. defge3et| 6T"1 N O V 2002 VI DEO ENCODER AND ENCODI NG METHOD W TH, BlgﬁﬁﬁRZDUZ
CONTROL BACKGROUND OF THE | NVENTI ON The present invention relates-'t e
buffering of video data, and nore particularly to the buffering of video
data provided to a viewer using a push datafl ow scenario. Push dataflow is
a techni que wherein data, such as video, text and/or graphic inf(ﬂ '

is broadcast to a viewer without interaction (except for, possibl mmmmm,m”””m
advance establishment of an information profile by the recipient) | oo
push dat afl ow conmuni cati on schene, a video rate buffer nodel is required
in order VEDBOUANCORERAND ENCORINEnMHEEHA NREITEyBUFEER dONTR@bder. W th
a rate buffer nodel, the video encoder can be constrained to nmake
bitstreanms which are decodable with a predeterm ned buffer nmenory size at

t he decoder. The MPEG 4 Visual Final Commttee Draft (FCD) No. N2202

publ i shed by the Mowving Picture Experts G oup (MPEG and incorporated herein
by reference, does not currently specify a video rate buffer nodel relating
the access unit size (e. g., coded "video object plane" (VOP) size), .
decoding tinme, and bit rate of a video data streamto a buffer size for
buffering the BACI@G%@?N @p%ﬁ B E@EPERdI ng data. Annex D of the FCD on
the video buffer s an enpty placehol der for this

i nformati on. The MPEG 4 Systens FCD (N220i), al so incorporated by
reference, defines a thd feresmdiel intoneiven nelavdesatbvehdebinféiOngadet he
relevant fields is proyided in,a manner consistent w video. |t would be
advant ageous to ‘b]r%%? taa'btﬂt?%rm%%e?a’é'bh’f)‘éi‘?ﬁﬁﬁ Wt‘%ﬁ‘?h‘%ugg%Fb%n?Foned
Annex D that expliddd |datsd gbesvidedredasi onshep heiwgen phenh syt akidl the
vi sual FCD and the systens FCD. $UCh§]f buf fer nodel . should be able to be
easily and straiYRIOr@r di §P5hpfaieht @d 4Si Agtapproprearkerate dafder
management techrd@iesasd nvideley teoxboamd/dheqRBPREY [RAVEREPESLS Needed by a
vi deo decoder, thereby enabling the successful provision of push datafl ow.
The present inve9#FFHToVFUSR ‘él‘?/‘i’?i’éo“’?%k[“éubufg%?r%aé?“aﬁﬂx%ﬁ%g%ﬁ’r’éﬂt

t echni ques havi nghd s Bf Or €@ nd d efece adgde obheshmeManbages. information

profile by the recipient).

In a push dataflow communication scheme, a video
rate buffer model is required in order to bound the
memory requirements needed by the video decoder. With
a rate buffer model, the video encoder can be
constrained to make bitstreams which are decodable
with a predetermined buffer memory size at the

decoder.

The MPEG-4 Visual Final Committee Draft (FCD) No.
N2202 published by the Moving Picture Experts Group
(MPEG) and incorporated herein by reference, does not
currently specify a video rate buffer model relating

w

the access unit size (e.g., coded “video object plane”
(VOP) size), decoding time, and bit rate of a video

data stream to a buffer size for buffering the

AR
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- 1 NO YV 2002 3 SUWARY OF THE I NVENTION I n accordance with the invention,
a'met Hod and apparatus are provided for enabling data, such as wvi Hdf}V t200de
br oadcast using a push dataflow scenario wi thout causing a data rate buffer
for the pushed data at a decoder to overflow or underflow At an encoder,
data are encoded for conmunication to the decoder to provide an out put
bitstream The data rate buffer of the decoder is sinmulated at the encoder.
The sinulation is used to control the output bitstreamto preclude overfl ow
or underfl ow of the decoder buffer. For exanple, a conplenentary encoder
buffer, which operates in a manner opposite to the decoder buffer, can be
nonitored and inverted to provide the sinmulation. Various different

techni ques are disclosed for controlling the anount of data produced at the
encoder to maintain the data within the confines of the decoder buffer.
These include reducing the quantization |level to generate |arge VOPs or
outputting stuffing bits at the end of the VOP when the sinulation at the
encoder i ndi cSPE§egﬁé?Pdtlﬁ'é’ §étéder nIefxerD [ds B W9 Beddife WEEF ul 1. When
the sinul ati opuifdirgagesetrhati etrhg vibeg oders Jusfsfees daenpiey | | becone too

enpty, the enc der ¢ i ncrease .quanti zatiaon levels to generate fewer bits,
or del ay h?gger ftoﬁe%glé%erl&gocfﬂ‘a(ﬁl%e A&e MBS~ %Y 488 he hi gh

f requency coeF‘l’:Dm(EmZ@lt)o ReddC & nidee paiaierd ofy trletf%x@elw atRe iPRys OP.

-.1 NO Y 200 BRI EF | PTI ON OF THE FI GURES ure 1 |s a graph t hat
i ots buttor BEEGEANROIRTCe NOEF YAt for AOTERL K AR e “and
Figure 2 is arbhle¢kndi dgdedads lilsustroatiideg amcedaranaerd Q\%@@i@te&ﬂpar atus in
accordance wi t h Rhe i nventl on.

It would be advantageous to provide a buffer
model compatible with the aforementioned Annex D that
explicitly states the relationship between the syntax
in the visual FCD and the systems FCD. Such a buffer
model should be able to be easily and
straightforwardly implemented using appropriate rate
buffer management techniques in order to bound the
memory requirements needed by a video decoder, thereby
enabling the successful provision of push dataflow.
The present invention provides a video rate buffer
model and management techniques having the

aforementioned and other advantages.



- 1 NO V 2002 6 DETAI LED DESCRI PTI ON OF THE | NVENTI ON The MPEG 9 vi deo
buffering verifier (VBV) is an algorithmfor checking a bitstreamipNQ¥ 2002
delivery rate function, R(t), to verify that the anmount of rate buffer
menory required in a push dataflow scenario is |less than the stated buffer
size. If a visual bitstreamis conposed of nultiple Video Objects (VQOs),
each with one or nore VOLs (Video bject Layers), the rate buffer nodel is
appl i ed i ndependently to each VOL (using buffer size and rate functions
particular to that VO.). The present invention applies a buffer
verification technique to natural video coded as a conbination of I, P and
8-VOPs, and can be extended to cover the full visual syntax, as well as
sprites and synthetic video objects. In accordance with the invention, the
vi deo encoder controls its output bitstreamto conply with the requirenents
of a video buffering verifier (VBV). The VBV is defined as follows: 1. The
VBV size is specified in units of 16389 bits by vbv buffer size field
provided in the VOL header. A simvAryY fer BHEellofedricn f or bi dden. "B" is
defined as 16389 x vbv buffer size and is the -, 1 NOV 2002 buffer size
in bits. Note that in the exanple enbodinment disclosed herein, the maxi num
size of the VBV buf & JCEFASintith e Vidiisdtdonvb@ mefthed singk can only
be changed aft @ppa riitsldala @b visRANaNGE-&IMb IGOLL data , TR dINSiant aneous

vi deo object |ayer channel bit rate seen by the encoder is denoted by

Rvol (t) in bitd1ifePr .sécoi® Hroad@yi tusidt® & iish ida tafd oyOsasseddo | s
present, it de{iiRedud REUsiMRL & ddtdNidee HurdQd HS R RGN gaa val ue
of 0 is forbidden) such that 'RVO (t) - 400 x bit rate Note that Rvol (t)
counts only vi d%aR sgseser do e M voderidioar t ditt e gafdaded.on of
di below). If HheaChaaneldicd Y Aot (BH ldPle@X tHNRIYRG her VOs

or as defined by SO I EC 14496-1 with a total instantaneous channel rate
seen by the en®d@¥Hdsf AR OPLAHe RAATeqR) -THR( At Hate futderelofhi t
duration of a Rhb HeQBA¥P i & Qlimu QUM SR InTiR VBV Ryffer is
initially enpty. After finding the first VO. header, the vbv occupancy
field is exanm séduletdereds nsachdd martaolodhgpamdpusf bittes tyRarbufof er in
64-bit units b cadi t j i L iJEggiatel VOL
header. The fi f’fsrt% Ifcgi“?j%i (ran’@lte%gl\?gw\e/dbﬂf‘%‘{e‘:‘raé ﬁfligf“he fi ?‘set %ﬁ%a%frtai’r”f%erﬁ V 2002
s of the VOP (defri mea@mpd eparagoapi emdidiaon) amlsicsler telfifdes mhd VOl header
containing the

operates in a manner opposite to the decoder buffer,
can be monitored and inverted to provide the
simulation. Various different techniques are
disclosed for controlling the amount of data produced
at the encoder to maintain the data within the
confines of the decoder buffer. These include
reducing the quantization level to generate large VOPs
or outputting stuffing bits at the end of the VOP when
the simulation at the encoder indicates that the
decoder buffer has or will become too full. When the
simulation indicates that the decoder buffer has or
will become too empty, the encoder can increase

quantization levels to generate fewer bits, or delay



vbv occupancy field. The difference between later vbv occupancy fields in
subsequent VOL headers and the running cunul ative buffer occupancy ("H:LV 2@&
as defined bel ow) just before renoval of the VOP containing the th a
shall be less than 69 bits. 9. Define dl to be the size in bits of the i-th
VOP where i is the VOP index which increnments by 1 in decoding order. The
paraneter dl is illustrated in Figurg 1, which plots buffer occupancy
(b(t)<B) with respect to decoding tine (t). Mdrre precisely, di is the
nunber of visual syntax bits either: (1) fromthe last bit of the previous
vi deo object, still texture object, mesh object or face object exclusive
(and excluding any stuffing codewords imediately followng this bit); or
(2) fromthe first bit of the visual object sequence- start code inclusive
(in the case of the first VOP of a visual bitstream) to the last bit of the
current VOP inclusive (including any stuffing codewords at the end of the

VOP), includi vi deo qbj ect ders, Vvideo 1 NOV 2002 9 object |ayer
header s, andtg%r%o 5 ot" rheoth]gtﬁ'ée WHith YRiec e 39e VErE ihk@hf. Note t hat
the size of &recpecthdyORded idieralsnays redudd itHe Ml Pids wiesto start
code alignnenthé}agégeté (QEéuwe 1) be the decoding tinme associated with
VOP i in decgglng orde AT bi t s (dl') of VOP i are renoved fromthe rate
buffer instantaneously at tl1. This instantaneous renoval property

di stingui shes the VBV buffer nodel froma real rate buffer. 6. Tl is the
conposition tinme (or presentation tine in a no-conpositor decoder) of VOP
i. For a video object plane, t1 is defined by vop titre increnent (in units
of I/vop time increnment- resolution-the of a second) . plus the cumul ative
nunber of whol e seconds specified by nodule tinme-base. In the case of
interlaced video, a VOP consists of lines from



two fields and Tl is the conposition tine of the first field. The

rel ationshi p between the conposition tine and the decoding tine fof NﬂVﬂzmu
is given by t, =2z; -(((vop -coding -type --- B vOP) f 1 owdel ay) 2O m

1 NOvV Z002 10 mhere | ow delay is true (1) if the VOL contains no B-VOPs. |f
B-VOPs are present, then the conposition of an anchor VOP is del ayed until
all imedi ately subsequent B-VOPs have been conposed. This delay period is
m =z~ - rP, where f is the index of35the nearest-future anchor VOP of VOP
i while pis the index of the current for the nearest-past) anchor vop of
vop y. The follow ng exanpl e denonstrates how m is determned for a
sequence with variabl e nunbers of consecutive B-VOPs: Decodi ng order

| oPI PzP3B4PsBsP~BeB9Pi 0Bl Bl z Presentati on order .

| oPI PzBaP3B6P5B8BOP rgl | B: zPm Assunme that vop tinme increnment=i and nodul o
time base=0 in this exanple. The subindex i is in decoding order. - | Nov
2002 12 i il tI' M 000-2=-11111-1=012 2 2-1=1 13 9 4-2=22 43 32
56 6-229 26 55 2 7 9 9-3=BRBEB FESCRBPBIGNSOB TBEI1RPICGBRBS9 3 11 10 10 3
12 11 11 3 7. Define bl as the buffer occupancy in bits inmediately
following the renoval of VOP i fromthe rate buffer. The paraneter bl is
i|lustrated in Fi guFégureudi 4§ eheraBhyvEnaLt PAPESORSEIBE ©5FUBENCYer at i vel v

defi ned: (b(t)<B) with respect to decoding time (t); and

Figure 2 is a block diagram illustrating encoder
and decoder apparatus in accordance with the

invention.



bo - 64 x vbv occupancy-do t(al b~+~ =Db, + ~R ,0~ (t)dt - d,+, f or i >_O
t. 8. The rate buffer nodel requires that the VBV - 1 NOV 2002-1%3 Nﬂj\!fZﬂﬂz
never overflow or underflow, that is: 0 < b, and b, +d, S B foralli

Real -val ued arithmetic is used to conpute bl so that errors are not -

accunul ated. A coded VOP size nust always be |ess than the VBV buffer size,
i.e., d=<Bfor alli. It is a reqgirenment on the encoder to produce a

bi t stream whi ch does not overflow or underflow the decoder's VBV buffer.
This means the encoder nust know R~ol,decoder (t) . the instantaneous
channel bitrate seen by the decoder. A channel has constant delay if the
encoder bitrate at tine t when a particular bit enters the channel,

Rvol , encoder(t) is equal to Rvol,decoder(t + L), where the bit is received
at (t + L) and L is constant. In the case of constant delay channels, the
encoder can use its locally estimted Rvol, encoder(t) to sinulate the VBV
occupancy and contro ﬁEQTEE%—Eé52&—§s§§#g§~a—§gﬁgggﬁﬂprder to prevent
overfl ows or underfleIFR(f c EPT del ay channe
This allows the encoder to produce a VOL bitstream whi ch does not overflow
or underfl ow t herhef M@EcURI RA RO b EFTedely (forif iR e(vtdwt iRvalp (t) 1S

defined aS Rvol . encoder(t) in nunbered paragraph ~"2" above.
algorithm for checking a bitstream plus delivery rate

function, R(t}), to verify that the amount of rate
buffer memory required in a push dataflow scenario is
less than the stated buffer size. If a visual
bitstream is composed of multiple Video Objects (VOs),
each with one or more VOLs (Video Object Layers), the
rate buffer model is applied independently to each VOL
(using buffer size and rate functions particular to

that VOL).

