., e3exLd>6$Txz_1 1 ocT 200 DESCRIPTION Method for Display Time Stanping and
' Synchrogi zation of Multiple Video Qbject Planes 5 Technical Field This
invention is useful in the coding of digital audio visual mdteOCal #mhere
there is a need for synchronizing nore than one independently encoded audio
visual objects for presentation. It is especially suitable Nt he
tenporal sanpling of the 10 audio visual material is not tﬂ,ﬁ@ﬂmmmlwm’
Background 'Art In MPEG 1 and MPEG DESERIFIFIONVi deo consi

frames sanpled at regular tine intervals. This represents the fi¢srest
tenporal resolution of the input. 15 Fig. 1 shows a video sequence with
fixed frame_rates where the i mage franmes are sanpled at reqular intervals.
In the codedetbed fardptsplayohimss Stemping andbSynchuenizatians ohdfudtiple vigep Obied
MPEG- 2 stang?r ds the display order of the decoded franes is indicated by

t he tenporal!a¥ference. This parameter appears at the picture header of the
bitstream syntax. The value of this paraneter is increnmented by one for
each 20 decoded frane when exanmined in the display order. In the H 263
standard it .eéhrﬁgﬂ?i to skip frames and thus decode a variable frame
rate vi deo séqguence. wever the sanpling of frames is still fixed. Thus
the tenporal refergpes,0B4t

appropriate and only need to Skegﬁfghil {l %/Pé saéh&t %M}t Eel%i\}%%lraz%ﬁnﬁ]ssv%gge in
steps of 1 Fhibreisha féaPfor8yndhrbhizfnglRoid hal YRR $hdePendéityl éi0d8d hii€id \Bbwa] Ur €S
at the input frame rate. Currently work is being done in the area of coding

vi deo as sepbjeatsfoopiesentation. Buik espuctally déabldwhed thel tampsaral Fampling jof ¢lsent s
a new di nension in the decoding and 1 1 1 OCT 200 synchroni zation of the
respect 1Qe vudiovinial owteriallis notthespmet ed t hat these different video object
pl anes may cone from several sources and can have very different frame
rates. Some of the objects may be rendered and have al nost conti nuous
tenporal sa lfégnrg rg,te These vi deo objects planes are conbined into a
conposite i Brd &Ti splay. Therefore sone kind of synchronization is

required for the Cmﬁ% i IS i bl.e.that i.spl ay r;E te is
different fromany of 't %.f%hgng?ﬁgggﬁgfﬂﬂ t%éﬁo}ggg%gﬁog‘é&ggggﬁé{sﬁ |S’ﬂ:d§
shows an exarplelaptinevatetaig0 TR ﬁgi‘fes%@@ﬁé%ﬂ@é&'t&ﬂ g f&ofttorPeXtnY 3AMithd
frame rates conpared to one anothef. Even 1f a con‘Pmn frame rate can be

found bif wefig. tlshotvsm widel®sequzhec tvithl fel frate irstes Gthepdtheriniaige fiaheds dréi s
frame rate 10 will be the sane as the output franme rate of the conpositor.
Her eaf t er weampled at eggulartinterveds. phnothe eodedi rapresentation afdheivideolsequense using
sanme principles of this'invention can be extended to the audi o domain as

wel | as conBieddPESHE 29d MREG-dstandarinthedisplayverder of thedesaded frames fe
current state.of e ., art does nopt cat Jor 15 the synchronizati on of video
obj ect' pl an@?}%{’]&f%ﬁ%n}ﬁo@%&éﬂceal S pRREEtiaPpe iaﬂéh%P’EB"ﬁﬁ%ﬁa Eiffor al
reference : i r. Vi js | anes.have di f.herente. fr rates
whi ch are %%}%F}Ef%ﬁ&é&éﬁ n@}gjﬂ%ﬁ%gﬁﬁ#g Egrapne’?er i3 mcre1%e9fc£! b?lpeﬁrlfore 313

20  decoded frame when examined in the display order. '

In the H.263 standard:it is possible to skip frames and thus decode a variable
frame rate video sequence. However the sampling of frames is still fixed. Thus the
temporal reference method used in MPEG-1 and MPEG-2 is stﬂl appropriate and only
néed to be modified such that the increment is not in steps of 1 but in steps of 1 plus

25  the-number of non-transmitted pictures at the input frame rate.

Currently work is being done in the area of coding video as separate objects

in multiple video object planes. This represents a new dimension in the decoding'and '

1
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~ The first problemis how to provide a common |ocal time base nmechanism for
each video object plane. This tine base will have to be able g @fg

very fine 20 tenporal granularity and at the sanme tine be ab? P &%e W th

possibility of very long intervals between two successive instances of the

vi deo obj ect planes. The second problemis how to provide a nmechani smfor

synchroni zi ng vi deo obj ect planes having different frame rates. 25

D scl osur e QheLRuEAlibA's THErABOURRAGR] BifBc2H RExBOLYF thaPindsgRuAERAL ! NO 2

common terrp I‘ESO Utl on oca n or der

to cater fGidddigbjettdNandify 85mé fron?sé'vegjgf)ﬁ)éég ah FERPhAe \Ekrrf‘mffél%httﬁfaﬁxge

| ocal. time base |s artitioned into rent parts. The first part
cont ai ni ng rafes. iSon ¢ff thewbycts May BERER ddred £8P hikkd NodhiGinvbay teigpsraphor t
time base. The second part contain a coarse granularity tenporal Tresolution
whi ch pr owszlmpénngamtg tThese lvidee. objéuts phges afel dntiaedints aicoalpodite imbgefurh t he
vi deo ogj ect 5 planes to provide tenporal reference to the instances of the
vi deo olj edlisplayh€herefore somedd ihefsynshtdnéntionicteqoired fof the comeositiog. {tiise
base mhlch is common to all the video object planes. It is used to

synchr oni zep0ssible that the displashiramie aete isdiffecent fitcamesy ofthe framamatestaf tke vidse

provided by the clock. 10 Accordin o a fist aspect of the present

i nventi on, @J?ﬁ@ﬁrﬂ‘;’& 5: ‘%r?cﬂﬂl‘ﬁ‘?galhe#?é@ﬁfb of gﬁ@ Vb@@@%?“&ﬂﬁ”&éd’ia@% djffgrent
sequence |na tdhea [oX0) essgag dat a co rises t ps..of ;. obt ahnl n% nstances
of ‘the audiBdALTEE e °69P‘tf8 paF an0ths nl&ét‘:@mﬂ’?ﬁ gme éq‘@é‘al

tinme base gf, fbhﬁgﬁl bvree e'[nrlﬁE@\QSQ/?déo o!ﬁ&ft&%&ﬁ)deﬁlg ﬁ‘&%u?n?n&%% ﬁﬁgﬂ'a Jite

encodi ng the sa time base Sart & conprising

base that rHiKse @hlagagﬁcdgrthgeg@,ugffmnﬁ ﬁgﬁtopﬁle BH}gog]?&er ence spaced evenly at
a specific interval on the local tinme base an time base increnent

relative to the sdiereefteny willaefd té tHeeproBbleth alMhe viddd ddiasint iIH@vEVe thodul o
tinme base into the conpressed data whenever the specific interval have

el apsed; armdmergaciplegof this investiomsan baextended tonht hudio demaiamsvedbag dat a
of the said instances of the audio visual sequence. 25 According to a
second aspé‘@fnbm*att%lé af thee.on, a nethod of encoding a Iocal ti me base of
an audi o visual s yen n the c ressed data conp |ses st eps

b b 7

- obt ai ni ng instanc 0% 15 clFRt that theGHIEsTt stats o @Frﬁb"r s teh -3
110 gST hd %(') o AES AL AN dgfwhgg o%ﬁ%?planes & gtgteoc;f tfuet,] Srt aﬂoddéegsﬁo?gggxﬁdé 0 be

encoded i nto npresse
a common temporal reference when the different video object planes have different

frame rates which are not multiples of one another.
The first problem is how to provide a co@on local time base mechanism
for each video object plane. This tife base will have to be able to pro;ride very fine
20  temporal granularity and at the same time be able to cope with p'ossibili'ty of very long
intervals between two successive instances of the video object planes.
The second problem is how to provide a mechanism for synchronizing

video object planes having different frame rates.

25 Disclosure of Invention

The above problems can be solved by implementing a common temporal
resolution to be used for all the local time base. In order to cater for the wide range of

2



encoding the said instances in one of tw nmethods conprising of a first

" met hod 32 conpression without reference to any future instances and a
second nethod 5 of conpression which refers to the future recongtgorcixgsd

i nstance; encoding the said |local tinme base in two parts, conprising of a

nmodul o time base that marks the occurrence of a set of tinme reference

spaced evenly at a specific interval on the local tine base and a tine base

i ncrenment. encoding the time base increnment for the instance conpressed

i o' even! e EphE gt TR BEAEne Boedh g dre iRl ok Bl i (e
i is nd. . i hodl . | Aty |

'¥ ot he Toal e ) i e R TG W
uhenever 1t Bas: PR {008 tf RO 200 ST gl tnbotd] FASRIRRNTAICHD 2

i ncrenent  wirbbide atlgﬁ%ﬁﬁmliaeasﬁﬂe IBGIR titde BA3€ i§ fcthdaSHt RAEE PheVidb & 8bkfl! O

vi sual sequence. 2 ccording to a third aspect of the invention, a nethod

of the Gir gflames toipeovide tembaasiaefdrende toliBe inyyaites eNthenidé®bbjeatspl THeadhokty of
conpressed bitstreans containing |ocal tine base information encoded

t her ei n ar dimeibaseds theadynthnonized te thiedong time Yase whith isplomunon o slhéhestides of :
synchroni zing the local tinme base of the individual conpressed bitstreamto
25 a comorPbi¢dtdlangse ltgy usettiodynghronire alkthetdifferenhwidenrobjeci plaresteat in t he
mul tipl exed bitstreamm 4 ° 1.1 OCT 2004 exam ni ng each of the conpressed

bi t stream fcﬁmﬁ%glﬂﬁiﬂasﬁam%@ﬂther@%séﬂoﬁb be placed into the

mul ti pl exed bitstreamuntil all the conpressed bitstreans have arrived at
the nodulo tinme base; inserting a common nodulo tine base into the

Lt phx DI St r eoR g K EPLANCE UP IR SINIR ASF nlnd D6y GRS o

bitstreans; and repeatin S un 1" conpress

bi t st rearrilscaltinebdia us b sudideHaaINcqle A iR thOMhbraseta dmphsesithY Sepd on,
a nethod of the first or the second aspect of the 1 nvention, wherein

plurality aif: conpressed bitstreans 10 containing local tinme base
information encoded therein are nultiplexed and de nultiplexed, further
conprises, for de-obtainingliastanass of the audipvisuhl sedmenck by tenhporal sempligg of f set
of the individual conpressed bitstream exam ning the nultiplexed bitstream
for the next conprd ngdhelocal time baseef thg saiskinstanges tadreasrcededinot he

appr oprl'gat %ogggpgsgéagtg; bitstreamuntil a nodul o :

encoding the said Jocal time base in two parts, comprising of 2 modulo time
base that marks the occurrence of a set of time reference spaced evenly at a specific
interval on the local time base and a time base increment relative to the said evenly
.spaced time reference; |
- 20 ~ inserting the modulo time base into the compressed data whenever the
specific interval have eiapsed; and
inserting the time base increment within the compressed data of the said

instances of the audio visual sequence.

