. 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
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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 l IS 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 vvlth Rhe |nvent| on. - 1 NOV 2002 6

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.



DETAI LED DESCRI PTI ON OF THE | NVENTI ON The MPEG 9 video buffering verifier
(VBV) is an algorithmfor checking a bitstream plus delivery rat-e 1f NOYt 2602,
R(t), to verify that the anobunt of rate buffer nmenory required in a push
dat af | ow scenario is less than the stated buffer size. If a visual
bitstreamis conposed of nultiple Video Objects (VGs), each with one or
nore VOLs (Video bject Layers), the rate buffer nodel is applied
i ndependently to each VOL (using buffeB size and rate functions particul ar
to that VOL). 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
vi deo objects. In accordance with the invention, the video encoder controls
its output bitstreamto conply with the requirenments of a video buffering
verifier (VBV). The VBV is defined as follows: 1. The VBV size is specified
inunits of 16389 bits by vbv buffer size field provided in the VOL header.
A vbv buffer size of 0 is forkuldeary "&" TiEdeivmerias 16389 x vbv buffer
size and is the , 1 NOV 2002 Dbuffer size in bits. Note that in the °
exanpl e enbodi rrent di scl osed herein, the maxi mum size of the VBV buffer is
four Goits. The val J& GCOPRAMGE atitd] Adhe dm Vst e Chawgdecafanst a
vi sual - obj ect - 5%9,@%@%%sera¢eceﬁ%v1%edT%ﬂ NSt A0t "i%e%stav' deupbject |ayer
channel bit rate seen by the encoder is denoted by Rvol (t) 1n bits per
second. |f theVBEeoratt® ticelrdafiaasd vaineaddtushs detaddew sqengafiimes a
peak rate (in yaichdu@f AU ikid S REScSacand; bL?ff‘@zj 42 Ofe . it I Pigiden) such
that RVO (t) - 400 x bit rate Note that Rvol (t) counts only visual syntax
for the currendtvelL decedear tte e rdfdiqwial oimdsfrfdiowsel dw) .an fenaesleghannel
is a serial tipgeBUlliePledtotRt #JY r&gme&lhﬁrca\écﬂo% o %%ed%ﬂ‘éa%%%rbgcd SO EC
14496-1 wth a total instantaneous channel rate seen by the encoder of
R(t), then RvoPropfpe. ap output MEYsikaamwl Bihe diatat iroi cofouf fisin ofr om VAL,
vol } 0 otherwicpe JechierVBY RUIfANa et idl tird Ioh LT, Afder finding the
first VOL header, the vbv occupancy field is exam ned to determ ne the
initial occupaﬁéwudﬁtﬂﬁél¥$§/Qﬁﬁdeﬂo|QPWﬁ$QﬁtthQNQHinﬁﬁ(hwiakaﬂam e t he
initial VOP i VQ, e f (9 [ VBV
buffer is thengﬁgsl??h%ey Oa’fe;riﬁ%%r 3“2002 ?‘“’of@ﬁ%‘%@ {}éieefrl r?gcft&ﬁr
par agr aph 4 beFow) ewigd si.nal mwhammrmme@ommmg whighy by
occupancy fi el i fifere r y in
subsequent VELgﬁg ggfg and tﬁ%ﬁyﬁﬁil 5%%; éfisﬁmkqg#ggﬂﬁké%%§%%§ (bl + dI
as defined bel can pgsmordftomed amsl dlnwsrtdre tWOP roonids rtilbeg t he VOL header
shal | be I ess il S d [ its of the i-th
VOP where i |sggﬁ%ﬂ§g£% ndeQ%Whl ! Fﬁgﬁgﬂ%ﬁyquCHﬁlihé%%cgﬁpng order. The
paranet er dl i disiclestedatfed iapntinpirla gt ciopingt © fhgfafter Rmmhmqﬂc
(B(1)<B) Wi th LESREGl L0 ARGOUNG i [ i Jend R PRATE Yonell 15 the
nunber of visudl synt ax

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



(1) fromthe last bit of the previous video object, still texture object,
mesh obj ect or face object exclusive (and excl udi ng any stuffing_ciqﬁﬂpeﬂﬁ2
i medi ately following this bit); or (2) fromthe first bit of the vi‘stal
obj ect sequence- start code inclusive (in the case of the first VOP of a
visual bitstrean) to the last bit of the current VOP inclusive (including
any stuffing codewords at the end of g4he VOP), including video object
headers, video 1 NOV 2002 9 object |ayer headers, and group of VOP
headers which precede the VOP itself. Note that the size of a coded VOP
(di) is always a multiple of 8 bits due to start code alignnent. 5. Let t,
(Figure 1) be the decoding tinme associated with VOP i in decoding order.
All bits (dl) of VOP i are renoved fromthe rate buffer instantaneously at
t1l. This instantaneous renoval property distinguishes the VBV buffer nodel
froma real rate buffer. 6. Tl is the conposition tine (or presentation