The present invention applies a buffer
verification technique to natural video coded as a
combination of I, P and B-VOPs, and can be extended to
cover the full visual syntax, as well as sprites and
synthetic video objects. 1In accordance with the
invention, the video encoder controls its output
bitstream to comply with the requirements of a video
buffering verifier (VBV). The VBV is defined as

follows:

1. The VBV size is specified in units of 16384 bits
by vbv buffer size field provided in the VOL
header. A vbv buffer size of 0 is forbidden. “B”

is defined as 16384 x vbv buffer size and is the



-1 NOV 2002 13 Figure 2 illustrates the encoder and decoder in sinplified
bl ock diagram form Data to be encoded are input to the encoder~pﬂoN@$s§mz
20, which is coupled to an encoder data rate buffer 22. Buffer 22 operates
in a conplenmentary manner to a data rate buffer 32 of the decoder 30. 8y
monitoring the data rate buffer 22, the encoder processor 20 is able to
sinul ate the data rate buffer 32 of thF decoder. The encoder processor
provi des an output bitstreamto a transmtter 29, which transmts the

bi t stream over a communication channel 26 to a receiver 28. The receiver
provi des the received bitstreamto the decoder 30 in a conventional manner.
Decoder 30 decodes the bitstreamto provide the desired output data. A
description of howto handle real tine video in a non-constant del ay
networ k environment follows. This procedure is a hypothetical nodel only;
it is not a requirement or recommendation on howto interface MPEG 4
bitstreans to non-constant delay channels. |f the channel does not have a
constant del ay, suchUEf@F:sizeyhknhkS - valPhel EhapatRetbpyepanrde queuing
del ays in network ighesdares: alfstnbsEqedtakennodrs ﬁsxgmumswﬁgéhs

routers as used by ATMor |IP networks) are resent, and -- ~|0II 2002
14 2. the informatibheiCBUPRiERBALF nfPRAECRE hipedThackeide ahd 3. there is
a bound on the d'ff95@“86f?§£“§§9et8§n”bﬂl9“ﬂbaeﬁa hmig ghagnel | atency
of a packet (as determned, for exanple, a quality of service

negoti ation), then alééﬂéiehﬂe@éLa9QUﬁaﬁﬁeEndaﬁOdé approxi mated using a
de-jittering buffer before the decoder. The de-jittering buffer holds each
vari abl e | ateney paEketimptantaneowdxyhdarcabnaet 1&Y@hc?hhaeeélbpsed (the
hol di ng duration is. Q@éegeﬁﬂ t etﬁ@cgggogégel$tagpg ng9§eRth? 5 is

rel eased to the decoder ting channe nOM/Eas a coﬁ%ta el ay
equal to the nEX|nuh1tﬁaMﬁeIS¢a@eﬁcy ISyhhaxbmbdrﬂtcaflahs 1ﬁhehpresent

i nvention nodifies G
occupancy field (266§Et§¥gé tgg é%f %ﬁgde?t ggség %%ggh?gt?n eger is
t he VBV occupancy iwnt®sbdf m&Dtblt&spebeSecendheareabualoﬁfOthe first VOP
follow ng the VOL hegader. . Th ur po o] quant it S to rovide t he
initial condition fbof" Pe ?ﬁﬁéséwn(g) 2b'¥ b3

Note that Rye (t) counts only visual syntax for

the current VOL (refer to the definition of d,
below). If the channel is a serial time
multiplex containing other VOLs or as defined by
ISO/IEC 14496-1 with a total instantaneous

channel rate seen by the encoder of R(t), then

R(2) if t € {channel bit duration of a bit from VOL vol}
R, ()= )
0 otherwise
3. The VBV buffer is initially empty. After finding

the first VOL header, the vbv occupancy field is
examined to determine the initial occupancy of
the VBV buffer in 64-bit units before decoding
the initial VOP immediately after the VOL header.
The first bit in the VBV buffer is the first bit



To prevent duplication of information between MPEG 4 System (I SO I EC
14496-'1) and MPEG 4 Vi sual - 1 NDV 2002 15 (I1SO I EC 14496- 2).. r@vt 2002
allow a visual elementary streamas a stand-alone entity to specif

buffer nodel, a vbv paranmeters flag is added to control the inclusion to
VOP rate code, bit_rate, |ow delay vbv size, and vbv occupancy in the VOL
header. The val ue of vbv paraneters shall be "1" for a push datafl ow vi sua
bit stream when the equivalent infornmation is not present in an

encapsul ating systens multiplex. The vol- control paraneters bit remains in
the syntax to control the inclusion of the chroma format and aspect ratio
information fields in the VOL header. The FCD VOL syntax contains potenti al
start code enul ation problens when bit- rate and vbv size are present
(since runs of 23 or nore consecutive 0 bits can occur). Marker bits (which
al ways have the value "1") have been added to avoid this problem The
fields split by marker bits are defined: bit rate - (bit rate nsbs 12) ~
bit rate |sbs; vb@fsthe VOPyHgesipgdnipspargpraphpyd edow)sméichhy

occupancy - (vbv QEEMQQEQYtHEb$OL|§EaMQY E6EEB§H§M | s, The resul tant
syntax is shown in Table 1: 16 TABLE 1 No. of

bi t sMhenoni cVol CHHKLQPCHQﬁéﬁété#§i§Isb?h? évéﬁeééﬁpﬁobeﬁaﬁ§@eters)aspect

ratio informationgyigsbf,ghr gnm 95 t 2uLRRf Vv spasaneiersphsbf I f (vbv
paranmeters) tVOP rate code¢U|w€ bit rate nsbsl u?nsb naFkﬁ?Hmtlblsbet

rate IsbleU|nsbfh@adaé5a§mﬂl§bﬁvbvﬂ9n26 eebsdativief iefifer bit 1bl sf bvby
si ze | sbs10ui nsbf Jshs fv
occupancy- IsbslSu¥§éBnggg ?F¥UT€RSééEfE?BGE§[;%{h§a)]}ﬂég) é¥6re
removal of the VOP containing the VOL header
shall be less than 64 bits.

4. Define d, to be the size in bits of the i-th VOP
where i is the VOP index which increments by 1 in
decoding order. The parameter d, is illustrated
in Figure 1, which plots buffer occupancy
(b(t)<B) with respect to decoding time (t). More
precisely, d; is the number of visual syntax bits

either:

(1) from the last bit of the previous video
object, still texture object, mesh object or face
object exclusive (and excluding any stuffing

codewords immediately following this bit); or

(2) from the first bit of the
visual_object_sequence_ start_code inclusive (in
the case of the first VOP of a visual bitstream)
to the last bit of the current VOP inclusive
(including any stuffing codewords at the end of

the VOP), including video object headers, video



- 1 NOV 2002 17 Notes to Table 1: 1. The encoding of aspect ratio
information and VOP rate code are undefined in the MPEG 4 Visual FCD. 2. In
order to use the encoded bitstreamw th a push datafl ow nodel, TT1iMﬂVa2mE
normative requirenment that vbv paraneters nust be set to " 1" or the

equi val ent information, as defined in item4 below, nust be included in the
systens layer. 3. |If VOP rate code is provided, then the difference between
conposition tines specified by VOP ti i ncrenent and the cunul ati ve nodul o
time .base nust be an exact integer multiple of the frame period associ ated
with VOP rate code. In this case, the width of VOP tinme increnent

resol ution nmust be increased by one bit to exactly represent 59.99 Hz
(i.e., 60000/1001 Hz). Relationship to MPEG 4 Systens: The foll ow ng

di scl osure defines the relationship between the term nol ogy, semantics and
syntax of MPE® Systens (ISQO |EC 1949&- 1) elenentary streaminterface and
the visual decoder (or encoder) such that the System Decoder Mdel (SDM is
consistent with theobiges Bavesr hoagpfiser anfingrAlE e4s¥OPt headesgal VBY

buf fer and SDM decoghrgnbphbebdeDBRE: Na¥eitse19.~V 0 V 2002 18 identi cal
semantics. These buffers are one and the sane in an integrated

vi sual / systens decogigkcnpigk. the AiRat ukab “bdea geeesaiynit h3wdysoded
VOP. The size (dl) and the precise conmposition of a coded VOP is geflned
above with referencé WﬁlFPQEPeOf.8 bits due to start code alignment.

5. Let t, (Figure 1) be the decoding time associated
with VOP i in decoding order. All bits (d,) of
VOP i are removed from the rate buffer
instantaneously at t,. This instantaneous
removal property distinguishes the VBV buffer

model from a real rate buffer.

0. T, is the composition time {(or presentation time
in a no-compositor decoder) of VOP i. For a
video object plane, 1, is defined by
vop time increment (in units of
1/vop_time_ increment resolution-ths of a second)
plus the cumulative number of whole seconds
specified by module time base. In the case of
interlaced video, a VOP consists of lines from
two fields and t, is the composition time of the
first field. The relationship between the
composition time and the decoding time for a VOP

is given by

t, =1, —(((vop _coding _type == BVOP) |low_delay)?0Om,)



2. The object tinme base (OTB) used to determ ne the object clock reference
(OCR), decoding tine stanmp (DTS), and conposition tinme stanp (CTSl,tﬂgghzmm
sanme time base used to determne the VOP tinme increnent and nodul o ti

base. The Sync Layer tinmeStanpResol uti on and OCRResol uti on nmust be integer
mul tiples of VOP tinme increnment resolution so than no tenporal precision is
| ost and all tenporal calculations are exact in integer arithnmetic. 3. The
conposition tine stanp is equal to z%oplus a constant (K). That is:

ti meSt anpResol ution x VOP tinme increnent CIS, = n; x tinmeStanpResol ution +
- - ' + KVOP tinme increnment resolution where nl is an accunul ation of the
nodul o ti nme base values since the initial VO.L header. 4. The decoding tine
stanp fromCTS is deternmined in a manner simlar to the way ti is

SUBSTI TUTE SHEET (RULE 26) - 1 NO YV 2002 19 calculated fromil, that is
DTS, CTSI - ( ( (vop coding type =- BVOP) | | lowdelay) ? 0 m) This
equation specifies that decoding is instantaneous and the only difference
bet ween DTS and Gtsrefledtdelar teotdeei id)ofifatblkoNVOVORSNtNGNS t hat DTS

s only present qf, aohghs VOPEevBehobawadel Bresnd (yhen the condi tional
expressi on above 1s true?. 5. %he rel ationshi p between the val ue of the
composition of an anchor VOP is delayed until all

immediately subsequent B-VOPs have been composed.

This delay period is m =71,-7,, where f is the

index of the nearest-future anchor VOP of VOP i
while p is the index of the current {(or the

nearest-past) anchor vop of vop i.