25 According to a second aspect of the invention, a method of encoding a local
time base of an audio visual sequence in the compressed data comprises the steps of:
obtaining instances of the audio visual sequence by temporal sampling;

3



15 tinme base is encountered in the nultiplexed bitstreanm inserting a
" nodul o tinme base to each of the conpressed bitstreans; and repeating the

| ast two steps until the multiplexed bitstreamis exhausted.lzf&ﬁ?ﬂ@[s ng to a
fifth aspect of ‘the invention, a nethod of decoding a | ocal "20 Yhase of
an audi o visual sequence fromthe tine base of the conpressed data encoded,
according to the first aspect of the invention, conprises the steps of:
initializing the reference tine base taking into account the tinme base

of fset; increnenting the reference tjinme base by a specific interyal for
each nodul o time gﬁgémbtﬁ% §,°°?‘ time hé‘c?dbﬁthﬁ saiddnstpReesgabs qnﬁesﬂ\i@ﬁ? of the

conpressed i nstance;, .and determ ning the decoding tinme base of the said
i nst ance bfiogaﬁﬁ%ﬁ%‘]e??fé’ sai d decoded tinme base increnent value to the.

venti on, a et noacsr g AR AR O ARG bR il
sequence f pmddsE dd em&ﬁnﬁﬁoﬁt*}ﬁf&&{@rﬁﬁﬁgﬁtgﬂéﬁsﬁﬁgé;sd%@?asﬁ.?.&ﬁ’c{ fllefifhd O

t he second aspect o he 1 nventi on, conpri ses e ste Initiallzlng

the refsresfeoipfRsidasehitRkifof th ThOAAGRYB nQfuctdiEinkiaiBe;pase of fset;
increnenting the reference tine base by a specific interval for each nodul o

time base decodedencetingltirgaidiecil tiffe bassini the RMRNEorBprisiag of @MRIdIS tethe

i nstance; and 10 determning the tinme base increnent to be one of two
types, absbasetthabmarksithe ooaurresiep efidisagobtime hefetémcatspace dseeahdatcospecifisi on
met hod used in the encodi ng of the instance, respectisvely; determning the
decodi ng t FtervBhem thsr locpldime base ansk atims bisge dnrtemgot he sai d decoded tine

base i ncrenent val u%é{jo th . regerence ti base if the tinme pase ihs f the
15 first type; an§RCRtRs _eﬁi% ?Slqén‘ﬁé@ﬁa%ﬂ?? ipstapag EOHPTeSHie! using Fl#{s)"ftance
b ddj i i i t to t,he d di ti

pase. of 0 nEOSPREH R IREREE & b Fhself SalitcteRllia e 550 Dot PG Re: hoa.

if the tingsPageed Ncrement is of the second type. 20 Brief Description of
Drawi ngs The present invention will become nore fully understood fromthe

detail ed descri pt eAcodihy e tift BXéARBreritit 3GLARRANNA AcHhHEsRARsMpane] N:
Fig: 1 illustrates the tenporal sanpling of the prior art where the franes
of 25 the sdcded csaqmessm methedaph eclative vagetdtheilotad tingd base @f the previously
compressed instance using the said first method;
15 - inserting the modulo time base into the compressed data whenever the
specific interval have elapsed; and

inserting the time base increment within the compressed data of the said

instances of the audio visual sequence.

20 According to a third aspect of the invention, a method of the first or the
second aspect of the invention, wherein a plurality of compressed bitstreams
cqntaining local time base information encoded therein are multiplexed, further
comprises, for multiplexing, the steps of:

synchronizing the local time base of the individual compressed bitstream to
25  acommon time base by encoding and inserting the time base offset in the multiplexed

bitstream;



1 1 OCT 2004 Fig. 2 illustrates the concept of video object planes and the
“relationship with one another. The sanpling of the video object planes can
be i rregul ar and the sanpling period can vary drastically. TF §CT3%804
illustrates the current invention where the tenporal reference of the 5

vi deo objects are indicated by the nodulo tinme base and the VOP tine

i t. Illustrati. l.and P VOP only. Fig, 3Billustrates th
cur rent | nvent o RS FREh o BErcompisrisdohilsregn For bl et CoBJREERS oy o

i ndi cat ed, by_t he nod i the VOP tine.j t. 1llystrati
uoes 1 PIERARGE ok Plageqiffo By ialiecttsreaninl afl45° Ehwstaseui 1y t nat

can arise, when the presentation order and.the encoding order is different
as a resuPﬁ@%?a@%‘Z%a“Hﬁ‘?%"c ed?%&@é’.mpF 35% j|lustrates a solution to the

"TTuStrates t he. doMAERc o AOR R HeipERTRRBinIsxbrislesd and
' ' OP ] ff JFig. 7111 he fl
i agr n i %ﬁp?ﬁriftéﬁifa§%°%#ﬂ?%§etqfhhe”ﬁﬁﬁwresﬁ%%ébl?rﬁﬁrﬁ's%pcﬁ%r the flow
i i j i i . 120 Fig.
o 111 ustrates t ndcpreTtetRsivaRePr AL A sbrpr ha Rt Srant 2eiantRed °

vi deo object planes. Fig. 10 illustrates the flow diagramfor the recovery
of the presentation time stanp. Fig. 11 illustrates the bl ock diagram for

};!‘S. Z?Er ff st r arateae UL PO TR BEBhe 1egBRof b0 crifie BifatBEa
i ts s . 7 i
i Frasf ; at gésccjtﬁﬁggg :eengo o h’_grl-tB %?%drl %prgﬁll%ga_,n % ]t'#%liv f&efgfo-r%n a'(tg ggc.l:%g%t{ J%B%e for
Carryigng editaidifg Iwaagr Eirh@ BaddinfolM¥G6h 'eﬂeo@&ﬂlﬁtrﬁﬁ A Iﬂﬁlﬁ??]&(fagaﬁ ed orms
e 5f ached to t

of synehroni zation. irst 1s a-short tine base att e video

obj ect pl ﬁﬁﬁtipldﬁw,aﬂrﬂ{ertdah@ﬁde@Efd}aefeerﬁWi#leangg,?B@Ffeﬁg of0 as the VOP tine
increnent. The VOP time increnent is the timng nechahismfor the video
~obj ect plane wit ldecodivgcthettimé basé 6ffati GPtHRARAIvilh At ontprRkdedhiedirdagn@ gr oup
of video object planes to be decoded and conposed together. The long tinme

base is referred exandsingtherhaMipletddbitdtostn fdhghe Rt cofprefeddabahcaagdd 10
the nodulo tinme based will then be used jointly to determ ne the actual

time baseplacingsthefsaid fistammenings tlis appropriateecompesa@bbitstrethanel} aimbduloe
final conposited sequence for display. In order to facilitate editing of

t he BiX sttismrbasads enodnintersyl o theemehiplexakbitstbgamt pl anes from different
sources into a new group of video object planes there is a 15 need for a
third conmponent #esextingw moflitlcetimarhasatto eachiof skt ctmpressed bitstreama) and e
base of the individual video object plane fromthe conmon tine base.
‘Hereafter this oftReating the Ipst twer stepeuntibthesmultiplexsrd bitstseamniis exhausied.
prevents the different video object planes fromhaving to synchronize at a
granularity equivalent to the nodulo tinme base interval. This conponent
shoul d be kept constant for thiah vi deo_ object 20 plane within the group of
video object pl ad¥Cording toralifth asppeleofihetiayentien, a methad of decadingirdoeilne

s descr.i bed. .
0" “time base of an audio visual sequence from the time base of the compressed data

base j
encoded, accordiﬁg to the first aspect of the invention, comprises the steps of:
initializing the reference time base taking into account the time base offset;
incrementing the reference time base by a specific interval for each modulo
time base decoded; -
25 decoding the time base increment of the compressed instance; and
‘determining the decoding time base of the said instance by adding the said

decoded time base increment value to the reference time base.

