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-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
abové&rdescribedraptical enedioms: Howevelt; data cardye-encoding

device 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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25 written onto the writable medium in keeping with the DVD 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
£lasipg the fitle,ig, for example, that the disk is ejected, the number of
chapters of the title reaches ninety-nine, the number of cells of the title
reachesaningty-King: the tramsition frdiovideo<kSmetording-toastikimage of
recording occurs, etc. In the case where the data that is recorded on a

eHapter-By Ehaptér BaskSh tHe Sbovelddddibed marnel s Teprdduced a
Misplay image is jnterrupted for a moment due; to aminute gap that oceurs

between chapters. In average, 20 the recording unit of the camcorder is
@bout friom a litle over tersseconrds:taiseveraktens-ofrsecbngds: 4t ishrot

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



10

20

25

desirable that a reproduced image is interrupted for each recording unit.
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 %f a video object are coupled to one
another, a VOBU including picture data at the end of the partial section
and a VOBU including picture data at the leading end of the same are

Jead.from.an gp ica'n%iéhe@_'%ﬁ@ﬁ@gfé%s are. divided intp a plurality of .
audio packs and a 10 plurality of video packs. Then, the video packs are
te=efcodedand patt ofthepluralineokaudio packsiss multiplexed-iatd a
subsequent section. That is to say, an output stream must be

FreRRApleSec OfF- e offier hd: 1S MPEGL2 (Movii Pictire Experts:
25 Gioup phiase 2) standard s sedl. e, case whsreideg ngoling is
eo

performea or pérforming recording compliant with the DVD-VI
witandakch According-toithesMPEG-2; standard; howeves, airfualbufterone

referred to as a VBV

another, a VORBU including picture data at the end cof 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



(refer to Video Buffering Verifier: 1S013818-2 Annex C) is 20 expected to

be provided between an encoder and a decoder, and encoding must be

performed so that no errors occur in4the 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 25 huffer without.consideration of the occupied amoun 4
prec%relcne%ina%c?%%%r of the EﬁBF\/ bu %r.?é%%%éauer%ﬁ%agﬁ grr%%gr%g)'/ oggﬁr iphrrox
may $e-\BVibuffere Embpodimentsrof the present invention provide a video-

encoding device for achieving seamless connection between chapters

WIRBOESAREITG arPérrof ifthe VBV BUffer Distiddue ofhT&htith 52 Inaldeo-
encoll St @spact af the invention, fherg Is provided 3 v 'sd§°i%%%0ﬁé'&9c98}ﬁ'ceﬁgfcween

encgdmg video S|gnalrs that'contain at least a preceding chapter and a
chapidllewing ehapter whichs doflaws therqrecedingichaptey angfexerts control

over the encoding according to an occupied amount of a virtual buffer,

the occupied amount being determined based on the amount of codes

enerated ;hro%%% HJ& encoding and the amount of codes transferred to

Di 9 o .
~S3R %%%gutodesﬁnatlon, the video-encoding



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,

saitl vﬁtu%?BEFeracé‘%?’Fiﬁitiﬁﬁva‘?ﬁ?oflfh\éegébhﬁb’d arhGant of Saifl Vittuat=d 2
videRufferimmediately before- the wideg signals;of said following.chapter a4 in

transferred to said virtual buffer, and if said seamless connection is
at linfeasible thersetting thednitialvaluezofthezoccupiedwamountiofsaielr which
virtual buffer to zero; occupied-amount update means for updating the
follgesupiebambaRtEthedinGarbufer 54 Ever§ fiffe-the 8AEGHIAg is ©VSr  the

encoaﬁﬁagmg%dé&ww-%cw%ewﬂéQcagqyéaﬂ% means for calcylating ace - |

predetermined optimum occupied amount based on the updated
the eccupieteamaonniwi thebvirtual kidtestaigetscotdeambunt.caléutatiomount of
means for calculating a predetermined target-code amount based on the

codeGides SRRISSor the Folliwing Elapter: tatgefcotfetandiin AtilistmeRt  ©°9S
- ran 2P d0r setfing the target.code amauntig.avalue abtained byqo-encoding
subtracting the current occupied amount from the
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 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



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 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.
ever\cEafamgly thesitiaf vallie bf thecdcetipierrramaunt 8 Ra Ml Heffepount

calci%%%%%gﬂg%tco%ea@Knmtg%f§$?g§§%§asgd0§#§8é¥§9%@§éﬁ“°%@fimum

€ enc‘ogl‘%% IS pe%orme . Therefore, the seamless connection
occupetveenchapters candbeachieved witheutcausing aniersor #mthewirtual  the
buffer. 5b Subsequently, where the initial value of the occupied amount 6
virtegthe viriddiduffer for BRE follBRATT EHEPIBES SBE thel IRt thereans  for

occupied amount due.to the preceding chapte t irtual buffer i th
calc?za%enlé1 r.?:ur?ﬁeerglentt reméboevcg v%dae%ggr?coﬁaén(%éde%?%}é?%be BIEER on ©

vide@CCUpigdzarpouptupdate means sietermines agaredetermined:valuedthaimount
~is obtained by subtracting the code-for-transfer amount from the occupied
adjugiierint ald aeding the Yenetat@dcotle @elit code amount to a value

cbtained by subtracting the current occupied amount 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 wvalue 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.



to the occupied amount and that is not larger than the maximum value of
the virtual buffer to be a new occupied amount, where the occupied
amount is larger than the code-for-transfer amount, and determines the
generated-code amount to be the new occupied amount, where the
occupied amount is equivalent to the code-for-transfer amount or less.
Accordingly, information about the occupied amount of the virtual buffer is

Sub s ¢Elatd Furthee iR thié 8bove Vitkb-eifcodig deiee thE Opfinftinameunt
occupied-amount calculation means calculates a predetermined value
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 deterioration can be reduced. 8 In a second aspect of
the invention, there 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 inclufled 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
of teennectionisfeasiblessettifgrantnitial alue-efi the atcuptesramaeuntef, the
said virtual buffer to an initial value of the occupied amount of said virtual
statyuffér immtediiteNP beforéteVided signals ofs4id Tﬁil%ﬁﬁl@glﬁﬁaﬁf@@%er of

the \gr%[%gc:%@%@ vy_rgjatggggr, g\pgﬁf_said seamless connection is

Infeasi en setting the initial value of the occupied amount of said
virtuat huffer to zero; acotpiedameunt update-aeans forqupdatingithe,  the
occupied amount of the virtual buffer every time the encoding is

oCCUpERdNABE SitinAAbCeuBftiamei alculaontmédif ot ealttiiting % e
thatp@ge%%Q%E%kgpn nk%%%%ﬁ%{%@@“QﬁQ@S%%QQI?%Ppg§§ﬁgfgr amount

occupied amount of the virtual buffer;target-code-amount calculation
f rom meaas fercalcdatingra predetermineditatgetitode Gan amount based oamount

the video signals of the following chapter;
to the occupled amount and that is 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