The following example demonstrates how m; is
determined for a sequence with variable numbers

of consecutive B-VOPs:
Decoding order : IoPlE’zPngPsBstBngPloBuBlz

Presentation order

IoP1P2B4P3BcPsBgBoP1B131B:2P1;

Assume that vop time_increment=1 and
modulo time base=0 in this example. The sub-

index i is in decoding order.



encoder's | ocal object tine base value at the tinme and DTSl is d.e?i g@g 2002
here. "Let the first bit of the access unit containing a VOL heade

stored in the VBV (or SDM DB) buffer at time OCRL and vbv occupancy
specified in the same VOL header, then | D1S vbv occupancy = - ~R-or (t )dt
- 64 o~R, It is an inplicit requirenent on OCRResol uti on and

ti meSt anpResol ution that the cal cul ati,qn of vbv occupancy be accurate to
the nearest integer. 6. The System Lairl r (SL) RandomAccessPoi ntFlag, if set
to "1", .denotes the presence of a VOL header in the access unit starting in
this SL packet. -~~ ~ Nov Zoo2 20 7. The Decoder Confi gDescri ptor val ue
for bufferSi zeDB is equal to 2048 x vbv buffer size. The maxBitrate field
must be 400 x bit rate. The correspondence between the VOL header
information controlled by the vbv information bit and various syntax
entities specified in MPEG 4 Systens |ayer is given below. In the event
that information is duplicated by the two parts of the MPEG 4 standard, no
di sagreenent is allowed. 1. VOP rate code is represented by the Sync Layer
conposition UnitDuration and tineScale. In this case tineScale nust be an
integer nultiple of VGP tinme ingrenment resglution. 2y, bi t-ra to and vbv
size are indicated by—raxB-trate—andbufferS-zebB—in-the——

Decoder Confi gDescriptdt. 3. vbv becupancy ¢slinHirectly indicated by the

di fference between OCR and DTS as defined pbpvg. 4. {ow delay is specified
inplicitly by DTS of - the first2T-VCP. IszlTSIis prlesent (and unequal to

x

2

3 4 4-2=2 2
4 3 3 2
5 6 6-2=4 2
6 5 5 2
7 9 9-3=6 3
8 7 7 3
9 8 8 3
10 12 12-3=9 3
11 10 10 3
12 11 11 3

1. Define b, as the buffer occupancy in bits

immediately following the removal of VOP i from
the rate buffer. The parameter b, is illustrated
in Figure 1. Using the above definitions, b, can

be iteratively defined:

by = 64 x vbv_occupancy-dp

‘(ﬂ

b, =b+ IRvo:(t)dt—d,+. for i20

8. The rate buffer model requires that the VBV



PTS), .then |low delay = 0, else |ow delay = 1. - 1 NOV 2002 21 Conpari son
bet weén the MPEG 4 VBV and the MPEG 2 VOV: The MPEG 2 and MPEG 4 VENQ V2082 s
both specify that the rate buffer may not overflow or underfl ow and that
coded pictures (~1OPs) are renoved fromthe buffer instahntaneously. In both
nodel s a coded picture/VOP is defined to include all higher-1level syntax

i medi ately preceding the picture/VO®» MEG 2 video has a constant frane
period (although the bitstreamcan contain both frane and field pictures
and frame pictures can use explicit 2:3 pulldown via the repeat-first field
flag) . In MPEG 4 terns, this frame rate would be the output of the
conpositor (the MPEG 2 term nology is the output of the display process
that is not defined normatively by MPEG 2). This output frane rate together
with the MPEG 2 picture structure and repeaf _ first field flag precisely
defines the tine intervals bet ween consecuti ve decoded picture (either
frames or fields) et ecod ess,and t.he display
process. In genera€%§§ %BE%?%Q ?gfgeéﬁl%gﬁfglﬁg B t% gu &< (we assune
MPEG 2 | ow del ay = O, refer t he, next, secti on, for the case were | ow del ay
= 1). This means the coding d?ﬁé?“%ﬁd*drséfé@“g?der of pictures is
different (since both reference pictures used by a -1 NO V 2002 22 B

pi cture nust precede_the B picture in _coding order). The MPEG 2 VBV (and
MPEG 2 systems T- %ﬁﬁ&‘gﬁéeﬁﬂré§lFH§FtéCBlﬁr8?8PetP508598&§dbanaopresented

{instant aneoysiy) edtotheasampoli BR carg1kkeganchor pictures are re-ordered
to make this possible. This is the sanme reordering nodel specified above in

the definition of pat Bggeanwo® tice wude bhwafshyrotbeki ¢aknVREe Ypgecoder
using the proposed MPEG 4 VBV buffer _npdel exactly enul ates a hypotheti cal

MPEG 2 decod@tff8Fn§iERe WPEG 29%BY BufPErafbdit if the MPEG 9 VOP tinme
stanps gi ven by vog time increnment and the cunul ative nodulo tine increnment
agree with the se§lieh&eaMPEGYS IEMENGr 8Np LS RPSOASH tPNBEOMECadsume here

that both cogdedspirehml @hYERs d@%% hoe e owubseunakrizabh shandards (frane
structured pi ctures and no 3: puIIdomn on the decoder, i.e., repeat- first

field = 0). ¢%€°€§5n§lEBVrPuﬁﬁérNPE@-ZSSEG@@ﬁCé hies S06@8G Taftu3d. 97 Hz (t he

NTSC pi ct Ur ey fi 88 CRya YRR LI ) | NAUEMBN c 485 hd dlid Uh ARt b9 30000 and the
change in vop tine I hcrenent between consecutive VOPS in presentation order

nmust be 100l S@erab¥etBrcOgredeli-ppPn§hirengdt hgsr D& nitn IRPRG 2 £(when | ow
delay = 0) .the encoder bitrate at time t when a particular bit

enters the channel, Rysi,encoder (€t} 1is equal to
Ryol,decoder (£t + L), where the bit is received at (t + L)
and L is constant. In the case of constant delay
channels, the encoder can use its locally estimated
Ruol,encoder (£) to simulate the VBV occupancy and control
the number of bits per VOP, d,, in order to prevent

overflows or underflows.

The VBV model assumes a constant delay channel.
This allows the encoder to produce a VOL bitstream
which does not overflow or underflow the buffer using
Rvol,encoder (£t} — note that Ry (t) is defined as

Ruol,encoder (£) in numbered paragraph “2” above.



- 1 NOY 2002 23 H. 263-1ike Buffer Mddel: In H 263, there are no B-VOPs and
no reordering of conposition units between decodi ng and present at+chNJVhe002
H. 263 Hypot hetical Reference Decoder (HRD) can be equivalent to the MPEG 4
VBV. In the H 2&3like buffer nodel, the VBV buffer size vbv buffer size is
conputed by vbv buffer size = A + BPPmaxKb x 1029 bits, where (BPPmaxKb x
1029) is the maxi mum nunber of bits per_picture that has been negoti ated
for use in the bitstreamand A = 4 x Rt x ~ P where Rrax is the maximum
video bit rate during the connection in bits per second and the picture
frequency, P, is 29.97 Hz as specified for Common Internediate Format (ClF),
whi ch corresponds to a vop tine increnent- resolution = 30,000 and Ovop
time increnent = 1001. The VBV is initially enpty. The VBV is exam ned at
CIF intervals. If at |east one conplete coded VOP is in the buffer then all
the data for the earliest VOP in bitstream (or decoding) order is

i nst ant aneously renoved. |Imrediately after renoving the above data the
buf f er occupancy nué&tigeel dsdlihahrates thiO¥n2002r29nd depodhirsivase, the

nunber of bl (kb1 e bLhcknaadednPeGEH ® §h¢3 PUShesahbshba hre O
input to the encoder processor 20, which is coupled to
an encoder data rate buffer 22. Buffer 22 operates in
a complementary manner to a data rate buffer 32 of the
decoder 30. By monitoring the data rate buffer 22,
the encoder processor 20 is able to simulate the data

rate buffer 32 of the decoder.

The encoder processor provides an output
bitstream to a transmitter 24, which transmits the
bitstream over a communication channel 26 to a
receiver 28. The receiver provides the received
bitstream to the decoder 30 in a conventional manner.
Decoder 30 decodes the bitstream to provide the

desired output data.

A description of how to handle real time video in
a non-constant delay network environment follows.
This procedure 1s a hypothetical model only; it is not
a requirement or recommendation on how to interface
MPEG-4 bitstreams to non-constant delay channels. If

the channel does not have a constant delay, such that:

1. unknown, variable, packet-by-packet queuing
delays in network interfaces and intermediate nodes
(e.g., switches or routers as used by ATM or IP

networks) are present, and



Real -val ued arithmetic is used in this inequality. where bi is the buffer
occupancy just after the i'th coded picture has been renoved fromtth§Qy 2002
buffer; ti is the tinme the nth coded picture is renoved fromthe VBV
buffer; and R (t) is the video bitrate at time t. The inportant distinction
bet ween the MPEG 4 VBV nodel and the H. 263 nodel is that the encoder is
specifying the conposition tine tl feg each VOP in the bitstream which
agai n nmeans that the encoder must know R(t) and A, the instantaneous
bitrate as seen by the decoder. Again, this assunption is valid if a
constant delay channel is assuned. The MPEG 2 VBV nodel when |ow delay =1
has -, ~No v zooz 25 several simlarities to the HRD. First, no
B-pictures are used so decodi ng and presentation order are the sane.
Second, there is a specified picture period (but not necessarily 29.97 Hz)
used to exam ne the buffer. If the next picture to be decoded has not been
totally received at th ex i - rd (suﬁq ol I ed a
"big picture"), t%é bu?ﬁ%rﬁ%§%%§%§¥gﬁfﬁégqg?Jhu tfﬁfﬁgq%ﬁafhééiﬁé%%re
period until pah&etsdedngi cture is fully resident in the buffer. The big
picture will then be instantaneously decoded and di spl ayed. The previous

i mage remains in Bhe débeder isulpdroung iofg thive difdianengerbadseathi | e t he
big picture pg.nQt G I VAR jveg. qgggf i i ponsi bl e
for preventi gﬁeoﬁag\%gr %&v%aﬁlgxan g‘r%ﬁl‘gvvﬂggdq&e K fozfr Zéncﬂeé%}é ween t he
MPEG 2 t enpolfab- deteraioed;i dlods egfampie .biky i gualdtandf tseprickecessor i s
the duration,g Oghﬁghgx)of the picture before the big picture (in franme

periods). Exte Sions to fhe Conmpl ete Visual Syntax: Covering the conplete

visual synt agnEROT E8ASPLHENHARf UnaBcht S d ldpdi XL R QDI ect s, mesh

obj ects and face objects. In this case VBV stands for visu uf fer
verifier. SprEingsaBderdigpeiriag [kovfeat dedp reprthee demmtiestal die - ~ N o
v ZooZ

de-jittering buffer holds each variable latency packet
until the maximum channel latency has elapsed (the
holding duration is based on the packet time stamp)
before the packet is released to the decoder. The
resulting channel now has a constant delay equal to

the maximum channel latency.
Syntax Modifications:

The present invention modifies the syntax of the
MPEG-4 standard by adding a vbv_occupancy field (26
bits) to the VOL header. The value of this integer is
the VBV occupancy in 64-bit units just before the
removal of the first VOP following the VOL header.

The purpose for the quantity is to provide the initial

condition for VBV buffer fullness.

To prevent duplication of information between

MPEG~4 System (ISO/IEC 14496-1) and MPEG-4 Visual



26 sprite are specified in MPEG9. There is no conceptual problemwth the
bi t stream generation of sprites. However, a |arge vbv_size m ght o4 NP¥I 2002

to take the advantage of larger sprite nmenory in the decoder. Still Texture
bjects: A still texture object is a single access unit, however it cannot
be conposed directly. Still texture objects are used as input to a later
decoder (e. g., the nesh decoder). The still texture objects have no buffer

paraneters or tinmestanp to control thi$5visual object in a push data fl ow
scenario. The follow ng syntax of Table 2, would have to be added to Stil
Text ureoj ect : ,,, 1 NOV 2002 27 TABLE 2 No. of bitsMenonicVbv

paranet erslbl sbfIf (vbv paraneters)bit rate nsbs18ui nsbf marker bit1bi sbfbit
rate | sbs12ui nsbfvbv size nsbs8ui nsbf marker bit1bl sfbvbv size

| sbs10ui msbf vbv occupancy nsbs1lui nsbf marker bit 1bl sbf vbv
occupancy_| sbs15ui nebftime stanp fraction bitsSuinsbftinme stanp
seconds17ui nsbf marker bitlblsbftinme stanp fractionl-31lui nsbf The nunber of

bits of tine st<asp/tmectu4@u96|—9)$peendr ited aayl dwi Fﬂ%vi'fsafm ferlmtdrmhty ts which
cannot be zero. ﬁ8 Mesh and Face e The mesh vi sua

obj ect access ﬁﬁFFaWsthé ﬁﬁ?ﬁdo Bi-88F HndrdY fﬁésp §h§%”33?éct access
unit is the fagedebjeat vphaparafetee NElepriderddidd o control the

inclusion to VOP_rate code, bit rate, low delay
vbv_size, and vbv_occupancy in the VOL header. The
value of vbv parameters shall be “1” for a push
dataflow visual bitstream when the equivalent
information is not present in an encapsulating systems
multiplex. The vol control parameters bit remains in
the syntax to control the inclusion of the
chroma_format and aspect ratio information fields in

the VOL header.

