according to the embodiment of the present invention (step 5906). As is
clear from Fig. 8, the control over the VBV buffer is effected every time

egnceding js pesformes by as.mueh as-a siagle pigtuse (frame) ; 20 When-
the encoding for a single picture is finished, first, information about the
agcdupied ameaeofthecVBY baffer ishupdated by the eecupied-arheunt the
update_unit 512 gstep 5911). Subsequently, the occupied amount of the

v l%‘\lfS btiffet fmniediatel fter the encoding is obtained. The 25 details of

the abgve-gescrbed-procgssingwill begesciibedr.32 -with.reference 10.: ¢
Fig. 10. Then, the optimum-occupied-amount calculation unit 513
SGalculatess the: eptimum octoupiedcamophtdf theoVBY buffer raftér the tHext
gggggﬁg,égg?hg%;%ggggiog@“gggo%%gﬁggffer o the target-code-
amcunt adijustment unit 515,

The target-code-amount calculation unit 514 calculates
a target-code amount based on a video signal of the
following chapter that will be subjecied to the seamless
cennection. Various types of models have been proposed for
calculating the farget ccde amount. Here, the known TMD
method is used, as an example. The TMD method has been
proposed, as a model for contrelling the code amount of the
MPEG-2 (refer to 1SO/IEC JTCL/SC29/WGll, MPEGS3/457, "Test
Model 5," 1883.), so as to determine allocation of the code-
data amount according fto each of picture fypes.

The target-code-amount adiustment unit 515 determines
whether or not the value cbhtained by adding the target code
amount to the current occupied amount exceeds tThe optimum
occupied amount with reference to the target code amount
calculated by the target-code—-amount calculation unit 514
and the optimum cccupied amount calculated by the optimum-
occupied-amount calculation unit 513. If the value exceeds

the optimum occupied amount, the target-code-amocunt



10

15

20

25

5 amount can be calculated by using the above-described VBV function,
for example. Further, the target-code-amount calculation unit 514
calculates a target code amount for the next encoding (step 5913). The
target code amount can be calculated by using the known TM5 method,
for example. 10 Then, the target-code-amount adjustment unit 515
determines whether or not a value obtained by adding the current
occupied amount of the VBV buffer, where the current occupied amount
is obtained, at step 5911, to the target code amount calculated, at step
5913 exceeds the optimum 15 occupied amount calculated, at step S912

=(816R 9RL4), When ihe valug exceeds the opimum occypied amauntythe

target- code-amount adjustment unit 515 adjusts the value so that a value
vebtatned tyisubtractingdhercurréntocdupiec amountofronp theloptimumt
occupied amount becomes the target code 20 amount (step 5915). The

L qBBnfiZ&ti SR indeX Y SeTmmator iRt 516> detétiiineS @ GaaAfizatiot®
alidex.based,on the target code, amount.adjusted in the ghove-described

manner (step 5916). The quantization indéx is transmitted to the
deuantizatibm2bretrcuitl 51ref the. video encodes 108 £ B3 FigrlQiglax
flowchart illustrating example processing performed for updating

Hf6ATiafi6T abbutthe occdipied amount

The quantization-index determination unit 516
determines a guantization index corresponding to a
guantizaticn characteristic value of the quantization
circuit 151, so that the generated-code amount of the video
encoder 100 becomes the target—~code amount transmitted from
the target-code-amount adiustment unit 5i5. The
guantization index 1is transmitted to the gquantization
circuit 151 via the signal line 15%.

Next, operations of the videco—encoding device according
to the embodiment of the present invention will be described
with reference to the attached drawings.