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 ?arget code amount 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

be targelecodeiamaunt does notiekceedrthesptimaem occlpied ambenrty  image
Accordingly, the initial value of the occupied amount of the virtual buffer is

detegdpgRd ietdrget Qe &HBaRts calculated based on the occupied
amount, so that the encoding is controlled. Therefore, the seamless
connection between chapters can be 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
the occupied amount due to the preceding chapter of 8b the virtual buffer
is taken over. Disclosed herein a video-encoding control method for
exerting control over encoding 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 céntrol 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

faasible s stepdorsetting an initialvaluevefrthe eccupied amaunt pithei ded a

~virtual buffer based on the 10 determination result, a step for updating the

videggensied  aMouRCerthe VirtuaFiufst eveRAIME N éncdlingRRtErot  over

encoReHYT %%’e%StSR fr calculating a predetermined optimym, g¢cupied-. . v

amount based on the updated occupied amount of the virtual buffer, a
occupstepifor galculating arpredeteemined:lb tasget<code amounthased onfhecodes
video signals of the following chapter, and a step for adjusting the target

gene ggd&anidunt6 thatthe sthastl ofF tHE dcctipitfamounitdf theCikeans at
LeagPuffer _ag%%&af%t code amgunt daes ngt e@@fﬁom&%ptimﬂg}mtﬁe which

occupied amount and using the adjusted target 20 code amount for

folleneoding: Aceerdinply,dhecinitiat avalueref thenoecipiedzanount of theount of
virtual buffer is set and the target code amount is calculated based on the

codegeiupied afiolit, sothafthe-endddindis chRfrbi-y. Thcreftre thieoncoding
cont?%%nﬂgg%fggnQ§H9£§f@gﬁﬁq(jygggg%ﬁﬁﬂfgﬁode determination 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



25 achieved without causing an error in the virtual buffer. 10 In a third

aspect of the invention, there is provided a video-encoding control method

for exerting control over encoding Bsed 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
amou@t leastaprecedingchaptes andsadolloving-chapter whichl feltows theapter;

preceding chapter are encoded and the amount of codes transferred to

and A GHHUTIATNATION the ¥itleoséficdding CoRfroF msthbicorishising: a~2*9et
code SERS fndaete{gn'ngngv%@%@ef J1at sgamjess copnectiop hetweensaid, ot

preceding chapter and said following chapter that are included in the
occupidee signals is feasible lasedpn atleastwhethee or notsaid-foldwinge sum

chapter is the first chapter of the title to which the following chapter
totape|§igst8StepIErBeRFmIANG AT ocetipiéd ambtit bfthe iHUEF bufférd  the

immediately before the video. signals of th lowing ELS e
targ%gns?e%{e% tdg ﬁwoeﬁ%%rtuglgﬁ?f%r to be an in%;él)i va%g oé:!tghéelg%?ccupiefsitmoun m
ordeamodntz of thewvirtual bulferyavhere tds determined dhatithe seamlessn total

connection is feasible based on the determination result, and setting the N
of  YhaRialVEie 6Fthe Yeeupied amolRE of theWitdal BUffértb z8ry whife itR_T 9t

codedegﬁgugﬁdt%%ége not exceed the optimum occupled amount.
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



seamless connection is infeasible; a step for updating the occupied
amount of the virtual buffer every time the encoding is performed; a step
for calculating a predetermined optiﬁl?hm occupied amount based on the
updated occupied amount of the 10a virtual buffer; a step for calculating a
predetermined target- code amount based on the video signals of the

the dallowiag chapter: ahd a steprforsetting the target code amount to a
value obtained by subtracting the current occupied amount from the
olptifiitrh® BEEUPIBE EFHGUNAF the SRR TRAFGIThE Dectipfeli™ amodRt of e £~

exerVifual pufferand the target code.amauat, exceeds the opfimury ogeupied
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. 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 is taken over. Disclosed herein is 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 are encoded
and the
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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 timg 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

Jrredetermined @arget:code amount hased ondhe video signals ot ihe L

following chapter, and a step for adjusting the target code amount so that
rthessUmrotah of thevoccupied-ameting of the: virtual tbuffer andhthevtarget
code amount does not exceed the optimum occupied amount and using

“theadjasterthfgét Code “Aibunt ot thE erieBaliY: Adcdrafifly, the initial
cvalie At ihe oqaupied amaynt altne yidyal puffer s sef and the farget, .

code amount is calculated based on the occupied amount, so that the
cemcoding s contiokethpFherefore, the seamtess: canmnection betueen or
chapters can be achieved without causing an error in the virtual buffer.
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
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.



12 In a fourth aspect of the invention, there is provided a program for

exerting control over encoding baseldaon 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 ‘dhéd BAcGdEEaTd the arméunt B BsdeCifanstérféd to'an slitpltded &

v1dedestination, the program-being provided for making a.computer, execyte: ...
a setep?or dgtermlnlng whether or not seam?ess connection between said

encofrecedingehnpter and. said follewingmehapterthatareincluded initheer, the
video signals is feasible; a step for determining an occupied amount of

occugfe direBPbafer Simmedidfy before the wass sighalsist tidfofowiry" codes

chapter are transferred to the virtua er to be an initial value : v
gene%%g%p(?leda é\&moﬁﬁ? of ‘fﬁgl %/irtig}gleb%fek%ﬁgeée it% g%%tér%mi%%] ltehatgttr)}('ab@aln =t
1easseamless-eennectign is:feasible based o therdetesminationaesultcand which
setting the initial value of the 13 occupied amount of the virtual buffer to
followf, WheredtiRCHEeMMineddRAChe S68mMIBES E6RNectiBn isinfeadiBR*at ©F

codesste@réor{s dating “%%Qg%upé%iﬁgpuaégfc%vam,bu{&% every, ime-the s nq
encoding is performed; a step for calculating a