The FCD VOL syntax contains potential start code
emulation problems when bit rate and vbv_size are
present (since runs of 23 or more consecutive 0 bits
can occur). Marker bits (which always have the value
“1”) have been added to avoid this problem. The
fields split by marker bits are defined:

bit_rate = (bit_rate_msbs << 12) | bit rate_ lsbs;

|

vbv_size (vbv_size msbs << 10) | vbv_size lsbs;

\

vbv_occupancy {(vbv_occupancy_msbs << 15) |

vbv_occupancy_lsbs:

The resultant syntax is shown in Table 1:



required, ti - zl. Both objects share a conmon specification of tenpora
information, the tenporal header(). Wen the mesh/face object is i @62 0
coded, the tenporal header() can optionally specify a frame rate gqu
stanp (an I EC 461 ti mecode specifying hours, m nutes, seconds, and frames)
speci fying the conposition tinme of the nesh/face object plane. The origin
of the tinecode (00:00:00:00) nust agiee with the tenporal origin used in
MPEG 4 System (1 SQ | EC 14496-1)for DIS and CTS. The tinme between object
planes is 1 + E nunber of franmes-to skip tinmes the frame period. This

all ows an absolute CTS to be constructed fromthe CTS of a previous intra
nmesh/ face object. In order to apply the buffer nodel to the visual
bitstream for nesh/face objects, the follow ng VBV paraneters controll ed by
vbv paraneters (except for low delay and VOP rate code) need to be added to
MeshObj ect and FaceObject, as shown in Table 3: ~ No v zooz 29 TABLE 3
No. of bitsMenoni cVbv paraneterslblsbfif (vbv paraneters) (bit rate
mebs18ui nsbf mar ker bit 1bl sbfbit rat e DASBE12ui nsbf vbv si ze nmsbs8ui nsbf mar ker
bi t 1bl sf bvbv|[size TsbsIOui nebfvbv occupancy nsbsIIyl . msRNiN DiT1bl sbf vbv
occupancy | sbs15ui nsbf Rate-buffer Managenent: Be:H@§ Bk-fwigﬁ 16"

€ emncoder's
responsi bi | i pp—to-—prevent decoder VBV-buffer overtlow or lunderfl|owf the
encoder nust S|nulabé K@@ﬁﬁﬂiﬂhﬁranaﬁ¢nﬁfer The{ di nul at|edl hefcodeny VBV
buffer can n To preyent the dgcoder
VBV underfl o pletely ltransmtteéd ~ ~

HO V 2002 3D ‘ - ;aépect ratlo 1nformatlon 4 uimsbf

chroma_ format 2 uimsbf

}

Vbv_parameters 1 blsbf

If (vbv_parameters) ({
VOP_rate_code 4 uimsbf
bit rate msbs 18 uimsbf
marker bit 1 blsbf
bit_rate_lsbs 12 uimsbf
low_delay 1 blsbf
vbv_size msbs 8 uimsbf
marker bit 1 blsfb
vbv_size_ lsbs 10 uimsbf
vbv_occupancy msbs 11 uimsbf
marker bit 1 blsbf
vbv_occupancy_lsbs 15 uimsbf

SUBSTITUTE SHEET (RULE 26)



to the decoder buffer before their decoding time. Assunme that encoding of
the i-th VOP starts at tinme tl and its decoding tine is r~ . Angg N@g ? 2h
VOP bei ng coded, the amount of transmitted data is given by encoder f(m

full ness at

re (denoted by ebi) plus the coded size of this VOP (d,).
has to be less than or equal to the received data fromchannel to +L a t

Thi s

ebb + dl < j Rvol) decoder ~t )dt , to 1 a where the decoding tine t~ =rt
+ L . For a constant delay channel, i tthas Rvol , decoder ~t ~- Rvol , encoder ~t
-L) . tot Thus, ebl + dl <- | Rvol,encoder~t)dt . Therefore, encoder to _

Lt buffer fullness at r~ is upper bounded by 'e t ebl < (
Rvol , encoder~t)dt dl= T2. to -L t For the type of channels which have known
m nimum transni ssion rate Rvol,nm T~ Can be set to be a | ower "~ 9 NOV

2002 31 to+L <t bound of ~ Rvol, decoder~t~dt - dl as TZ =L~ R-~ol, nun di

Notes to Table 1:

1. The encoding of aspect ratio information and

VOP _rate code are undefined in the MPEG-4 Visual FCD.

2. In order to use the encoded bitstream with a
push dataflow model, it is a normative requirement
that vbv parameters must be set to “1” or the
equivalent information, as defined in item 4 below,

must be included in the systems layer.

3. If VOP rate code is provided, then the
difference between composition times specified by
VOP time increment and the cumulative modulo time base
must be an exact integer multiple of the frame period
associated with VOP rate code. 1In this case, the
width of VOP_time increment resolution must be
increased by one bit to exactly represent 59.94 Hz
(i.e., 60000/1001 Hz).

Relationship to MPEG-4 Systems:

The following disclosure defines the relationship
between the terminology, semantics and syntax of MPEG-
4 Systems (ISO/IEC 14496-1) elementary stream
interface and the visual decoder (or encoder) such
that the System Decoder Model (SDM) is consistent with
the Video Buffer Verifier. In this case, the visual

VBV buffer and SDM decoding buffer (DB,) have

to



t In order to prevent decoder buffer overflows, the decoder buffer fullness
has to be less to the decoder buffer size B at tinme t! inmadiatel.y.fa(ﬁfa(vr?[m2
the renoval of VOP i. This quantity can be expressed in terns of the
decoder buffer fullness at rl (bi), plus the nunber of bits entering the
decoder VBV buffer between to+L t t~ and tl ( j Rvol,decoder(t)dt ) , mnus
the nunber of to | bits renoved for he decoder buffer between tj and t..
The nunber of bits renpoved is the sumof encoder 1 buffer occupancy at ri
i mredi ately before adding VOP i ( ebb ) and decoder buf fer occupancy at t~
( bi ) because all bitstreamdata prior to VOP i nust be consuned before
VOP i can be decoded. The later two quantities represent bitstream data
prior to VOP i since VOP i has not been added to the encoder buffer.
Therefore, total bits in the decoder buffer are bounded by "~ 9 NOV 2002
32 to +L i bl + J Rvol, decoder ~t ~dt - ( ebb + bi ) <Bt. | Wich yields
to +L t a Rvol)) decoder (t ~dt - ebi < B . to

idéntical semantics. These buffers are one and the

same in an integrated visual/systems decoder model.

1. A natural video access unit is a coded VOP.
The size (d,) and the precise composition of a coded

VOP is defined above with reference to Figure 1.

2. The object time base (0OTB) used to determine
the object clock reference (OCR), decoding time stamp
(DTS), and composition time stamp (CTS) is the same
time base used to determine the VOP time increment and
modulo time base. The Sync Layer timeStampResolution
and OCRResolution must be integer multiples of
VOP_time increment resolution so than no temporal
precision is lost and all temporal calculations are

exact in integer arithmetic.

3. The composition time stamp is equal to .,

plus a constant (K). That is:

timeStampResolution x VOP _time _increment,

CTS, = n, x timeStampResolution + + K

VOP _time _increment _resolution

where n, is an accumulation of the modulo time base

values since the initial VOL header.

4. The decoding time stamp from CTS is

determined in a manner similar to the way t; is

SUBSTITUTE SHEET (RULE 26)



t. Therefore, encoder buffer fullness at t~ is |ower bounded by to+L a t eb
> j Rvol,decoder{t)dt-B = T1. to t The sane argunents gi ven above- §bNQV 2002
constant del ay channel can be applied here. Al so, for the type of channels
whi ch have known maxi mum transm ssion rate Rvol,max’ T1 can be set to be a
upper bound of to +L t Rvol, decoder~t~dt-B as Tl=L~ Rvol.nmax B. to c¢ The
bounds T1 and TZ are checked in the ratecontroi algorithmand the
corrective action are to performbit-al9ocation of the VOPs and adj ust
quantization | evels of the coding units (e. g. VOP, -, ~No v zoo2 33
macr obl ocks). The encoder nust take the follow ng corrective action if the
si nul ated decoder VBV buffer gets too full or too enpty: 1. If the
si mul at ed decoder VBV buffer becomes too full (i.e. the encoder VBV buffer
is too enpty), the encoder can correct the problemby: (a) reducing the
guanti zation level to generate |large VOPs, or (b) outputting stuffing bits
at the end of the VOP. Note that generating | arger VOPs reduces the decoder
VBV occupancy.calculated from t,, that is:

DTS, =

CTS, - (((vop_coding type == BVOP) || low delay) ? 0
m,)

This equation specifies that decoding is instantaneous
and the only difference between DTS and CTS reflects
the reordering of anchor VOPs. Note that DTS is only
present on anchor VOPs when low_delay is 0 (when the

conditional expression above is true).

5. The relationship between the value of the
encoder’s local object time base value at the time and
DTS, is defined here. Let the first bit of the access
unit containing a VOL header be stored in the VBV (or
SDM DB) buffer at time OCR, and vbv_occupancy
specified in the same VOL header, then

DTS,

1
vbv _occupancy = @ ]‘Rw, (t)dt

OCR,

It is an implicit requirement on OCRResolution
and timeStampResolution that the calculation of

vbv_occupancy be accurate to the nearest integer.

6. The System Layer (SL) RandomAccessPointFlag,
if set to “1”, denotes the presence of a VOL header in

the access unit starting in this SL packet.



2. If the simul ated decoder VBV becones too enpty (i.e. the encoder VBV
buffer is too full), the encoder can correct the problem by: (a)-;ﬁFNQQSZmﬂ
guanti zation levels to generate fewer bits, or (b) delaying the gene i

of the next VOP (often called skipping VOP), or (c) zeroing the high
frequency coefficients to reduce the nunber of bits/VOP generat ed. -. 9
Nov 200z 39 It shoul d now be apprecigbed that the present invention

provi des a video rate buffer nodel for bounding the nmenory requirenents of
a video decoder in a push datafl ow scenario. The rate buffer nodel of the
present invention constrains the video encoder to producing bitstreans that
are decodable with a predeterm ned buffer nenory size. Thus, push datafl ow
applications are efficiently accomobdat ed. ~-~ 1 NOV 2002 35 What is
clainmed is: 1. An encoder apparatus for enabling a push datafl ow bitstream
Wi t hout causing a nodel ed data buffer of predeterm ned nenory size for the
pushed data at a decoder to overfl ow or underflow, conprising: a processor
adapt ed to encode’dat aTh§ pleGacde Gand Iglasgreldrhdorvalgmiifteation to a

decoder ; whepgirre s PRCaded [Hala teOMILeS &S v [15ABke ONE; ¥ deony

maxBitrate field must be 400 x bit rate.

The correspondence between the VOL header
information controlled by the vbv information bit and
various syntax entities specified in MPEG-4 Systems
layer is given below. In the event that information
is duplicated by the two parts of the MPEG-4 standard,

no disagreement is allowed.

1. VOP rate code is represented by the Sync
Layer compositionUnitDuration and timeScale. In this
case timeScale must be an integer multiple of

VOP time increment resolution.

2. bit rate and vbv_size are indicated by
maxBitrate and bufferSizeDB in the

DecoderConfigDescriptor.

3. vbv_occupancy is indirectly indicated by the

difference between OCR and DTS as defined above.

4. low _delay is specified implicitly by DTS of
. the first I-VvOP. If DTS is present (and unequal to
PTS), then low delay = 0, else low delay = 1.



visual, object (VO wth at | east one video or visual object layer (VQ.),

i ncl udi ng an associ ated header, followed by at |east one video on.gig 9I 002
obj ect plane (VOP) ; a field in the VOL header designates an occupan g o?
the buffer just before renmoval of the first VOP follow ng the VOL header
fromthe buffer; and said processor uses a sinmulation to sinulate the
decoder buffer and controls the bitstreamin response to the sinulation to
precl ude overflow or underflow of the2decoder buffer. 2. The apparatus of
claim1l1, wherein: when the buffer is initially enpty, the occupancy field
is examned to determne an initial occupancy of the buffer before decodi ng
the initial VOP. 3. The apparatus of claim1l or 2, wherein: the processor
provides a flag to control the inclusion of at |east one field in the VOL
header when equivalent information is not present yn an encapsul ating
system nul ti pl ex. - 1 NOV 2002 36 4. The apparatus of claim 3, wherein:
the flag all ows a visual elenentary streamof the bitstream as a standal one

entity to spechdppftih Shet¥llGh - the MPEG-4 VBV and the MPEG-2 VBV:

The MPEG-2 and MPEG-4 VBV models both specify
that the rate buffer may not overflow or underflow and
that coded pictures (VOPs) are removed from the buffer
instantaneously. In both models a coded picture/VOP
is defined to include all higher-level syntax

immediately preceding the picture/VOP.