Fig. 8 is a flowchart illustrating example processing
performed by the video-encoding device accerding to the
embodiment of the present invention. Pricr to encoding the
following chapter, the recording-mode deftermination unit 511
determines whether or noit seamless connection should be
performed, as a recording mode (step $5%01). Where the
seamless connection is performed (step 35802), the

immediately previocus occupied amount of the VBV buffer held
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of the VBV buffer according to the embodiment of the present invention
(step 5911). First, a code-for-transfer amount 5 corresponding to a single
cycle is subtracted from the immediately previous occupied amount of the
VBV buffer. At that time, the occupied amount before the subtraction and
the code-for-transfer amount corresponding to the single cycle (31.0.31 K
bits in the above-described example) are 10 compared to each other (step
5921). When the occupied amount hefore the subtraction is larger, the
subtraction result becomes a new occupied amount (step 5922).
Otherwise, underflow occurs in the VBV buffer, so that the new occupied

1 AMOUNEDRCOIMES 610 ($tepreie3)» 5 Then, & generated-code:amount ofe
the video encoder 100 is added to the new occupied amount (step 5924).

oWhere the/ deehpied driount a%ter the additioreexceetts thenmaxirmame the -

amount of the VBV buffer (step 5925), the VBV buffer overflows, whereby
SHEhBHF o EAIIEE BrBURTLEEMBE The St Makiifin dmotiht of tfe VBV

1 Duffer, (step:5926) Thus, aegording to-the,embodiment. of the.prgsemn 4

invention, the recording-mode determination unit 511 determines whether

or notfhe seamless eoanettion hetweenadhapters skoulddoe performeds:

The initial value of the VBV 25 buffer is determined in advance according
dﬁ%ﬁﬁ?éﬁﬁtlon unit 511, the video signals of the following
chapter are encoded by as much as a single picture (frame)

at a time by the video encoder 100 (step S805). Then, every

time the video signals are encoded by as much as a single

picture, control over the VBV buffer is effected {step 35506}.

The above-described steps 5805 and S906 are repeated until
encoding for the entire pictures (frames) of the following
chapter is finished ({step 3807).

Fig. 8 is a flowchart showing example processing
performed for exerting control over the VBV buffer according
to the ambodiment of the present invention (step 5906). As
is clear from Fig. 8, the control over the VBV buffer is
effected every time encoding 1s performed by as much as a
single picture (frame).

When the encoding for a single picture is finished,
first, information about.the occupled amount of the VBV
buffer is updated by the occupied-amount update unit 512
(step S911). Subsequently, the occupied amount of the VBV
buffer immediately after the encoding is obtainsd. The

details of the above-described processing will be described
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determination result, and the encoding-control unit 500 controls the
generated-code amount of the following chapter subjected to the
seamless connection. Subsequently, it becomes possible to achieve
seamless connection that causes 5 no errors in the VBV buffer.
Incidentally, the embodiment of the present invention is an example
embodying the present invention. Although the embodiment corresponds
to specific items that fall within the sggpe of claims of the present
invention, as shown below, 10 the present invention is not limited to the
embodiment but can be modified in various ways without leaving the spirit

wfthepresenpt invention: That is to say, in the present invention (1), a
virtual buffer corresponds to the VBV buffer 701, for example. 15 Further,
recordimgrmaodesdeterminatian: meansdcerresponds:to-the tecordimg-mode
determination unit 511, for example. Further, occugied-amount update

SAbRS TR e SN to RE” oL E TR HSMBTIRL BPdAte GAIE 5137 101~~~

&xample, Further, optimumsoceupigd-amoynt calculalionmeans . cupiea
corresponds to the 20 optimum-occupied-amount calculation unit 513, for

agxample: aBuktheraarget=gode-amount walaliatici means:carresponds 1o
the target-code-amount calculation unit 514, for example. Further,

HarGétiedde-anfo At iStment thelhs corfesponbigtb ~fifgie ~amount
<¥HQ%%%%¥B@W%MH?%@%SQESQEH@E§%5BR¥§¥§Qﬁﬂgode amount for the

next encoding {step 59%13). The target code amount can be
calculated by using the known TM5 method, for example.

Then, the target-code-amount adijustment unit 515
determines whether or not a value obtained by adding the
current occupied amount of the VBV buffer, where the current
occupied amount is obtained, at step 8811, to the target
code amount calculated, at step 5913 exceeds the optimum
occupied amount calculated, at step $9%12 {step 5%14). When
the value exceeds the optimum cccupied amount, *the target-
code-amount adiustment unit 515 adjusts the value so that a
value obtained by subtracting the current occupied amount
from the cptimum coccupied amount becomes the target code
amount (step 35915} .