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 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



predetermined optimum occupied amount based on the updated
occupied amount of the virtual buffeg; .a step for calculating a
predetermined target-code amount based on the video signals of the
virtfelioving fechapter; and@a step farssetting thertarget peedteamountiteca target -
value obtained by subtractir%%é:e current occupied amount from the
[

code opiiftitih occlpigdametint stinfiStal Bf tHefdctupidd anfbunt bf thev 119
chapYial M&ers‘nf%]& target ggg&amaunéﬁécec%dlsgtge Optimum-ameuRtine 4

order to adjust the target code amount so that the sum total of the
valueceupiedambduny of theovidual bufferrandthe target coderamountdoest £rom
not exceed the optimum occupied amount. Subsequently, where the

the  jhitial Vallie G bECUDIE tiount” of the vitttfal biiffér'forthe fotfowffig P =4
amouPaPIEE Is sel, the.; stale. af the gcapied amount duedg fhe precedily amount

chapter of the virtual buffer is taken over. Example embodiments of the
exce pesentiaventionhave agoodi effectobachieving seamless tonnetfiort the
between chapters without causing an error in a VBV buffer, Brief ,
tardpesiplitn GFiRE Brawifigs Fig i1 shdfvs Siexahiié corfiguratich of a-vriec

amouidegeneqding davice, acgording ta,an embodiment of thefesefttount  does

invention. - 14 Fig. 2 shows an example configuration of a video
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 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
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



encoder 100 according to the embodiment of the present invention. Figs.
3A and 3B show models of VBV buffers compliant 5 with the MPEG-2
standard. Fig. 4 shows an example transition of the occupied amount of a
VBV buffer 701 on the encoder side. Figs. 5A and 5B show example
transitions of the occupied amount of a VBV buffer 709 on the decoder
side. 10 Fig. 6 shows an example functional configuration of a processor
fol1§%9ngqfqa%£§88@9'?8ﬁﬁﬁo' gngé&g aggc}rdlgg}%_st@gr@énbpggne@g&g@ code
present invention. Fig. 7 shows an example function VBV of the present
amoutvertion: 5Fig: Bds a flawchartillustrating exampleptrecessingunt of the
performed by the video-encoding device according to the embodiment of
virtiid prisehtinventbnt Fiy. 998 flovictiart SHEWIRG exGfiple Ptocsssifgd ©e
. performed f ert] tro r the: VBV buffer agcording., 2
o ATt o the BISSnt invonon. - 10-5 & fowsbat thustaum . o
amouXample precessing dperformeddor apdafing inforaationabout thelue of the
occupied amount of the VBV buffer according to the embodiment of the

occugh%%nﬁmgkgﬁo@f the virtual buffer is set and the target
code amount is calculated based on the occupiled amount, so
that the encoding is controlled. Therefore, the geamless

connection between chapters can be achieved without causing an

error in the virtual buffer.



25 - 15 Best Mode for Carrying Out the Invention Next, an embodiment of
the present invention will be described in detail with reference to
drawings. Fig. 1 shows an example configuration of a video 5 encoding
device according to an embodimentiaf the present invention. The
video-encoding device includes a video encoder 100 for encoding a video
signal, an audio encoder 200 for encoding an audio signal, a multiplexer

309 for rggg@é%xi%ggw%%f the video encoder 10Q and the audia 10 5.4 4

enicoder , a medium-recording unit 400 for recording stream data
progaultiplexad by the-multiplexes:300«0nto @vecordingavedigm 490@nd am: an

encoding-control unit 500 for controlling encoding performed by the video
OCCUBAESHENOB! TheertolingtebhtroP it 50 indtdEECa ProcéssBrs o - 158109

detegg%%MdS%Oa &8’%5%;%@“4Ead%wd@gutewggerf@&ﬁéégt@ad AbUS . time

or connecting the above-described units to one another. The

wherproeesser Sl tecees is-genesated-codeamotut tordheamoenit ohdatazpter
encoded by the video encoder 100 via a signal line 1'79, determines a

and quartizationifdexCoGMting'20 'a Etgéetie AMfouRt 6 e difoumt 2P e~
are YrfRrgelgag for ancoding the next picture, and exermAlly EAnsmits e, ¢ oy
destination, the program being provided for making a computer
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
determined that the sesamless connection 1is feasible based on

the determination result, and setting the initial value of the



guantization index through a signal line 159. The ROM 520 is a memory
for holding programs, various parameters, and so forth that are executed
by the processor 510 and achieved by 25 an EPROM including a flush
memory or the like, for example. - 16 The RAM is a memory for holding
work data or the like, where the work data is necessary when the
processor 510 executes the program, and achieved by an SRA..M, a

occu M '%%&&A%f example. The jnput-andsontput interface 540 exehanges ¢ 1
data S between itself and the outside, and is used for updating the

dete prdgram inithe ROM 520 zfor example.kdg: t2i sliowissan.eXamplgo le; a step
configuration of the video encoder 100 according to the embodiment of

for H*i%dﬁr%_éé‘ﬁt im@ntﬂfﬁ%fse\ﬁdé’éngﬁé%e? 500 Bficoties & Gille& Sighaf 15V ey
time tra&%&“‘“@ﬁé'&%@ﬁ% V'%_g Si%rg?@ %Q?r&@c};an% exterp lly ftc'ﬂns@gﬁ the 5+ ing a

encoded video signal via a'signal line 199. The video encoder 100
prediiciidesa tearandement circuip 121, aarscan<corvession circuitthE2, apdated

motion-detection circuit 121, a motion-compensation circuit 122, a o
OCCURBHadBTET, ah15-adder 18218 OCT chEdit 141, Bnhver8s-DCeT v iating

a prgg%@é¥%§§b8“%@@§E@Dé§&H“%ﬁ%&%geﬁéggga@HW@H%mﬁ%%éénsignals

encoder 161, and a buffer memory 171. The rearrangement circuit I'll
of trearrangeseaech of 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.