MPEG-2 video has a constant frame period
(although the bitstream can contain both frame and
field pictures and frame pictures can use explicit 2:3
pulldown via the repeat first field flag). In MPEG-4
terms, this frame rate would be the output of the
compositor (the MPEG-2 terminology is the output of
the display process that is not defined normatively by
MPEG-2). This output frame rate together with the
MPEG-2 picture structure and repeat first field flag
precisely defines the time intervals between
consecutive decoded picture (either frames or fields)
passed between the decoding process and the display

process.

In general, the MPEG-2 bitstream contains B
pictures (we assume MPEG-2 low delay = 0, refer to the
next section for the case were low delay = 1). This
means the coding order and display order of pictures

is different (since both reference pictures used by a



5. The apparatus of claim3 or 4, wherein: the at |east one field whose
inclusion in the VOL header is controlled by the flag designates;a\ﬁﬁ¥rﬂm?
of the bitstream 6. The apparatus of one of clains 3 to S, mhereiﬂ: e

| east one field whose inclusion in the VO.L header is controlled by the flag
designates a peak bit rate of the bitstream 7. The apparatus of one of
claims 3 to 6, wherein: the at Ieastzgne field whose inclusion in the VOL
header is controlled by the flag designates whether the VOL contains at

| east one B-VOP. 8. The apparatus of one of clains 3 to 7, wherein: the at

| east one field whose inclusion in the VOL header is controlled by the flag
desi gnates the size of the nodel ed buffer. 9. The apparatus of one of
clains 3 to 8, wherein: the at |east one field whose inclusion in the VOL
header is controlled by the flag designates said field that designates the

occupancy of the buffer. -. 9 NO V 2002 37 10. The apparatus of one of
the preceding clains, wherein: the video or visual object conprises a video
obj ect . picture must precede the B picture in coding order).

The MPEG-2 VBV (and MPEG-2 systems T-STD) specifies
that a B picture is decoded and presented
(instantaneously) at the same time and the anchor
pictures are re-ordered to make this possible. This
is the same reordering model specified above in the

definition of the composition time t;.

A hypothetical MPEG-4 decoder using the proposed
MPEG-4 VBV buffer model exactly emulates a
hypothetical MPEG-2 decoder using the MPEG-2 VBV
buffer model if the MPEG-4 VOP time stamps given by
vop time_ increment and the cumulative
modulo time_increment agree with the sequence MPEG-2
picture presentation times. We assume here that both
coded picture/VOPs use the common subset of both
standards {(frame structured pictures and no 3:2
pulldown on the decoder, i.e., repeat first field =
0). For example, if the MPEG-2 sequence is coded at
29.97 Hz (the NTSC picture rate),
vop time increment_ resolution must be 30000 and the
change in vop time increment between consecutive VOPs
in presentation order must be 1001 because picture
skipping is not permitted in MPEG-2 (when low delay =
0).



11. The apparatus of one of clainms 1 to 9, wherein: the video or visual
obj ect conprises a still texture object. 12. The apparatus of one-~off ngvjame
1to 9, wherein: the video or visual object conprises a nmesh object. 1
The apparatus of one of clains 1 to 9, wherein: the video or visual object
conprises a face object. 14. The apparatus of one of the preceding clains,
wherei n: the encoded data conprises a plurality of VOLs, and a decoder
buffer nodel is applied independently to each VOL using buffer size and
rate functions particular to each VOL. 15. The apparatus of one of the
precedi ng clains, wherein: the bitstreamis conpatible with an MPEG 4 vi deo
codi ng standard. 16. The apparatus of one of the preceding clains, wherein:
additional fields are provided in respective -~ ~ ~ov Zoo2 38 subsequent
VOL headers to designate respective subsequent buffer occupancy |levels. 17.
The apparatus of claim 16, wherein: the processor maintains a difference
between the additional fields in the subsequent VO.L headers and a running
curul ati ve buffer odtudadclikeBubténrdodehpval of a VOP fromthe buffer
within a tolerance. 18. The apparatus of one of the preceding clains,

In H.263, there are no B-VOPs and no reordering

of composition units between decoding and

presentation.

The H.263 Hypothetical Reference Decoder (HRD)
can be equivalent to the MPEG-4 VBV. In the H.263-
like buffer model, the VBV buffer size vbv buffer size
is computed by vbv buffer size = A + BPPmaxKb x 1024
bits, where (BPPmaxKb x 1024) is the maximum number of

bits per picture that has been negotiated for use in

the bitstream and
A = 4 x Rpax / P,

where Rpax is the maximum video bit rate during the
connection in bits per second and the picture
frequency, P, is 29.97 Hz as specified for Common
Intermediate Format {CIF}, which corresponds to a

vop time increment_ resolution = 30,000 and Avop time

__increment = 1001.

The VBV is initially empty. The VBV is examined
at CIF intervals. If at least one complete coded VOP
is in the buffer then all the data for the earliest
VOP in bitstream (or decoding) order is
instantaneously removed. Immediately after removing

the above data the buffer occupancy must be less than



wherein: the processor determnes a size (dl) of a current VOP as a nunber
of bits extending to the last bit of the current VOP and startings= oDy 2002
either the last bit of the previous VO or the first bit of a start code for
the first VOP of the encoded data. 19. The apparatus of one of the
precedi ng clains,, wherein: the processor determ nes a decoding time tl of
an ith VOP, wherein: (a) tl=tl if thepyCOL contains no B-VOPs, where rl is a
conposition tine of the ith VOP, and (b) tl1=tl-m, when the ith VOP is an
anchor VOP, and nl accounts for a delay of at |east one i mediately
subsequent B-VOP to be conposited or presented. 20. The apparatus of one of
clains 1 to 18, wherein: the processor determ nes a decoding tinme tl of an
ith VOP, wherein: (a) tl=tl if the VOL contains no B-VOPs, where T -, ~ N
O Vv Zoos 39 is a presentation tine of the ith VOP when the decoder is a

no- conposi tor decoder, and (b) t,=1t;-m, when the ith VOP is an anchor

VOP, and ml agcounts [ | a f | ea i di.at el y. subsequent
B-VOP to be c%ﬁpogbtg ggr%ﬁggéeﬁ %dﬁ%§f?%T%§'§§§§rg¥§étb o) éé Fﬁi e
precedi ng cl acndedwpéceume sgid pushedadatss vf:l ow conpri ses vi deo data that
includes intraframe (1), prediction (P) and bidirectional (B) video object
pl anes (VOPs). 22. The apparatys of claim2l, wherein said processor
control s said bitstream by pak I@@ﬁg_gge of: allocating bits between

di fferent VOPs, and adjﬁstihg,guantization | evel s of coding units form ng

said VOPs. 23. The_apparatus of claim 22, wherein:
Real-valued arithmetic is used in this

inequality.
where

b;j is the buffer occupancy just after the

i'th coded picture has been removed from

the buffer;

t; is the time the nth coded picture is

removed from the VBV buffer; and

R(t) is the video bitrate at time ¢t.

The important distinction between the MPEG-4 VBV
model and the H.263 model is that the encoder is
specifying the composition time t, for each VOP in the
bitstream, which again means that the encoder must
know R{t) and A, the instantaneous bitrate as seen by
the decoder. Again, this assumption is wvalid if a

constant delay channel is assumed.

The MPEG-2 VBV model when low delay = 1 has



the nodel ed data buffer conprises a visual or video buffering verifier
(VBV) ‘buffer. 24. The apparatus of claim 23, wherein: said processdrNQV 2002
nonitors the VBV buffer and, when the sinulation indicates that the VBV
buffer has or will becone too full, a quantization |evel for said coding
units is reduced. 25. The apparatus of claim 23 or 24, wherein: said
processor nonitors the VBV buffer and,,when the sinulation indicates that

the VBV buffer has or will becone too enpty, said quantization |evel for
said coding units is increased. 26. The apparatus of claim23 or 24,

wher ei n: - 1 NO V 2002 4D said processor nonitors the VBV buffer and,
when the sinulation indicates that the VBV buffer has or will becone too

enpty, the generation of the next VOP is del ayed. 27. The apparatus of
claim 23 or 24, wherein: said processor nonitors the VBV buffer and, when
the sinulation indicates that the VBV buffer has or will becone too enpty,

hi gh frequency coefficients of said _coding, units _are zeroed tq reduce the
nunber of bitssﬁgﬁéﬁgtéambi?rWE¢952§9 ?h@ ggBaraF&§55f Bfe BEsP1OtAERS 23 or

25 to 27, whergi8: usabdspr deessaahgnandt prestheaVBynbuibier aned, twaen it is
determ ned that the ng buffer has or will becone too full, stuffing bits
are added to tA8™End 8PP eLBETENE SVEPSPS§IIFRE RAGLMECUPSER OGhe of the

precedi ng cl ai pputWAstehBcebbBarpngcesson Ha¢l udes ap ercadee Ruifer for
recei ving the encoded datatBrior to Eroviding ghe bitstreamtherefrom and

the processor BBAERSFs thethSt Be¥E PRETHIEstPeRf 4°608R% RS t19& ful | ness
of the encoderpbuhf ebrabryakbeeioaaodicngnannekh YORtugeUpReioloyRded by to

+ Li | Rvol , decoder ~t ~dt - d, to _
a picture is called a “big picture”), the buffer is
re-examined at multiples of the picture period until
the coded picture is fully resident in the buffer.
The big picture will then be instantaneously decoded
and displayed. The previous image remains in the
decoder output during the picture periods while the
big picture is not completely received. The encoder
is still responsible for prevention of overflow and
underflow and the difference between the MPEG-2
temporal reference fields of the big picture and its
predecessor is the duration of display of the picture

before the big picture (in frame periods).
Extensions to the Complete Visual Syntax:

Covering the complete visual syntax requires
extension for sprites, still texture objects, mesh
objects and face objects. 1In this case VBV stands for

visual buffer verifier.
Sprites:

Basic sprite, low latency sprite, and scalable



where tle is the time of starting - ~NoO vV Zoo2 41 to encode the ith
VOP, L is the tinme difference between the encoding tine t,e and t

decoding tinme of the ith VOP, dl is the anount of coded data for thBDNtamm
VOP, and | ~, 0o~,decoder~t) is the instantaneous channel bit rate seen by the
decoder. 30. The apparatus of one of clains 1 to 28, wherein: the processor
i ncl udes an encoder buffer for receivppg the encoded data prior to
providing the bitstreamtherefrom and the processor controls the rate of
the bitstreama such that the fullness of the encoder buffer ebl after
encoding an ith VOP is upper bounded by to 1 | Rvol, encoder ~t Cdr - d, to
-L where tle is the tinme of starting to encode the ith VOP, L is the tine
di fference between the encoding tine t,e and the decoding tine of the ith
VOP, dl is the amount of coded data for the ith VOP, and Ryol encoder ~t 1
is the instantaneous channel bit rate seen by the encoder. 31. The
appar at us of

f | ud
encoder buffegg$6g r558|3pﬁ§lfﬁ§%eﬁﬁyﬁﬁgﬁﬁ gt B&ﬁé{ofgﬁsogv:gfn; ?ﬁean

bi t st ream t hecehtemtuaidpiro® 1pmo@dsho it heo mtintalts etalre gemitesr aafi dnhefbi t st r eam
sprites. However, a large vbv size might be applied
to take the advantage of larger sprite memory in the

decoder.
Still Texture Objects:

A still texture object is a single access unit,
however it cannot be composed directly. Still texture
objects are used as input to a later decoder (e.qg.,
the mesh decoder). The still texture objects have no
buffer parameters or timestamp to control this visual
object in a push data flow scenario. The following
syntax of Table 2, would have to be added to
StillTextureObject:



-.1 N.O V 2002 42 eb a such that the fullness of the encoder buffer ~ after
encoding an ith VOP is | ower bounded by to+L i j Rvol, decoder~t ~dt -ﬁhﬁo
where tl° is the tinme of starting to encode the ith VOP, L is thé'~t1i 2002
di fference between the encoding tine t, and the decoding tine of the ith
VOP, B is the size of the decoder buffer, and ~ol, decoder ~t~ is the

i nst ant aneous channel bit rate seen by _the decoder. 32. The apparatus of
one of clainms 1 to 28, wherein: the pr38essor i ncl udes an encoder buffer
for receiving the encoded data prior to providing the bitstreamtherefrom
and the processor controls the rate of the bitstreama such that the

full ness of the encoder buffer eb~ after encoding an ith VOP is | ower
bounded by to f j Rvol) encoder ~t ~dt - Bto -L where t~ is the tinme of
starting to encode the ith VOP, L is the tine difference between the
encoding time tle and the decoding tine of the ith VOP, Bis the size of

t he decoder buffer, and ~ol, encodec~t~ is the instantaneous channel bit

rate seen by the encoder. TABLE 2
No. of | Mnemonic
bits
Vbv_parameters 1 blsbf
If (vbv_parameters) ({
bit rate msbs 18 uimsbf
marker bit 1 blsbf
bit rate lsbs 12 uimsbf
vbv_size msbs 8 uimsbf
marker bit 1 blsfb
vbv _size lsbs 10 uimsbf
vbv_occupancy_msbs 11 uimsbf
marker bit 1 blsbf
vbv_occupancy_lsbs 15 uimsbf
time stamp fraction bits 5 uimsbf
time stamp_ seconds 17 uimsbf
marker bit 1 blsbf
time stamp fraction 1-31 uimsbf
}

The number of bits of time stamp fraction is specified

by time stamp fraction bits which cannot be zero.



