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Met hod for Display Tinme Stanping and Synchronization of Miltiple Video

hj ect Pl anes 5 Technical Field This i nvention
I's useful in the coding of digital- audig _visual nmaterials where t here
Is a need for synchronizing nore than &@S%@ﬁ@mntly encoded audi o

vi sual objects for presentation. It is especially suitable when the
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a video sequertd®&i th fixed frame rates where the inmage frarres are

5
Technical Field
This invention is useful in the coding of digital audio visual materials where
there is a need for synchronizing more than one independently encoded audio visual
objects for presentation. It is especially suitable when the temporal sampling of the

10  audio visual material is not the same.

Background Art
In MPEG-1 and MPEG-2 the input video consists of image frames sampled
at regular time intervals. This represents the finest temporal resolution of the 1nput.
15  Fig. 1 shows a video sequence with fixed frame rates where the image frames are
sampled at regular intervals. In the coded representation of the vidco sequence using
the MPEG-1 and MPEG-2 standards the display order of the decoded frames is
indicated by the temporal reference. This parameter appears at the picture beader of
the bitstream syntax. The value of this parameter is incremented by one for each
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 still appropriate and only
need to be modified such that the increment is not ip steps of 1 but in steps of 1 plus

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

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

in multiple video object planes. This represents a new dimension in the decoding and
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sanpled at regular intervals. In the coded representation of the video
sequence usSwDd8/62003 the MPEG 1 and MPEG 2 standards the di spCawrowaisry of
t he decoded franes is i ndicated by the tenporal reference. This

par anet er appears at the picture header of the bitstream syntax. The
value of this parameter is incremented by one for each 20 decoded frane
when exani nggchrorifaioti spibeyrespetaive video objects. It is expected thdtrihedeedifferet
standard it is possible to skip frames and thus decode a vari abl e

frame rate vidceobietpbmce majemue framecwanpidurgenind cambave verytdifferdrntfeatne
Thus the tenporal reference nethod used in MPEG 1 and MPEG 2 is
still approptésatSoranef g gbjects may hedanderegansoinve dmosteontimuqustiggporal
increment is not in steps of 1 byt in steps of 1 _plus, 25 t he .nupber of
non- t r ans ni SamRling w@ier dyesa vides qhﬂﬁﬁﬁ?f LERETE &P@bmed into a composite tmage for

Currently Wor ng done in area af coding vid separ at e
obj ect s Sll’ﬁa 155\5??{]%6 ?—PWF&%?A Bﬁf ToZaken 1 §"F§§P%§’§W%P%BW Itis
g' mension i n L klg%f%égg%ggp?ay frame rate is different from any of the frame rates of the video
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I S expected ese
and varying frame rates compared to one another. Even if a common frame rate can

be found between the two video object plane, it is not automatic that this frame rate
10 will be the same as the output frame rate of the compositor.

Hereafter we will refer to the problem in the video domain. However the
same principles of this invention can be extended to the audio domain as well as
combinations of the two.

From the above it is clear that the current state of the art does not cater for

15  the synchronization of video object planes. The state of the art also does not provide
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 common iocal time base mechanism
for each video object plane. This time base will have to be able to provide very fine

20 temporal granularity and at the same time be able to cope with“possibility 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
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vi deo obj ect-pl anes may cone from several sources and can. have very

di fferent fram¥0980200% 5t o5 Sone of the objects may be render ed RORIHIZNL319
al nost conti nuous tenpor al sanpling rate. These video objects pl anes
are conbined into a conposite image for 5 di spl ay. Therefore sone kind
of synchronization is required for the conposition. It is possi bl e

that the di speaipdrabg@ntRirRy itbe [ichl ghrfibaskriopastitiondd (e thoalifetaitgmral The
vi deo obj éct planes. Fig. 2 shows an exanple of two video object

pl anes havi ndfigt bharemtaining thedint gmnylargy ftemperalateslutionpabiel grovisizea short
another. Even if a common franme rate can be found between the two

vi deo obj ect tpinarbmsei fThesenond partoeatdio at¢nurse pranuiambydemposal regolutininl whinh
the same as the output frame rate of the conpositor. . ]

Her eaf t er we miovide aiang timetbase prids short fmerhasgiis serludedhpheachohenadee pbject
sanme principles of this invention can be exctended to the audio domain as
wel | as 5 plasebicpiavidstesmparpbraifrsnce to the instances of thipyigorohieatsovkhy short

is clear that .the current state of the art daes .not cater. for 15 the .
synchr oni zat i ¥ReBSG 1% D&BP&’[””HWQ&”WQ%WS&WPH 1%??”@%‘%2@%\9#80
rovi de ,a_common t.enpor ref erence n I different. video object
BI a\rﬂas have &h}?ﬁ%@ﬁ?es- h 1%57 : ?&%@zﬁﬁm eéﬁ‘@%mﬁ‘ ‘?%e\étpg‘l"eéﬁ a
another. — cormon time basd Bodibld by REQBLRM oW to provide a common

| ocal tine basSe nechanrsm

10 According to a fist aspect of the present 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;
determining the local time base of the said instances to be encoded into

15  compressed data;

encoding the said local time base in two parts, comprising of a 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 timne base increment relative to the said evenly
spaced time reference;

20 inserting the modulo time base into the compressid 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.

25 According to a second aspect of the invention, 2 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



for each video object plane. This tine base will have to be able to provide
very fine 2WO%3p&ral granularity and at the sane tinme be ablpertponones

with possibility of very |long i nterval s between two successive
i nstances of the video object planes. The second probl em
I's how to provide a nechani smfor. synchroni zi ng vi deo obj ect pl anes

having different fdamemigingshe localfime BasecoPtheraaidinstanoentie ®@ encoded into
The above probl ens can be sol ved by inplenenting a common t enpor al

resol uti on dompeessesbdathor all the local tine base. In order to cater for

t he wi de range of 2

WD 98/ 02003 encoding the said instances in one of two methods comprising of a first
PCT/ JP97/ 02319 tenporal granularity the local tinme base is

partiti onedmethod afwwmipression vitipartreferanns to any fuhire dnstpages andra secoid gnethed
fine granularity tenporal resolution which provide a short time base.
The secénd gfacamprassignivhichogfers tgthminture repopsirpdediingtases;ut i on whi ch

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.
encoding the time base increment for the instance compressed using the first
10 compression method as an absolute value relative to the said evenly spaced time
reference;
encoding the time base increment for the instance compressed using the
second compression method as a relative value to the local time base of 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
containing 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;



provi de a Iongwgig%mbﬂ se. The short tinme base is included at each the video
obj ect 5 planes to gr ovide tenporal reference to the instancesP&T/PREO2319
vi deo obj ects. The short time base is then synchronized to the | ong
time base which is common to all the video object planes. It is used
to synchronize all the different viddeo object planes to a comon time
base provided by theexamining ¢eok lof the egmpressed bitstreamdopth nexh eormprassed
aspect of the present invention, a method of encoding a | ocal tinme
base of an auabenet &bt plassdante thenmppiivlesed busiveamatnty atlothsrqoserressed st eps

'?Ia:rfpor al sanﬁmsﬁﬁ?msog)at"aei a%ggdia?%ﬁeag@z?ﬂiﬁg%hga%ﬁgi Ioo\éialsu?! n;eg;ggcgf b%/he
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specific interval have el apsed; and

According to a fourth aspect of the invention, a method of the first or the
second aspect of the invention, wherein a plurality of compressed bitstreams
10  containing local time base information encoded thereip are multiplexed and de-
multiplexed, further comprises, for de-multiplexing, the steps of:
decoding the time base offset of the individual compressed bitstream;
examining the multiplexed bitstream for the next compressed instance and
placing the said instance into the appropriate compressed bitstream until a modulo
15  time base is encountered in the multiplexed bitstream,;
inserting a modulo time base 10 each of the compressed bitstreams; and

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

According to a fifth aspect of the invention, a method of decoding a local
20  time base of an audio visual sequence from the time base ¢ the compressed data
encoded, according 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.
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inserting the tinme base increment wthin the conpressed data of the said

i nstances of WheS/QAE o vi sual sequence. 25 Accor di RgTIB9H02319
second aspect of the invention, a nethod of encoding a |ocal time
base of an audi o visual sequence in the conpressed data conprises the steps
of : obtai ning instances of the audi o visual sequence by

t enporal sanpling; 3

WD 98/ 02003 ) . ) ]

PCT/ JP97/ 02319 According to a sixtljaspechiol thgyinveatingcamathad of degoding ajocal
said instances to be encoded into c ressed_dat a;

(0]
encodi ng t héimsmbase ebamaedie visual ﬁeqwqevm%hﬁdw basppf thegompressed daga

met hod of conpression w_t hout reference tofagé.future instancezléand a
second net hegcoded, asrording e thei 5oRA asReFtALIRE inventinn, comprises dReSEPs 0L+ ed
I nstance; . e . s€Nncodi the said |local ti base .i . parts
conprisifg of a rmdlﬂ"éalﬁ‘ﬂ%tche re?gﬁf&%“t“i’ﬁa 35 ﬁa&“ﬁ ng 88‘6%‘?‘@33&%‘58%{%% of
time referen%ﬁsg%.paced evenly at a specific interval on the local tine
base and a & base increnent.

incrementing the reference time base by a specific interval for each modulo
time base decoded;
decoding the time base increment of the compressed instance; and
10 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 decoding time base of the said instance by adding the said
decoded time base increment value to the reference time base if the time base is of the
15  first type; and
determining the decoding time base of the said instance by adding the said
decoded time base increment value to the decoding time base of the previous instance
encoded using the first compression method, if the time base increment is of the
second type.
20
Brief Description of Drawings
The present invention will become more fully understood from the detailed
description given below and the accompanying diagrams wherein:
Fig. 1 illustrates the temporal sampling of the prior art where the frames of

25  the video sequence is sampled at regular intervals.



encodi ng the -t I ncrement for the instance conpressed using the

first 10 cok%?%%@@g% met hod as an absol ute value relative to tHel/ZeH7@2319
evenly spaced tine ref erence; encodi ng the tinme base
i ncrement for the instance conpressed using t he second conpression
met hod as a relative _yvalue to the, |ocal hge, se of the previous

conpressed i nstance Eégn%;ﬂ%"fféfaé"élthe Fpacgpt ﬂfg@omgctpianesand the fFﬁi‘@ﬂW‘lﬁngﬁh
the nodul o tine base |néﬁﬂt onpr sed dat a. whepever t 30|f|c

i nterval haveokt apidd SamP 1ng o the video O‘Plﬁgbi’gn"ﬁ@c%’h et“i’ﬁ@-‘*ﬁééé the
increment within the camp ressed t he said I nstances of the

audi o vi sual %i’éﬂﬂlé?n% %nva'y gras?icg{ly According to a third aspect of the

invention, a nethod Q%gtfﬁ Jngt?z}t?Q{hct&?rent mvegxtﬁﬁf@ﬂgrﬁﬁg?ecr}xp&ra(l)k{}%rerﬂcﬁ of the

i nvention, wherein a

local tinmg baggy.|,nfy &f{gfzﬁ@fhcﬁ ? tﬁ?%@dxﬂo Hrfze B 4] feedop! l'rr]lx’éxhl'iﬁﬁremem

conprises, for nult X1 ng, t eps of roni zin

the local ti ”Ehg?raﬁoﬁfusteg'?ahﬁq’ ng:ugm orrpressed bi t stream to 25 a conmon
ti me base by encoding and inserting the tine base offset in the nultiplexed

bi t stream Fig. 3B illustrates the current invention where the tempé’ral reference of the
video objects are indicated by the modulo time base and the VOP time increment.
Ilustration uses I, P and B VOP.