The quantization-index determination unit 516
determines a quantization index based on the target code
amount adjusted in the above-described manner (step S5816}).
The guzntization index is tTransmitited to the guantization

circuit 151 of the video encoder 100.
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25 Further, encoding means corresponds to the video encoder 100, - 35 -
for example. Further, in the present invention (5), a virtual buffer
corresponds to the VBV buffer 701, for example. Further, recording-mode
determination means corresponds to the 5 recording-mode determination
unit 511, for example. Further, occupied-amount update means
corresponds to the occupied- amount update unit 512, for example.
Further, optimum- occupied-amount ¢alculation means corresponds to the
optimum-occupied-amount calculation unit 513, for example. 10 Further,
target-code-amount calculation means corresponds to the
target-coderamount calcylatian unit bl ferexampls: .kyitberindiesing
present invention (7), or the present invention (9), a virtual buffer
reorfresponds to the BV ngufferT 701 bf. example.cFGrther thestepifomount
determining .15 whether or not seamless connection between a precedig%t

°Enhaper dnd the fofiowtiig Shaptst that ars ineftidéd HFided” signald s

1 frasiblecorrespondssto step $90Ldor example. - Further -the-stepdatn -

setting the initial value of an occupied amount of the virtual buffer
caceerding to tge 20 deteiminationyresslt icorrespongstteocstépss902:to
.5904, for example. Further, the step for updating the occu\Pied amount of

e Gitttia? bt BVER) tinfe- théPéiCodifig is' pefformeg VBV Putfer- At

that time, the occupied amount hefore the subtraction and
the code-for-transfer amount corresponding to the single
cycle (310.31 ¥ bits in the above-described example) are
compared to each other (step S5%21). When the occupied
amount before the subtraction is larger, the subtraction
result becomes a new occupied amount (step 5822). Otherwise,
underflow occurs in the VBV buffer, so that the new occupled
amount becomes zero (step S9%923).

Then, a generated-code amount of the video encoder 100
is added to the new occupled amount (step 5224). Where the
occupled amount after the addition exceeds the maximun
amcunt cf the VBV buffer (step 3%225), the VBV buffier
overflows, whereby the new occupied amount becomes the
maximum amount of the VBV buffer (step 5928).

Thus, according to the embodiment of the present
invention, the recording-mode determination unit 511
determines whether or not the seamless connection between
chapters should be performed. The initial value of the VBV

buffer is determined in advance according to the
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corresponds to step 5911, for example. Further, the step for calculating a
predetermined optimum occupied amount 25 based on the updated
occupied amount of the virtual buffer - 36 corresponds to step 5912, for
example. Further, the step for calculating a predetermined target code
amount based on the video signals of the following chapter corresponds
to step 5913, for example. Further, the step for adjusting the 5 target
code amount so that the sum total of the occupied amount of the virtual
buffer and the target code amount does not exceed the optimum
occupied amount, and using the adjusted target code amount for

gncoding corespondsito steps $914 and o815, fapgxample.1Q Fegher,

in the present invention (8), or the present invention (10), a virtual buffer
ceortespendsto then¥BAL ddifter 70 1z foruexamplet Farthel Ltheistepdforpter
determining whether or not seamless connection between a preceding

S&’r?é‘ri‘éF%ﬁd%e%ﬁoﬁﬁ@“&ﬁéﬁte?ﬂﬁ‘ét%%ﬁﬂ&ludeﬁ“‘m?}?&‘é‘tﬂ ‘signals is
Jeasihle corresponds.tg step 3901, forexample. futher, the step ol gq o

determining an occupied amount of the virtual buffer immediately before
rtheavideo ssigmalsiof thefolowirg: chapter are transferred to the virtual
buffer to be an initial value of the occupied amount of the virtual 20 buffer,

wheré s detéfningd thaf ti&seamlEss connectiorPresent invention

ig an example embodying the present invention. Although the
embodiment corresponds to specific items that fall within
the scope of claims of the present inventicn, as shown below,
the present invention is not limited to the embodiment but
can be modified in wvarious ways without leaving the spirit
of the present invention.