5



Modul o ti me base represent the coarse resolution of the local tine base. It

" does not have a value like the VOP tinme increnent. In fact it is nore of a

25 syncHroni zation nechanismto synchronize the VOP tine i ngreg@enygho the
l.ocal time base of the video object plane. It is placed in the encoded
bitsfreamas markers to indicate that the VOP tine increment of the video
obj ect planes that follows are to be 8 1 1 OCT Z(104 reset and that the
reference to the local time base are to be incremented by one or nore units
of the nodul o ti Aecoriisg toasisthlaspéet ofithe indnticdBa metiddaofudeiodinga dochll o
time base is showmn as a series of zero or nore "1" termnated by a "0O"

i nsert ed tint batdref b taatiicevisublesedeen e frone thdimédseiafdhe compressed date
nunber of "1" inserted into the 5 bitstreamdepends on the nunber of units
of modul @nicodedawerdingtto ths setondsspest of thetinvehtion, comdprisesothemtapisdeo

obj ect plane. At the encoder and decoder the nodulo tinme base counter is

i ncrefent ed by oimtiikizingdhé réfetermedimatbase thkidpydntoraconnt obthedtimebaser is
finite in length and therefore in a practical systemthe nodulo tinme base
i s reset dffsetero when the nmaxi num val ue is exhausted. In a typical video
sequence, the 10 video object.planes forma group of VOP. Therefore the
modul 0 tinme baseincementihg yhe referenae tinhebaseby aspecificintprsalfosreaciomodudy |
the VOP tine increment is described. The VOP tine increment shall be in
uni ts t hdimedasedppadad;t he shortest 15 tenporal sanpling of the video
objects. It can also _be the native tine base for the object which is
rendered. It theflecagiag thetimechase inprementefithy camprassedyinganceAanst al

resolution that is required or can be supported. The VOP tine bg@rement can

t henlBe i ndi cat edetsyminingthe dimebageringrement tgrieaorg 06w AYRES 28SYURE P&t i o

of the global] tinme bgse interval to the local {ine hasg 20 .resolution. FEig.
3A shows f&?\atéé@aﬁﬁP@ ng’ﬁéﬁ‘?/ﬁmtqfﬁﬁc‘? _ pgwpg;ss;qﬂmeﬁgquuqsg\}pﬁgg CBB‘]’@BE of
pl anes ang t.he reference to the nodulo tinme base. An absolute time base is
used. TheDgARStaneR I > is reset each time the nmodulo time base is

ol anes. The oper AFIFEASEINE CCRMUna e Prce B oo b Ries Pr SRR A0 R .

e not r I aReE it DA il VAT B ke BRE el AR Reke SEpBE
t he q ff I, ecoding and presentation order. This is described in
bR o

det ai 1 OCT 21101 Since the VOP tinme increnent corresponds to
the presentationgline:h L0t -lil: @b h SEb WA 4 id
encodi ng order igucf?ﬁl@?lgﬁpe?i c g(r?ﬁqlggtetgghtbg% ??ﬁ?ﬁ(ﬁ%ﬂé#‘n%?s o%urls éthehsal

B-vi deo qhj@kd Mrdd'Base faickrmeht dabudd-{fieldodi Elﬁ-e%ﬁei&ttué peviBuyindemce

obj ect planes are encoded after their referenc and P-video object 5

pl anes evg{roda@wsihg RVt 681965 sidieniethed, 90 Mhidaaseihoensertds bhithe
presentation order.” Since the"VOP tinme increment is finite and is relative
.o the mgebAdtype base, the VOP tine increment is reset when the nodul o
time base is encountered. However, the order of encoding for the B-video
obj e@0 pl anes have been del ayed. Fig. 4 show the anmbiguity that can arise.
It is not possible to determ ne when the VOP IO tine increnment should be
reset. InBﬁaf:Desbﬁptigﬁ\oem)xawsggyence of encoded events as in Fig. 4A it is
not possible to know which of the timng situations of Figs. 4B, 4C and 4D
it is trying tThepresssninvedtios witldidcome anes falipundbestead &omt thendetailed of
one nodul o time base shared anong all the different types of .video object
coupl ed vdeskeriptiendiitéebelove ahdtheeccdrhparyingdiiagraarsdwperes@nt at i on or der.
There is nothing that can 15 be done to the encoding order since the -

ref erence i nf or mifig.ohiliustratep fhectempprahsaniplinglebthebpror ap ivealrese. the framesfso
not desirable to have independent nodulo time base for the different
predi2bt i dhetvigeo sddueanckds sampéedsat negiitar intervalscode the VOP time i ncrenent
of the B-video object planes as a relative value to the preceding | or

P-vi deo obj ect planes and that the nodulo tinme base applies only to the |
and P-video object 20 planes and not the B video object planes. This
solution is depicted in Fig. 5. Next, VOP tinme offset is described.

6



Besi des the above the nodulo tine base are shared between all video object
" planes. This neans that the synchronization of the di fferegt1 ﬁbﬂ@z@[yobj ects
will have a 25 granularity equivalent to the nodulo tine base terval .
This is unacceptable especially in the case where video object planes from
di fferent groups are conbined to forma new group of video object planes.
Fig. 6 shows an le_),<a Je of two different 10 1 1 0 C T 2004 vi deo object
pl anes that weref&h gtrajesthe gencept pEviseo abjectiplanesangddbe relptionship with set
from one anot he{]. TE.HS wheg t he video object planes are nultiplexed, the
synchr oni %3 $8beR {He sempdag oijthe videsi ehject plreesaanoboimegar and fheer

granul ari t¥rt1ils achi.eyed bX al, | owég each individual video object plane.to
have a VGBRRIRE PFHQLLan Kapdras that only this value is changed when
t he vi deo obj ect Pl a&{lésl are mapi pul ated and mul ti pl exed. There is no need
to change the VOPI&itbIlytatesthe cHpgn) mveptionsvhnse dhatemperahiaference of the

di fferent_.vi dep. obj ect. pl anes, wi t hout, coarse granul arity _timng
di 11 oPentYidea .08:-%%% a% i GLed by due modulle s bats; andytheY YRime fRarement The

oo o IRRRERRERAS kP UBAT! " T Ul 5" b e
pzmﬁ:??“neabg‘;’é?% il tﬁé'.cﬂf%rept eRfing #ﬁfﬁ?ﬁaﬁf’%ﬁoéa&ﬁ?&%isé E%ghﬁa
component oy SPRRS s AT RaREL PR e g af i eiagd she FOBTiRe 1 hesh

di agram gjel}lg{}ﬁté&?rggg% W£n£§ vfﬁ,'tl me base encoding is shown in Fig. 7. In

t he enco fine pas€i's first initialized to the local start
timeqpn step 1. > [ ep.2 wher h r
determ nes the CE éﬁ?ﬁégﬁﬁg ?‘E‘faﬁﬁ‘ygé’ﬁi"?%ﬁé@ﬂ&@ﬁ%ﬂ5?@%@%51{3% ocal
time basegrefdmatiesl obderGRARAE @4, i Pl ' - | Skl
base to g)ee if the intervaP hgggae)%?ggggéglst lgféh%dééfé x??ﬁ@%géhs%#t@r’%g I f
the intemplghedtas been exceeded the control is passed to step 4 where the
requi red nunber of nodulo tinme base is inserted into the bitstream If the
interval has notFizesnllexsereaddingsn &Pth%oﬁﬁb iydempBibyifg A6SAaRANd  The
processi ng t hen p%ggceeds to step 5 where t e@}%QWHeplibr#cr%nent Fl'géllilnserted
i nt o therelativetimaebadds. The object is then encoded in step 6 and the
inserted into the bitstream The encoder then checks to determine if there
are hkbre obj ect sFig 6hdHlustrstedehle comditing bf thb VOPsandrtheit synchrohiZhtionto2004
nore objects to be encoded the process resunes at step 2 where the | ocal

ti me baséh¢ commen tiew bask iyhemplaying MOPuime offsetst s to be encoded then the
process termnates. The following formula are used to determne the

absol ute and r el Big: Vdllveiratgs tige flow diagraim doettentrcoiing of thevimebashj ect

pl anes and B-vi deo obJl ect planes, respectively. tcrsn = n Xtcrat'~" torso
(n =0, 1, 2, 3,Fig 8jllpstratesthe Aow diagram for thermalt{lyxing\of more thas-onekr et ~
where tG-o,. is the encoder tinme base marked by the nth encoded nodulo tine
base, -t GVifeq %bJFﬁEPBPES-detern‘i ned nodul o tine base interval, . tGi.~is

t he ﬁ?coder ti base start time, tA~ is the absolute VOP.tinme increnent
for the I or P-\iided B5tEtes theHew dingram fox the denmwltiplexingofmeee thanians
start of _the et?ngrgpil%g of the | or P video object planes, tR-is the

rel ative PHE PRBFEMent for the B-video object planes, and t~B is 'the

encoder tinme base at.the start of the encoding of the B.yi deo object .plane.
ot Crmul t1p1 o8- OTBSSERIES thediow Glesian, utbn reseusny of BegereRATobHmsS
When nor wn' one video object planes are nmultiplexed together, the

mul ti pl exes %€xam nes the nmultiple video object plane bitstreans to

det ' th f. | t.i ' | | th hrgnj zation. Th

oper at i ons. | nvory B Lp I HEHEE B PRiagtam fiidhopeA RS SRALEPL PEimeach of

the 44 d ' I tob Ltipl d [ ted into the bitst

in o 1190 Tr BaORfPe: T camote e Fatko obj ect planes fo be mul ti pl exed
th ' [ 2 t ' ' | of the pl . t thei

are Lnen exam o, 1358l b 5L s dorThh P TR Bud Gl o

step 13 &@‘_ec;d%r%?agggd]ngtqu o ti n?hebﬁx%% bl nsert'ed into the nultiplexed 12

7



-1 1 OCT 200 bitstream The processing then proceeds to step 14 where the
next en%oded vi deo object is inserted into the multipl exed bhtﬁgéﬁgﬁaé I n
step 15/the bitstreans of the video object planes to be nultipl re
again examned to see if there are nore video objects to be nultiplexed. If
there is, then the control is passed to step 12 again. 5 Gtherw se the

process ends. -mu) 1 1,pl exi ng the bifstream caqntaining nore, than one vi deo
CEigeld R 1

obj ect pl anes i & yséigtes theiime  ghagt for farmnipg g Rifstianan datas ream
containing multiple video object 10 planes is depicted in Fig. 9. The
process begins in step 21 where the VOP tine offsets are decoded and passed
to the, dec r,s for, synchronization., Then the nultiplexed bitstreamis
exam nedﬂFﬁtﬁgﬁ fggbag%ggg,(]qq tﬁ?\i“‘fﬁ%l’t?lno tinme base is found. If the nodul o
time base is foynd then the process is ssed to step 23 where the dul o
.tinme base is i H%"&npﬁfld)éﬂte? EX RIPYADS by e £omgs Pgtsygﬁl?ﬁ?mzlartn’@npr ®ssing

| noer eclifstib A sHHABBF SB5Y ARG BB ObIceLPABam P bieALiT Jhif figne base °1°
Itipl bi t st i L,ned int jLth ' . . vid
by et Y B REBA  Te 6% SRk RS R S Pl eSS,
in. Qh i h .ends. 20. i t ti i .
dascri et chSE A Tp b RS iE R ap PR L b o R RS Whehys 10, 11
[ | tine. .t beqi '
| ocal 11 AgehiBe Hiloph ofRAFRE Qe tReRES RS adblistian oo RBsoefleE. 3Pk
decoded ' t .0CESS i d jch
chocke t bePRetRRbIS {36588 o p W ot R B VO it Blme 01 5
If t j it S3 i 33
wher'd + i inadpto B ¥aSed SaHABRE BF oA Toily I AETTInARRT ik BASRG
Th i : . . . . i
pase. | o o T ojon GEMmARRRRSE of Ry dhject plas B Bkt compotEk e S0
obj ect igratig@gyne to determne if it is a B-video object or not. If it is
then the process is passed to step 35 where the B-video object decoding
time base is callgkdérad ﬂaéﬁﬁdte%iﬁ%éfkKE‘b{tﬁ}earﬁ'&ﬂde&ﬂﬁﬁﬁng différbenvidessed

to step 37. If the result of step is not a 5~ B-video object then the
process bbjeﬁﬁ?l_aﬁds frons tiPerdht YARESs inf6 adRWOPIOHP ¢ VileHdbfedt platisahitrtied
based on equation (S). The process then proceeds to step 37. In step 37,

t he 15 t sheebforiasthéxiaeompotienttoallot & fifed drioumt of offsktbedlken tise lowalitiomrde.