15

20

25

pictures of video signals transmitted thereto via the signal 20 line 101
according to the encoding order and transmits the rearranged pictures to
the scan-conversion circuit 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 25 determination result for the data of the transmitted - 17 pictures.
Then, the scan-conversion circuit 112 gonverts the data into macro-block
data and externally transmits the macro-block data to each of the
motion-detection circuit 121 and the subtractor 131. 5 The

motiofn:detectignsikcuit, 121 detacts ajnetign ~wector based an thesdata
transmitted from the scan- conversion circuit 112 and transmits the motion
ayectorto thé motion<compénsdtion cirdemdi22The ndfignreompenisation
.circuit 1.22 reads image data conforming to the 10 macro-block data
HEREMItEEY to the subtractor 131 of image data that was stored in the

motiopscampensatian gircuit 122, i advange pased, on-thesmatigpivester
transmitted from the motion-detection circuit 121. Then, the
wnbtiohfcoripéasation: acirbuitdl 22 transmits the read image data to each of

the 15 subtractor 131 and the adder 132, as predicted-image data,
Fig. 4 shows an sxample transition of the Toccupled

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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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 format to 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 transmitted from the
motion-compensation circuit 122 from the macro-block data to the DCT
circuit 141. The DCT circuit 141 performs DCT (Discrete Consign 25
Transform) processing for the data transmitted from the - 18 subtractor
131 and converts the data into a DCT coefficient. The quantization circuit

pL3% quaptizes the DCT, cosfficient fransmitted from the DCT circuit 141

based on the quantization index transmitted from the encoding-control 5
unit 30&xvia the sighaldine=159 ahdctransmis ¢he quantizedcBGIi11 be
coefficient to the encoder 161 and the dequantization circuit 152. The

Ercddetere 1 BoftéRs theé hantized BatsSintea Yardblelfength code and
storeg fhe varigbleslength .cade in. the utier memory 171..The Ruffer

memory 171 10 converts the stored variable-length code into data in
gpictutes antkextesnally-transmitstthe datato tae signal dinec189passent
bit-stream data. Further, the buffer memory
invention. The video~encoding 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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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
guantized data transmitted 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 the data to
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

rifansaufs {he origingl.image dafa te,the 2 motign-compensation Circulk, . ..
122, so as to generate - 19 predicted-image data corresponding to the
timacro-blockiimages datadhatwill beencodedmnextdime or fater ckigsu8As
and 3B show models of VBV buffers under the MPEG-2 standard. Under
Hife MPEG S stafitfard WHEEF Buftérss retéifed 1o BNB VA Giferstare

<£visioned Q%&"%%(%Lh@—%%@%‘?{t%’ﬁdcaﬁe&é@% far H%S’é‘gﬁﬂgxﬁé@s data

decoding obtained bit-stream data in an appropriate manner, an

heneeding is sperformed sbdhat:thel WBY bufferssda: notioverflow.dEhe ng the
difference between the amount of codes glenerated by the

program in the ROM 520, for example.

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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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 video encoder 100, and data is instantaneously
transferred from the video encoder 100 to the VBV buffer 701 in theory,
20 as shown in Fig. 3A. Then, where data exists in the VBV buffer 701,

An-eutput signal from.the \WBY huffer 701 is, transferred af fransfer,speed

Rmax. Where no data exists in the VBV buffer 701, the output signal from
tthe ViBV:uffero704 ds transterred at transfersspeed8 1Subsequently, ¢hehe
25 occupied amount of the VBV buffer 701 is obtained and - 20

"iseratiBng of the VidedeRebte 106 Ae Eohtrblted Sotthat the bctiptéd 21
-amount daes not exceed the maximum amount of the VBV buffer 701 (so
that the VBV buffer 701 does not overflow). 5 On the other hand, when
the VBMebuifterscareddewetifsam: the:décodérsider ac¢BVabufteriZ00 is
connected to the input
vector based 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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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 decpding 15 performed by the video
decoder 900. If the input signal is late for the decode-timing of the video
decoder 900, underflow occurs in the VBV buffer 709. Fig. 4 shows an

Syample ransiion,of the gecupied .amoynt of the VBY bytter.fQ% ondhe,

encoder side. The 20 vertical axis represents the occupied amount of the
VB Vohuffer and the lateralaixis répreseats:times respectively.o#fiéicient
occupied amount along the vertical axis is shown in a downward

iré&ior: WiRichThidans thattheBcctiptéd afmodift Siidrédseéd ss it falls.

%g%@éﬁx’o@eﬂﬂéé@ up.amount of, 25 the VBY. buffer (01 s defined, as
24 KB. - 21 Incidentally, here, the sign T represents the picture-

wgenerationwycle Hhatisy the redipeocal of dhel frame, kater SFuttherythe sigred
n is an integer representing the number of ! .

DCT 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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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 PO 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 the next or first picture is finished, codes are transmitted from

e 15 VBV, hutter %Qﬂ%fé‘t et %E%&%?%RWe whereby,the occupied

amount of the er 701 ecreases over the course of time. Just
darier tchthe timeiwhen dhe ficst-pietute is iercoted @ime-T), the occupied
amount of the VBV buffer 701 20 becomes B1 and the first picture with

gene?&t‘éﬂ-c&’d‘e aftoutt PRRYINSEaftaReblsyRranstdrréd To thes/B R e
(791,43 3 et i he e . e occupied amount of (1o V...,

buf er 701's represented by 21 + P1. After t ata is further transferre
dramrthelVBY 25 buffers(Gk and the<cadesi efiencodes-picturesare further

e;%%der and a decoder for transmitting and decoding cbtained
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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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 e&ceéeéjs_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

Jata. When the- daja is,stored 1n, a DYD. {hg accurrence o ynderflow ot

the VBV buffer 701 on the encoder 15 side is tolerable. However, even
ttheughdhe datads storedd i thenBVD; saverflowtref the MBMbuffer 701 st
not tolerable. Therefore, the video encoder 100 must have control over

Hhe \7/%‘(/ Buffép701%0 thit the VBV bEifféF 702 'doés ndLovérfidiv. " Rigs.

§7Bf show example transitions of the 20 occupied amount of the
VBV buffer 709 on the decoder side. The vertical axis represents the
occuped @mountefthe¥BY buHer and thevateralraxis repeesentsdime rom
respectively. In contrast to Fig. 4, the occupied amount along the
the decoder side, & VBV buffer 709 is 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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vertical axis is shown in an upward direction, which means 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 connected to each other, as shown in Fig. 5A, a decoded
image has a gap 10 corresponding to an interval between a preceding

chaptey @D@ez‘i@%ﬁ'{@wﬁﬁ‘&r@a%% In that case, after the occHpied; coyre-

amount of the VBV buffer 709 due to the generated codes of the
cpreeceding-chapter doecomes zero, todes generatediby the Helldwinge rate.
chapter flow in. Therefore, there is no need to 15 make allowance for

Fhtdrisrenca st chidpters, Whete the HRtTerbhtess Catised by thePVBYF T °F
JHuffer. 709, However, where the chapters are seamlessly cannectedfo

each other, as shown in Fig. SB, generated codes of the following

schapier Howinibefore the: oecupied atrauntiofithe 20-VIB\tbuffer-209diieche
to the. greceding wchapter becomqs zero. _ e