time in a no¢aonpositor, .decoder) of VOP |. For a video object plane, t1 is
defined by vopt igterneeriantclroé}’re% ‘%l'l% rlﬁﬁcgt:)s\}ocﬁ' 19V AR %S nEhe ek Ehent -

resol uti on-t eeofuemseaand)ficipnis the wdudatine nuher of whol e seconds
speci fied by g%%%l%fg'ne-bq&ﬁ, In the case of interlaced video, a VOP

consi sts of Frnes ¥ RS%o fi'el ds and T1 is the conposition tinme of the
first field. The relationship between the conposition tinme and the decodi ng
time for a VOP is given by t, =2z; -(((vop -coding -type --- B vOP)
flowdelay)?0Om )



-. 1 NOV Z002 10 where low delay is true (1) if the VOL contains no B-VOPs.
| f B-VOPs are present, then the conposition of an anchor VOP is eefady@t 2002
until all imedi ately subsequent B-VOPs have been conposed. This del ay
period ism =2z~ - rP, where f is the index of the nearest-future anchor
VOP of VOP i while pis the index of the current for the nearest-past)
anchor vop of vop y. The foll ow ng exanple denonstrates howm is -
determined for a sequence with variabl® nunbers of consecutive B-VOPs:
Decodi ng order . |0oPlI PzP3B4PsBsP~BeB9Pi oBI Bl z Presentati on order .

| oPI PzBaP3B6P5B8BOP rgl | B: zPm Assunme that vop time increnment=i and nodul o
tinme base=0 in this exanple. The subindex i is in decoding order. - | Nov
2002 12 i il tI' M 000-21=-11111-1=012 2 2-1=1 13 9 4-2=22 43 32
566-22926552799-3=6387'7398831012 12-3=9 3 11 10 10 3
12 11 11 3 7. Define bl as the buffer occupancy in bits inmediately
followng the renoval of VOP i fromthe rate buffer. The paranmeter bl is
illustrated in Figure 1. Usi BRIEAReDEDOREPTEON NOF i DHB, FDGURER be iteratively
defined: bo - 64 x vbv occupancy-do t(al b~+~ =b, + ~R ,0~ (t)dt - d, +, f

or i > 0Ot. 8 The rate buffer nodel requires that the VBV
Figure 1 is a graph that plots buffer occupancy

(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.



-.1 NOV 2002 12 buffer never overflow or underflow, that is: 0 < b, and b,
+d, S B foralli Real-valued arithnetic is used to conpute bl so =h§tN@Y r2802
are not accunul ated. A coded VOP size nust always be | ess than the VBV
buffer size, i.e., d= < B for alli. It is a requirenent on the encoder to
produce a bitstream which does not overflow or underflow the decoder's VBV
buffer. This nmeans the encoder nust gknow R~ol, decoder (t) . the

i nst ant aneous 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 del ay
channel s, the encoder can use its locally estimted Rvol, encoder(t) to
simul ate the VBV occupancy and control the nunber of bits per VOP, dl, in
order to prevent overflows or underflows. The VBV nodel assumes a constant
del ay channel. This BE% bi t stream whi ch
does not overfl ow or—4 ' o g O gder (t) - nQe
thdt Rvol (t) 1S defined aS Rvol.encoder(t) in nunbered paragraph ~"2"
above. - 1 NOVrRQORPEZ-hi guce o2 Huffestingf &% 118 ancadan and decoder in

simplified block diagramform Data to be encoded are input to the encoder
processor 2019RRILERN SofoGhiesditd & icdderrRla s ded gderrare Buffer 22

operat es i nfane@IBhe MR Y RRRRAT A0 thadatdd ad i f&r B3 Lf the decoder
30. 8y nmonitoring the data rate buffer 22, the encoder processor 20 is able
to sinul at ePthécdaigmPZiye I8GUAELRBANR TS N eled@drlowrieedyagdderispr ocessor

provi des an)gutpehabl kil el duldRNsHitier 2% ajichdransnits the
bitstream over a conmuni cati on channel 26 to a receiver 28. The receiver

provi des t heifgéErasd i coOMPesmc @ &t HallddaddeVisleq Wi adriveiMAonal manner.