"= 9 N 01~ 2002 43 33. An encoding nethod for enabling a push datafl ow
bi'tstream wi t hout causing a nodel ed data buffer of predeterm ned g Ng 02
size for the pushed data at a decoder to overflow or underfl ow, cong? Vn%P
the steps of: encoding data to provide the bitstreamfor comrunication to a
decoder; wherein: the encoded data conprises at |east one video or visual
object (VO with at |east one video pg visual object |ayer (VOL), including
an associ ated header, followed by at |east one video or visual object plane
( VOP) ; and a field in the VOL header designates an occupancy of the
buffer just before renoval of the first VOP follow ng the VOL header from
the buffer; and using a sinulation to sinmulate the decoder buffer and
control the bitstreamin response to the sinulation to preclude overfl ow or
underfl ow of the decoder buffer. 34. The nethod of claim 33, wherein: when
the buffer is initially enpty, the occupancy field is exam ned to determ ne
an initial occupancy_ of the buffer before decoding the initial VOP. 35. The

nmet hod of cl ai m 3¥esh gnd Farfr PYISGSHe

The mesh visual object access unit is the mesh
object plane. The face visual object access unit is
the face object plane. Since no reordering is

required, t; = 1,.

Both objects share a common specification of
temporal information, the temporal header(). When the
mesh/face object is intra coded, the temporal header ()
can optiocnally specify a frame rate and a time stamp
(an IEC 461 timecode specifying hours, minutes,
seconds, and frames) specifying the composition time
of the mesh/face object plane. The origin of the
timecode (00:00:00:00) must agree with the temporal
origin used in MPEG-4 System (ISO/IEC 14496-1) for DTS
and CTS. The time between object planes is 1 + X
number of frames to_skip times the frame period. This
allows an absolute CTS to be constructed from the CTS

of a previous intra mesh/face object.

In order to apply the buffer model to the visual
bitstream for mesh/face objects, the following VBV
parameters controlled by vbv parameters (except for
low delay and VOP _rate code) need to be added to
MeshObject and FaceObject, as shown in Table 3:



further step of: providing a flag to control the inclusion of at |east one
field'in the VOL header when equivalent information is not presen.'g1i]q10Y1r2%
encapsul ati ng system nul ti pl ex. '~ N O V 2002 44 36. The metholt' of ¢l ai
35, wherein: the flag allows a visual elenentary stream of the bitstream as
a standal one entity to specify a buffer nodel. 37. The nethod of claim 35
or 36, wherein: the at |east one field whose inclusion in the VOL header is
controlled by the flag designates a VOP Y ate of the bitstream 38. The

met hod of one of clains 35 to 37, wherein: the at | east one field whose
inclusion in the VOL header is controlled by the flag designates a peak bit
rate of the bitstream 39. The nethod of one of clains 35 to 38, wherein:
the at | east one field whose inclusion in the VOL header is controlled by
the flag designates whether the VOL contains at | east one B-VOP. 40. The
met hod of one of clains 35 to 39, wherein: the at | east one field whose
inclusion in the VOL header is controlled by the flag designates the size
of the nodeled buffer. 41. The nethod dfABE®R df clainms 35 to 40, wherein:

the at | east [onmefietdwhose Tnctusion T the VO theader s —TomntToHed—hy
the flag desijgnates said field that designates the ocu;ﬂéjth f l;m?é“odﬁffer.
Vbv_parameters 1 blsbf
If (vbv_parameters) ({
bit rate msbs 18 uimsbf
marker bit 1 blsbf
bit rate 1lsbs 12 uimsbf
vbv_size msbs 8 uimsbf
marker bit 1 blsfb
vbv_size lsbs 10 uimsbf
vbv_occupancy msbs 11 uimsbf
marker bit 1 blsbf
vbv_occupancy_lsbs 15 uimsbf
}

Rate-buffer Management:

Because it is the encoder’s responsibility to
prevent decoder VBV buffer overflow or underflow, the
encoder must simulate the decoder VBV buffer. The
simulated decoder VBV buffer can not be too full or

too empty.

In order to prevent the decoder VBV underflow,

all data of coded VOPs must be completely transmitted



42. The nethod of one of clains 33 to 41, - 1 NOV 2002 45 wherein: the
video or visual object conprises a video object. 43. The nethod of oHe o£
clainms 33 to 41, wherein: the video or visual object conprises acgtli 0V 2002
texture object. 44. The nethod of one of clains 33 to 41, wherein: the

vi deo or visual object conprises a nesh obj ect . 45. The method of one of
claims 33 to 41, wherein: the video oggvisual object conprises a face
object. 46. The nethod of one of clainms 33 to 45, wherein: the encoded data
conprises a plurality of VOLs, and a decoder buffer nodel is applied

i ndependently to each VOL using buffer size and rate functions particul ar
to each VOL. 47. The nethod of one of clainms 33 to 46, wherein: the
bitstreamis conpatible with an MPEG 4 vi deo

to the decoder buffer before their decoding time.

Assume that encoding of the i-~th VOP starts at time lf

and its decoding time is t, - After the i-th VOP being

coded, the amount of transmitted data is given by
encoder buffer fullness at r; (denoted by df) plus

the coded size of this VOP (d,). This has to be less

than or equal to the received data from channel

¢+ L
e i
eb7 + d, < | R

€
1

(0)dt,

vol,decoder

e

where the decoding time o= L. For a constant

delay channel, it has R (#)=R (¢t-L).

vol, decoder vol,encoder

Rvol,encOder(t)dt . Therefore, encoder

buffer fullness at f

is upper bounded by

Rvol,encoder(t)dt_ d,= T,.

For the type of channels which have known minimum

transmission rate R T> can be set to be a lower

vol,mm '



codi ng standard. ~- ~ Nov zooz 46 48. The nethod of one of claigs iﬂﬁl%
47, wherein: additional fields are provided in respective subseqden? 002
headers to desi gnat e respective subsequent buffer occupancy |evels. 49. The
met hod of claim48, conprising the further step of: maintaining a
di fference between the additional fields in the subsequent VOL headers and
a runni ng cunul ati ve buffer occupancy j st before renoval of a VOP fromthe
buffer within a tol erance. 50. The method of one of clainms 33 to 49,
conprising the further step of: determning a size (di) of a current VOP as
a nunber of bits extending to the last bit of the current VOP and starting
fromeither the last bit of the previous VO or the first bit of a start
code for the first VOP of the encoded data. 51. The nethod of one of clains
33 to 50, conprising the further step of: determining a decoding tine tl of
an ith VOP, wherein: (a) t1=T1 if the VOL contains no B-VOPs, where rL is a
conposition tine of the ith VOP, and (b) tl=1il-m, when the ith VOP is an
anchor VOP, and nt accougmts;for a delay of at |east one i medi atel y
subsequent B—V%EHL) be ch BSIted or)gresented T, 21, td O V<§002

, =

vol, decoder oI min

l

In order to prevent decoder buffer overflows, the

decoder buffer fullness has to be less to the decoder

buffer size B at time tiimmediately before the removal

of VOP i. This quantity can be expressed in terms of

the decoder buffer fullness at ¢ (47}, plus the

number of bits entering the decoder VBV buffer between

¢+ 1
{

tf and | f R

; ()dt ), minus the number of

vol, decoder

(€
1

bits removed form the decoder buffer between tf and

ti. The number of bits removed is the sum of encoder

e

buffer occupancy at ¢

immediately before adding VOP i

(eqz) and decoder buffer occupancy at f

(bf) because
all bitstream data prior to VOP i must be consumed
before VOP i can be decoded. The later two quantities
represent bitstream data prior to VOP i since VOP i
has not been added to the encoder buffer. Therefore,

total bits in the decoder buffer are bounded by



47 52. The nethod of one of clains 33 to 50, conprising the further step
of: determning a decoding tine tl of an ith VOP, wherein: (a) tl =4 NUVtEmE
VOL contains no B-VOPs) where T, is a presentation tinme of the ith VOP when
t he decoder is a no-conpositor decoder, and (b) t,=tl-m, when the ith VOP
is an anchor VOP, and m accounts for a delay of at |east one i medi ately
subsequent B-VOP to be conposited or 3presented. 53. The nethod of one of
claims 33 to 50, wherein: said pushed data fl ow conprises video data that
includes intrafranme (1), prediction (P) and bidirectional (B) video object
pl anes (VOPs). 54. The nethod of claim53, conprising the further step of
controlling said bitstreamby at |east one of: allocating bits between

di fferent VOPs, and adjusting quantization |evels of coding units form ng
said VOPs. 55. The nethod of claim 54, wherein: the nodel ed data buffer
conprises a visual or video buffering verifier (VBV) buffer. 56. The nethod
of claim55, conprising the further step of: - 1 NOV 2002 48 nonitoring
the VBV buffer amfi;Avhen the sinulation indicates that the VHV buffer has

Sgirg!l becoq? uobinﬂbi&x&%gyghngE@fqygmkbzation | evel for said coding

f.
1

Which yields

tf+L
_ e
Ie Rvol,decoder(t)dt ebi <B.
t
l

Therefore, encoder buffer fullness at lf is lower

bounded by

t€+L
e
eb;> | R
i
e

L.
]

vol, decoder (0dt-B = T;.

The same arguments given above about the constant
delay channel can be applied here. Also, for the type
of channels which have known maximum transmission rate

R T, can be set to be a upper bound of

vol, max ’

tf+L

(@)dt-B as T;=L- R -B.

iRwidammy vol .max

L,
I

The bounds T; and T; are checked in the rate-
control algorithm and the corrective action are to
perform bit-allocation of the VOPs and adjust

quantization levels of the coding units (e.g. VOP,



57. The nethod of claim55 or 56, conprising the further step of nonitoring
the VBV buffer and, when the sinulation indicates that the VBV buffleN(¥ag002
or will becone too enpty, increasing a quantization |evel for said coding
units. 58. The method of claim55 or 56, conprising the further step of:
nonitoring the VBV buffer and, when the sinulation indicates that the VBV
buffer has or will becone too enpty, q;%aying the generation of the next
VOP. 59. The nethod of claim55 or onprising the further step of:
nonitoring the VBV buffer and, when the sinmul ation indicates that the VBV
buffer has or will becone too enpty, zeroing high frequency coefficients of
said coding units to reduce the nunber of bits generated per VOP. 60. The
nmet hod of one of clainms 55 or 57 to 59, conprising the further step of:
nonitoring the VBV buffer and, when it is determ ned that the VBV buffer
has or will becone too full, adding stuffing bits to the end of at |east
one VOP. 61. The nethod of one of clains 33 to 60, wherein - 1INOV2002 49
an encoder buf PaFrpREeF¥es-the encoded data prior to providing the .
bitstreamtherefrom conprising the further step of: controlling the rate
of the bitstream such that a the full ness of t he encoder buffer eb~ after
encoding to +L ¢ j Rvol, decoder ~t ~dt - to . an ith VOP is upper
bounded by r where The §“Fﬂ€eflWBSBftékﬁrFPﬁgf?el@HéBEeCPHéeFFHVVCP Lis

the tine diffepgpesnbervwera shaueacedi agcbige vhe Badrthe EQOGng time of
the ith VOP, d, is the anount of coded data for the ith V gP

R'ol , decoder ~t Jul$ PRetPAsEBAEHheous channel bit rate seen by the decoder .
62. The method of one of clains 33 to 60, wherein an encoder buffer
recei ves the encoded data prior to providing the bitstreamtherefrom

conprising the further step of :
the simulated decoder VBV buffer becomes

too full (i.e. the encoder VBV buffer is too empty),

the encoder can correct the problem by:

(a) reducing the gquantization level to

generate large VOPs, or

{b) outputting stuffing bits at the end of
the VOP., Note that generating larger VOPs reduces

the decoder VBV occupancy.