10 Fig. 4 illustrates an example of the ambiguity that can arise when the
presentation order and the encoding order is different as a result of B-video object
planes.

Fig. 5 illustrates a solution to the ambiguity by employing absolute and
relative time bases.

15 Fig. 6 illustrates the combining of two VOPs and their synchronization to
the common time base by employing VOP time offsets.

Fig. 7 illustrates the flow diagram for the encoding of the time base.
Fig. 8 illustrates the flow diagram for the multiplexing of more than one
video object planes.

20 Fig. 9 illustrates the flow diagram for the de-mult’plexing of more than one
video object planes.

Fig. 10 illustrates the flow diagram for the recovery of the presentation time
stamp.
Fig. 11 illustrates the block diagram for the operations of the bitstream

25  encoder for encoding of the time base.

Fig. 12 illustrates the block diagram for the operations of the bitstream

decoder for decoding of the time base.
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PCT/ JP97/ 023W® 98/02003 "~ examining each of the conpres8edIBPT&EtLam
for the next conpressed i nstance to be placed into the nultipl exed
bitstreamuntil all the conpressed bitstreans have arrived at the
nodul o ti ne base; - inserting a conmon nodulo tinme base into
the nultipl ex bitstFigadBahustratss thestingpibagt fosdomming obitsireampakata.of t he
conpressed bitstreans; and repeating the |last two steps
until all conpressed bitstreans are exhaust ed. Accor di ng
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attached to a group of video object planes to be decoded and composed together. The

long time base is referred to as the modulo time base. The VOP time increment and
10  the modulo time based will then be used jointly to determine the actual time base to
use for the composition of the video object planes into the final composited sequence
for display.
In order to facilitate editing of the bitstream and combining different video
object planes from different sources into a new group of video object planes there is a
15  peed for a third component to allow a fixed amount of offset between the local time
base of the individual video object plane from the common time base. Hercafter this
offset will be referred to as the VOP time offset. This prevents the different video
object planes from baving to synchronize at a granularity equivalent to the modulo
time base interval. This component should be kept constant for each video object

20  plane within the group of video object planes that are multiplexed together.

First, the modulo time base is described.
Modulo time base represent the coarse resolution of the local time base. It
does not have a value like the VOP time increment. In fact it is more of a
25  synchronization mechanism to synchronize the VOP time increment to the local time
base of the video object plane. It is placed in the encoded bitstream as markers to
indicate that the VOP time increment of the video object planes that follows are to be

8



inserting a no ' base to each of the conpressed bitstrcans; and
repeating the %%’@Wsteps until the multiplexed bitstreamis SGAPIT@PI2
According to a fifth aspect of the invention, a nethod of decoding a | ocal
20 tinme base of an audi o visual sequence fromthe tinme base of the
conpressed data zﬂco%ed, accordi ng to the first aspect of the

i nvention, cofgset sed thaidbe resprenge to the Jocal time base arq igihe 1ArTemenjed by one or more

[ mer enont i ng. FRBSERLR TIREDIe P BAREOTERFVAl. SHoRiER: A ABfy AT (beapdasies
T D25 R mas seis of oS85tk - KB BRES A5 R S
\?LI hget 2ai{ ﬁ ei it%&?%ﬁéﬁ%%{i?%éfég%@@evﬁ* 't(idme increme%?.c ﬂ%%u&xi:br{e? o?a‘ie izilsr}:(f*{e%r;gm the
gCT / 1P97/ O° 31§nggérg2n%?)§nds on the number of units of modulo time base that has elapsed since
the last code I or P-video object plane. At the encoder and decoder the modulo time
base counter is incremented by one for each “1” encountered. Modulo time based
counter is finite in length and therefore in a practical system the modulo time base is
reset to zero when the maximum value is exhausted. In a typical video sequence, the

10 video object planes form a group of VOP. Therefore the modulo time base is usually

reset at the start of this group of VOP.

Next, the VOP time increment is described.
The VOP time increment shall be in units that can support the shortest
15  temporal sampling of the video abjects. It can also be the native time base for the
object which is rendered. It therefore represents the finest granularity of temporal
resolution that is required or can be supported.
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 B-video object planes. If the modulo time base is not repeated in the B-video
object plane then ambiguities arise due to the difference in decoding and presentation

order. This is described in detail below.



According to a sixth aspect of the invention, a nethod of decoding a | ocal
ti me base ofWas@iMEo vi sual sequence fromthe time base of thBCESMIE@EWed
dat a encoded, according to the second aspect of the invention,

conprises the steps of 5 initializing the reference tine base
taking into account of the tine base of f set;

i ncrementing the rgfrieahe & OPrtandaseemencepespdnds thihe presentasionditon bastid o
ti me base decoded; decodi ng the time base increnent of the
conpr essed patshnaiqapbhoml will(arise when the enqpding piderig different fremppresentation

he 1175t cordsnchis acmps Bath Brividee RO enesn Similag e A RY- bAad MEL -
of "t he. Sai (pichurarTboito abisehglamee susuroded sHer JBs AR TR 40 SHERL
o L e 1 e o B0 e s b,
tocodi ng { | ehaSineNLOP A ree PREF e B RARGLAGETRE Blodidy Hing acky®
conpr essi ony ey A rmelinkfbtnddt T8 rER6 & HeAGhE Hdtulb 3 bh&is encountered.
However, the order of encoding for the B-video object planes have been delayed. Fig.
4 show the ambiguity that can arise. It is not possible to determine when the VOP
10 time increment should be reset. In fact when given a sequence of encoded events as in
Fig. 4A, it is not possible to know which of the timing situations of Figs. 4B, 4C and
4D it is trying to represent. This problem comes about because of the use of ane
modulo time base shared among all the different types of video object coupled with
the difference between the encoding and presentation order. There is nothing that can
15  be done to the encoding order since the reference information is required by the B-
video object planes. It is also not desirable to have independent modulo time base for
the different prediction type. Therefore the solution is to code the VOP time
increment of the B-video object planes as a relative value to the preceding I or P-video
object planes and that the modulo time base applies only to the I and P-video object

20  planes and not the B video object planes. This solution is depicted in Fig. 5.

Next, VOP time offset is descnbed.
Besides the above the modulo time base are shared between all video object
plapes. 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
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second ‘type. ° %}2 Brief Description of Draw ngs : The
present inventi P o%P1%P2 become nore full y understood fromthe det F¢E#HI7/02319
description given bel ow and the acconpanyi ng di agrans wher ei n:

Fig. 1 illustrates the tenporal sanpling of the prior art where the franes
of 25 the video sequence is sanpled at regular intervals.

6 W P8b{220PRines that were encoded with two different local time base that are

PCT/ JP97/ 02319 Fig. 2 illustrates the concept of video
obj ect pl anes offsdt fiven ek amodrshiThusi when the videorbjectgilhees, aréheuBgpiptdd)gthef
the video object planes can be irregular and the sanpling period can
vary drasti calsynchronization of the video objects planes are also offset. A finer granularity is
achieved by allowing each individual video object plane to have a VOP time offset.
5  This means that only this value is changed when the video object planes are
magipulated and multiplexed. There is no need to change the VOP time increment
and vet it is possible to multiplex the different video object planes without coarse
grapularity timing differentials. Fig. 6 illustrates the use of this time base offsets.
The preferred embodiment of the current invention involves a method of
10  encoding the time base for each of the individual video object plane bitstream, a
method of multiplexing different video object planes into a common time base, a

method of de-multiplexing the multiplexed bitstream into the components and a

method of recovering the time base from the component bitstream.

15 Encoding the time base is described.
The flow diagram of the embodiment of the time base encoding is shown in

Fig. 7. Intbe encoder the local time base is first initialized to the local start time in
step 1. The process is passed to step 2 where the encoder determines the current value
of the local time base. In step 3 the local time base obtaiped is compared to the

20  previously encoded modulo time base to see if the intervai has exceeded the modulo
time base interval. If the interval has been exceeded the control is passed to step 4
where the required number of modulo time base is inserted into the bitstream. If the
interval has not been exceeded then no special handling is necessary. The processing
then proceeds to step 5 where the VOF time increment is inserted into the bitstream.

25  The object is then encoded in step 6 and the inserted into the bitstream. The encoder

then checks to determine if there are more objects to be encoded in step 7. If there are
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Fig. 3Aild iqglggg}ggs the current invention where the tenporal reference of

t he 5 \Y; (foécts are indicated by the nodul o tine base rodstdvmVioP
time increnent. Ilustration uses | and P VOP only.

Fig. 3Billustrates the current invention where the tenporal reference of

t he vi deo objects are indi-cated by the nodulo tine base and the VOP
time incremsate ohjects to bel dntdidedthoprotees rdsunhsandied Y/Mere # local time base is
Fig. 4 illustrates an exanple of the anbiguity that can arise when the
present at i ebtainddr Ifitibre lee poansiicngjectdes besndoiéL iant thaprocd @Ieirhidtes.