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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Therefore, the occupied amount of the VBV buffer 709 due to the

preceding chapter should be taken over for calculating 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
necessary amount of code data for decoding a first picture (12) of the

d ks llowing, chapte W@gﬁ&%&é‘ﬁ%ﬁ@?nﬁ%ﬁﬁ @angmiéégé ggjé,oc_;::llgl%%f[%congaenner :

ata stored in t%e is insufficien eco

necessarytordbedecoding canaat be obtaingdy herefore; the sgasiess
connection cannot be achieved. For storing the sufficient amount of code
datisnadvante, trdnsteEcoPadsit stream ofilie folowiig édpter shauld

be started as soon as possible. Howeyer, there is.a limit to 15 how soon
the transter g?f ?I% ?%%Sw“?ﬁg %h%lﬁte "cai\!ﬁmbe S aﬁsg?sincﬁesthaéqrargégr of th

dhefollewing:ehapier hasdonbestanted after transterpfdhe preseding: red
chapter is

to the VBV buffer. As a result, at the time n X T, thes
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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finished. Therefore, according to the embodiment of the present 20
invention, encoding is performed while restrictions are put 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 to the embodiment of the present invention. In 5 this

example funcfional configuration, 4 tecording-mode  determination Yait ;
511, an occupied-amount update unit 512, an optimum occupied-amount
scalewlation unik513yva target+code-amountcalewation unita:4, &max.
target-code-amount adjustment unit 515, and a quantization-index

GEtErnitatiof t0 uUhtS TR afé provided. FORhEL everrthiiughthis esampte

is ,given.on the assumption that, the processor 510 achieves each of
“functions rfl;\cco?'ding toa proegrram eld in the ROM 528, those functions
imay:he aghieved-throughs hardware, <l hesrecerding-mode determination: o

unit 511 determines
decoder 200 at the time when decoding of esach 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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15 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 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 rangefor_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 PlayBacks; 26 Information Jable).of PGCIEr0GIam.Chally nay
Informaion) of VTSI (Video Title Set Information) in a data-storage area of
otierDMBL..That is to say, where the seamless connection is performed, the

seamless playback flag of the following 5 chapter is set to ON and where

the seBniiegs ChnRECtioN fs ot gerfuiftied: e SBamiéss piibatk fidy of
sthefollowing (¢hapter Is setio OFE. Furiher, where, itds determingddhat

the seamless connection is feasible, the recording-mode determination
th6 urit/S bl deterntines the immediately preceding decupiettamouit ofidlye
VBV buffer held in the RAM 530 (or the ROM

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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520) to be the initial value of the VBV buffer. On the other hand, where it
is determined that the seamless connection is not feasible, the initial
value of the VBV 15 buffer is set to zero. The initial value of the VBV
buffer corresponds to an occupied amount "BO" shown in Fig. 4. The
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 upgates 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

p 8PPy shown inFig. 4s determined.fohe.theimmediately previous
25 timing, the amount of code data for transfer up to "Bl" is - 27

subtrécted ffoml"BG #+rRO4 sFarther ahe amdunt-ofigerdrated: TToderdateon
"PI" is added to "BO + PQ". In that case, if the assumption is made that

the? R Sied Rax id§3 MbpSER IPRTEE (Natibnal™s
a %'@yﬁ%%%n%"edseﬁgmﬁ%é methoglis deterpined-fo.be a screef,

method, the frame frequency of the NTSC is represented, as: (1000/1001

9% 30) 298 Hz, functional configuration, a recording-mode
determination unit 511, an occupled-amount update unit 512,
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 ssamless connection, the
following chapter subjected to the seamless connection
should noﬁ 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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whereby the amount of code data transferred per cycle is 10 represented,
as: 9.3 Mbps/29.97 He = 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 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 a_mglént_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
olimum-eceupiedhamount calculafion jait 513, calcuiates lne ppimurp
occupied amount of the VBV buffer at the time when the next picture is
wEncoded. dee optimeing coccupied-amaunt)is an index of -antidealyeceupiedo £
amount of 25 the VBV buffer after the next-picture encoding is finished. -
I8 IPHRe ocElipied'ambint sl theIBNEDfiEr eXcaeds thevali8C then i

Rl that fne VB, buer oyetflows sianfieanly, Increases, |t was
snown by experlment gata t%a%t goptlmum gCCUpIe amount can be
Cadettlated by functioprshown aszBy 5 5VBY {Bx) By using-the: functien

VBV, the occupied amount
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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of the VBV buffer can be quickly reflected in the bit rate, so that steep
image deterioration can be reduced. Here, the sign Bx represents the
amount of using VBV buffer before the x-th picture is encoded and the
sign By represents the 10 optimum occupied amount of the VBV buffer
after the x-th. picture is encoded. Characteristic 1: By = VBV (BX)
represents a 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<.

Bith halds, .an-expression {\BV(BX):+, (Bmax X T)k-> Bx halds, and.where
20 an expression Bx > Bth holds, an expression {VBV(Bx) - (Rmax X T)}

codBx helds. FigL'7 showsdariexampked VB fuhction having the above-
described three characteristics. In the case of the VBV function, the value

By refiaih8%onstaift at-a pretietéiied 25 Value GeGaukiéiBth 6r more)
D3 section wheve dhe yalue 5 29 BXis [Q, Bthl, Furher, the.valye By

gradually increases at the increase rate of less than one in a section
Twhete theon Standards Committee) metheod is determined to be a
screen method, the frame frequency of the NTSC is
reprasented, 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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value BX is [Bth, Bmax]. In Fig. 6, the optimum-occupied-amount
calculation unit 5 513 transmits the optimum occupied amount obtained in
the above-described manner of the VBV buffer to the target-code-
amount adjustment unit- 515. The target-code-amount calculation unit
51.4 calculates a target-code amount based on a video signal of the 10
following chapter that will be subjected to the seamless connection.
Various types of models have been psgposed 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 MREG:2 (refer 10 ISQUEGITCHSCRIWEI e value,
MPEG93/457, "Test Model 5," 1993.), so as to determine allocation of the
tdodep data amaunt acearding:toveachof picturetypesoThesignificantly
target-code-amount adjustment unit 515 determines whether or not the

e 8btiined by Aadine tetafgetcarer 20ahotit fo e bulréht OPtimum
Seeupiedamount exceeds the optimum.oecupied amount with reference.