2. If the simulated decoder VBV becomes too
empty (i.e. the encoder VBV buffer is too full), the

encoder can correct the problem by:

(a) increasing quantization levels to

generate fewer bits, or

(b) delaying the generation of the next VOP
(often called skipping VOP}, or

(c) zeroing the high frequency coefficients

to reduce the number of bits/VOP generated.



controlling the rate of the bitstream such that a the fullness of the
encoder buffer eb~ after encoding to Rvol, encoder ~t ~dt - d, to ] NOWn2002
ith VOP is upper bounded by ~ , where t~e is the tine of starting to encode
the ith VOP, L is the tinme difference between the encoding tine tt and the
decoding time of the ith VOP, dl is the amount of coded data for the ith
VOP, and R'o~.encoder~t) is the - 34NOV Z002 50 i nstantaneous channel bit
rate seen by the encoder. 63. The nethod of one of clains 33 to 60, wherein
an encoder buffer receives the encoded data prior to providing the
bitstreamtherefrom conprising the further step of: controlling the rate
of the bitstream such that a the fullness of the encoder buffer e6~ after
encoding to +L ¢ | Rvol , decoder ~t ~dt - Bto an ith VOP is | ower bounded
by 1 , where t,e is the time of starting to encode the ith VOP, L is the
time difference between the encoding time tle and the decoding tinme of the
ith VOP, B is thessi fi 4 0 fer ~, qgﬁgq ~tl is the

i nst ant aneous cha%%e%’ﬂgigtldr g‘?gdg)%e%%[?y t leaq: edco ert. %lf e qn{ett hod of one
of clains 33ipygepdionherevidas envddieo matfebuldsai vasialhefancoded dat a

prior to progLdhRgnhNenll i “’fsﬂ“zfe 16 n@ﬂtsc%‘ﬂﬂé Sk ddyd.her, step of:
~ Nov Zooz 5% cont Pgl ' ng th‘g ateb_aglrfl teLe |tstreamlsucCL t adtgea the
ful | ness of ahpushcddérfBoif ecesigrisf.t eThencwdinduifer model of
the present invention constrains the video encoder to
producing bitstreams that are decodable with a

predetermined buffer memory size. Thus, push dataflow

applications are efficiently accommodated.



to |l Rvol, encoder ~t ~dt - Bto -L an ith VOP is |ower bounded by 1 ,
where tl is the tine of starting to encode the ith VOP, L is the tine

di fference between the encoding tine tle and the decoding tine oL;ig$0¢téb
VOP, B is the size of the decoder buffer, and ~, ol,encodec(t) is t 02
i nst ant aneous channel bit rate seen by the encoder. 65. A decoder

“appar atus, conprising: a data buffer of predeterm ned nenory size; and
means for receiving a push dataflow bitstreamthat is obtained by encoding
data in accordance with a nodel of the buffer so that the nodel ed buffer
does not overflow or underflow, wherein: the encoded data conprises at

| east one video or visual object (VO with at |east one video or visual

obj ect layer (VOL), including an associ ated header, foll owed by at | east
one Vi deo whati ss1at1 Hbheat iplkane (VOP) ; and a field in the VOL header

desi gnat es an occupancy of the nodel ed buffer just before renpval of the

first VOP fol| o ng 4fiecNCbaBeadsbatsoit BexTREhed UL piisy00. The

apparatus of claim 65, wherein: e encoded data conprises a flag that
control s tdetahtdwshbonsbfean wWébhbbuoneatiséhd anmbdel¥dl dheader ~Nov

2002 52 when ui valent .infornmation is not .present |n an encapsul atin
systenlnul?nggﬁ.og predetermined memory s1ge %or the pushed %ata d

at a decoder to overflow or underflow, comprising:

a processor adapted to encode data to provide the
bitstream for communication to a decoder; wherein:

the encoded data comprises at least one video or
visual object (VO) with at least one video or visual
object layer (VOL), including an associated header,
followed by at least one video or visual object plane
(VOP) ;

a field in the VOL header designates an occupancy
of the buffer just before removal of the first VOP
following the VOL header from the buffer; and

sald processor uses a simulation to simulate the
decoder buffer and controls the bitstream in response
to the simulation to preclude overflow or underflow of
the decoder buffer.

2. The apparatus of claim 1, wherein:

when the buffer is initially empty, the occupancy
field is examined to determine an initial occupancy of
the buffer before decoding the initial VOP.

3. The apparatus of claim 1 or 2, wherein:
the processor provides a flag to control the
inclusion of at least one field in the VOL header when

equivalent information 1s not present in an

encapsulating system multiplex.



67. The apparatus of claim66, wherein: the flag allows a visual

stream of the bitstreamas a standal one entity to specify a buffer
68. The apparatus of claim66 or 67, wherein: the at |east one f+ef {QM@0G2
inclusion in the VOL header is controlled by the flag designates a VOP rate
of the bitstream 69. The apparatus of one of clains 66 to 68, wherein: the

~at

| east one field whose inclusion in the VOL header

flag designates a peak bit rate of the3 tstream 70. The apparatus
of clains 66 to 69, wherein: the at |east one field whose inclusion in the
VOL header is controlled by the flag designates whether the VOL contains at
| east one B-VOP. 71. The apparatus of one of clains 66 to 70, wherein: the

at

cl ai nB 66 to 71, wherein: the at Ieast one fie!d mhose inclusion in
header is controlied bynthgpphagrd8SbHnat £5mSal dwhbsbdn

the flag allows a visual elementary stream of the
bitstream as a standalone entity to specify a buffer
model.

5. The apparatus of claim 3 or 4, wherein:

the at least one field whose inclusion in the VOL
header is controlled by the flag designates a VOP rate
of the bitstream.

6. The apparatus of one of claims 3 to 5,
wherein:

the at least one field whose inclusion in the VOL
header is controlled by the flag designates a peak bit
rate of the bitstream.

7. The apparatus of one of claims 3 to 6,
wherein:

the at least one field whose inclusion in the VOL
header is controlled by the flag designates whether the
VOL contains at least one B-VOP.

8. The apparatus of one of claims 3 to 7,
wherein:

the at least one field whose inclusion in the VOL
header is controlled by the flag designates the size of
the modeled buffer.

9. The apparatus of one of claims 3 to 8,
wherein:

the at least one field whose inclusion in the VOL
header is controlled by the flag designates said field

that designates the occupancy of the buffer.

el enentary

nodel .

is controlled by the

of one

| east one field whose inclusion in the VOL header is controlled by the

flag designates the size of the nodeled buffer. 72. The apparatus of one of

t he VCOL



z-N o v zooz 53 that designates the occupancy of the buffer. 73. The
apparatus of one of clains 65 to 72, wherein: the video or visual %bhg
conprises a video obj ect . 74. The apparatus of one of clains 65t E 2002
wherein: the video or visual object conprises a still texture object. 75.
The apparatus of one of clains 65 to 72, wherein: the video or visual

-obj ect conprises a nesh obj ect . 76. The apparatus of one of clains 65 to
72, wherein: the video or visual object3Tonprises a face object. 77. The
apparatus of one of clainms 65 to 76, wherein: the encoded data conprises a
plurality of VOLs, and a decoder buffer nodel is applied independently to
each VOL using buffer size and rate functions particular to each VOL. 78.
The apparatus of one of clains 65 to 77, wherein: the bitstreamis

conpatible with a 4 deo codin t andar 79. The .appart at of one
ofngla:ns 62‘t0 730 whef'€i %bpara%uskP 5“?08? gﬂeaaaFfﬁgﬁBBpfﬁgfﬁé'are

provi ded in ygrapeschi-ve
- the video or visual object comprises a video

object.

11. The apparatus of one of claims 1 to 9,
wherein:

the video or visual object comprises a still
texture object.

12. The apparatus of one of claims 1 to 9,
wherein:

the video or visual object comprises a mesh
object.

13. The apparatus of one of claims 1 to 9,
wherein:

the video or visual object comprises a face
object.

14. The apparatus of one of the preceding claims,
wherein:

the encoded data comprises a plurality of VOLs,
and a decoder buffer model is applied independently to
each VOL using buffer size and rate functions
particular to each VOL.

15. The apparatus of one of the preceding claims,
wherein: )

the bitstream is compatible with an MPEG-4 video
coding standard.

16. The apparatus of one of the preceding claims,
wherein:

additional fields are provided in respective



subsequent VOL headers to designate respective subsequent buffer occupancy
| evel s. 80. The apparatus of one of clains 65 to 79, wherein: said
data flow conprises video data that includes intraframe (1), predP
and bi directional (H video object planes (VOPs). 81. A nethod fo
provi ding a push datafl ow bitstream at a decoder, conprising the s
-providing a data buffer of predeterm ned nenory size at the decoder; and
recei ving the push datafl ow bitstreansat the decoder, wherein said
bitstreamis obtained by encoding data in accordance with a nodel

buffer so that the nodel ed buffer does not overfl ow or
t he encoded data conprises at Least one video or visual

T NB e

r
teps of:

of the

under fl ow, wher ein:
object (VO wth at

| east one video or visual object |ayer (VQOL), including an associ ated
header, followed by at |east one video or visual object plane (VOP); and a

field in tFDFOAUTEL MO dsiagiedise & alesdansdife yr P adte ibdel ed buffer j ust

before re
buffer.

17. The apparatus of claim 16, wherein:

the processor maintains a difference between the
additional fields in the subsequent VOL headers and a
running cumulative buffer occupancy just before removal
of a VOP from the buffer within a tolerance.

18. The apparatus of one of the preceding claims,
wherein:

the processor determines a size (d,) of a current
VOP as a number of bits extending to the last bit of
the current VOP and starting from either the last bit
of the previous VO or the first bit of a start code for
the first VOP of the encoded data.

19. The apparatus of one of the preceding claims,.
wherein:

the processor determines a decoding time t, of an
ith VOP, wherein:

(a) t,=t, if the VOL contains no B-VOPs, where T,
is a composition time of the ith VOP, and

(b) t,= t,-m,, when the ith VOP is an anchor VOP,
and m, accounts for a delay of at least one immediately
subsequent B-VOP to be composited or presented.

20. The apparatus of one of claims 1 to 18, -
wherein:

the processor determines a decoding time t, of an

ith VOP, wherein:

(a) t,=t, if the VOL contains no B-VOPs, where T,

”g%?isﬁg%fgé%gﬁ§ﬁ-%Q%uﬁggépMﬂgLéfy{\Kl header from the nodel ed



55 ABSTRACT OF THE DI SCLOSURE A technique is provided for enabling data,
such as video, to be broadcast using a push datafl ow scenario w tbg%;“ V. 2002
causing a data rate buffer (32) for the pushed data at a decoder 0t
overflow or underflow. At an encoder (20) , data are encoded for

comuni cation to the decoder (30) to provide an output bitstream The data
-rate buffer (32) of the decoder is sinmulated at the encoder (22). The
simulation is used to control the outpuBgshitstreamto preclude overflow or
underfl ow of the decoder buffer (32) . For exanple, a conplenentary encoder
buffer (22), which operates in a manner opposite to the decoder buffer
(32), can be nonitored and inverted to provide the sinmulation. Various
different techniques are disclosed for controlling the anobunt of data
produced at the encoder to maintain the data within the confines of the
decoder bufféls @3pyesengafd on ARmeACIAthg infh MPRAndiens(the Aleqadsy . Ay{ @
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A . Ay(. Asl . LAr A LAY A
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a] cRa] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caJ ca] ca] ca] ca] caJ ca] ca] ca] ca] ca] ca]
ca] c”Ma] ca] cRa]ndam @Coﬁu@’F@orl aBd€le@4plr ahcl¥psa] one immediately

ieheecel Sl wlan L lslsn s alialal=e 1o o o

a] caV] ca] caV] ca] C@\ﬂ Cah%\/laq;ﬁja:@\ﬂ@]&@]&ad & caleal cat s ]&?&ﬁﬂ caj ca] ca
]c a]ca]ca]ca]ca]ca]ca]c”ha +, 8 a! &2/ 08DLPQyytoi d cajc a
a] caV] ca] ca] edMirsdfca] caV] ca] caV] ca] ca] ca] ca] ca] ca] ca] caV] ca] ca] ca] ca] ca] ca

| val o] 4 o] ca] O G () (e EA gamiges video data chac

a] ca] ca] ca] careaher]sC alad oot o C@d)ca]gﬁae]cpﬁ@ﬁd&al eaVigsd] kgl caV] cal Al CI RV
\Ifrsttlulyl 10" 2" A" " " #####] ###$$S* YW % %-% upkf a\ VI gb] X] V] ca] ca] ca] ca] ca

] ca] ca] ca] caicacsdvred] ¢l al kdge e a o] E¥PRa) caV] caV] caV] ca] caV] ¢

a]caV]ca]ca]ca&&&g @F"%"e apparatis(ﬁQ ?k??&s%%c“&? BTﬁﬁ\ﬁ]cda]ca]ca]caV]c
a] ca] ca] ca] cjw]erem\edf€ls said bitstream by at least one of:
aVlcal caf ca] cal cal e £21 @1 Sg2l g2l oBLEaLeR 55?}”8?2%%& §3Lo%.5600
adjusting quantization levels of coding units
forming said VOPs.
23. The apparatus of claim 22, wherein:
the modeled data buffer comprises a visual or
video buffering verifier (VBV) buffer.
24. The apparatus of claim 23, wherein:
said processor monitors the VBV buffer and, when
the simulation indicates that the VBV buffer has or
will become too full, a quantization level for said
coding units 1is reduced.
25. The apparatus of claim 23 or 24, wherein:
said processor monitors the VBV buffer and, when
the simulation indicates that the VBV buffer has or
will become too empty, said quantization level for said

coding units is increased.