That i1s to say, in the present invention (1), a virtual
buffer corresponds to the VBV buffer 701, for example.
Further, recording-mode determination means corresponds to
the recording-mode determination unit 511, for example.
Further, occupied-amount update means corresponds to the
cecupled-amount update unit 512, for example., Further,
optimum-occupied-amount calculation means correspends to the
optimum-occupied-amount caiculation unit 5132, for example.
Further, target-code-amcunt calculation means corresponds to
the target-code~amount calculation unit 514, for example.
Further, target-code-amount adjustment means corresponds to
the target-code-amount adlustment unit 515, for example.

Further, encoding means corresponds to the video encoder 100,
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is feasible based on the determination result, and setting the initial value
of the occupied amount of the virtual buffer to zero, where it is determined
that the seamless connection is infeasible, corresponds to steps S902 to .
5904, 25 for example. Further, the step for updating the occupied - 37
amount of the virtual buffer every time the encoding is performed
corresponds to step 5911, for example. Further, the step for calculating a
predetermined optimum occupied ameunt based on the updated
occupied amount of the virtual 5 buffer corresponds to step 5912, for
example. Further, the step for calculating a predetermined target code
f%@oggg%&d on the video signals of the following chapter corresponds
to step 5913, for example. Further, the step for adjusting the target code
amount sorbat the: sunetatakk@ of thenoeeupied ampountoftherviduabuffer
buffer and the target code amount does not exceed the optimum

CHectpred affodi, ahel U8ingPthe&djusietr tafget coddanfountforther,

-encading corresponds 19, sieps;5914,and.5913, for example. Incidentally,
processin% steps described in the 15 embodiment of the present invention

rmayhe interpratedias-armethad including the abpye-dessribed. series-oher,
steps. Further, the processing steps may be interpreted, as a program
fof PRakiAg HAEoMmputEexecte IR abovesdestribedte the occupied-

amount update unit 512, for example. Further, optimum-
occupled-amount calculation meanslcorresponds to the
optimum-occupied-amount calculation unit 513, for example.
Further, target-code-amount calculation means corresponds to
the target-cocde~amount calculation unit 514, for example.

Further, in the present invention (7}, or the present
invention (%), a virtual buffer corresponds to the VBV
buffer 701, for example. Further, thé step for determining
whether or not seamless connectionlbetween a preceding
chapter and the following chapter that are included in video
signals is feasible corresponds to step $%01, for example.
Further, the step for setting the initial value of an
occupled ameunt of the virtual buffer according to the
determination result corresponds to steps 5802 to 5904, for
examplie. Further, the step for updating the occupied amount
of the virtuzl buffer every time the encoding is performed
corresponds to step 8911, for example. Further, the =step
for calculating & predetermined optimum occupled amount

based on the updated occupied amount of the virtual buffer
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series of steps and/or a recording medium storing the 20 program.
industrial Applicability For example, the present invention can be used for
encoding a video signal into an MPEG-2 code and writing the 25 MPEG-2
code onto a DVD, for example. - 38 - CLAIMS 1. A video-encoding device
for encoding video signals that contain at least a preceding chapter and a
following chapter which follows the preceding chapter and exerts control
over the encoding according to an ocgupied amount of a virtual buffer,
the occupied amount being determined based on the amount of codes
generated through the encoding and the amount of codes transferred to

<31 putput destination, the yideo-engoding fevice GAMRAHSING: 1o s-ep

recording-mode determination means for determining whether or not
feeamkess.connection betweer: sait-precedinge: chapter and said folewinhgn

chapter that are included in the video signals is feasible based on at least
Yiihethetat rot®Hid SofidwirngFchaptéigthe firSEenapter of thekitets t°

which. the following, chaptter belongs, and if, said seamless copnection Jis, ;.
feasiblé setting an initial value of the occupied amount of said virtual
thuffer-tocaniiniiabvalueef that the sum tetal of the occupied
amount of the virtual buffer and the target code amount does
not exceed the coptimum occupied amount, and using the
adjusted target code amount for encoding corresponds to
steps 5914 and 5915, for example.