to the target code amount calculated by the target-code-amount
-calalatierx unit 314 wand the optimuntoteupieeihamotat calculated byren ©

oF?timum- occupied-amount calculation unit 513. If the value exceeds 25
4

e Bpfimiin dtttipied ottt the' tafgét-codédmabtint > =he DIt 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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- 30 adjustment unit 515 adjusts the target-code amount so that a value
obtained by subtracting the current occupied amount from the optimum
occupied amount becomes the target-code amount. The target-code
amount adjusted in the above 5 described manner is transmitted to the
quantization-index determination unit 516. The quantization-index
determination unit 516 determines a quantization index corresponding to
a quantization characteristic value_oftthe_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

BNt 515, The guantization index is dransmittegfofhe guantization - gireuit
151 via the signal line 159. 15 Next, operations of the video-encoding

adevibe accordingeto tie:embodiment-oktheopresent inventiohowilkbe re the
described with reference tqg the attached drawings. Fig. 8 is a flowchart

VifiuSfrating eXample proca&sing performed by the video-encoding device

aCCOfﬂiPQ“E%t.h%,ZOtQHQbQQit[?‘L%W&B@@@é%%W@HHOEaEEQ&E_&tion_ unit
encoding the following chapter, the recording-mode determination unit
SBF1 tdetermines whether-ormot seamiesstomectionshioulc:be in the

above-described manner of the VBV buffer to the target-codea-
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
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performed, as a recording mode (step 5901). Where the seamless
connection is performed (step 5902), the 25 immediately previous
occupied amount of the VBV buffer held - 31 in the RAM 530 (or the ROM
520) is set, as the initial value of the VBV buffer (step 5903). On the other
hand, where the seamless connection is not performed (step 5902), the
initial value of the VBV buffer is set to zero (step 5904). 5 After the
preparations are made by the recarding-mode determination 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 5905). Then,

28YBLYLime the video;signals,are.encaded by as much agasingle G nax »
picture, control over the VBV buffer is effectéd (step 5906). The

vaboweagsciibed stgps 990band SP06harecrepeated untibenedding fortthe
entire pictures (frames) of the following chapter is finished (ste;go5907).

TEfG: FFisa fiBlvehaf SHEWnG ExampIE processitis Performéd foréxdérting
aBBQHQ'.Ov%h@et%%g’@@%a%c%igmgt tq $he, emhpdiment of fhe present

invention (step 5906). As is clear from Fig- 8, the control over the VBV
dbuffer is- @ffestectevery timenendading is petformed yras muichhasalex
single picture (frame).
determination unit 516.

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



i0

20

20 When the encoding for a single picture is finished, first, information
about the occupied amount of the VBV buffer is updated by the
occupied-amount update unit 512 (step 5911). Subsequently, the
occupied amount of the VBV buffer immediately after the encoding is
obtained. The 25 details of the above-described processing will be
described - 32 - with reference to Fig. 10. Then, the
optimum-occupied-amount calculation unit 513 calculates the optimum
occupied amount of the VBV buffer after the next encoding (step 5912).
The optimum occupied 5 amount can be calculated by using the

; aboye-deseribed BY E%%Cti@n f@@_@&am@%@rtf@g, the: initial value
target-code-amount calculation unit 514 calculates a target code amount

ofortthe WeXt enédding (step5928¥.) The fargeheodd amourtrean heere the -

calculated by using the known TM5 method, for example, 10 Then, the

SEAGEEEDde AMB TRt BHjUSTMEAE URTTB1E WeterhTings whether of Hot a
;1 valug,obtained by adding the elrrent.occupied amount of the MBV Disfey,

where the current occupied amount is obtained, at step 5911, to the
target’ cede amountscalculated atastep 5913 éxceeds themptimunr-isde

Aoccupi_.ed amount calg:ula}ed, at step S912 (step 5914), When the value
dgxEe8aS e Sptiffunt otclipidd GmbtHE the'tdrgets ©F the followling

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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code-amount adjustment unit 515 adjusts the value so that a value
obtained by subtracting the current occupied amount from the optimum
occupied amount becomes the target code 20 amount (step 5915). The
quantization-index determination unit 516 determines a quantization
index based on the target code amount adjusted in the above-described
manner (step 5916). The quantization index is transmitted to the
quantization 25 circuit 151 of the videg,encoder 1_00. - 33 Fig. 10is a
flowchart illustrating example processing performed for updating
information about the occupied amount of the VBV buffer according to the

wembodinent gf-the-pregsent inyention (step 5911). First, a
code-for-transfer amount 5 corresponding to a single cycle is subtracted

from tHe:nimnédiately previous ooecupied:amount of the VBM buffeniAt 513
that time, the occupied amount before the subtraction and the

“Ede- ST anSTeT afigunit-CorréspBidifty '8 sindte “¢iftle t31.0°31 Ko bits
spdbe abovesdescribed example)ate 19 99mpar§940&?§ﬂn%lae5&§t§%ed

5921). When the occupied amount before the subtraction is larger, t
agubtractiom result Becoimesea new occupied amobntitstejp 5922hec VBV
Otherwise, underflow occurs in the VBV buffer, so that the new occupied
function, for example. Further, the tTarget-code~amount
calcuiation unit 514 calculates a2 target code 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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amount becomes zero (step 5923). 15 Then, a generated-code amount of
the video encoder 100 is added to the new occupied amount (step 5924).
Where the occupied amount after the addition exceeds the maximum
amount of the VBV buffer (step 5925), the VBV buffer overflows, whereby
the new occupied amount becomes the 20 maximum amount of the VBV
buffer (step 5926). 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 25 buffer is determined in advance according
to the-+ 34 determination,result-and the engeding-conti@lunit300essing
controls the generated-code amount of the following chapter subjected to

rthef ssamieds conndetiom.sSubsaquentlysit becormespossitlertoathieyeint
seamless connectlon that causes 5 no errors in the VBV buffer.

ofncidntally, the SmboHimeht of the" resiht FIVEITICIFTS aR exanfole e5et

1 6mhadying the presentinvention. Althoughsthe embodimentcorgsponds

to specific items that fall within the scope of claims of the present
cimventiondsrshown below 1@ they present inveritioncisenbtilimited-te:the
embodiment but

immediately previcus occupied amount of the VBV buffer. 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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can be modified in various ways without leaving the spirit of the present
invention. That is to say, in the present invention (1), a virtual buffer
corresponds to the VBV buffer 701, for example. 15 Further,
recording-mode determination means corresponds to the recording-mode
determination unit 511, for example. Further, occupied-amount update
means corresponds to the occupied-amount update unit 512, for
example. Further, optimum-occupiedsamount calculation means
corresponds to the 20 optimum-occupied-amount calculation unit 513, for
example. Further, target-code-amount calculation means corresponds to

dbesargeteade-amaunt.calculation unit 514y forexample,; FUthers oo

target-code-amount adjustment means corresponds to the
dangets¢edetamountadijustinentignit bibnforekanple £ 25 Fuwther, chapter
encoding means corresponds to the video encoder 100, - 35 - for