B- vi deo obj ect pl anes. Fig. S5illustrates a solution
to the anbiguity bYhedfplloyimgfairsda ateussdto determine shabbstdutel A/R1 RASSE VOIS
Fig. 6 illustrates the combining of two VOPs and their synchronization to

t he conmon timeringraments foasP-aydangohiert pianes and Fevisleo object planes, respectifely. 7
il lustrates the flow di g?ramfor éﬂs encqoding of the tinme base.

Fig. 8 711 deremat B tlemriT dweeli agr@Filbds hds mll ti pl exi ng of nold)than one
vi deo obj e(it pI__aﬁnes.___ 0 Fig. 9 illustrates the flow di agram
for the de-#Yf {pl B ng'dB: nore than one (2)

tevn =t ers™ termie (3)

where

toTen is the encoder time base marked by the nth encoded modulo time base,
10 tgra is the pre-determined modulo time base interval,

tereo is the encoder time base start time,

Lavns is the absolute VOP time increment for the I or P-video object planes,

teraup is the encoder time base at the start of the encoding of the I or P video object

planes,

15 tgun is the relative VOP time increment for the B-video object planes, and
tETeE is the encoder time base at the start of the encoding of the B video object
plane.

Next, multiplexing more than one video object planes is described.
20 When more than one video object planes are multipiexed together, the

muitiplexer examines the multiple video object plane bitstreams to determine the
order 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 video
25  object planes to be multiplexed are then examiped in step 12 to determine if all of the
plapes are at their respective 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



vi deo obj ect'\}gl‘anes Fig. 10 illustrates the flow di agram

for the recov¥Py8889%8he presentation tine st anp. PCT/IP97/02319
Fig. 11 illustrates the block diagramfor the operations of the bitstream
25 encoder for encoding of the tinme base. Fig. 12

il lustrates the bl ock diagramfor the operations of the bitstream

decoder for yaeedtNOTRE processidghtet ippecdealsao step 14 where the next encoded video
7 WO 98/ 0200§

PCT/ JP97/ 023tfect is inserted into the muliplexetidbitdtiaasn.r bt siep & fabe bitstredms of thervideo
form ng a bitstream data. ) Best Mpde for, Carrying Qut the Invention
Thi s i nvent ichjeciydrateto by multipleaed gre agamcﬂrwuﬁdwﬁwfgfdhﬂmrlednmwe%
first is a short time base attached to the video Objl ect plane. Hereafter
this time bastgects to bewnultipjexeds Bithews isothes thasoptwp! is passedhée stepnkl 2gaie. vop
time increnent is the timng

5  Otherwise the process ends.

De-multiplexing the bitstream containing more than one video object planes
is described.
The de-multiplexing of the bitstreamn containing multiple video object
10  planes is depicted in Fig. 9. The process begins in step 21 where the VOP time offsets
are decoded and passed to the decoders for synchronization. Then the multiplexed
bitstream is examined in step 22 to see if the modulo time base is found. If the modulo
time base is found then the process is passed to step 23 where the modulo time base is
inserted into all the video object bitstreams. The processing then continues with step
15 24 where the next video object is examined and inserted into the appropriate video
object bitstream. Finally the multiplexed bitstream is examined again to see if there is
any more video object to de-multiplex. If there is, then the process is passed to step 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 the 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 Jocal time base is incremented by the
modulo time base increment. The process is then passed to step 37. If the modulo

13



mechani sm for the video object plane with respect to the long tine base
which is WO %28Bhed to a group of video object planes to b@cigestediand
conposed together. The long tinme base is referred to as the nodul o
time base. The VOP tine increnent and 10 the nodulo tinme based will then
be used jointly to determne the .actual tinme base to use for the
conposi ti ontiahe bAR ¥ indededticRiahent ceiie pabsed torsadp BO RISt tiadvides objuxt is
for display. In order to facilitate editing of the
bi t st r eam aggagPEdidifendidd €ieRta Birdéeo object oobdpeclf ipisahes tie procdss keassdd
sources into a new group of video object planes there is a 15 need for a
third conporestept3s allleouire Bivideo abjurhiiecddiapitime bast ivemricalated basal dri me
base of the individual video object plane fromthe conmmon tine base.
Her eaf t er tleigaation (6). Thé pedcasslis thee passed teestep3/asiitthe rasoit of step SAfisaiot a
This prevents the different video obj ect planes from having to )
synchr on$ ze Brvideogohieal thentthe presesaivnessed to istepndflwhere the decading timeskase is
interval. This conmponent should be kept constant for each video object 20
pl ane wi t hi ﬁalwéatgidch}ﬁe‘éﬂn\ﬁ%éﬁ%lﬁ?kcﬁﬁPé‘?fé“éstﬂPfFé% PErsedsa pigpeddedin step 37,
t oget her. . . .First, . the nodul o tinme pbase is. descrjbed. .
Vodul 011 e thRbESEHAS SMITAIosE, SIS ShOIe: HHEQ PORE 1o leapat, Habeisds they
does not ha\{g a val ue like.the VC? tine iél%renent In fact it d’s nore of a
e process 1s passeéd to step 32 again. Otherwise the processSing ends:

The following formula are used to determine the presentation time starmp of

10 the video objects:

tores = N X tgrm + toTeo (0=0,1,2,3, ...} 4)
toreyr = lavr t toTBe )
tpres = trvrr + oraip (6)
where
15 tgrm, is the decoding time base marked by the nth decoded modulo time base,
toral is the pre-determined modulo time base interval,
torao is the decoding time base start time,

toreye IS the decoding time base at the start of the decoding of the I or P video

object planes,

20 tivn is the decoded absolute VOP time increment for the€ I or P-video object
plarnes,
tores 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



25 synchroni zat | chanismto sy € the Wi, tinme increnent to the
| ocal tinme wh's ﬁﬁ@geof t he video $§ﬂé§%££ e ‘!‘/ N%‘ pl aced i RCT/HR7/02319
encoded bitstream as narkers to L. lnd hat _the VOP tine increment
of the video object planes that follows are to be

8 WO 98/ O?FQOS : ) . . .

PCT/ JP97/ 02319 18- (1ds ghows, dhe thipck liagrap fonaR Implempptatinmpa the itz
are to be increne

Mterval . 1 perar sdeshie e Mlo time, baSh A The V0P R freenl Hguhe
as a series Ogurzpeubsg ot'th " ?]1%5{/@0:% ﬁ{cnéﬁ% Q:EEQ ‘?%'eiéngg atﬁﬂgé ngzrti:g@%ﬁied

bi t st ream heafle efore Ime I n errent

into the 5 Eetéﬁtt:ﬁ&?m ﬁ%ﬁefﬁjes?]%fi Jsgteoﬂa&éff’&e 1ff?zfrexg tﬂé E&gh'{a?lo?] Hﬁe?z@%wn

t hat has el apSed since code ane

the encodey [(}ﬂ pqgc egeHENG g:‘élﬁg%fulf%ms thhgﬂé‘i Q/@?‘fﬂfl&‘beﬁ 1By s 'RE ???Fjr? ?gore

by one for ea encountere ased

in |ength and;gharoDy eriil ifilRikasicdGa!thS YREE Pat mdyéxewtl e base i s
reset to zeroﬂ%/vhgn bFe rre{xfrr!umsva lue is exha?gt% In a typical video

sequence, the 10 ?xdﬁéksaﬁégzﬁé angR infidlizRr Koy A 1erheYOthe Thar&fRefcbdie
nodul o tine base i s usua

starts by mltlahzmg the local time base register to the initial value of the time code.

The same time code value is encoded into the bitstream. At the start of the encoding
10 of the next I-VOP the time code comparator, step 42, compares the presentation
time of the I-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 into
the bitstream the required number of "1" equivalent to the number of modulo time
base increment that bas elapsed. This is then followed by the symbol "O" to signal
15  the end of the modulo time base code. The local time base register is updated to the
current modulo time base. The processing then proceed to the VOP time base
increment encoder, step 44, where the remainder of the presentation time code of the
I-VOP is encoded.
The process then repeats with the next encoded video object plane
20 which is the P-VOP. The time code comparator, step 42, chmpares the presentation
time of the P-VOP against the local time base register. The result is passed to the
modulo time hase encoder, step 43. The modulo time base encoder will insert the
required number of "1" equivalent to the number of modujo time base increment that
has elapsed. This is then 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 regisier and the local time base register is updated to the current modulo time

15
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reset at the ‘S'H”t of this group of VOP. . Next, the VOP
n

tinme increme I8 04 cr i bed. The VOP tinme increr@nirsimabis
be in units that can support the shortest 15 tenporal sanpling of the
vi deo objects. It can also be the native tine base for the obj ect

which is rendered. It therefore represents the finest granularity of

t enpor al basee ddieuprogessingthen preeapdsitedther VU tisee dappdremsment encoder, step
The VOP tine increnment can _ then be indicated hy a fini tg %egg}t h nunber
greater or effiavhes theremainderyt the Prepegiaiion s gessofithe & YHIF senosdedocal

time base 20 resolygjon. Fig.. 3A shows an ex |l e of the, VOP ti
i ncrement for | and _q,ipdggesg hen Hipeats: “ﬁf%ﬁsgp'%frﬁ W@g?%f\@fisﬁeg?%ﬁw

Fﬁ??'ﬁﬁehi ”?saf:éégé?&siﬁﬁ?bﬁéﬁkéu”ﬁggﬁﬁﬁ R %"427:5%@}@55%*&? cd. Fig.
3B . ' ) . Byl | , T .
operati o ?Stpf%%ngéf‘?ﬂﬁﬁ‘iﬁf%% i BT O Bk bR st o o381 i
reheatod i n PRseE §p JY RIS BrEEbafk AllEer dog 15 TROMI B RS BRI

the differengani phdacodi RGuied MIABENSAT Wyuivalent (B1HEhumbbl St h,%dgmﬁ{e%ge

in detail bel ow
WO 98/ 02003 increment that has elapsed. This is then followed by the symbol "O" to signal the end

PCT/ JP97/ 02319
of the modulo time basc code. Both the B-VOP time base register and the local time
10 base register are not chanped after the processing of the B-VOP. The processing
then proceed to the VOP time base increment encoder, step 44, where the remainder
of the presentation time code of the P-VOP is encaded.

The local time base register is reset at the next I-VOP which marks the

beginning of the next group of VOP.
15

Implementation of the Bitstream Decoder is described.