Further, in the present invention {8), or the present
invention (10}, a wvirtual buffer corresponds to the VBV
buffer 701, for example. Further, the step for determining
whether or neot seamless connection between a preceding
chapter and the fcllowing chapter that are included in video
signals is feasible corresponds to step $%01, for example.
Further, the step for determining an occupied amcunit of the
virtual buffer immediately before the video signals of the
following chapter are transtferred to the virtual buffer to
be an initial value of the occupied amount of the virtual
buffer, where it 1s determined that the seamless connection
is feasible based on the determination result, and settfing
the initial value of the occupled amount of the virtual
hbuffer to zero, where it is determined that the seamless
connection is infeasible, corresponds to steps 5302 to S9%04,

for example. Further, the step for updating the occupied
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the occupied amount of said virtual buffer immediately before the video
signals of said following chapter are transferred to said virtual buffer, and
if said seamless connection is infeasible then setting the initial value of
the occupied amount of said virtual buffer to zero ; occupied-amount
update means for updating the occupied amount of the virtual buffer
every time the encoding is performed; optimum-occupied-amount
calculation means for calculating a predetermined optimum occupied
amount based on - 39 the updated occupied amount of the virtual buffer;
target-code-amount calculation means for calculating a predetermined

SJRsagt-cade amount hased gn fhe yideo.signals of the follgwing chapter;

target-code-amount adjustment means for setting the target code amount
ptord valueiobtained: by sibtractingethe Trrrent faccupied@mountironhthe,

optimum occupied amount if the sum total of the occupied amount of the
SiruaF BAffEP and IHE taigeBode BTGt EXEEBES thE bptiriumsetulsied

AToRntin order, fo adiust the farget code amount 5o that the.sum fot| of

the occupied amount of the virtual buffer and the target code amount
nddes not exeeed theleptimusn Qecapied, amount ang-eacoding-neans fere

performing the encoding based on the
step for calculating a predetermined target ccde amount
based on the video signals of the following chapter
corresponds to step 5913, for example. Further, the step
for adjusting the target code amount so that the sum total
of the occupied amcunt of the wvirtual buffer and the target
code amount does not exceed the optimum occupied amount, and
using the adiusted target code amount for encoding
correspends to steps 5914 and S915, for example.
Incidentally, processing steps described in the
embodiment of the present invention may be interpreted, as a
method including the abcve~described series of steps.
Further, the processing steps may be interpreted, as a
program for making a computer execute the above-described
series of steps and/or a recording medium storing the

progran.

Industrial Applicability
For example, the present invention can be used for
encoding a video signal intc an MPEG-2 code and writing the

MPEG-2 code onto a DVD, for example.



adjusted target code amount. 2. The video-encoding device according to
Claim 1, wherein the occupied-amount update means determines a
predetermined value that is obtained by subtracting the code-for-transfer
amount from the occupied amount and adding the generated-code
amount to the occupied amount and that is not - 40 larger than the
maximum value of the virtual buffer t%g)e_a new occupied amount, where
CLAIthg occupied amount is larger than the" code-for-transfer amount, and
détermines the generated-code amount to be the new occupied amount,
where the oscupiethbaimaunts is equiate at tocthienco de-der trangfer. amourt
or less. 3. The video-encoding device according to Claim 1, wherein the

CONGinein-Gettibicd BRRGEAL Bl TR MEHHS Calthilaidd Bretdiefined
whiMalug that,is equivalentte andioras-largeas the updatedoccupiedr the

~amount of the virtual buffer, as the optimum occupied amount. 4. The
encoideg-ercoding e vice accordingtetlamrunwheren theupdatedf fer,