SExarnple Edrther i HePpreseint iveHton' Y, a vﬁﬂﬁ%ﬂ%f‘l‘é?%é’m%ﬁonds
ﬁ@é@ﬁééBﬁhg%ﬁ%&ép%Jbééﬁﬁgﬁ%es%%ﬁ@%%SW%E%WQSﬂ§89ethat_causes

determination means corresponds to the 5 recording-mode determination
nunit bt dy foriexarnplevFurthef f@ccupied-amount update means
corresponds to the occupied- amount update unit 512, for example.
Fuﬂh%ﬁqﬁﬁﬁﬁﬁﬁﬁlyf the embodiment of the present 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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occupied-amount calculation means corresponds to the
optimum-occupied-amount calculation unit 513, for example. 10 Further,
target-code-amount calculation means corresponds to the
target-code-amount calculation unit 514, for example. Further, in the
present invention (7), or the present invention (9), a virtual buffer
corresponds to the VBV buffer 701, for example. Further, the step for
determining 15 whether or not seamless connection between a preceding
chapter and the following chapter that are included in video signals is
feasible corresponds to step 5901, for example. Further, the step for
Setting glg\% initial value of an occupied amount of the virtual buffer
according to the 20 determination result corresponds to steps S902 to

5904 rfor texampie. Further; ¢he step torapdating the,occupied amounts ok »
the virtual buffer every time the encoding is performed corresponds to
CStepBYIARIEr Examipte EUMhEr H5€ steb for Galchitatitig'a predétekiiied

timum occupied amount 2 gasfeld on the updated occupied amount of
D N 8 R B 5013 or SAdbla L iiRer, he

rsteprtorcaleidating & predeterminediargetcore amount based on thether,
video signals of the following chapter corresponds to step 5913, for
CEXAMpIR FUMHET E the SR atfjistigithrrs ponds to the occupled-

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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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
encoding corresponds to steps S914 and 5915, for example. 10 Further,
in the present invention (8), or the present invention (10), a virtual buffer
corresponds to the VBV buffer 701, for example. Further, the step for
determining whether or not seamless gonnection between a preceding
chapter and the following chapter that are included in video 15 signals is
feasible corresponds to step 3901, for example. Further, the step for

cdetermining an geeypied-amount:of the, vipiiial bufier immediatgly beforg

the video signals of the following chapter are transferred to the virtual
fluffer=to- bezan injtial valde-ofihe deedpied-afpount akthenvictal 28 dauffern

where it is determined that the seamless connection is feasible based on
e deefminatBitresiit antsetting hennitial value o the e to

s3mount okthe.yirtual_puffer to %ﬁ!?tWQF[ e jis dse{%%gn bedthatthe ;o e

seamless connection IS infeasible, corresponds to steps S902°to 5904, 25
tior example«Furthes-thecstepAer updatingtheceecupied=h37/ @amagntaf

the virtual buffer every time the encoding is

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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performed corresponds to step 5911, for example. Further, the step for
calculating a predetermined optimum occupied amount 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
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 10 ofmthgpcgupied 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

aR3EadIng -coiespands, 10 stens-5914 and 5915, for. example, dncidentally,

processing steps described in the 15 embodiment of the present invention
pEayche interpreted; @snal smethed éncluding the aboveatdescribed seties of

steps. Further, the processing steps may be interpreted, as a program
e maRIAg TP Eomphifer teditte thB EhiovesddstriBedoRerBE bf steps - ¢4

-AGQr 3 recording medium storing the. 20 program. industrial Applicability

For example, the present invention can be used for encoding a video
psignakinte an-MP&EGH cede and wating the, 25:-MPEGs2 codeaiten, the

DVD, for example.
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.



- 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 occupied 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_ t%aéns_ferred to an output destination,

CLMtng video-encoding device comprising: recording-mode determination

means for determining whether or not seamless connection between said
preceding. cehapteranthsaid:followinig chapterithat arédaclusethmlthechat
video signals is feasible based on at least whether aqr not said following

cont@ighial is fisfirdt HERRI I hE TR WARR hd Tty cRApRSS™

wni de1engsandf.said-seamiess conpectionnis feasible settingan bitial the
~ value of the occupied amount of said virtual buffer to an initial value of the
encotoupied emoantoftsaithvirttalbbffér immediately betoretthel viddd e,

signals of said following, chapter are transferred to said _virtual buffer, and
the R e R O

[
the . 1 mount b t amou
if’ Said seamliess conne Ing the nitial valte of

coddBepecipied amauntgh saig: itualbuffestozenes; amount of codes
transferred to an output destination, 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



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 target-code amount based on the
video signals of the following chapier;target-code-amount adjustment
means for setting the target code amount to a value obtained by

the gsustracting terpdaeéntrmcoupied ameuit-fFGRPthecoptimum occupied
amount if the sum_ total of ine.occupied.amount of the virual hufterand ,
the targe? Code amotint exceeds the optimum occuplegl amount in order

prederdiushithe target codeamennt:so that e sumtotak-ofithe ocpupied
amount of the virtual buffer and the target code amount does not exceed

of he dptmtimEtctipiéd @hiount; and encoding means for performing the
encoding based on the adjusted target code amount. 2. The
video-encoding device according to Claim 1, wherein the

CERUIEdAMBURT Aptate e S Hetefififies & Pretittentifed Valut
codés5%%%%%x¥8yg“@&fﬁ@nggpgined 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 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



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 to be a new occupied
amount, where the occupied amount is larger than the code-for-transfer
amount, and determines the generated-code amount to be the new
occupied amount, where the occupied amount is equivalent to the
code-for-transfer amount or less. 37 The video-encoding device according

largdP Claim 1, wherein the optimum:oceupied;amayni caleplation means, o,

calculates a predetermined value that is equivalent to and/or as large as
occcuthedupdatedtocoupied ath@unmbtheevirt@uabbuﬁen,:aslﬂrmeptlm the

occupled ar?ount 4. The V|deo ncodln device accordlngﬁto claim 1,
code~Tpr-trans eter