If there is then the process is passed to step 32 again. Qtherw se the

pr ocessi bapessfithe ifddhividwdl videangbject plane fasm ths ednimonl¢ines basee Heeeafter this
presentation tinme stanp of 10 the video objects: tcT-so = n XtGst + torso
(n = 0, affsetwid]lbe refermed)totasnbe /MOPR tima/offset.t TiBprevemsnbe different videoDTBI / P
6 where 15 t~ LBA is the decoding tine base marked by the nth decoded

nodul o tkigchpleaes fiomphaving tesypchranizeaha geanuladty equivatsnbte the modulm |
t'‘G-o is the decqding tinme base start tine, tD~~ is the decoding t|me base
at the stimetbase iptgevaleclhis sgmponentshould be kaptsonsteptéar %ﬂfin‘éé?og J&h~ i s

t he (aecoded absolute VOP tinme_ increnment for the | or, P-video Bbj ect pl anes,
t D-BU s plaaenatiyaithe rowe of yideoebjesteplones thaspre multiplesgdigeeiiet-ne B vi deo
obj ect plane, and tR~ is the decoded relative VOP tinme increnent for the
B-vi deo obj ect planes. 25 Inplenentation of the Bitstream Encoder is

descri bed. 14 CT 2 Fig. .1~ shows the block diagramfor an

i npl emrent ati on g%rs%’H%?gﬁPéHg‘F@ﬁ%bﬁe esl‘:él&’eéncodi ng the modulo time base
-and-the VOP ti i ncrement. For the purpose of thi,s illustration th
exanple in Fi g%%g‘ﬁg Hag _asgirmgsecﬁt_tgp F@é{%ﬁdﬁaqluﬂchﬂflégFg?.c"}lé"}]%b&?e-t fte
encodi ng,order, . s dif

A G R
AT i e g
g?dte-heTeh%an%i?% Bi ,ZQ:SBEC?%L‘E& 3&;%%@88%&1‘: ?hrfeﬁn‘iorjégk}?ﬁ@{eragéﬁf r%; ?"'r?eist art
conpar es' h@t%?%%gh? ;(g)gﬁn{)? WRCTHR fc’fg% B’ﬁ\)@dea' gi?erfgtp?‘ir;%ati’atgq]]%ygpebtggbee

register. The result is passed to the dulo time base encoder, step 43.
The nodul o tinme base encoder will inser® into the bitstreamthe required
nunber of "1" equivalent to the nunber of nodulo tinme base increment that
has el apsed. This is then followed by the synbol "O' to signal 15 the end
of the nodulo tine base code. The local tinme base register is updated to
the current nodulo tine base. The processing then proceed to the VOP tine
base . increment encoder, step 44, where the remainder of the presentation

Y Y b1 o o " o o,



25 tinme base code. The B-VOP tine base register is set to the value . of the
" local time base register and the local time base register is updated to the
current Jnodul o time 15 1 1 OCT 2004 | base. The processing 1 lpen 2040ceeds
to the VOP tinme base increnent encoder, step 44, where the renainder of the
presentation time code of the P-VOP is encoded. The process then repeats

W th t he ragdtandensatiedeféréiRe toh€RicaPliffReh 4B afdtol tre indferBeMERPbyB1 drimerecode
conparator, step 42, conpares the 5 presentation tinme of the B-VOP agai nst

the B- VORiiisnef thasgodidgitithebaseliiftervak Ul Figs. BAS S8 41 § anfed,themhadilotimdase
encoder, step 43. The nodulo tinme base encoder will insert the required

nunmber ofbasd'is slpivi ak arderied of Rerdoihre 61 mareiihatetdibyea B0 insertedentnthet hat
has el apsed. This is then followed by the synbol"0" to signal the end of

-t he nodulbitstieat besier befige tIROVIOP tigneBnYfdhédt T Heananbagifsti&inserted ineo thecal
time 7.0 base register are not changed after the processing of the B=VOP.

The pBocésitstiegnt depends enethd futntidreof\(Hht st dffothaloetime basentimt hasetaised sitcep

44, where the remai nder of the presentation tinme code of the B-VOP is
encoded. thbdasteode ItorPevilzeabjegiplhes. At thesedoder ahteleceder the\ropdulitihe

mar ks the begi nning of the next group of VOP. 15 Inplenentation of the

Bi t st r earhaBecodpteriis imbrementeddy &neg forleachl ‘{1dsncaupterecheModda timebased f or
the inplementation of the decoder for the nodulo tine base and VOP ting

i ncr ementcaumterds dinite inHengthemhtharéfore in aprastizabsystemithe mpedulabineerbaseaisi on
of the encoder the exanple in 20 Fig. 3B is used, The decoding order is the
sane as tiesctdagsto n@mﬂgemm@mwh elis wghaugtedie b a dypical vigge deqayenagethe vop
before the B=VOP. This is explained_in the paragraphs bel gw. The processing
begi 39 i rvidpe objsict planes ferm stgrpupiof VBB Lherefore the moduto timedaseds usually s
set to the value of the tinme code decoded fromthe bitstream The 25
processi gsetrdihe sseelifhis goupRfuVOR.i ne base decoder, step 52, where the
modul o time base increnent is decoded. The total nunber of nodulo tinme base
i ncrenent decoded is given by the nunber of "1" decoded before the synbol

the VOP (i mo bashiehdhe MAP Rat inprement If FRemPRe base cal cul ator. Step 5.
Lime' base | ncr onbe VAP dinF Edrstizat bl RE T BoBF el RinisbBoredF BB Ve
obt atn ¢ RsF AR S0 PHAFS Biletys ViR ol B (R AERE SRR CRRE Tol el
or ocoss. rapest EERASH ) Snthetofe BrERni e TR By A D0 R o1 G
time base.kOGtioHRRAt is$edSTOHEH cad BE shppaltegunber of |
The VOP time increment can then be indicated by a finite length number
greater or equal to the ratio of the global time base interval to the local time base
20 resolution. Fig. 3A shows an example of the VOP time increment for I and P-video
object planes and the reference to the modulo time base. An absolute time base is
used. The VOP time increment is reset each time the modulo time base is
encountered. Fig. 3B shows another example using I, P and B-video object planes.
The operation is the same with the exception that the modulo time base is repeated in
25 the I'B-Vide.o object planes. If the modulo time base is not ;epeated in the B-video
object plane then ambiguities arise due to the difference in decoding and presentation

order. This is described in detai.l below.



- nmodul o tinme base increment decoded is given by the nunber of "I" decoded
before 10 the synbol "O'. Next the VOP tinme base increnent is decoded in
the VOP)tine base increnent, step 53. In the tine base calculaiqro LR 54,
the presentation time of the P-VOP is recovered. The B=VOp nodulo ?IHE base
register is set to the value in the local tine base register. The total

egister The VCPER B N UPRR Risseneh corteronbgnttha ess A Nen HEREPaRs, fo
Chen goos OERE pAUIERT i) Bcbe SiaEr <RhetiaEonder by enth deemise ianaeh,
52, whor o Ot RS BERT R R ot piants cSiet S MERS A e REp R
ot or & o0 BiRry B deBER TRt e sReth FRngl i RBHER 1 3hd PrudlGadhee
the prosclaie oy op REo g Bt prBbiRed e et Wi ¥S-aRiScis FEHR RBbtRRcL o

L AR R i ML
ggpgg?giegt%e proceessn ?%en g%gg %téka% i?gém&.)tj"_@%t aégo%fgro \ﬂtlel{;g ;[ he vi gteo
atJ t he neg&l& %h\fh](?rgﬁr #aﬁ@?épﬁggg%ﬁm%%h%%? anﬁe%;‘%?l %’E?&%ﬁg? h&&@i Fig.
SCeps. for R e SupERTy MECcar iy, Tt ABLbRiUE o e RlaE N B W OR e

shownign i j i 3 j :
a1 gt i g HBE RO Bt fesel nfp PR RSRES sEP o ehcd ettt 1

pi ct ur es) Hﬂ%aﬂe,r it i8Rt pOSsiBle fo e dW WHIEHK B 11 tiHﬁx?%@itﬁHtio\é@D& Figbi 4B, Heiang
di spl ayed, the local tine, at which the display 15 effected, I's neasured

for each YDPitliOtydndth fdp2ede@dealThid prodléthemeshoue basRlse. ofithe usk bFlon¥OP
(11-VOP) is displayed at 1 hour 23 m nute 45 second 350 millisecond {1 : 23