Fig. 12 illustrates the block diagram for the implementation of the
decoder for the modulo time base and VOP time increment to recover the
presentation time stamp. As in the implementation of the encoder the example in

20  Fig. 3B is used. The decoding order is the same as the encoding order where the I-
VOP is decoded followed by the P-VOP before the B-VOP. This is explained in
the paragraphs below.

The processing begins in the initializer, step 51, where tbe local time basc
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

decoded is given by the number of "1” decoded before the symbol "0" Next the VOP
16
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Since the VOP tine increnment corresponds to the presentation tine base,
potential probY8MR#1% arise when the encoding order is di fferen?c?/ﬁ%??{mﬁ"’
presentation order. This occurs with B-video object planes. Simlar
to MPEG 1 and MPEG 2 B- pi ctures, B-video objcct planes are encoded

after their reference | and P-vyi bj ect pl anes even thoug Y,
preceded the ﬁléfﬁ‘elbéﬁ%elﬂﬂ%@tokﬁ gé? g ngﬁ@ei(gg égﬁ%m‘:fem"-ﬂbrs&‘é’rgféﬂﬁéé

the VP 11 mo et Brehtca Gulpiode s e %@Ee@%ﬁﬁitﬁ%aﬁﬁéo&*gg@%&ﬂ%ég@aﬁé

Ho , th d of f he .B- d

ol ayed. Fig. fotal decogeSBRARE otk Pat dheieirey ;Rﬁi‘ﬁ%s%ﬂ?fq gﬁ%ﬁwﬁe@mw
Gven o SequertEsr ohe S5k e i inbl TR R Rinf foseai i oid g o
to know why ch o Blaih the gh@eﬂgt@gmyo@@ﬁe ffvcﬁrmegﬁoca%& aes to thé Diddo bfject

tl’yl ng to represe em cones” abou ause

modul o tine baéeomﬁagaggwai bbjkbeisdidchgrent types of vi deo o ect

coupled with erence bet ween the encoding and presentation
order. There is nothipg yRap-Sayp, iR ﬁ?@c&@nﬁgﬁ’tstﬂﬁtﬁé‘ﬁﬁfﬂu@@n%@ﬁh@d%ﬁer

the reference information is reqw red by the deo obj ect pl anes
It is al so nokteges),nahtR the niedifoithine iRRe eiftrdmett! & debRIeMSTRE Qbtal number of
modulo time base increment decoded is givenby the number of "1" decoded before
10 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
P-VOP is recovered. The B-VOP modulo time base register is set to the value in the
Jocal 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  the local time base register to obtain the presentation time of the P-VOP. The
process then goes to the video object decoder wheie the video object is decoded.

For the B-VOP, the process repeats in the modulo time base decoder,
step 52, where the modulo time base increment is decoded. The total pumber 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 decoled 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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the different prediction type. Therefore the solution is to code the VOP
tine WREBEHYt of the B-video object planes as a rel atiReryRd7@e3190
the preceding | or P-video obj ect planes and that the nodulo tine
base applies only to the I and P-video object 20 pl anes and not the B
vi deo object planes. This solution is dep[err]cted in_Fig. 5..

Next, VOP time of f Jde |0§am@shaﬁe@aglster Is reset at the next ééé&&éghtohemms\xbm he
modul o tinme base are_ shared betvvef vi deo obj ect pl anes. This
means t hat @%ngw&:‘?fr%‘ﬁl% EFTERP 9 d| fferent video objects will have a
25 granularity equivalent to the nodulo tinme base interval. This is
unaccept abl e especially in the case where video object planes from

Ol anes: Hi o e enospeatiCe et deseubed ¢ oy ant - O 1P ©f Video object
10 WO 98{ 02003
PCT/ JPO7/ 02319 Refett 18 19518 410 20 e RIS Of hs: steRs forsncoding \;ﬁet“ﬁm&%md

\(/j\/IP1fe];1e'[ ﬁgt Ui @%{%llg{) tPe%I%ggm%E sﬁ‘&%ni fﬁspﬁhov% ol tL{)?’cr)nwox?l .nﬁ,qgc comprcsscd

es ‘are exed
video data VOPs are aligned in the display order, 11, 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
10 using the local time clock. Forexample, the first VOP (11-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
15 each VOP. The insertion of the full time data including bour, minute, second and
rillisecond 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
20 time data of millisecond at the VOP time increment area. Eaca of the 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 data of hour, minute and second
for the first VOP (11-VOP).
As shown in the second row in Fig. 13, the VOPs are delayed by a
25  predetermined time using a buffer (not shown). When the VOPs are produced 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



ynchronlzat1on iy the video objects planes are also offset. A fin

granul arity is”O*02803, hieved by all owi ng each i ndivi dual V|deoPGEFE%?0x”9
pl ane to have a VOP tine offset. 5 This means that only this value is
changed when the video object planes are mani pul ated and mnul ti pl exed.

Th ' d t h it )
p0sSi bl o o MAHET Pieck THE o PRISPAHE Bl Fersr St Spr Tss ik ¥ R ere slieded in the
granularity tlnaergofchfpir%rit@rﬁ,g @Bg 6 illustrates the use of this tine

base offsets I préferred enbodi nent of the current

: ti . n

i vi dual ' vi deoob; <t SBPuRan ghe Brd, GRY FLFIE 135 IR, wRen TREGCY bbfer
de- il £1pl exi FEPERE SRAPRT Bt B ducH il BEEYTHE b RebEe Hhur miourEitedBd tata as
method of ¢ ecayfeh 9 BB HEa Bt o 15O TkhABIC AR R Figh 135 HEERRL timelPase

Encoding t se I's descr I agram o

the enbodi ﬂen}eggz»&v beyrbd 122Ba8s. qeadharé §nfPRNhE Bitstream dtdfor fhe GOP BBader
encoder the lo tinme base is first initialized to the |ocal start time in

step 1. The pw@m&e@wﬁm&aemo&@ wifite Seobad Q!atdWBemgCiﬁﬁQfedda%tﬁd@ﬁ\@ﬁthb%ttom
current val ue of the local time base. In step 3 the local tine base
obtained is ceswandagt 31 he

Then, at time T2, the first VOP (I1-VOP) is taken up. The time code

10 comparator compares the time (hour, minute, second) stored in the local time base
register with the time (hour, minute, second) temporarily stored in the first VOP (11-
VOP). According to the example, the result of the comparison is the same. Thus, the
comparator produces “0” indicating 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  produced 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 (I11-VOP) is eliminated. Thus, before time T3, the bitstreamn data for the
first VOP (J1-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 (P1-VOP) is t~ken 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 second VOP
(P1-VOP). According to the example, the result of the comparison is such that the
time ternporarily stored in the second VOP (P1-VOP) is one second 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 pext one second to the second being
held in the local time base register. If the second VOP (P1-VOP) occurs in the next-
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20 previously encoded nodulo tinme base to see if the . interval has

exceeded t heW™ 2803 time base interval. If the interval RET/JBEKIL319
exceeded the control is passed to step 4 where the required number of
nodul o tine base is inserted into the bitstream I|f the i nterval has

not been exceeded then no special- handling is necessary. The processing
t hen proceed@xt pecine t& thehscent heeiWgeld iethenlocehtinie base iragieter sdei atinopdrator
bitstream 25 The object is then encoded in step 6 and the inserted into

t he bitstreawitl fioduendder. t hen checks to deternmine if there are nore
objects to be encoded in st%g 7. If there are ] ) )
11 WO 98fatio: T3, the B-VOP time base register is set to the time equal to the

PCT/ JP97/ 02319 . .. nore f’gbl ec%s to he encoded t]he process resunes at
step 2 wher éimedgatrisshin the dacaidirae pase registepnmedeately helprotimeard Fbthfor e

objects to be encoded  t the process termnate . The
fol | owi Ny f SHATPAe, ﬁé EUS%SPPén"d]g"fsérfﬁg’ﬁ@ftlﬁéﬂéSs]dﬁ%l‘ﬁé- AMsoraftestime TgHhe local

e O e o LYol 5% AR 1 R RE5e B % Y50 o Stach) 58 i the
second VOP (P1-VOP). Thus, in the example, the local time base register is
incremented to 1:23:46.

The result “10” as produced from the comparator is added to the second

10 VOP (P1-VOP) at the modulo time base area. At the same time, the hour, minute and
second data temporarily stored in the second VOP (P1-VOP) is eliminated. Thus,
before time T4, the bitstrcam data for the second VOP (P1-VOP) is obtained with
“10” inserted 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, mipute, 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 same second asthe secopd being held in the B-VOP time base register. The result “0”
as produced from the cornparator is added to the third VOP (B1-VOP) at the modulo
time base area. At the same time, the hour, minute and second data temporarily stored
in the first VOP (I11-VOP) is eliminated. Thus, before time T35, the bitstream data for
the third VOP (B1-VOP) is obtained with “0” inserted in the modulo time base area

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

Then, at time T3, the fourth VOP (B2-VOP) is taken up. The time code
comparator compares the time (hour, minute, second) stored in the B-VOP time base

20
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5 tlerr]= - _ (n=0,1, 2, 3,...) : (1

lerr] WO 98/02603 (2) [err] P(?T!JP97I&23i9
(3) wher e [err] is the encoder tinme base marked by the nth
encoded nodul o tinme base, 10 t[err] is the pre-determ ned nodulo tine

base i nterval

is the encoder tine base start tine

rrj.
t[err] is th@%ﬁ?.bl"’ﬁ{}b‘h?](ﬁm? Cheus, Feiputee Secqnsh temporargdy Smreﬁd@éh%?!eréh vop

pl anes,
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exam nes t
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being held in the B-VOP time base register.

During the processing of the B type VOP, neither the local time base
register nor the B-VOP timé base register is incremented regardless of whatever result
the comparator produces.