£ne OSEHPIEd amount, of the virtual buffer s receded on a. flash, memory, S. A

Vi eo-*encoa?ﬁn&%%ntr%? a%%IC%thF exerting COﬂtI’O?nOVEI’ encodllﬁg based

cod £ gnraceupied ameuntof avidyabbutfer, athe eseupiec.amosint beirg
determined based on the amount of codes generated at the time where
tra@ﬁﬁg;gﬁﬂ“ﬂ§tﬁ§t@@ﬁﬁﬁﬁSQﬁqéé§@tion, the video-encoding device

comprising:

recording-mode determination means for determining
whether or not seamless connection between said presceding
chapter and said following chapter that are included in the
video signals is feasible based on at least whether or not said
following chapter is the first chapter of the title to which
the following chapter belongs, and 1f said seamless connection
is feasibkle setting an initial wvalue of
the occupied amount of said wirtual buffer to an initial value of
the occupied amcunt of said virtual buffer immediately before the
video signals of said following chapter are transferred to said
virtual buffer, and if sald seamless connection 1s infeasible
then setting the initial value of the occupled amount of said
virtual buffer to zero ;

occupied~amount update means for updating the occupied
amount of the wvirtual buffer svery time the encoding is
performed;

optimum—-occupied-amount calculation means for

calculating a predetermined optimum occupied amount based on



a preceding chapter and a following chapter which follows the preceding
chapter are encoded and the amount of codes transferred to an output
destination, the video-encoding control device comprising:
recording-mode determination means for determining whether or not
seamless connection between said preceding chapter and said following
chapter that are included in the video signals is feasible based on at least
whether or not said following chapter s the first chapter of the title to
which the following chapter belongs, and if said seamless connection is

the fepsitleseattingake thitiabvaluedt thecoctupied ankbditEat said virtual
buffer to_an - 41 initial value of the.occupied amount of said virfual;buffer
immeﬁ?&igij b&fore the video signals of said 1ol owing chapter are ~

predransierredita saigkvirtbahbufies,andif:said seamlessvconnestignds s
infeasible then setting the initial value of the occupied amount of said

of WhfuaPbliferts Zet8P6E&upied-amount update means for updating the
occupied amount of the virtual buffer every time the encoding is
performed; optimum-occ%gced-amount calculation means for calculating a

pregténtiffsr spfiim Seeupies dmaaRtFased ohfthe dfdatd =279°
codé)ca%{gﬁ%q a{gogmvgflﬁ’ée g%%rpéﬁf%y subtracting the current

occupied amount from the optimum occupied amount if the sum
total of the occupied amount of the virtual buffer and the
target code amount exceeds the optimum cccupied amount in order
to adjust the target code amount so that the sum total of the
occupied amount of the virtual buffer and the target code amount
does not exceed the optimum occupied amount; and

encoding means for performing the encoding based on the

adjusted target code amount.

2. The video-encoding device accoiding to Claim 1,
wherein the occupied-amount update means determines a
predetermined value that is obtained by subtracting the
code-for-transfer amount from the occupied amount and adding the

generated-code amount to the occupied amount and that is not



target-code-amount calculation means for calculating a predetermined
target-code amount based on the video signals of the following chapter;
and target-code-amount adjustment means for setting the target code
amount to a value obtained by subtracting the current occupied amount
from the optimum occupied amount if the sum total of the occupied
amount of the virtual buffer and the target code amount exceeds the
optimum occupied amount in orderto%djust the target code amount so

1argaPatiie sum total of the pceupiegd-amaunt; of the, viftuat buffer apd the, .,

target code amount does not exceed the optimum occupied amount. - 42.
occu.sA videcsencodirg eontrel methpd<or exertimg contielr over Engodiig:

based on an occu ied amount of a virtual buffer, the occupied amount
cede g dé e?m?ﬁe&‘%%%%%’or??ﬁe AMTGORTOF Tote’ Gensrated At the time
amourWhere yideg,sighals thatigondainabdeast apeeceding chapter aRdount

following chapter which follows the preceding chapter are encoded and
is eqpdvadunt of chdesciansferied fo antautprrdestinatiohs the

video-epcocing. cantiol. melied comprising: & siep.for delenmining

whether or not seamless connection between said preceding chapter and

whe r<saidfolowing rehaptet thatadresinelnded in the yideo signals isfeasiblees
based on at least whether or not said following chapter is the first

a predetermined value that is equivalent to and/or as large as

the updated cccupled amount of tThe virtual buffer, as the optimum

cccupied amount.