: 45 : 35@odudo tineelbiseosharéd apm ablemiermff@?bxﬁfty%ébew/ﬁdeo objda ,coupkdseftand
VOP (B1-VOP) is displayed at 1: 23 : 45 750 ; the third VOP (B2-VOP) is

di spl ayedthst differe3 betd@en th&8ncoding and poesentationsorderli Thetehie nvtiiag thdt daa
necessary to insert the display tine data to 15 each VOP. The insertion of
the f18 | berdongddo 4h¢ ancedinggriiensincartheuteferenes infdrraatiomis tdguiredriyy thecBpi es
a certain data space in the header portion of each VOP. The aimof the
present i Widastabiect planes. (it duelso not Hesirabde to bpeerindependentgneduloftime hase fare
data to beg inserted in each VOP. Each of the VOPs shown in the first rowin
Fig. 13 i thesdidfesentprediation typsp  Therefore theesalution i towweds BecBQF timet he vOP
time increnent area, ch,of the VOPs in the first rowis also stored.

t enpor ar i IBFIGMERt 9‘3@6?@&%%/0%?@16&@%&%& rejafive valpa te %Pﬂcéé'@gi@.f Prxideeop

header is stored with the display data, of hour, m.nute, apd ond fqr, the
first -vopOpl -B%ﬂf.s ad tg%\%ﬁ thodilediae baseiappliss Wlwite.thag,anaffg-V\ﬁ%Psoq%lF@
del ay. by, a 25 predet egm.ned ti, sing.a.buffer (.not sho . n the
VOPs gfe é%’&aéeﬁ ”ﬂ(fgﬁﬁ %@ﬁﬁﬁfoﬁjé&? Py@ﬂ?sor 558 ?’toﬁés\&@écqﬁm gh%\;\rh?ged
according to the bi-directional prediction rule such that the

bi -directional VOP, i.e., B-VOP, should be positioned 18

Next, VOPl time offset is described.
Besides the above the modulo time base are shared between all video object
planes. This means that the synchronization of the different video objects will have a
25  granularity equivalent to the modulo time base interval. This is unacceptable
especially in the case where video object planes from different groups are combined to

form a new group of video object planes. Fig. 6 shows an example of two different

10



91 OCT 2ta0~! after the P-VOP to which the B-VOP references. Thus, the

- VOPs are aligned in the order of 11; P1, Bl, B2, P2, B3. As shown in the
third roawin Fig. 13, at time Tl, i.e., when the GOP header 1ift 0p¢i 200
encoded; the local tine base register stores the hour, mnute, second data
as; 5 stored in the GOP header. In the exanple shown in Fig. 13; the | ocal
time base register stores 1: 23 : 45. Then, before tine T2, the bitstream
data for video 6bjechplates that whteemededivwith tWe different Toculitime dasotichtdas a
being inserted as shown at the bottomrowin Fig. 13. Then, at tine T2, the
first VORffdet fiidmRpnemnotkan Tius When theeideedshji&t plan@wartmultipleped,ethet he
time (hour, mnute, second) stored in the local tine base register wwth the
time (howsynchromizatjomsef thedyideembieats planes tape elioioffselie A finst gradRl{rity\Mer) .
According to the exanple, the result of the conparison is the sane. Thus,

t he conpachievedirpaliewing e4ch indiividuahyidebabj¢dipldne &t hat@Pa MOP IR offsetir s
in the sane second as the second being held in the local tinme base

regi sber Thibeneamsthat only this ¢Aupiiodhaggt dfwhen thevideowbjattplanes sdded to the
first VOP (11-VOP) at the ~nodulo tine base area. At the sanme tine, the
‘hour, mi mo2ripaladed and mouldiplexede ifbereris ny metedrtocthangs tee VIOR timéOR ofére MOP)

is elimnated. Thus, before tine T3, the bitstreamdata for the first VOP
(11-voP) and yebdtisreassilile to ndultiplesetheatifiereithddemdbject plames vdshowt reearsend
"350" inserted in the VOP tine increnent area. 20 Then, at tine T3, the
second Vv@papylaritytiming diffezantials. Fig 6Gtillwstratsddhe vapaf this timohpse effsetse ti ne
(hour, mnute, second) stored in the |ocal time base register with the tinme
(hour, nminute, s&bBempajferradrmbedinenttodthel cirrenhinventiondnwaipes pmathpyl of
Accorgin to.fhe exanple;, the result of the conparison is such that the

ti mel?enmsaradingthetype dase feneacheeithe ln@mqm—% objechplangditstigagh @at er
than the . 25.tine Izt?re.d IHQﬁJ ocal .time base register. Thus, ,the conparator
pr oduces Matgod;of speliiplexing different videabieotplaned infora cormmpnstimg hase, #ext

one second to,the, second being held.in the |ocal  ti base register. If the
second v&‘%ﬁi-“%&%‘“‘b@%&eﬁ&\ Uﬂaalﬁxefgbltstieainmqge@@%egé% 8 to the
second bei l.d_ L0 the local tine_.base register,,.t. conparator w ||
produce %%}g?g%ﬁq‘g{:&eepqg%tﬁye & frony F&?BOB%\%teblPsg’éﬁaﬁ'er i's set to the
time equal to the tine carried in the local tinme base reo stet inmmediately
before tinme T3. Zn the 5 exanple, the B-VOP tinme base register is set to

to the i ﬁ“e: cquareFadig e fine bR HERbeET 0 20 1L he. cecond VG d
P1-VOP). T ;7 : ' ' .Sl
Lo 3725 46, TholpeCurs SHERar hRSmine bl fFitdhte badk Sh&haind st DERETY ©

h | : Ry ey e
Lhe nour 5 o e oo Tl Cal fne BTl SFinf e b Rocki M A td 1

ored I n the secon

(P1- VOP) siep El The ggéﬁﬂs ig g!ta%eg ggfs\%i'p% heFe tht enlcbBeddteHhRRIB@ Edrrb A vAliE

second VOP (PJ.-VOP) is o "10" 1 nserted in the nodulo tine base

ar ea andoffﬁﬁ@l‘odahsi@:ﬂdBﬂsd.nlrﬁéte{)\KBetlbeﬁ tiMe baseBbtadi&Pis comdpartas that tine
T4, the third VOP (B1-VOP) is taken up. The tinme code conparator conpares

t he 20 neptdvdouslyrdnvoded meddlodims baseeh sde ifftRe But¥iF3l habRxbesded ®gifibéilow t h
the tinme (hour, mnute, second) tenporarily stored in the third VOP

( B~- YOP) tinfcbavedintgrvah Ifwhedxnterpalehastiee nreaidbde dihel dunteosl rrpgaiss‘e@rtoi step he
same. Thus, .the conparator produces "0" indicating that the third VOP

( B1- VOP) wirecetlse faqutited] 20mbanef seniule tiage biwe. iseaspit diaitd chdbitstréam! AftHs- VOP
time base register. The result "0" as produced fromthe conparator is added
to the tftervalbes gBLb¥ewexatededethendolspetialbahdlieg B wecesdiryt Ehesproeessimg,
the hour, mnute and second data tenporarily stored in the third

VOP( | 1- Vitren proceedsitmstepds whens theoWiOR tintsl imeréthenttib éndeirtest intathelbitstréam. t he
third YOP (B1-YOP) is obtained with "0" inserted in the nodul o tinme base

ar ea?®. ~Thadbje@ds thew enceded in sthp 6 therimsémed e the hitswearhhéfe etcodene
T5, the fourth VOP (B2-VOP) is taken up. The time code . conparator

conpar esthemecheicks t¢ determine if there sreqnort) olsjeotsdd bierenchde din/sept . nif therear@0

1 1 OCT 2001 register with the tine (hour, mnute, second) tenporarily
stored in the fourth VOP (B2-VOP). According to the exanple, the result of
the conparison is such that the tinme tenporarily stored in the fourth VOP
(B2-VOP) is one second greater than thelflinme stored in B-VOP tine base

regi ster. Thus, the conparator produces "10" 5 indicating that the fourth
VOP (B2-VOP) occurs in the next one second to the second being held in the
B-VOP tinme base register. During the processing of the B type VOP, neither
the local tinme base register nor the B-VOP tinme base register is

i ncrenented regardl ess of whatever result the conparator produces. 10 The

o o, M rr



- VOP,(B2-VOP) at the nodulo tinme base area. At the same tinme, the hour,

m nut e z?nd second data tenporarily stored in the fourth VOP (B2-VOP) is
elimnated. Thus, before tine T6, the bitstreamdata for the flougCh 2g6P
(B2-VOP) is obtained with "10" inserted in the nodulo time base area and
"150" inserted in the VOP tine increnent 15 area. Then, at tinme T6, the
fifth vopP

(nour,  mPRRiESPIEEs 9 By BEofed o pioness 1eoumes ot HEPUIVESIGRIORH SRR |~
ccor i nPLB R IEQETORE B4 ot SRR i bF kBCadipiendin Pretcia Fmhales: ne 20
han the t1 e st DFeE ol areisse to s (iR (SRR DTy G AFlAIA YDE
Cecond + SmincBRsAR BEVR ee DrctmlaBenind Briingo ohicst plinee BopSaivay (| o
{1 e o Koa =1 ke Serad | o BeEDs Loi e | mredi at el y bef 6l time T6. In

the exa Ie,_tthe B-\JOP tinme base register is increnented to @23:46. Al so,
after ti 6, e I's8l tinme base register is increnented t Yhe tine
equal to the_time_zt’L Wocr 200 tenporarily stored in the fiﬁth VOP
.(P2-VCP)tF:V“I'ﬁL}sE?'Bi n5P& exanple, the local tine base regi stef3) s

increrrengﬂﬂergo_l: 23:47. The result "10" as produced fromthe conparator is
added to the fifth VOP (P2-VOP) at the nodulo tinme base area. At the sane

ime. the h i ; L i fin
Vop (po s s S ERCEIY fing 800 Bl d by TR ANAL S HodHo ik Mase, T 0
th yfth VOP (P2~ i > A A "A00 s dinth dulo ti
bagei%r egmghd (gééwéﬁﬁgg?%e@%\&ﬁ%m eljgrraesezlﬁger?{é&r;gntl gr éa.e 'rl'nrjlelrjegftle;n,3 a

simlar rati } i ing bitstreamdata for the
Mehal! o the efiébddrafin® Was{ farf B

foll ow n s. 10 For decoding t Stteam data, an operati on opposite

tothe apayp ! i8ah¢ hBEIRN VOP fife inkhéintd!or (NPH6r PIVALS Bbject ppilfek, car | ed

in the eader is read. The read tinme 1s stored 1n the time base
registert n rigeke eicofertinge bade/RThO5taR SMAE e¥edling of the PéFBNiddesbjete B
type VOP, the data stored in the nodulo tinme base areéa is read. If the read
data is phipesj.e., without 15 any 1s in front of 0, no change is made in
the local tinme base register, and also no change is nade in the B-VOP tine
basely eghsier. risthereletive Y40 timse iddémenhforttheB-sideveashject planes,andl tine
base register is increnented by one second. If the read data is "11.0", the
time stotmgsgin tinghe oncdderitime baseat thgi st ofitlse emmrding of dxe Byvideo obgmat onds.
rn this manner, the nunber of seconds which should be incremented is
det er ni NPy 20 the nunber of is inserted in front of 0. Al so, when the
read data is "10" or "110", the B-VOP tine base register, which is a
menory, copies the tinme the local tinme base register had carried just
before the nost recent increment. Then, the time (hour, mnute, second)
‘carried.in the INegh myltiplexiag mergitbar pne yidesnehjaetplanesistdescribad.