The result “10” as produced from the comparator is added to the fourth
VOP (B2-VOP) 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
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, secoud) temporarily stored in the fifth VOP
(P2-VOP). According to the example, the result of the comparison is such that the
time temporarily stored in the fifth VOP (P2-VOP) is one s:cond 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 fo the time
equal to 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 fo the time
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order of nultiplexing as well as the synchronization. The operations
i nvol ved i s WO 98/028@bi ct EHLdTSFERY (@S Fimy VOP tine of fsets for PEIETRIBI23the

vi deo object planes to b

-nul,t—prexe are inserted into the bitstream

in step 11. Al the bitsi rearrs'“'-q"ﬁ“‘r"hn \i-ge 25 obj ect planes to be
mul ti pl exed are then examned in step 12 to determne if all of the

pl anes are akmipheirtily @spgicin the fifohl MOP (P2eVORS e Thiuk, inihy axumpiticbe theal time
processing is passes to step 13 where a comon nodul o tine base is

i nserted i ntmsehegistdrtis phaxpnted to 1:23:47.

12

WO 98/ 02003

PCT/ JP97/ 02319 The repilt §102 asrprodhvecd denradhe sgmpreatopisadssddotthe SifdpvVOP
where the next encoded vi deo object js._ inserted intg the nultiplexed

bitstream |(F2sV&Fna thaanesuletimaRasotreanMhibgsgme time, thgdiaas; mipuisaad: o
be mul tipl exed i i ned 1§, i f ore vid
obj ect s Bo. Isecan cept ErRPTRIY SREioitae BEINOMP 2 Y18 hanipaisde . bfop

12 agai n.

10

15

20

Sime T ShebiSrtNe RiLfS8e BHISVOP (P2-VOP) is obtained with “10” inserted

in the modulo time base area and “350” inserted in the VOP time increment area.

Thereafter, a similar operation is carried out for forming bitstream data for
the following VOPs.

For decoding the bitstream data, an operation opposite to the above is
carried out. First, the time (bour, 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 type VOP,
the data stored in the modulo time base area is read. If the read data is “0”,i.e., without
any 1s in front of 0, no change is made in the local timme base register, and also no
change is made in the B-VOP time base register. If the read data is “10”, the time
stored in the local time base register is incremented by one second. If the read data is
1107, the time stored in the local time base register is incremented by two seconds.
In this manner, the number of seconds which should be incremented is determined by
the number of 1s inserted in front of 0. Also, when the read data is “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 is combined with the time
(millisecond) carried in the VOP time increment area to establish a specific time at
which the I type or P type VOP should occur.

Upon receipt of the B type VOP, the data stored in the modulo time base
area is read. If the read data is “0”, the time (hour, minute, second) carried in the B-

22



De-multipl exi hg the bitstream containing nore than one vi deo obj
i s descri bed. Wo 95102003 The de-nultipl exing of the bitst ré’gﬁ‘wg#ﬂ}%
containing multiple video object 10 pl anes is depicted in Fig. 9. The

process begins in step 21 where the VOP tinme offsets are decoded and

passed to the decoders for synchronjzatjon hen the..rul ti plexed ;.
bi t stream i s ¥@dhiimedepsefegstss 1990 uyjewpb %ﬁé’%m} S§% 56&%‘34??’&}{9?

If th dul ' b ' ound th h ' .
23 whor o1 ho. B iPereTRSTE abRe SSEblich A spPrE g of HRicite f HEXY 62 ffHd Bfeur
bi t st . Th ' ti , ¢ { - t
Vi deo ob] et Habexerd Ata 8A40! raE R HaW e e, biond) Capie(irtiiE - VOP it

bj ect bitst Fi nal | h | tipl bj_t ' ' |

ee i1 there base regsier GO pB sl oy thim o HRCK e A Fo BBt A the

e B G RSl Ly or s B R P28

ends. ase i's ScCr

The embodi ment %@h&tﬁfw%é@%ﬁ’ %tﬁéﬁﬂ%rc}fu}.slﬁﬂe\?@ad AafEig+118”, the time (thoeur,

recovering t ht ase, process begins 1n step 31 where t

o oy S e R EOR g A Reacou st
step 32 whi chyghagksdlibe rdidistimeadtd@bined 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 creatc new
bitstreams. It provides a method of synchronization for audio visual obijects.
The invention being thus described, it will be obvious that the same may be
15  wvaried 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 intended to be included within the scope of the following

claims.
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time base is increnmented by th time base increnent. The
process is then passed to step 37 I f the nodul o

13 WO FBLORBBB == e ctdonmn ey,
PCT/ JP97/ 02319 | THIS “Yfifde baseltiid not HedBA&] then the process is passed
to step 34 wher e {t he videa'. Qb.JeCt i{s examne to determne if it is a
B- vi deo obj ect or=fotr =ttt ia tten the process is passed to step 35
where the B-V| deo obj ect decodi time base is cal cul ated based on

equation (6)L. The p%&?@&@é%ﬁ% l%éé%féﬂtnﬁl%?éi? of7an ydippasuyal Sapeense ist1gp
34 is not a 5 gao obj ect then the process is passed to step 36 where
t he decodi ng:qmms tpé:empnsmg, ScHieRs based on equation (5). The

rocess then proceeds t.o. st.e I the bitstreamis
o ne S0 aen Cf °r RR1IRng iRGAB%s bR GEPinvisvelsoquehtiy ﬁmpﬂ@?éawl%en

The PéffﬁifngsfE?ﬁiﬁgm‘éﬁ‘})@t&?ﬁg?@%%& Tkl S5ieidEBGey 575 P Eiinte o

compressed data;

25 determne if the nodul o ded. If the nodulo tine base
i s decoded WO %8/02¢33en t he pr&g ﬂgm gﬁﬁﬂno step 33 wher e RCEIRGHAI19

L

f

ste

encoding the said Jocal time base in two parts, comprising of a modulo time
base that marks the occurrence of a set of time reference spaced evenly at a specific
10  interval on the local time base and a time base increment relative to the said evenly
spaced time reference;
inserting the modulo time base into the compressed data whepever the
specific interval have elapsed; and
inserting the time base increment within the compressed data of the said

15 instances of the audio visual sequence.

2. A method of encoding a local time base of an audio visual sequence in the
compressed data comprising the steps of:
obtaining instances of the anudio visual sequence by temporal sampling;
20 determining the local time base of the said instancés to be encoded into
compressed data;
encoding the said instances in one of two methods comprising of a first
method of compression without reference to any future instances and a second method
of compression which refers to the future reconstructed instance;
25 encoding the said local time base in two parts, comprising of a 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.

24
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10 the video ghj : t e
t[err] e:w[ e??]‘ggg@ﬁa&:’ Lerr] SHEET(13)3S 5;

l"r.
(6) where 15 [err] i s t hd_decobFRgtanme i
decoded nodul o tinme base, [err] S 3=-Cl6
base interval, [err] I s the decoding.,ti .base start tine, .
[err] is the decodifﬁlgoti}l#%hﬁééw%Set‘ﬁgegteé‘?f"@ggt‘ﬂgaﬂ%ec%ﬁﬁﬁeséggt‘ﬁéglm%ﬁmt
P vi deo obj ect ,pl anes,, 20 ernr i s,the decoded,absoJ ute VOP. tine
i ncrement for CORPrEssitn meiofbe %ﬁ‘&oﬂ“& vafuepr%{ﬁﬁz—,? g sa*f’@w%)fv Srageg e
decoding tine btase at the start of the decoding of the B video object
pl ane, and TEIET§naey | I's the decoded relative VOP tine increnent for

Elhte s? r \e/;?ne(éng t(;jdg?t i gl %&ggmgotég time base increment for The SRR é&ﬂp&fssér}@sing the
14

[err] )(41)’CT/JPQ7/02319
3e marked by the nth

5 second compression method as a relative value to the local time base of the previously
compressed instance using the said first method,;
inserting the modulo time base into the comnpressed data whenever the
specific interval have elapsed; and
inserting the time base increment within the compressed data of the said

10  instances of the audio visual sequence.

3. A method of claim 1 or 2, wherein a plurality of compressed bitstreams
containing local time base information encoded therein are multiplexed, for
multiplexing further comprising the steps of:

15 synchronizing the local time base of the individual compressed bitstream to
a common time base by encoding and inserting the time base offset in the multiplexed
bitstream;

examining each of the compressed bitstream for the next compressed
instance to be placed into the multiplexed bitstream until all the compressed

20  bitstreams bave amrived at the modulo time base; €~

inserting a common modulo time base into the multiplex bitstream and
skipping the modulo time base of the compressed bitstreams; and

repeating the last two steps until all compressed bitstreams are exhausted.

25 4. A method of claim 1 or 2, wherein a plurality of compressed bitstreams
containing local time base information encoded therein are multiplexed and de-
multiplexed, for de-multiplexing farther comprising the steps of:

25

mHII?IHIIIIHIIIHIW 0




Fig. 11 shows ‘the bl ock di [ enentati on of the bitstream
encoder for &YfRSUIHES t he mﬂmnﬂlﬂﬂws”mnd the VOP tine i ncPEMESRETIOBtr

t he purpose of this i1l Ustrationsthe exanple in Fig. 3B is used.

Si nce bi-directional prediction is used, the encoding order is
different fromthe presentati on order shown 5 in Fig. 3B. The encodi ng
order begins wth tHecddishd titrledvasd dffset hEtle ilRidedlarompressed MiestiRavigP.
This is illustrated in the three paragraphs bel ow. The
process begins in thkeamniibgshé pmitipleted bistredrarfer threndit icomprassedrinstdece and
starts by initializing the local tine base register to the initial value of
the time codqdacing the sTiteingtamee fiteghe agpropgate compesrsed bitstreaam wigd a modulo
bitstream At the start of the encoding 10 . of the next |-VOP the tine
code conpar diwe bage ipemcounteseddn dhe mudtipexed hitstream; tinme of the I-VOP
agai nst the local tinme base register._ The resglt | s passed to . the

modul 0 tPne base end¥bWERDE & RPTUIS Hme Basi aghiof Hie wampresyed ditstrarans; aader t

into the bitstreamthe r i red nunber of "1" uival ent to the nunber
of nodul o tine repeating {he zﬁ%gﬁ‘f’otsfﬁﬁs ‘%’Pg’é tﬁ:; Eb’i@aﬁgﬁ?{lgsﬁfsamﬁéﬁxgwt%d
by the synbol "O' to signal 15 the end of the nodulo tinme base code. The
| ocal tinme base register is updated to the current nodul o tine base.