26. The apparatus of claim 23 or 24, wherein:
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bitstream therefrom; and

the processor controls the rate of the bitstream

bé
such that the fullness of the encoder buffer e after

encoding an ith VOP 1is upper bounded by

e
";
-1 _ _
t ., where t ® is the time of starting

Rvol,encoder ()dt -4,

to encode the ith VOP, L is the time difference between
the encoding time t,° and the decoding time of the ith
VOP, d, is the amount of coded data for the ith VOP,
and R,y encoder (€} 1S the instantaneous channel bit rate
seen by the encoder.

31. The apparatus of one of claims 1 to 28,
wherein:

the processor includes an encoder buffer for
receiving the encoded data prior to providing the
bitstream therefrom; and

the processor controls the rate of the bitstream
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be
such that the fullness of the encoder buffer €%, after

encoding an ith VOP is lower bounded by
tf+L
[ R

¢
I

vol,decoder (dt - B

, where t.,° is the time of starting
to encode the ith VOP, L is the time difference between
the encoding time t,° and the decoding time of the ith
VOP, B is the size of the decoder buffer, and
Rioi.decoder (€) 18 the instantaneous channel bit rate seen
by the decoder.

32. The apparatus of one of claims 1 to 28,
wherein:

the processor includes an encoder buffer for
receiving the encoded data prior to providing the
bitstream therefrom; and

the processor controls the rate of the bitstream

be -
such that the fullness of the encoder buffer i after

encoding an ith VOP is lower bounded by

I

!

J

€ -L
l

Rvol ,encoder (6)dt - B

, where t ° is the time of starting
to encode the ith VOP, L is the time difference between
the encoding time t,®* and the decoding time of the ith
VOP, B is the size of the decoder buffer, and

Ryol encoger (E) 1S the instantaneous channel bit rate seen

by the encoder.
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33. An encoding method for enabling a push
dataflow bitstream without causing a modeled data
buffer of predetermined memory size for the pushed data
at a decoder to overflow or underflow, comprising the
Steps of:

encoding data to provide the bitstream for
communication to a decoder; wherein:

the encoded data comprises at least one video or
visual object (VO) with at least one video or visual
object layer (VOL), including an associated header,
followed by at least one video or visual object plane
(VvOoP) ; and

a field in the VOL header designates an occupancy
of the buffer just before removal of the first VOP
following the VOL header from the buffer; and

using a simulation to simulate the decoder buffer
and control the bitstream in response to the simulation
to preclude overflow or underflow of the decocder
buffer.

34. The method of claim 33, wherein:

when the buffer is initially empty, the occupancy
field is examined to determine an initial occupancy of
the buffer before decoding the initial VOP.

35. The method of claim 33 or 34, comprising the
further step of:

providing a flag to control the inclusion of at
least one field in the VOL header when equivalent
information is not present in an encapsulating system

multiplex.
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36. The method of claim 35, wherein:

the flag allows a visual elementary stream of the
bitstream as a standalone entity to specify a buffer
model.

37. The method of claim 35 or 36, wherein:

the at least one field whose inclusion in the VOL
header is controlled by the flag designates a VOP rate
of the bitstream.

38. The method of one of claims 35 to 37,
wherein:

the at least one field whose inclusion in the VOL
header is controlled by the flag designates a peak bit
rate of the bitstream.

39. The method of one of claims 35 to 38,
wherein:

the at least one field whose inclusion in the VOL
header is controlled by the flag designates whether the
VOL contalins at least one B-VOP.

40. The method of one of claims 35 to 39,
wherein:

the at least one field whose inclusion in the VOL
header is controlled by the flag designates the size of
the modeled buffer.

41. The method of one of claims 35 to 40,
wherein:

the at least one field whose inclusion in the VOL
header is controlled by the flag designates said field
that designates the occupancy of the buffer.

42. The method of one of claims 33 to 41,
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wherein:

the encoded data comprises a plurality of VOLs,
and a decoder buffer model is applied independently to
each VOL using buffer size and rate functions
particular to each VOL.

47. The method of one of claims 33 to 46,
wherein:

the bitstream is compatible with an MPEG-4 video

coding standard.
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comprising the further step of:
determining a decoding time t, of an ith VOP,
wherein:
(a) t,=t, 1f the VOL contains no B-VOPs, where T,

is a composition time of the ith VOP, and

(b) t,= t,-m,, when the ith VOP is an anchor VOP,
and m, accounts for a delay of at least one immediately

subsequent B-VOP to be composited or presented.
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is a presentation time of the ith VOP when the decoder

is a no-compositor decoder, and

(b) t,= t,-m,, when the ith VOP is an anchor VOP,
and m, accounts for a delay of at least one immediately
subsequent B-VOP to be composited or presented.

53. The method of one of claims 33 to 50,
wherein:

said pushed data flow comprises video data that
includes intraframe (I), prediction (P) and bi-
directional (B) video object planes (VOPs).

54. The method of claim 53, comprising the
further step of controlling said bitstream by at least
one of:

allocating bits between different VOPs, and

adjusting quantization levels of coding units
forming said VOPs.

55. The method of claim 54, wherein:

the modeled data buffer comprises a visual or
video buffering verifier (VBV} buffer.

56. The method of claim 55, comprising the

further step of:
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monitoring the VBV buffer and, when the simulation
indicates that the VBV buffer has or will become too
full, reducing a quantization level for said coding
units.

57. The method of claim 55 or 56, comprising the
further step of:

monitoring the VBV buffer and, when the simulation
indicates that the VBV buffer has or will become too
empty, increasing a quantization level for said coding
units.

58. The method of claim 55 or 56, comprising the
further step of:

monitoring the VBV buffer and, when the simulation
indicates that the VBV buffer has or will become too
empty, delaying the generation of the next VOP.

59. The method of claim 55 or 56, comprising the
further step of:

monitoring the VBV buffer and, when the simulation
indicates that the VBV buffer has or will become too
empty, zeroing high frequency coefficients of said
coding units to reduce the number of bits generated per
VOP.

60. The method of one of claims 55 or 57 to S9,
comprising the further step of:

monitoring the VBV buffer and, when it is
determined that the VBV buffer has or will become too
full, adding stuffing bits to the end of at least one
voPp,

61. The method of one of claims 33 to 60, wherein
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controlling the rate of the bitstream such that

b¢
the fullness of the encoder buffer i after encoding
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an ith VOP is upper bounded by t

vol,decoder (6t -d,

I

where t,° is the time of starting to encode the ith VOP,
L is the time difference between the encoding time t,®
and the decoding time of the ith VOP, d, is the amount
of coded data for the ith VOP, and R,q gecosec(t) 1is the
instantaneous channel bit rate seen by the decoder.

62. The method of one of claims 33 to 60, wherein
an encoder buffer receives the encoded data prior to
providing the bitstream therefrom, comprising the
further step of:

controlling the rate of the bitstream such that

be
the fullness of the encoder buffer ' ! after encoding

¢

!

f

e
t; =L
an ith VOP is upper bounded by !

(t)de-d,

vol,encoder

[

where t,® is the time of starting to encode the ith VOP,
L is the time difference between the encoding time t,°
and the decoding time of the ith VOP, d, is the amount

of coded data for the ith VOP, and R, t) 1s the

s0l, encoder (
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providing the bitstream therefrom, comprising the

further step of:
controlling the rate of the bitstream such that

be
the fullness of the encoder buffer i after encoding

tf+L
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f
an ith VOP is lower bounded by /

(t)dt - B

vol,decoder
where t,° is the time of starting to encode the ith VOP,
L is the time difference between the encoding time t ®
and the decoding time of the ith VOP, B is the size of
the decoder buffer, and R, geccser (€) 15 the instantaneous
channel bit rate seen by the decoder.

64. The method of one of claims 33 to 60, wherein
an encoder buffer receives the encoded data prior to
providing the bitstream therefrom, comprising the

further step of:
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@L0% # &f()' 10% #3ata buffer of predetermined memory size; and

means for receiving a push dataflow bitstream that
is obtained by encoding data in accordance with a model
of the buffer so that the modeled buffer does not
overflow or underflow; wherein:

the encoded data comprises at least one video or
visual object (VO) with at least one video or visual
object layer (VOL), including an associated header,
followed by at least one video or visual object plane
(VOP); and

a field in the VOL header designates an occupancy
of the modeled buffer just before removal of the first
VOP following the VOL header from the modeled buffer.

66. The apparatus of claim 65, wherein:

the encoded data comprises a flag that controls

rhe inclusion of at least one field in the VOL header
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when equivalent information is not present in an

encapsulating system multiplex.

67. The apparatus of claim 66, wherein:

the flag allows a visual elementary stream of the

bitstream as a standalone entity to specify a buffer

model.

68. The apparatus of claim 66 or 67,

the at least one field whose inclusion
header is controlled by the flag designates
of the bitstream.

69. The apparatus of one of claims 66
wherein:

the at least one field whose inclusion
header is controlled by the flag designates
rate of the bitstream.

70. The apparatus of one of claims 66
wherein:

the at least one field whose inclusion
header is controlled by the flag designates
VOL contains at least one B-VOP.

71. The apparatus of one of claims 66
wherein:

the at least one field whose inclusion
header is controlled by the flag designates
the modeled buffer.

72. The apparatus of one of claims 66
wherein:

the at least one field whose inclusion

header is controlled by the flag designates

wherein:

in the VOL

a VOP rate

to 68,

in the VOL

a peak bit

to 69,

in the VOL

whether the

to 70,

in the VOL

the size of

to 71,

in the VOL
said field
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that designates the occupancy of the buffer.

73. The apparatus of one of claims 65 to 72,
wherein:

the video or visual object comprises a video
object.

74. The apparatus of one of claims 65 to 72,
wherein:

the video or visual object comprises a still
texture object.

75. The apparatus of one of claims 65 to 72,

wherein:

the video or visual object comprises a mesh
object.

76. The apparatus of one of claims 65 to 72,
wherein:

the video or visual object comprises a face
object.

77. The apparatus of one of claims 65 to 76,
wherein:

the encoded data comprises a plurality of VOLs,
and a decoder buffer model is applied independently to
each VOL using buffer size and rate functions
particular to each VOL.

78. The apparatus of one of claims 65 to 77,
wherein:

the bitstream is compatible with an MPEG-4 video
coding standard.

79. The apparatus of one of claims 65 to 78,

wherein:

, 10%# & ()- m10% # & ()- RSTUdgvUu410
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S are provi 1n respective
subsequent VOL headers to designate respective
subsequent buffer occupancy levels.

80. The apparatus of one of claims 65 to 79,
wherein:

said pushed data flow comprises video data that
includes intraframe (I), prediction (P) and bi-
directional (B) video object planes (VOPs).

81. A method for providing a push dataflow
bitstream at a decoder, comprising the steps of:

providing a data buffer of predetermined memory
size at the decoder; and

receiving the push dataflow bitstream at the
decoder, wherein said bitstream is obtained by encoding
data in accordance with a model of the buffer so that
the modeled buffer dcoces not overflow or underflow;
wherein:

the encoded data comprises at least one video or
visual object (VO) with at least one video or visual
object layer (VOL), including an associated header,
followed by at least one video or visual object plane
(VOP) ; and

a field in the VOL header designates an occupancy
of the modeled buffer just before removal of the Qirst

VOP following the VOL header from the modeled buffer.
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ABSTRACT OF THE DISCLOSURE

A technique is provided for enabling data, such
as video, to be broadcast using a push dataflow
scenario without causing a data rate buffer (32) for
the pushed data at a decoder (30) to overflow or
underflow. At an encoder (20) , data are encoded for
communication to the decoder (30) to provide an output
bitstream. The data rate buffer (32) of the decoder
is simulated at the encoder (22). The simulation is
used to control the output bitstream to preclude
overflow or underflow of the decoder buffer (32) . For
example, a complementary encoder buffer (22), which
operates in a mannher opposite to the decoder buffer
(32), can be monitored and inverted to provide the
simulation. Various different techniques are
disclosed for controlling the amount of data produced
at the encoder to maintain the data within the

confines of the decoder buffer (32).