(m!éd second) ¢ ied in the VOP time_increnent area . to egt abl | sh

specttic tine at"WASDJRPEHbERone vidpa objeap planss aypmultiplexgd deget 9T’L"J§6n

recei pt of .t.he B type,VOP, the data, stored in the, nodul o ti,me base, area
is read, qugpfeﬁér Fé%@ﬂ{fgttgeirgultrﬁg Video 9hjpgt R]HB‘?ng,tSth?ﬂ}fé‘,’ deteTing thear ri ed

in the Boffer of multiplexing as well as the synchronization. ‘The operations involved is
depicted in Fig. 8. The VOP time offsets for each of the video object planes to be
multiplexed are inserted into the bitstream in step 11. All the bitstreams of the'v'ideo
25  object planes to be multiplexed are theﬁ examined in step 12 to determine if all of the
planes are at their réSpe_ctive modulo time base. If they are then the processing is

passes to step 13 where a common modulo time base is inserted into the multiplexed

12



1 1 OCT 20D VOP tine base register is conbined wwth the time (m|lisecond)
carried.in the VOP tine increnent area to establish a specific tinme at

whi ch tHe B type VOP should occur. If the read data is "10", tht aCTn#04
(hour, mnute, second) carried in the B-VOP tinme base register is added one
second, and then the added result tine is conbined with the 5 tine

(mllisecpnd) cargihed in the VOP tinme increnment, afea to establish, a,
specific Bﬂ?&eaﬂ' mecﬂ’fof:ﬁ%s’@ ﬁi&?&’f@@eé%%ﬁm ]&CWEFI.'C nexd ePE%‘i‘QM‘tdéoi s
"1J:0", the.tine (hou m.nut e, ,Seco carried in -VOP tine. base
regi ster Pﬁleﬁhﬁéagﬁiff.fs“é%%@Pltﬂamﬁg?{svﬁ@nﬁaé&nfe{&eﬁltst%mssofdgﬁmc}@d
with the tine illisecond). carrjed in,the VOP time i,ncrenent area.to

o5t abl i shoRIEehRMues (8 BE HRHipTeiad € agdime Rampinedcio edb ko s mors i
effects ofythis dydwventi.on i enabl e vi deo obhject planes encqded b

di fferent Bﬁ?@kﬁ‘grs ﬁ%‘thﬂ)@eﬁﬁ&‘t ﬁ‘ﬁ'lhé’f%&’ ?IP‘?D ei?onéhgdsﬁ’ééschﬁoasﬁépggjaééi ‘based
bitstrea I i on_o onpressed data that conme fromdifferent
sour ces th%@%egfﬁ]e@éo%ﬁss%q ans. It provides a nethod of synchronization
fox audi o visual objects. The invention being thus described, it wll be
obvious that the sanme may be 15 varied in many ways. Such variations are

t tob d f th irit .of th
"nvention,  and aiiCHAP GRS (RIS M e e inE serB Rt hE Vs RICRBIFRAS |

the art eddshfigpged to be included within the scope of the follow ng ,
cl ai ns. ?ﬁi S Sg%;q??'cati on is a divisional of SG 9802074.6. 23 Claims 11

OCT 2004 1. A MRt d0ofH AR idd R oRAS 8 mAlE Wile SOGHENC ®

conprising the steps of: Nt Ng 1ns ual’ "seq e by

Lomm D SR G S g B O AR

encoded i'hto conp a, enc ocal ftT he " base in

conpri si ngreade®dded @ntipaBsPeFthe Mlco iﬂ%r%ﬂ{]gg@gﬁia?%? 'f'fl?lgé%]eﬁ]gll?tfi%lEgQE

ref erence spaced evenly at a to specific i on the ase

and a ti rigjtéteeaen i9Oi@nRel if SlepdMe ed if R A¥aRI Qggsgi%oﬁﬁ‘ﬁdf?fﬁ{e‘?%&ﬁlo

inserting the nodulo tinme base into the conpressed ¢ enever the
speci fic fimedrayals frave tearbepiocatdis prssed kst G«ﬁ@i‘% fhasfoduletGHEBhse is

within the conpressed data of "the is’instances  of the visual sequence. 2. A

met hod ofindextedlintg a3l thecdtle bbjecbbitetrodms. Whelsdocshihe et dmifieBSvith step
conpressed data encoded according to claim11, conprising the steps of

i ni tildl i Z2%yhere teeneroddes objechisetaiined 4nd insarted into the tappropiéate video

of fset; increnmenting the reference tinme base by a specific Interval for
each nodupljeetbitsticase Hiaedlydte midtiphixed Hitstreannis xasenedagaimeotseoif thees is
instance; and determ ning the local tine base of the instance by adding a
val ue of amyempze videoddbiedtitademubtiplexcr Kithere ispthendhe pfaressiispassedtdstep 22

again. Otherwise the process ends.

20 Recovering the time base is described.

The embodiment of the time base recovery is shown in Fig. 10. In
recovering the local time base, the process begins in_'step 31 where the local time
based is initialized taking into account of the VOP time offset decoded by the de-
multiplexer. Then lthe process is passed to step 32 which checks the bitstream to

25  determine if the modulo time base is decoded. If the modulo time base is decoded
then the process is passed to step 33 where the local time base is incremented by the
modulo time base increment. The process is then passed to step 37. If the modulo

13



24 11 OCT 2004 3. A nethod of claim1, wherein a plurality of conpressed
b.itstreans containing local tine base information encoded therein are

nul tipléxed and de-nmultiplexed, for de-nultiplexing further jconpsizggng the
steps of: decoding the tine base offset of the individual conpressed
bitstream s examning the nultiplexed bitstreamfor the next conpressed

S R A ARG PP
ol S e e L
oo TR TR T B PR PR T "
AT L ASAAEUS GLTIE RO RTS8 1, BB PO R R
comDrs 1 B.iido o9kt oaPH ST U LA ITL PP R oA et
econst  sleonibaBA0L B c4fa008 08I Biol QCToA bR RISR: LA 4D BRAS 3,

; rénce B R Yo B
e i e e e S L S R e

conpr ess el PEidess {9 asked $6 st ho B value rel ative
to the evenFy spac%%a 2s ti m%;ﬂegggggce@ﬁggm@;ﬁgp ' 33%4%%30& ng the tine
base I nerement The fdlfowing BGA1LATRIRATE deltihlife tHIEpRIEMMARIUME SHPBE
nmet hod as a relative value to the local tine base of*the previously
conpl@ssée videbatjects:si ng the first method; inserting the nodulo tinme base
into the conpressed data whenever the s specific interval has el apsed; and

i nsertintpishe ﬁXn%TQa&SQ-,Twcrem{nt-_-@j 1,h'2,rg,t_h_y conpr essed data(@j t he
i nstances of the visual sequence. 5. A nethod of decoding a l'ocal tine base

of a vi stmbpsetigntdsfg,om t he 4)
tores = trvrr + torere (6)
where
15 tgrg, is the decoding time base marked by the nth decoded modulo time base,
toTmI is the pre-determined modulo time base interval,

tetso is the decoding time base start time,

torere  is the decoding time base at the start of the decoding of the I or P video

object planes,
20 tavm is the decoded absolute VOP time increment for the I or P-video object
planes,

toTeB is the decoding time base at the start of the decoding of the B video object
plane, and
tavr is the decoded relative VOP time increment for the B-video object planes.

Implementation of the Bitstream Encoder is described.

14



10 conpressed data encoded according to claim4, conprising the steps I:
initializing a reference time base taking into account of a tinkelHéde
offset;_)i ncrenenting the reference tinme base by a specific interval for

each nodul o ti .base decoded; Jjs decoding the ti hase,.i nc t, of the
i nstance; and (ﬁ'griﬁnﬁﬁﬁwﬁh&e‘etblﬁégdﬁéga' Cfpg%}{pgﬁgl atd%ogﬁﬁr?&gs(gwg&
absolute or relative, K depending on,the first o ngl_conpr essi net hod
used in FH%OCLeﬁéBHF%‘éOQinttEEWQfgﬂ%Ht@? Basgpand itg/%ﬁzégdg% ﬁﬂﬁﬁ&ﬂ?-ﬂ%oﬂtbw
time base of th L,ns, ance by adding a value _of ,the éo deccgﬂj‘tegg tijre pase
i ncr emenPuiRPsed thisridlushation theexampleiin hiie 38 iprissd et neehstIactiose! ¢ he

first type; .and determining the local tjme base of the instance by adding a

val ue of preshiclienisdeseds theeneasing nudesiediffarent friemrtae preseadatiomerdeisshownt he
previ ous instance encoded using the first conpression nethod, if the

conpr@ssénl Big. aBt Adie encoding ondesbeginsiwithtde 1260P followedbythe £-& ORbafarhod

of decoding a local tinme base from conpressed data conprising the steps of:
decodi ngtlze BeWOF Thisds Hhasstratdd in théRhfeerparagraphebelony a reference tinme base
by a specific interval; s decoding a tine base increnent of the VOP;, and
det er mi ni ng t he Thcptodeissribepias én olie jnitali4ap, dyp 4ddvimyedhe dlitseamn ¢nvedercoded
time base increment to the reference tinme base. 7. A nethod of decoding a

| ocal ti startsdseinitializiBgVEPldaadtimertasesegidtarototae dnitiaival =i afghe dienododey a
nodul o ti ne base of the B-VOP which is encoded by referring to an |-VOP or

a P-VOP gifeesarfeltémB-cdade vialudliseplcage bintethe ivitstreamntiAnghastaeicfitheeaceding
base for an I-VOP or a P-VOP before the B-VOP in display order by a

specll®i c of thenst!I-VOMthd timedadedaahpstar tép 42, iconipases ahe tpresditMidbh
decoding a tine base increnent of the B-VOP; and determning the |ocal tine

base of tinee Bf HeH-MORdghaingt thevlabalaimé baberaptstod dhetrepelt hapassedctetpnt to
the reference tine base increnented. 27 .A A A & AA A