’

The processifg then prageed B?Eﬁ%é/ gj%é%g?’é‘?gi& of %a%%iggvriggﬁt@%gﬁenncc%dﬁém

step 44, where the tenal nder o Ion

I-VOP is enct‘ﬁgqgjne base f’f the compresSdidth 2ae5ded Q&i&:&&%‘%@t&aﬁ‘\é tlr&oht}ﬁis@gélhe

encoded vi deo obj ect plane
10 steps of:
initializing the reference time base taking into account the time base offset;
incrementing the reference time base by a specific interval for cach modulo
time base decoded;
decoding the time base increment of the compressed instance; and
15 determining the decoding time base of the said instance by adding the said

decoded time base increment value to the reference time base.

6. A method of decoding a local time base of an audio visual sequence from
the time base of the compressed data encoded according to claim 2 comprising the
20 steps of <
initializing the reference time base taking into account of the timme 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

26



20 wnich s che pivee. THIIIMI kR oo or) sten 42 comaree ine

The result is passed to the nodul o ti ne base encoder, step 43. The
nodul o ti me base encoder will insert the requi red nunber of "1"

equi valent to the nunber of nodulo-tine base increnment that has

el apsed. This is thedefeominingdhelimeassyinssmendto b anegava Hipesnsbssiutery
modul o 25 tinme base code. The B-VOP tine base regjster is set .to the val ue
of the |ocal relative, dependipges thefrscapeennd earmpresewn methodmsed in thy eacadipg of
updated to the current nodulo finme REPLACEMENT SHEET base. The
processi ng t H&e ipFlBBERIESRGE VAR VOP ti me base increment encoder, step

44, where the remainder of t heP%)rese t

encoded ' delermiRBEIGERS B AR O T i ) SBRhe said
42, comphyes Breed tpe bl e hfdlp ke P uss s BALT i RE Bk 1 R

base reqgi sterF. !Be .8 It is passed to the nodulo tinme base encoder,
step 43. The YR-4 base encoder will insert the required nunber

of "1" equivalent to | i RN W oTol( . .
has el apged. This i sdte%en 0 ﬁ(%ewg c{)ﬁ;ﬂgﬁgnésyg%o{}ﬁﬁ%,sag%m&t%ﬂﬁgl@){Tﬁaeﬁ:gggﬁﬁ said

decoded time base increment value to the decoding time base of the previous instance

encoded using the first compression method, if the time base increment is of the

10  second type.

7. A method of multiplexing a plurality of compressed bitstrcams as in claim 3

where the individual compressed bitstreams are themselves multiplexed bitstreams.
15 8. " A method of encoding the time base according to claim 1 or 2 where the

local time base, time base increment and time base offsets are in units of milliseconds

and the specific interval has a duration of 1000 milliseconds.
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of the nodulo {ine base code. Both the B-VOP tine base register and the
local time 10%DHE Pegister are not changed after the processiFPgrots7(oazs

B- VOP. The processing then proceed to the VOP tinme base increnent
encoder, step 44, where the remainder of the presentation tine code
of the B-VOP is encoded. ' The local time base register is
reset at the next |-VOP which marks the begi nning of the next group of
VOP. 15 | mpl enent ati on of the Bitstream Decoder is
descri bed. Fig. 12 illustrates the block diagramfor the
i npl ementation of the decoder for the nodulo tine base angd VOP tine
increment to recover the presentation tinme stanp. As in tHe
i npl enentation of the encoder the exanple in 20 Fig. 3B is §sed. The
decodi ng order is the sane as i he ereedthrg—e r where the |- § VOP is
decoded foll owed by the P-VOP jbefor® the B-VOP.\This is explaingd in
t he paragraphs bel ow. - The procesy ng begins in {he
initializer, step 51, where the | oc i e base register s set to
the value of the tinme code dedoded ot he bitstregm The 25 processi ng
t hen proceeds the nodulo tinme 5ase jecode ep—E u-ei?uphe«WDdulo
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time base increment i s decoded. The total nunber of nodulo tine

i ncr ement WORBOHEd i s given by the number of "1" decoded bef’ST’éP%"HE”g
synbol "0" Next the VOP WD 98/ 02003

PCT/ JP97/ 02319 time base increnent is decoded in the VOP tine base
increment, step 53. In the time base cal culator, step 54, the
presentation tinme of the I-VOP is recovered. The total decoded

nodul o ti ne base increnent value is added to the local tine base
register. The VOP tine base increment is then added to the | ocal tine base
register to 5 obtain the presentation tinme of the |1-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 nodul o
ti me base decoder, step 52, where the nodulo tinme base increnent is
decoded. The total nunber of nmodul o ti ne base increnment decoded is
given by the nunber of "1" decoded before 10 the synbol "O'. Next the VOP
time base increnent is decoded in the VORItine base i ncrenent, step
53. In the time base calculator, step 54 the presentation time of the
P-VOP is recovered. The B-VOP nodul o tint base register i&set to the val ue
in the | ocal tine base register. Tjé total decoded gbdul o tinme base
increment value is | tinme base regisger. The VOP tine
base increment is then add“ the ljocal tinme base register to obtain

the presentation tine of . ‘;:::::iiixh

-~ o e s
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Fig.2
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process then -gqe: t he vi deo object decoder where the video object is
decoded. % obzdo For the B-VOP, the process repeats in t FETWBAUPH1LO
ti me base decoder, step 52, where the nodulo tinme base increnent is
decoded. The total nunber of nmodul o ti nme base increment decoded is

gi ven by the nunber of "1" decoded before 20 the synbol "O'. Next the VOP
time base increnent is decoded in the VOP tine base i ncrenment, step
53. In the tinme base calculator, step 54, the presentation tinme of the
B-VOP is recovered. The total decoded nodulo tinme base increnent vg&ye and

t he VOP tinme base increnent is added to the B-VOP tine base r ster
to obtain the presentation time _of the B.VOP. Both the #-VOP € ne
base register and the | ocal 25 tiﬁagbase register -are |eft anhaﬁﬁbd The
process then goes to the video objé:gg decoder where th{ Vld%g obj ect
i s decoded. € 17¢., &= WO
98/ 02003 2 E wn
PCT/ JP97/ 02319 The=t Jea-l——-t-i-nce———base-r-egi-et-e-h-% @egv at
t he next |-VOP which marks the nbeginning of the next gr@upsgkg oP
Specific exanple is described. &5 ] o 9
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5 ' =Rberring to Fig. 13, an exanple of the steps for encoding the
conpr essed WOGSPU nto bitstreamdata i s shown. As shown in ERESEEHOPBE

in Fig. 13, the conpressed video data VOPs are aligned in the display
order, 11, Bl, B2, P1, B3, P3 with a GOP (group of pictures) header
inserted at the beginning of group of VOPs. Wil e being di spl ayed,

the local tinme, at which the display is effected, is neasured for each VOP
10 using the local tine clock. For exanple, the first VOP (I1-VOP) is

tGTBO

di spl ayed at 1 hour 23 mnute 45 second 350 mllisecond (1:u23: 45:
350) counted fromthe very begi nni ng of the video data; f{he @cond VOP
(B1-VOP) is displayed at 1: 23 45 750; the third VOP (B2$VOPmi s
di spl ayed at 1: 23: 46: 150 ; and ) For encgli ng the
VOPs, it is necessary to insert th play tine data to 15 eath VOP.
The insertion of the full time datg-Rdl uding hour, minute, sgcong=and
m|lisecond occupies a certain datp §Hce in the header portién of_jeach
VOP. The aim of the present 'E_ At+-eA—-5—t-o—Feduee—sueh g @ta space
and to sinplify the tinme data to be inserted in each VPR &
Each of the VOPs shown in the firs W in Fig. 13 is stored pWigEh-dhe
display 20 time data of millisecgn®Ht the VOP tine increneptdarea. Each
of the VOPs in the first rowi-s-gl so stored tenporarily \q'Eth%fthe
display tinme data of hour, m ch second.—The-GOR_h&AdgE- i s
stored with the display data of ho = -A-e—anrd—secort—7 —» &
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for the first VOP) . As shown in the second row.in
Fig. 13, the \‘}@)S@rﬂ# del ayed by a 25 predeterm ned tine usi nﬁng%?‘%zé}s’

(not shown). Wen the VOPs are produced from the buffer, the order
of the VOPs are changed according to the bi-directional prediction
rul e such that the bidirectional VOP, i.e., B-VOP, showld be positioned
18 WO 98/ 02003 o2
PCT/ JP97/ 02319 after the P-VOPjto whijch the B&/CP rieferenges.
Thus, the VOPs are faliginefd in the opder} of 11, B}, Bl P2, B3.
As shown in the thifd rowin Fig. , al time|Tl, i.e. Swhe DP header
is being encoded, tjhe |ocpl tine e registerf stores -8
second data as 5 storkd in theGOP header.} In the anplje showh in Fig.
13, the local tinme pags regigt er $tofks |1: 23: 4% Theln, PBefdre tinme
T2, the bitstream data fof the GOPZheadér is obta@ned mMith the hour ,
m nut e, secongudata bei ngj i nserted—-a.s..s.hgm_at.-t-ha.—bot@m royw in Fig.
13. & O
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Then, at tine'T2, the first VOP (11-VOP) is taken up. The time c
conpar at or conPA¥LURFe tine (hOl(.II’, m n?Jte, second) IOstor ed in tthf/br%%[msw
ti me base register with the tine (hour, mnute, second) tenporarily
stored in the first VOP (I1- VOP) . According to the exanple, the
result of the conparison is the same. Thus, the conpar at or produces
"0" indicati ngl hat the first VOP (I1-VOP) occurs in the sane second
as the second i ng Jheld-+n the local tinme base register. The result "0" as
15 produced ¥ om tlhe conparator is added to the first VOP (11-VOP) at the
nmodulo tine W bgsefarep. At the same time, the hour, nminute and second
data terrporarig/ stgred in the first VOP (11-VOP) is elimnated. Thus,
before tine T3t tte i TSTTEam data forthe first VOP (11-VOP) is
obtained with £®" insergedlin the nodul o tine base area and " 350"
inserted in thg")VCP time i hcrenent area. 20 Then, at time T3,
the second VOPcCiP1l-\MOP) isjtaken up. The tinme code conpar at or
conpares the t (hour, ntnute, second) stored in the local tine base
register with e tims(égmjr, m nute, second) tenporarily stored in the
second VOP (P1 .} According to the exanple, the result of the
conparison is such that the time tenporarily stored in the second VOP
(P1-VOP) is one second greater than the 25 tine stored in local tine base
register. Thus, the gonpargtor produces "10" indicating that the
second VOP (P1-VOP) pccursiin the next one second to the second being