W erein the upda?éD ocbupled Mount ﬁev‘ﬁug?ﬁuﬁ s rece%eed ona
amourflAEMEMERE Sk V&%@t@@%@@ﬂtr%ﬂeyt@eﬁ@é exexting antidbunt

over encoding based on an occupied amount of a virtual buffer, the
%@dtﬁdiéﬁ%rﬁ@uhﬁﬁei@@déet@ﬁﬁﬁéé%’%%ﬁ G e arRBuhedf codes

gegteraﬁ%att me whetre videg SI nals that ontains Ieast a
preceding chapter a%rél g %ollfl%ng clhaept%(r:(\?v ?Gllowsq%e “preceding

whe reChaptes arpiencodestand the-amount of ebdesdransferrech 40 @ eutpittes
destination, the video-encoding control device

a predetermlned 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



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 - 41 initighvalue of the occupied amount of said
virtual buffer immediately before the video signals of said following
initiehapteruare fransferedunisaidevirtaar buffesdnd Wsdidsedamidss

mmefORECtION 15 Infeggible then setling {he initial yalue, of he aceupisel. .
amount ot said Virial Buffer t5 zero: 6ecupied-amounit update means for

are tupdatingthe ageupied ameountioftheadrtuakhuffer every tissethess
encoding is performed; optimum-occupied-amount calculation means for

connegalbamatirty atpredélermiReaTopthbiT 8ctipicthamcint BasEd Bh the®
occupljl_%cciiatﬁ%gogg’g u(pfe %Q{HOQQEQLQF Mﬂ‘ﬂ% p ngi‘rz Q?t'COde'amount

calculation means for calculating a predetermined target-code amount

based onithenvideo sigtats ofezns for updating the occupled
amount of the virtual buffer every time the encoding is
performed;

optimum~cccupied-amount calculation means for calculating 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.



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 order to adjust the
target code amount so that the sum total of the occupied amount of the
virtual buffer and the target code ahdotint does not exceed the optimum
occupied amount. - 42. 6. A video-encoding control method for exerting
contral evereneadintbgsed:onran ogetpiet dmountof @i vistuab butiet,
the occupied amount being determined based on the amount of codes

over Jahetated ar e fire vitersVitBo¥lgia that Eontaift " st L Lot
rne dAEGEdng chapter and afoliawing chapterwhighdallows the preceding

chapter are encoded and the amount of codes transferred to an output
code gdestimatiohs the vidée-encodintp eoatrol daethodreamprising: astép for at

‘determlnln% whether or not s%ialmlefs onnectiog betwee%saig %rgffgirég

s
Tea ST Rér Shd said ToftBwing “Cihpter %laioa"?‘éqﬁcﬁjaaepdt In the Video sighals is

the peasiblo hased:on-at least whetherornat said foallewdrg shapteres the first
chapter of the title to which the following chapter belongs;

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 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 zero, where it is
determined that the seamless congiection is infeasible; a step for updating
the occupied amount of the virtual buffer every time the encoding is
performetly a steptforcaldidating aspredeternsined dptimum secusied
nea ARQURL based on the updated occupled amount of the virtual buffer, 2

© alsl%gp for calcu aﬁ?ncg”é pqre etermine I%élrge(i-copd*e amount baséd on the

optinvigeo signals of the fallowing:-chapter and = A3:a step ferseftingithencunt
target code amount to a value obtained by subtracting the current

of thgeclpiédamétiititemethe BptinfhBreupmste affsUtHf B gGRrtotarof
opt 11 OSCURISd amannt,, of the viral buffer and the target code amonnt
exceeds the optimum occupied amount in‘order to adjust the target code
amour@meuntse thatthessumtotal lofdhe tdecupiediamountnafithe  viftuat duffer
~and the target code amount does not exceed the
virtual buffe¥ and the target code amount does not exceed the

optimum occupied amount.



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 co’mf)ﬁte_r execute: a step for determining
whether or not seamless connection between said preceding chapter and
said following chapter that are included in the video signals is feasible; a
step fdr detedmiingn otetpiet affoUHior tRESVirkiF BT iRfHsdiately

before the video signals of the. following,chapter are transfened f0.thg.
an OC%/%&"&I%L%&%O%S an iﬁyi(t%él 3§Iue of the occupied amc%%nt of the virtua€lilrlg
deterbuffes, wheee itis determinedithat therseamiess:cannectian is:feasible

based on the determination result, and setting the initial value of the

where GRiGRR PARGUT oFAE VIRUAPBOME 10 58r0° WheteSER: dilefmfed that™®
2 fo1ihg seamigss conngction is infeasiblera step farupdating the ocgupied

amount of the virtual buffer every time the encoding is performed,;
encoded and the amount ¢f codes transferred te an output
destination, the program besing provided for making a computer
execute:

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;



- 45 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 the target code amount exceeds the
optimum amount in order to adju%f’ the target code amount so that the
syn ég?' of the occupied amaunt ofthe vigtial buffer and. the daget.code
amount does not exceed the optimum occupied amount. ABSTRACT A
amoun tvides:encodingedevice thdt camachieveseantless conmectionuwwithout
causing an error in a VBV buffer is provided. Recording-mode
tetermination means for determining an initial value of the occupied
amauatofa vikkialkbuffer hased.en a-determination result relatingdeunt
seamless connection between a preceding chapter and the following
vased ehapter thitereinelrfed fvited SihatyioceupiedPafmourttiipdate

'QF%@%&Q%%Qd%g@%5%%ﬁ¥§gp¥§kget code amount to a wvalue

buffer

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.
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amount of the virtual buffer, optimum-occupied-amount calculation means
for calculating 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, target-code-amount
adjustment means for adjusting the target code amount so that the sum
total of the occupied amount of the vitfual buffer and the target code
amount does not exceed the optimum occupied amount, and encoding

means for performing the encoding accordlng to the adjusted target code
amount are provided. ABSTRACT

A video—encoding daevice that can achieve ssamless
connection without causing an error in a VBV buffer is
provided. Recording-mode determination means foxr
determining an Initial wvalue of the occcupied amount cof a
virtual buffer based on a determination result relating to
seamless connection between a preceding chapter and the
following chapter that are included in video signals,
ocouplied-amount update meznsg for updating the occupied
amount of the virtual kbuffer, optimum-occcupied-amount
calculation means for calculating a predetermined optimum
occupied amount based on the updated occupled amount of the
virtual buffer, target-code-amount calculation means for
calculating a predetermined target-code amount based on the
video signals of the fellowing chapter, target-code-amount
adjustment means for adjusting the target code amount so0
that the sum total oif the occupied amount of the virtual
buffer and the target code amount does not exceed the
optimum occupied amount,.and enceding means for performing
the encoding according to the adjusted target code amount

are provided.