- A3||5- @b%%kﬁﬂ@_ﬁpﬁ¥5baﬂ &ncddér, Atepda, Tt AoddldrtimdybAeTrbdét wild idsertisf®. Al g
np" Pn

]ZL\E;V]r (r:ﬂ;i‘ag gl]l%g]ltggjkﬁlg% ‘é?j ﬁfi@gggﬁﬂ@%gﬁlgcq}'wﬁa&l@ﬂﬂ exilealnaberdfmbdalotiheal ca

base increment that has elapsed. This is then followed by the symbol "O" to signal

15  theend of the modulo time base code. The local time base register is updated to the
current modulo time base. The processing then pro‘ceed to the VOP time base
increment encoder, step 44, where the remainder of the presentation time code of the
I-VOP is encoded.

The procéss then repeats with the next encoded video object plane

20  whichisthe P-VOP. The time code comparator, step 42, compares the presentation
time of the P-VOP against the local time base register. The result is passed to the
modulo time base encoder, step 43. The modulo time base encoder will insert the
required numBer of "1" equivalent to the number of modulo time base increment that
has elapsed. Thisisthen followed by the symbol "O" to signal the end of the modulo

25 time base code. The B-VOP time base register is set to the value of the local time

base register and the local time base register is updated to the current modulo time

15
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] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] czg caﬁa] ca] ca] ca]ca
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q} xsnid_z]]]ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
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(mB5kHe37} xsni d_Z] ] c_a]lca] ca] ca] ca] ca] ca] ca] ca] ca] _ca]vca caj ca] ca]k(s:a cajcalc

a] ca] ca] ca] ca] ca Q%M dapebp&a]eg;tcalm]scmmhe Ineget I-VOP which marks the

KS3| wrmhc?Y] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca
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ca] calca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca]ca] ca]ca]ca

] cal ¢ ] ca] ca] ca] cagnpf H*910% & ()- |:10% & ()-9s10% & ()-10% & ()-

1'10% & ()-10% & ()- NZ"10%& ()-3"PbC*910% & "10% & ()- M10% & () -

@o0% & ()-s 10%Ilsplenmextation okile Bitiea® DcoderdEdodathed). F1! 10% &' () -

fI110% & ()- -110% & ()-3+10% & ()- )10% & () -

"110% & () - kPRSTHIgd YNCdlogdrates 1thte blick diagram for the implementation of the

10t &=10% & ()-s8 10% & ()-6!10% & ()-3410% & ()- 3MLO% & () - Fvbz

ZaBYNCO 1desedartfovalse modidodsnse brse aind0MQAP (fimeoiddiesnnf tol retOWr&tLe -

1"10% /j/& ()-423 L  dEYNC910% & S! &$10% & ()-3Y10% & ()-10% & () -

10% & () pBisewdation) tinfeldadn®. B)s-ia thetitip)é¥e0dRYos of tB%6 &udoder the example in

, 9 $10% & ()-31 ('10% & ()- &I0% & ()- $f10% & ()- #:!110% & ()- OKdE:/ 10/

10/ " 2010% & 3B iFusad ¥ A2eodin® bRderSs the soMeQYitRe €hcotlib@6rde where the I-

y-GlO% & ()- KM xY:/ 10/ Z10%& ?) - 109 ()- 109 ()- z#I09%& () -

1109 () VORIRBYEedodedl 861l GweE: By 186 SHOMBP(befoPs t&EOB&Y OP. This is explained in

Y109&' ()-Y109&' ()- !'109& ()-f $le%&' ()-3m'FdE:/ 10//109%& ()- & 109&' ()-

@ +F" 1098 pardgratifidbedldw, & 10%& () - 96! 10%& () - 4[ dYNC 10/

‘The processing begins in the initializer, step 51, where the local time base
register is set to the value of the time code decoded from the bitstream. The
25  processing then proceeds the modulo time base decoder, step 52, where the modulo
time base increment is decoded. The total number of modulo time base increment

. decodedis given by the numberof "1" decoded before the symbol "0" Next the VOP
16
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10/ 10%h& ()-1 @10% h& ()- y Z10% h& ()- | 10% h& ()- YyZ10% hg & 0%

h& ()-=nydEYNC 10/ Y 10% h& ()-3G' 10% h& () - 3yf 10% h& ()- |10%h& 1 10%
h& ()-3y10% h& ()- 4yHIEYNC 10/ SY%L0% h&' ()-3Y&S$ 10% h& ()- E"F"10% h& ()- 3Y
Z10% h& ()- Y!'10% h& ()-f10% h& ()- %; dEYNC 10/ S210% h& ()- F0Z10% h& () -

Voo & () ieobRSe defriihsan is degededfn %é% VigEits pisd incimonnsie b defbec

Pl R T e e

158 0o (T Bad IS AR @i%%é%%%&%dﬁw theofodal fifne base

ovi el () NS dRRORTF et hasjarment i ssedpd o the o) timedersaregistr o

109 () - Faihh it f%e(ﬁresentatlon time of the I-VOP. The process then goes to the video object
decoder where the video object is decoded.

For the P-VOP, the process repeats in the modulo time base decoder,
step 52, where the modulo time base increment is decoded. The total number of
modulo time base increment decoded is given by the number of "1" decoded before

10 the symbol "O". Next the VOP time base increment is deéoded in the VOP time base
| increment, step 53. In the time base calculator, step 54, the prese_ntation time of the
P-VOP is recovered. The B-VOP modulo time bﬁse register is set to the value in the
local time base register. The total decoded modulo time base increment value is
added to the local time base register. The VOP time base increment is then added to
15  thelocal time base register to obtain the presentation time of the P-VOP. The
Pprocess then goes to the video object decoder where the video object is decoded.

For the B-VOP, the process repeats in the modulo time base decoder,
step 52, whete the modulo time base increment is decoded. The total number of
modulo time base increment decoded is given by the number of "1" decoded before

20 the symbol "O". Next the VOP time base increment is decoded in the VOP time base
increment, step 53. In the time base calculator, step 54, the presentation time of the
B-VOP.is recovered. The total decoded modulo time base increment value and the
VOP time base increment is added to the B-VOP time base register to obtain the
Presentation time of the B-VOP. Both the B-VOP time base register and the local

25 time base register are left unchanged The process then goes to the video object

decoder where the video object is decoded.
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20

s! &10% '.é)-s a . .
pecific example is described.

‘Referring to Fig. 13, an example of the steps for encoding the compressed
data into bitstream data is shown. As shown in the top row in Fig. 13, the compressed
video dgta VOPs are aligned in the display order, I1, B1, B2, P1, B3, P3 with a GOP
(group of pictures) header inserted at the beginning of group of VOPs. While being
displayed, the local time, at which the display is effected, is measured for each VOP
usmg the local time clock. For example, the first VOP (I1-VOP) is displayed at 1 hour
23 minute 45 second 350 millisecond (1 : 23 : 45 : 350) counted from the very

beginning of the video data; the second VOP (B1-VOP) is displayed at 1: 23 : 45 :

750 ; the third VOP (B2-VOP) is displayed at 1 : 23: 46 : 150 ; and so on.

For encoding the VOPs, it is necessary to insert the display time data to
each VOP. The insertion of the full time data including hour, minute, second and
millisecond occupies a certain data space in the header portion of each VOP. The aim
of the present invention is to reduce such a data space and to simplify the time data to
be inserted in each VOP.

. Each of the VOPs shown in the first row in Fig. 13 is stored with the display
time data of millisecond at the VOP time increment area. Each of t.he VOPs in the
first row is also stored temporarily with the display time data of hour, minute and
second. 'The_GOP header is stored with the display ciata of hour, minute and second
for the first VOP (I1-VOP). |

As shown in the second row in Fig. 13, the VOPs are delayed by a
pre_detehm‘ned time using a buffer (not shown). When the VOPs are produ_c;ed from
the buffer, the order of the VOPs are changed according to the bi-directional
prediction rule such that the bi-directional VOP, i.e., B-VOP, should be positioned

18
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11k, S#109%& () -"109%&' ()- S#10%& ()- ,#910% ()- 10@ 10@ 10@ 10%G1( ye 98K V:
. <dEbC 10 11k, 3T109% ()- f'10% ()-10% ()- FYAO0% ()- g#LO0% () -
V0% ()- <k<<<8===dEbC 10 1!k, F* FOd0%& ()-4(! 10%& ()-3 & 10%& ()-

WNLlO%& ()- # "10%&' ()- 3F&! s$10%& ()- =4>| >>x?2?2aBbC 10

T AOR Tl ORI) L TR o OPERT SO EHE)
| #900% & () IR TLobe B 1 poa 00kt () YAOYE () - FGSHVHWEKHYHAH (1
10 111$10% C C& () AF&GHWPE thd third row in Fig. 13, attime T1, i.e., when the GOP header
s being encoded, the local time base register stores the hour, minute, second data as.
5 stored in the GOP header. In the éxample shown in Fig. 13, the local time base
register stores 1:23 : 45. Then, before time T2, the bitstream data for the GOP héader
is obtained with the hour, minute, second data being inserted as shown at the bottom
rowlin Fig. 13.
Then, at time T2, the first VOP (11-VOP) is taken up. The time code

10  comparator compares the time (hour, miﬁute, second) stored in the local] time base
register with the time (hour, minute, second) temporarily stored in the first VOP (I1-
VOP). According to the example, the result of the comparison is the same. Thus, the
comparator produces “0” iﬁdicating that the first VOP (I1-VOP) occurs in the same
second as the second being held in the local time base register. The result “0” as

15 p.roduced from the comparator is added to the first VOP (I11-VOP) at the modulo time
base area. At the same time, the hour, minute and second data temporarily stored in
the first VOP (F1-VOP) is eliminated. Thus, before time T3, the bitstream data for the
first VOP (I1-VOP) is obtained with “0” inserted in the modulo time base area and
“350” inserted in the VOP time increment area.