4. The videc~encoding device according to c¢laim 1, wherein

Ly
the updated cccupiled amount of the wvirtual buffer is recoded on a
flash memory.

5. A video-encoding control device for exerting control
over encoding based on an occupled amount of a virtual buffer,
the occupied amount being determined based on the amount of codes
generated at the time where video signals that contains at least
a preceding chapter and a following chapter which follows the
preceding chapter are encoded and the amount of codes transferred
to an output destination, the videc-encoding control device
comprising:

recording-mode determination means for determining whether
or not seamless connection between sald preceding chapter and
said fellowing chapter that are included in the wvideo signals is
feasible based on at least whether or not said following chapter
is the first chapter of the title to which the following chapter
belongs, and 1f said seamless connection is feasible setting an

initial wvalue of the occupied amount of said virtual buffer to

arl



chapter of the title to which the following chapter belongs; a step for
determining an occupied amount of the virtual buffer immediately before
the video signals of the following chapter are transferred to the virtual
buffer to be an initial value of the occupied amount of the virtual buffer,
where it is determined that the seamless connection is feasible based on
the determination result, and setting the initial value of the occupied
amount of the virtual buffer to zerg, where it is determined that the
seamless connection is infeasible; a step for updating the occupied
initiamountsf thé vireabdniférdvenriiie the eacadinyisigerfBrnéear a step

LIS RSOl R o oyl s o

cupledtamo&r?tegf fhevirtual bu er; a step

are tRtedetermined target-Lode-rampunt based emihe videa Sigrats fthe
following chapter; and - 43 a step for setting the target code amount to a

connegilien obtaiteteRy Sobfrddifly feEdnent BRcapisd-amolitfFromthg™e
occupol%tgn#vggng)ggugke%mowgtqﬁg% sym-fatal of the gecupied amount of the

virtual buffer and the target code amount exceeds the optimum occupied

amouitdn-onden to adjdsttthertarget code uamisuntsotthat thesphetotal of
the occupied amount of the virtual buffer and the tar et,codcisamount

amﬂuﬁ&oégnBF%XEééaqﬁé buffer every time the encoding

performed;

optimum-occupied-amount calculation means forcalculating a
predetermined optimum occupied amount based on the updated
occupied amount of the virtual buffer;

target-code-amount calculation means for calculating a
predetermined target-code amount based on the video signals of
the following chapter; and

target-code-amount adjustment means for setting the target
code amount to a value obtained by subtracting the current
occupied amount from the optimum occupied amount if the sum total
of the occupied amount of the virtual buffer and the target code
amount exceads the optimum occupied amount in order to adjust the
target code amount so that the sum total of the occupied amount
of the virtual buffer and the target code amount does not exceed

the optimum occuplied amcunt.



optimum occupied amount. - 44 7. A program for exerting control over
encoding based on an occupied amount of a virtual buffer, the occupied
amount being determined based on the amount of codes generated at the
time where video signals that contain at least a preceding chapter and a
following chapter which follows the preceding chapter are encoded and
the amount of codes transferred to an output destination, the program
being provided for making a canp@l%r‘ execute: a step for determining
whether or not seamless connection between said preceding chapter and
said fellavitng-chaptet that are dineludedtindtie videa:signdlsds feasible; a
step for determining an occupied amount of the virtual buffer immediately

OVEr GRS VIS Sigiald b the oliting eiaptérafe transidtred o e -
the Jirtualbufferio.be an initiahyalie.of the acaupied-armguntebihe vistual

buffer, where it is determined that the seamless connection is feasible
codedhagetkorithe determination resalte and satting the initiahealuecofttian at
occupied amount Qf the virtual buffg ﬂgero, whgre itis determng,\]c_i that