Fig.58B
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hel d in the | ocgh dkjoiRsbase register.

t he next -

second to the second being held in the | ocal
produce "110".

conpar at or Wi |

19

If the second VOP (P1-VOP) occurs in

PCT/JP97/H%3%?

ti me base register,

t he

After tinme T3, th

e

B-VOP tine base register is . sef.to.the time equal to the tine carried
in the local tine basejregister i medwatiely jpbefore tine T3. Ingthes} 5
exanple, the B-VOP tinerigse regi steruiry set| fos1: 23: 45. Al so, time
T3, the local ti fpdhse regi shetils incl&pnted to the t ual to
the time tenporarily stpesfl in the | ® | seclohd VOP (P1-VOP). in the
exanpl e, the |ocal timE Base reqi stergs sl hcrenented to 6.
The result "10" as proguae romthd gonparaton.is added to t ng 10
VOP (P1-VOP) at the nogulo tine basd aseda. t he same tine, ur,i 2
m nute and seconyl data terrpora:rg) star | n the second P1-ivVOR
Is elimnated. Thus, before tijne{ T4, tih ﬁ) tstream dat a 5’9 he Lﬁ'
second VOP (P1-VOR), i sjfobtained wth "1p=—{ nserted in th = dul g tife
base area and "55@) ingerted in the \@P ti £ N =
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i ncrenent area. Then, at tinme T4, the third VOP (Bl-V %

t aken up. TheW?ﬁﬁ'o@%e conparator conpares the tine (hour FGHHIT 2313
second) stored in the B-VOP tine base register with the tine (hour,
m nute, second) tenporarily stored in the third VOP (B1-VOP).

According to the exanple, the result of the conparison is the sanme. Thus,
the conparator produces "0" indicating that the third VOX(B1l-VOP) occurs

inthe 20 sanme second as the second being held in thg VOP tine base
register. The result "0" as produced fromthe copparabor is added to
the third VOP (B1-VOP) at t : B\ the sane
tinme, the hour, mnute and %(mot';j
third VOP(I 1- VCP) is eld %ta
for the third VOP (B1 g in theid
nmodul o tine base area 25 Ad.L5 e | ncrenment
ar ea. Then, at tinme is taken
up. The tinme code conparator y
second) stored in the B-VOP|#gne §a>e 9)3
PCT/ JP97/ 02319 > g e
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register wwth the ti (hour, mnute, second) tenporarily stored,
fourth VOP %9820@?V03). According to the exanple, the resul S)do J’I{92/§2319

conparison is such that the time tenporarily stored in the fourth
VOP (B2-VOP) is one second greater than the time stored in B-VOP
time base register. Thus, the conparator produces "10" 5 i ndi cating
that the fourth VOP (B2-VOP) occurs in the next one second to the second
being held in the B-VOP tine base register. During the
processing of the B type VOP, neither the local tine base regi ster
nor the N-VOP tinme base register is increnmented regardl ess of whatever
resul t t he conparator produces. 10 The result "10" as
produced fromthe conparator is added to the fourth VOP (B2-VOP) at

the nodulo tinme base area. At the same tine, the hour, mnpute and

second data tenporarily stored in the fourth VOP (B2-VOPY \s eli m nated.
Thus, before tinme T6, the bitstreamdata for the/fouxth VOP (B2-VOP)
is obtained with "10" imggrtgd in the nodulo ti
"150" inserted in the VOP ti ment 15 ar ea.

. . nﬁ_gq.r._e
at time T6, the fifth VQ@ (R Qils taken .up. The
o3
23>0
=

o) Then,

conpar at or conpares the i He m nute, secdénd
ti me base

MODULO TIME
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MODULO TIME
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O
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register with the tinme (hour, mnute, second) tenporarily stored_in_the
fifth vop WO 9B83%y0p) . According to the exanple, the result BfY/fHg/02319
conparison is such that the 20 time tenporarily stored in the fifth VOP
(P2-VOP) is one second greater than the tine stored in local tine
base register. Thus, the conparator produces "10" indicating that

the fifth VOP (P2-VOP) occurs in the next one second to the second being
held in the | ocal time base register. After tine
T6, the B-VOP tinme base register is increnented to the tine 25 equal to
the tine carried in the local tinme base register imediately before tine

T6." In the exanple, the B-VOP tine base register is increnented to
1:23:46. Also, after tine I6.—4 he |ocal time base rgyster is
incremented to the tinme eq@al, to the {ine
21 - tenporarilyg3tBred-in the fifth VOP (P2- V&R)
exanple, the local tine > Ugsﬁ ga;ister is increne
The result "10" as pr%(!jg*%fg(@gg Compar at or

Z . . RFowm
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(P2-VOP) at the nodul o tine base area. At the sane tine, the ho
and 5 secondOd¥P¥% enporarily stored in the fifth VOP (P2- V&cnﬁsa%i:ﬁs»

el i mnated. Thus, before time T7, the bitstreamdata for the fifth VOP
(P2-VOP) is obtai ned with "10" inserted in the nodulo tine base area
and "350" inserted in the VOP tine increnment area.

Thereafter, a simlar operation is carried out for formng bitstream data

for the followi ng VOPs. 10 For decodi ng the bitstream
data, an operation opposite to the above is carried out. First, the
time (hour, mnute, second) carried in the GOP header is read. The
read time is stored in the Iocal ti me base register. Upon
recei pt of the | type or P-type—VOP—T e OUhg] The

the data stored in the nogu t| base ar; alﬁFa_éad

"0", i.e., without 15 nﬁ& f=f r ont é&*‘nﬁ ange is [

| ocal time base register, Imczno if fhhe B\O®ti ne
base register. If thedea( %% "10" 5en_tp:rrzm %
ti me base register iseMET éﬁy one s.ec&n £ 9 &
"110", the tine stored init attlrre B3s@ & &B§<

two seconds. In this rE he nunisgr—of3

increnented i s determ ned{by- %0 “tfe numbér ofgg.sﬂln ertied i

Al so, when the read data i{s&¥10" d* "110", the

regi ster, which is a nenory, copies the tine the | ocal
regi ster had carried just beforeithe nost recent incre

(hour, m nute, second) carfdled in'the local time b
conbined with the tine

il .
Ny the tine
iBter is

i second) rTTeaT me

increment area to establish a specN\ic tlrmgtz 8| which the type or P
type VOP shoul d occur. &pornf,%ebog bf the B type VOP, the
data stored in the nodulo tiA W < W
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area is read:‘bégkgﬁmgead data is "0", the tinme (hour, mnutes second)
e -

carried in th PODIPI7/02319
WD 98/ 02003

PCT/ JP97/ 02319 VOP tine base register is conbined with the tine
(mllisecond) carried in the VOP - time increnent area to establish a
specific tine at which the B type VOP should occur. If the read data

is "10", the time (hour, mnute, second) carried in the B-VOP tine
base register is added one second, and then the added result tine is
conbined with the 5 time (mllisecond) carried in the VOP tine increnent -
area to establish a specific ti at which the B type VOP should
occur. If the read data is "110"}, &he t{nme (hour, m nut e, second)
carried in the B-VOP tine base riegisfer|is added two seconds, and

then the added result time ig C nbgpem M th the time (mllisecond) carried
r&ago estaprish a spegific tine at which

in the VOP tinme incremsm
the B type VOP should occur. 10 i The effect$ of this invention
is to enabl e video object planes éﬁboded by diffefent encoders to be
multiplexed. It will also facili i ect based bitstfeam
l.—.
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mani pul ati on of conpressed data that conme fromdifferent: sources to at c
new b|t§Y?é§g§W3lt provi des a met hod of synchronization f&FnéﬁBW§519
vi sual objects. The invention being thus described, it wll
be obvious that the sanme may be 15 varied in many ways. Such variations
are not to be regarded as a departure fromthe spirit and scope of
the invention, and all such nodifications as woul d be obvious to one
skilled in the art are intended to be included within the scope of the

fol |l ow ng cl ai nms.

23
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CLAI M5 W0, 98/02003 . : P
vi sual sequence I'n a conpressed data conprising the steps 0

obtai ning i nstances of the audio visual sequence by tenporal sanpling;
determining the local tinme base of the said instances to be encoded into

A nmet hod of encoding a | ocal tine base of ?9”9%%29’19

conpressed dat a; encoding the said local tinme base in two
parts, conprising of a nodulo tine base that nmarks the occurrence of
a set of time reference spaced evenly at a specific 10 i nterval on the
| ocal time base and a tinme base increnent relative to the said evenly
spaced tine reference; I nserting the nodulo tinme base into
the conpressed data whenever the ~ spegific interyal have el apsed; and
inserting the tinme base increnent within thp conpressed data of the_said 15
i nstances of the audi o visual sequengg. :; 2. :’; A net hod}of, <
encoding a local tinme base of an vi &apl sequen&@fin the m 3
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AN A L.
conpressed data conprising the steps of: obt ai ni ng sanpl e ,“'
data of the audi o visual sequence by tenporal sanpling; 20 0

determning the local tinme base of the said sanple data to be encoded into --
conpressed dat a; . ncqdi ng.the said sa : [ :

met hods conpri si ngFig kl shpws the block %Elmogor@&dﬁ}rﬁg%‘g\egﬁaﬁ%nt o@{a%rl{é{rgérgepﬁce
to any future sanple data and a second ho conps essi |
refers to t4EOPeR Ior SnFadingdne meaduip éki@ﬁ)lbés‘?jé‘ﬁ]g? {he g/ time mﬁemgﬁ}éﬁ@%@\gng
the said local tine_ base in two parts, conprising of dul 0,11

base that rpuRese Methaedinstation the exanple 1@Fl&~i§$ g&&‘ﬁ@nﬁ&%ﬁ%@‘éﬁ%‘?f@h y at
a specific interval on the local time base ahndati