20 Then, at time T3, the second VOP ('Pi-VOP) is taken up. The time code
comparator compares the time (hour, minute, second) stored in the local time base
register with the time (hdur, minute, second) temporarily stored in the second VOP
(P1-VOP). According to the example, the result of the comparison is such that the
time temporarily stored in the second VOP (P1-VOP) is one secogd greater than the .

25  time stored in local time base register. Thus, the comparator produces “10” indicating
that the second VOP (P1-VOP) occurs in the next one second to the second b:ing
held in the local time base register. If the second VOP (P1-VOP) occurs in the next-
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second VOP (P1-VOP). Thus, in the example, the local time base register is
incremented to 1:23:46.
The result “IQ” as produced from the comparator is added to the second

10 VOP (P1-VOPY at the modulo time base area. Atthe same time, the hour, minute and
second data temporarily stored in the second VOP (P1-VOP) is eliminated. Thus,
before time T4, the bitstream data for the second VOP (P1-VOP) is obtained with
“10” jnserted in the modulo time base area and “550" inserted in the VOP time
increment area.

15 Then, at time T4, the third VOP (B1-VOP) is taken up. The time code
comparator compares the time (hour, minute, second) stored in the B-VOP time base
register with the time (hour, minute, second) temporarily stored in the third VOP
(B1-VOP). According to the example, the result of the comparison is the same, Thus,
the comparator produces “0" indicating that the third VOP (B1-VOP) occurs in the

20 ‘'samesecond as the',sccond being heldin the B-VOP time base register. The result “0”
as produced from the comparator is added to the third VOP (B1-VOP) at the modulo
time base area. Atthe same time, the hour, minute 2nd second data temporarily stored
in the third VOP(I1-VOP) is eliminated. Thus, before time TS5, the bitstream data for
the third VOP (B1-VOP) is obtained with “0” jnserted in the modulo time base area

25  and “750” inserted in the VOP time i.ncrement area.

| Then, at time T5, the fourth VOP (B2-VOP) is taken up. The time code

. comparalor comparés the time (hour, minute, second) stored in the B-VOP time base
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Dunng the processing of the B type VOP, neither the local time base
register nor the B-VOP timc; base register is incremented regardless of whatever result
the comparator produces. _

10 The result “10” as produced from the comparator is added to the fourth
VOP (B2-VQP) at the modulo time base area. At the same time, the hour, minute and
second data temporarily stored in the fourth VOP (B2-VOP) is eliminated. Thus,
before time T6, the bitstream data for the fourth VOP (B2-VOP) is obtained with “10”
inserted in the modulo time base area and “150” inserted in the VOP time increment

15 area.

| ‘Then, at time T6, the fifth VOP (P2-VOP) is taken up. The time code
comparator compares the time (hour, minute, second) stored in the local time base
register with the time (hour, minute, second) temporarily stored in the fifth VOP
(P2-VOP). According to the example, the result of the comparison is such that the

20  time temporarily stored in the fifth VOP (P2-VOP) is one second greater than the time
stored in local time base register. Thus, the comparator produces “10” indicating that
the fifth VOP (P2-VOP) occurs in the next one second to the second being held in the
local time base register.

After time T6, the B-VOP time base register is incremented to the time

25  equalto the time carried in the local time base register immediately before time T6. In

the example, the B-VOP time base register is incremented to 1:23:46. Also, after time

T6, the local time base register is incremented to the time equal to the time
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5 second data temporarily stored in the fifth VOP (P2-VOP) is eliminated. Thus, before
time T+, the bitstream data for the fifth VOP (P2-VOP) is obtained with “10” inserted
"in the modulo time base area and “350” jnserted in the VOP time increment area.
Thereafter, a similar operation is carried out for forming bitstream data for
the following VOPs.
10 For decoding the bitstream dat;, an operation opposite to the above is
| carried out. First, the time (hour, minute, second) carried in the GOP header is read.
The read time is stored in the local time base register.
Upon receipt of the I type or P type VOP, i.e., other then the B iype VOP,
the data stored in the modulo time base area is read. If the reaci datais “0”,i.e., without
15 anylsin froqt of 0, no change is made in the local time base register, and also no
| change is made in the B-VOP time base register. If the fead data is “10”, the time
stored in the Jocal time base register is incremented by one second. If the read data is
. 1107, the time stored 'i;l the local time base register is incremented by two seconds.
In this manner, the number of seconds which should be incremented is determined by
20 the number of 1s inserted in front of 0. Also, when the re'ad datais “10” or “1107, the
B-VOP time base register, which is a memory, copies the time the local time base
register had carried just before the most recent increment. Then, the time (hour,
minute, second) carried in the local time base register fs cbmbinéd with the time
(millisecond) carried in the VOP time increment area to establish a specific time at
25 whichthe I'type or P type VOP should occur. |
Upon receipt of the B type VOP, the data stored in the modulo time base
" areaisread, If the read datais “0”, the time (bour, minute, second) carried in the B-
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VOP time base register is combined with the time (millisecond) carried in the VOP

time increment area to establish a specific time at which the B type VOP should occur.

If the read data is “10”, the time (hour, minute, second) carried in the B-VOP time

base register is added one second, and then the added result time is combined with the

5 time (millisecond) carried in the VOP time increment area to establish a specific time

at which the B type VOP should occur. If the read data is “110”, the time (hour,

minute, second) carried in the B-VOP time base register is added two seconds, and

then the added result time is combined with the time (millisecond) carried in the VOP

time increment area to establish a specific time at which the B type VOP should occur.

10 The effects of this invention is to enable video object planes encoded by

different encoders to be multiplexed. It will also facilitate object based bitstream

manipulation of compressed data that come from different sources to create new

bitstreams. It provides a method of synchronization for audio visual objects.

The inventjon being thus described, it will be obvious that the same may be

15 varied in many ways. Such variations are not to be regarded as a departure from the

spirit and scope of the invention, and all such modifications as would be obvious to

one skilled in the art are inténded to be included within the scope of the following

claims.

This application is a divisional of SG 9802074.6.
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1. A method of encoding a local time base of a visual sequence comprising

the steps of:
5 obtaining instances of the visual sequence by temporal sampling;
determining the local time base of the instances to be encoded into
compressed data;
encoding the local time base in two parts, comprising a modulo time
base that marks an occurrence of a set of time reference spaced evenly at a
10  specific interval on the local time base and a time base increment relative to the
evenly spaced time reference;
inserting the modulo time base into the compressed data whenever the
specific interval héve elapsed; and
inserting the time base increment within the compressed data of the

15 instances of the visual sequence.

2. A method of deﬁoding a local time base of a visual sequence from the
compressed data encoded ac.cording to claim 1, comprising the steps of :
initializing a reference time base taking into account a time base

20 offset;
incrementing the reference time base by a specific interval for each
modulo time base decoded;
decoding the time base increment of the instance; and
determining the local time base of the instance by adding a value of the

25 decoded time base increment to the reference time base.
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10" y1'110% & ()-FL/ 10%& %)-. -109%2& ()- + 109%2& ()- f)10%& ()- &10%& ()-
gdYNC decoding the time base offset of the individual compressed bitstream:
5 examining the multiplexed bitstream for the next compressed instance
and placing the instance into the appropriate compressed bitstream until a
modulo time base is encountered in the multiplexed bitstream:
inserting a modulo time base into each of the compressed bitstreams;

and

10 repeating the last two steps until the multiplexed bitstream is exhausted.

4. A method of encoding a local timé base of a visual sequence comprising
the steps of:
obtaining instanceé of the visual sequence by temporal sampling;
15 determining the local time base of the instances to be éncoded into
compressed data;
encoding the instances in one of two methods comprising a first
method of compression without reference to any future instance and a second
method of compression which refers to_a future reconstructed instance;
20 encoding the local time base in two parts, comprising a modulo
time base that marks an occurrence of a set of time reference spaced evenly at
a specific interval on the local time base and a time base increment:
encoding the time base increment for the instance compressed using the
first compression method as an absolute value relative to the evenly spaced

25  time reference;
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previously compressed instance using the first method;

inserting the modulo time base into the compressed data whenever the
5  specific interval has elapsed; and
inserting the time base increment within the compressed data of the

instances of the visual sequence.

5. A method of decoding a local time base of a visual sequence from the
10 compressed data encoded according to claim 4, comprising the steps of:
initializing a reference time base taking into accodnt of a time base
offset;
incrementing the reference time base by a specific interval for each
modulo time base decoded;
15 decoding the time base increment of the instance; and
determining the time base increment to be one of two types, absolute or
relative, depending on the first or second compression method used in the
encoding of the instance, respectively;
determining the local time base of the instance by adding a value of the
20  decoded time base increment to the reference time base if the compressed
method is of the first type; and |
determining the local time base of the instance by adding a value of the
decoded time base increment to the reference time base of the previous
instance encoded using the first compression method, if the compressed

25 method is of the second type.
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decoding a modulo time base of a VOP for incrementing a reference time
base by a specific interval;
5 decoding a time base increment of the VOP; and
determining the local time base of the VOP by adding a value of the -

decoded time base increment to the reference time base.

7. A method of decoding a local time base of a B-VOP from compressed
10 data comprising: *
.decoding a modulo time base of the B-VOP which is encoded by
referring to an I-VOP or a P-VOP after the B-VOP in.display order;
incrementing a reference time base for an l;\./OP or a P-VOP before the
- B-VOP in display order by a specific interval using the decoded modulo time
15 base of the B-VOP; |
decoding a time base increment of the B-VOP; and
determining the local time base of the B-VOP by adding a value of the

decoded time base increment to the reference time base incremented.
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