1east 8 Ramiess Comastion ishfedsi fr)e; 2 Steprfor tipdating the Scddpied”
the @baednt ebthevirtual buffecevenstimerthe-ercoding s perfarmed; - 45
transferred to an output destination, the video-encoding control
method comprising:

a step for determining whether or not seamless
connecticn between salid preceding chapter and said following
chapter that are included in the videoc signals is feasible based
on at.least whether or not said following chapter is the first
chapter of the title tc which the following chaplter belongs;

a step for determining an occupied amount of the
virtual buffer immediately before the video signals of the
following chapter are transferred to the virtual buffer to be an
initial value of the cccupied amount Of.the virtual buffer, where
it is determined that the seamless connection is feasible based
on the determination result, and setting the initial value of
the occupied amount of the virtual buffer fo zero, where it is
determined that the seamless connection is infeasible;

a step for updating the cccuplied amcunt of the wvirtual
buffer every time the encoding 1s performed:;

a step for calculating a predetermined optimum occupied
amount based on the updated occupied amount of the virtual
buffer;

a step for calculating a predetermined target-code

amount bhased on the video signals of the following chapter; and



a step for calculating a predetermined optimum occupied amount based
on the updated occupied amount of the virtual buffer; a step for
calculating a predetermined target-code amount based on the video
signals of the following, chapter; and a step for setting the target code
amount to a value obtained by subtracting the current occupied amount
from the optimum occupied amount if the sum total of the occupied
amount of the virtual buffer and thg target code amount exceeds the
optimum amount in order to adjust the target code amount so that the
sumtteraliof thest céupiedEmoantef thecvirtuarbuffer and: thié target code

obtafgngugtdgg {ggé%fggdégg(g§¥nggkogg@ﬂegegng%ggh@8§¥Q?A%£E‘A

video-ehco ing dévice’that tan achieve Seaniless connection without

opt ireaSNGapiemoki-aMBY buffes isuprovided. Recangingtroge ed amount
determination means for determining an initial value of the occupied

of thymghrt-ora Gkttt bulfef based Gt addetefffhationtrdsttretating toe

opt1GRMIESS connegtion hetyeen. a preceding.chapter, and.the. following
chapter that are included in video signals, 6ccupied-amount update

amourmeans fortupdatng the octupied armeunicof theadrtaabbuffent the
optimum-occupied-amount calculation means for calculating a

Virt?ﬁéd@ﬁﬁﬁﬁﬁe&?ﬁﬁﬁﬁ&nFarget code amount does nolt éxceed the

optimum occupied amount.



occupied amount based on the updated occupied amount of the virtual
buffer, target-code-amount calculation means for calculating a
predetermined target-code amount based on the video signals of the
following chapter, target-code-amount adjustment means for adjusting the
target code amount so that the sum total of the occupied amount of the
virtual buffer and the target code amount does not exceed the optimum
occupied amount, and encoding frieans for performing the encoding
according to the adjusted target code amount are provided.

7. A program for exerting control over encoding based on
an occupied amount of a virtual buffer, the occupied amount being
determined based on the amount of codes generated at the Time
where video signals that contain at least a preceding chapter and
a following chapter which follows the preceding chapter are
encoded and the amount ¢f codes transferred te an output
destination, the program besing provided for making a computer
gxecute:

a step for determining whether or not seamless connection
between said preceding chapter and saild following chapter that are
included in the videco signals 1s feasible;

a step for determiniﬁg an occupled amount of the
virtual buffer immediztely before the videc signals of the
following chapter are transferred to the virtual buffer to be an
ihitiai value of the occupied amount of the virtual buifer, where
it is determined that the seamless connection is feasible based
on the determination result, and setting the initial valiue of the
occupied amount of the virtual buffer to zero, where it 1s
determined that the seamless connection is infeasible;

a step for updating the occupled amount of the virtual

buffer every time the encoding is performed;
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a step for calculating a predetermined optimum occupied
amount based on the updated cccupied amount of the virtual
buffer;

a step for calculating a predetermined target-code amount
based on the video signals of the following, chapter; and

a step for setting the target code amcunt to a value
obtained by subtracting the current occupied amcunt from the
optimum occupied amount if the sum total of the occupied amount
of the virtual buffer and the target code amount exceeds the
optimum amount in order to adjust the target code amount so that
the sum total of the occupied amcunt of the virtual buffer énd
the target code amount does not exceed the optimum occupied

amount.