. bas
i ncrenment : prediction is used, the encoding order is different from the presentgggn Srder shown
encoding the tine base increment for the conpresse

firet 5 ' Eignit Rhomandnporiasbegioamibrus £ viak taloura by 48 PovDebiess
evenly spaced tine ref erence; encodi ng the tinme base
i ncrenent  fthe BAMOPiEhisris dllusirapecinctae theek pgragaiephs belowsecond  conpr essi on
method as a relative value to the local tine base of the previously
The process begins in the initializer, step 41 where the bitstream encoder
starts by initializing the local time base register to the initial value of the time code.
The same time code value is'encoded into the bitstream. At the start of the encoding
10 of the next I-VOP the time code comparator, step 42, compares the presentation
time of the I-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 into
the bitstream the required number of "1" equivalent to the number of modulo time
base increment that has elapsed. This is then followed by the symbol "O" to signal
15  the end of the modulo time base code. The local time base register is updated to the
current modulo time base. The processing then praceed to the VOP time base
increment encoder, step 44, where the remainder of the presentation time code of the
I-VOP is encoded.
The process then repeats with the next encoded video object plane
20  whichis the 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. This is then 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

REPLACENENT SHEET
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conpressed instance using the said first nethod; I nserting
the nodulo tinme base into the conpressed data whenever the specific
i nterval have el apsed; and inserting the tine base

i ncrenent "Ba%@'?héﬁ?o&@ﬁﬂ@%é&ﬂg&@&@s%f & itflné%aselm%taﬂv&ﬁ%&fodfehestep

audi o vi sual sequehc rreth claim1 or 2, further

conmpri sing 4{) I?ér@'?ﬁe ?éma nder of the res?rﬂwléﬁ Hhr@(éd& &t tBELF"%‘OF ¥ @lcoded.

conpressed I eamns con alnlng formati on encoded

therein, said nul tiple fi(ﬂ:gsssttg d;gﬁlté s\bfgg tggji?e&:t oded wdeﬁ%ﬁ}ft%’?ﬁfé ng

the local tine basée of strea

comun 11 e, basa. b noesh 0 A A LLAGRS, 3%4;?%@;@&% n the

mul ti pl exe t st eam t he

‘nio the mAtERGaS mtffﬁ%#‘ﬁsE%‘?S’W?é%?ﬁ%é-x%ﬁg{s}éég%ﬁs < AR PR s

modal o 1 X&daagé%ttgﬁ@%ﬁ@%*i%%%gigém%%swénﬁhe moddlgiﬁéﬁ#% Fﬂ%o‘%gm 0

i base oLl BeuPt é&%&@% AP E0 et s abiORER A

Cont ai ni ng INGEASRt; et 28 STFie 'ﬂ?axs.@%h“ea?fehaé&&baéﬁs”@&@pﬁ“ﬂﬁ SRR et

de- of the modulo time base code. Both the B-VOP time base register and the local time

10  base register are not changed after the processing of the B-VOP. The processing

then proceed to the VOP time base increment encoder, step 44, where thé remainder
of the presentation time code of the B-VOP is encoded.

The local time base register is reset at the next I-VOP which marks the
beginning of the next group of VOP.

15

Implementation of the Bitstream Decoder is described.

Fig. 12 illustrates the block diagram for the implementation of the
decoder for the modulo time base and VOP time increment to recover the
presentation time stamp. As in the implementation of the encoder the example in

20  Fig. 3B is used. The decoding order is the same as the encoding order where the I-
VOP is decoded followed by the P-VOP before the B-VOP. This is explained in
the paragraphs below.

The processing begins in the initializer, step 51, where ;he 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

e . decoded is given by the number of "1" decoded before the symbol "0" Next the VOP
REPLAY .m.\n SHEET
|

16
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mul tipl exed, for de-nultiplexing further conprising the steps of:
25 WD 98/ 02003 PCT/ JP97/ 02319
decoding the tinme base offset of the individual conpressed bitstream

exam ni ng t fextRetdid e KRdsdohat bEaghtdrintihe lawaktinsobpseerepider, 1kt aompazator

pl acing the said instance into the appropriate conpressed bitstreamuntil a
modul o will 'gf@jul@gs‘qm’s' encountered in the nultiplexed bitstream 5
inserting a nodulo tine base to each of the conpressed bitstreans; and

repeating the |ast {RAET3 fhrét}]js-l\/@?ﬂrﬁ@ﬂyisie%g%f%q iDist6td gRNIME egliﬁhlmsth@d-

5. A net hod of decodi ny a Tocal tine bas® of an audio visu sequence

(rom i i B CabTEL RS 1981l IR BT BRAS IRl Ra BT ERfe I6OTE, T4 b ol al m

1 conprisin I zing the reference
| norenent i nger B STR WHe BE R RRECLOBTES. At o e Tardhe ol o
time base register is incremented to the time equal to the time temporarily stored in the
second VOP (P1-VOP). Thus, in the example, the local time base register is
incremented to 1:23:46.
The result “10” as produced from the comparator is added to the second

10 VOP (P1-VOP) at the modulo time base area. At the 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” inserted 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 same second asthe second being held in 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. At the same time, the hour, minute and second data femporarily 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” inserted in the modulo time base area

v

and “750” inserted in the VOP time increment area.

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

. comparator compareés the time (hour, minute, second) stored in the B-VOP time base
REPLACEMENT SHEET |.
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ti me base decoded; decoding the tinme base increnment of the

conpressed instance; and 15 determ ning the decoding tinme base
of the said instance by adding the said decoded ti ne base increnent
value to the reference tinme base. /A et hod ofr*ge odi ga
| ocal ti metempoganly sinredudlthe\ﬁfshlé\/IOEeEﬁ:é/@E) f Tows, in the expmpls, 1gPe t he

conpressed data encoded according to claim2 conprising the 20 st eps of
initializibasetiegisterfieimmementotetobh@8:47aki ng i nto account of the time base
of f set; incrementing the reference tine base by a specific
interval for eachTieduhult “10” as ptddieed fen trorntaparalsr is added to the fifdc¥ithg

the tinme base increnent of the conpressed instance; and
26 (P2-VEPPA/1829@ulo time base area. At the same time, the houP(MidRe 20d2319
5 second data temporarily stored in the fifth VOP (P2-VOP) is eliminated. Thus, before
time T7, the bitstream data for the fifth VOP (P2-VOP) is obtained with “10” inserted
"in the modulo time base area and “350” inserted 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 data, 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 type VOP,
the data stored in the modulo time base area is read. If the read data is “0”, i.e., without
15  any 1sin front 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 read data is “107, the time
stored in the local time base register is incremented by one second. If the read data is
“1107, the time stored in the Jocal time base register is incremented by two seconds.
In this manner, the number of seconds which should be ix'xcxemented is determined by
20  the number of 1s inserted in front of 0. Also, when the read data is “10” or “110”, 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 (kour,
minute, second) carried in the local time base register is combinéd with the time
(millisecond) carried in the VOP time increment area to establish a specific time at
25  which the I type or P type VOP should occur.
Upon receipt of the B type VOP, the data stored in the modulo time base
" areais read. If the read data is “0”, the time (hour, mjnute, second) carried in the B-

REPLACENENT SHEET
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determning the time base increment to be one of two s, absolute of .l
relative, depending-ea-tte st or sec um ﬁﬁet hod used in the;
encodi ng of Rgp%@EN‘éNﬁrﬁ;ﬁé ce, respect(t) ﬂmﬂﬂ M‘

t —

detern1n|ng
t he decodin el|said instance by addlng the said 5 decoded

time.base inicrie t t«he reference tine base if the tine base is of
t he fiysy ﬁ&p@ée lﬁ% determ ning the decoding tine
base of the'bald 17y qddl ng t h&CkAIMS decoded tinme base

i ncrement value to the decoding time base of the previous instance

encoded usin conpression nethod, if the tinme base |ncrenent S

of the 10 second type. 7. A net hod of nul tipl exing
plurality of. conpr dssethdd oS¢naraiing adodah tiohebase3of an audlﬂmﬁéaltsﬁ%“@l}ﬁ?lml@ual
conpressed bilstreans are thensel ves nultipl exed bitstreans. 15 8.

A met hod of cempredsedydatacconiprisibg the stepoofli ng to claim 1 or 2 where the
| ocal tine base, time base increnent and tine base offsets are_ in units of
| |i seGonds obtaidingestapees ¢f theiautlin visuahseguaner b ¢ BROBY sampding;
mlliseconds. . e .
determining the local time base of the said instances to be encoded into
compressed data;
encoding the said local time base in two parts, comprising of a modulo time
base that marks the occurrence of a set of time reference spaced evenly at a specific
10  interval on the local time base and a time base increment relative to the said evenly
spaced time reference; -
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

15 instances of the audio visual sequence.

2. A method of encoding a local time base of an audio visual sequence in the
compressed data comprising the steps of:

obtaining sample data of the audio visual sequence by temporal sampling;
20 determining the local time base of the said sample data to be encoded into

compressed data;

encoding the said sample data in one of two methods comprising of a first
method of compression without reference to any future sample data and a second

method of compression which refers to the future reconstructed sample data;

25 encoding the said local time base in two parts, comprising of a 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 ;

24
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encoding the time base increment for the compressed sample data using the first

com'pression method as an absolute value relative to the said evenly spaced time
reference;

encoding the time base increment for the instance compressed using the
second compression method as a relative value to the local time base of the previously
compressed instance using the said first method;

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.

3. A method of claim 1 or 2, further comprising the steps of:
multiplexing a plurality of compressed bitstreams containing local time base

information encoded therein, said multiplexing step comprising:

synchronizing the local time base of the individual compressed bitstream to
a common time base by encoding and inserting the time base offset in the multiplexed
bitstream;

examining each of the compressed bitstream for the next compressed
instance to be placed into the multiplexed bitstream until all the compressed
bitstreams have arrived at the modulo time base;

inserting a common modulo time base into the multiplex bitstream and
skipping the modulo time base of the compressed bitstreams; and

repeating the last two steps until all compressed bitstreams are exhausted.

4. A method of claim 1 or 2, wherein a plurality of compressed bitstreams
containing local time base information encoded therein are multiplexed and de-
multiplexed, for de-multiplexing further comprising the steps of:

25
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{57} Abstract

TIME

A method of encoding a local time base embedded in the compressed data is disclosed. The local time base is encoded in two pan
The first part has a modulo time base that indicates the specific interval in the reference time base and the second part has a time ba:
increment relative to the reference time. Two forms of time base increment are used to aliow for the possibility of different encoding ord:
and displaying order. A mechanism for the synchronization of multiple compressed streams with local time base is also described. A tin
base offset mechanism is also used to allow finer granularity synchronization of the multiple compressed streams.