Decoder 30 dgeadgs thhenki b3t kead WIRr qWiided e 4R ned Qulputedata. A
description of how to handle real tine video in a non-constant del ay

net wor k envERSEnERE fed] Megel 1§ fonldest dmdgpengentdot Het iessth el  onl y;

it is not a(8qHy" BWEHe 0% iLRCAUMmENdAld Rt iAW (R JitefAcq JVPEG 4
bitstreans to non-constant delay channels. If the channel does not have a

const ant defBpt ¥@&n -t hat:

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. unknown, vari abl e, packet-by-packet queuing delays in network interfaces
and intermedi ate nodes (e.g., switches or routers as used by ATM 4rNOVP 2002
net wor ks) are present, and -- 1 ~0ll 2002 14 2. the information is
delivered in tinme stanped packets, and 3. there is a bound on the

di fference between the m ni nrum and maxi mum channel |atency of a packet (as
determ ned, for exanple, by a qualityﬁﬁf servi ce negotiation), then a
constant del ay channel can be approxi mated using a de-jittering buffer
before the decoder. The de-jittering buffer holds each variable | atency
packet until the maxi mnum channel | atency has el apsed (the hol ding duration
is based on the packet tine stanp) before the packet is released to the
decoder. The resulting channel now has a constant delay equal to the

maxi mrum channel | atency. Syntax Modifications: The present invention

nodi fies the syntax of the MPEG 9 standard by adding a vbv occupancy field
(26 bits) to the VOL header, The value of this integer is the VBV occupancy
in 69-bit units jushtubtebreledelndpbbat oFotfethpfstnvireferkaBlfag t he.VOL

header. The purpose.f9sdihenbuabitiyst& HOrLIRYI Rt gximihi 8k ~€0H¢i tion
for VBV buffer fullness. To prevent duplication of information between

MPEG 4 System (1 SO ¢t YBViggufifeanys MPEEF 4GRis8al The Yalue 9£2002 15

(1 SO EC 14496-2), gpd Lerablow; 3evisHabn el eBENLARY 84T §RPLAS,a stand-al one
entity to specify a buffer nodel, a vbv paraneters ?Iag IS adaed to control

the inclusion to VOPisaeé ebiectpreqranee rad_detay vbv size, and vbv
occupancy in the VOL header. The val ue of vbv paraneters shall be "1" for a
push dat af | ow &i suaTh®i s teakanpenst Hedequbhakteht leveor ghannalibihot

Eirtesregﬁmg zsai”net”flgpgé‘{étéé‘&nsﬂgtﬁfﬁé QH%&&Q&GFS EEQRo*!?&')RgOﬂEOE?{) pgrameters
yntax to c ntrol the inclusion of t

bits per second. If the bit rate field in the
VOL header is present, it defines a peak rate (in
units of 400 bits per second; a value of 0 is
forbidden) such that Ry, (t) = 400 x bit rate
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



chroma format and aspect ratio information fields in the VOL header. The
FCD VOL syntax contains potential start code enul ation problensfwhgwg#t
rate and vbv size are present (since runs of 23 or nore consecut'i Vv bing2
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 nsbs 12) ~ bit ratg Isbs; vbv size - (vbv size nsbs 10)
~ vbv size Isbs; vbv occupancy - (vbv occupancy nmsbs [|S) vbv occupancy

| sbs; The resultant syntax is shown in Table 1: - 1 NO V 2002 16 TABLE
1 No. of bitsienoni cVol control paraneterslblsbflif (vol contro

par anet ers)aspect ratio information4ui nsbfchronma format 2ui nsbf Vbv

par anmet ersibl sbfIf (vbv paranmeters) tVOP rate codedui nsbfbit rate
nmsbs18ui mebf mar ker bit1bl sbfbit rate | sbs12ui nsbfl ow del aylbl sbfvbv size
msbs8ui nsbf mar ker bit 1bl sf bvbv size | sbs10ui nsbfvbv occupancy
nmsbs1lui mebf mar ker bit 1bl sbf vbv occupancy-| sbs15ui nsbf SUBSTI TUTE SHEET
(RULE 26) - 1 Ned wheoyoP1tdréingdt dnTRBragrarh. 4Tkhelomdoditdghof aspect

ratio information;aRduyER EakevopdaeaneruBdaibifdniyn thike MPEG 4 Visual FCD.
2. In order to use the encoded bitstreamw th a push dataflow nodel, it is

a normative requi FeHeRECURANAYbE 1BaranelBes dhiderpacsebetyeen]” or the

E?S't ggrL_ eln; ylepforr@stee, vBY delhpedchn £ beAk4 i RekaWs i @ el uded in the
headers and the running cumulative buffer
occupancy (b, + d, as defined below) just before
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



3. If VOP rate code is provided, then the difference between conposition
times specified by VOP tinme increment and the cunul ative nodulo tine .base
must be an exact integer nmultiple of the frane period associ at et Ty 2032
rate code. In this case, the wdth of VOP tine increment resolution nust be
i ncreased by one bit to exactly represent 59.99 Hz (i.e., 60000/ 1001 Hz).
Rel ati onship to MPEG 4 Systens: The foll ow ng discl osure defines the

rel ati onshi p between the term nol ogy, Semantics and syntax of MPE® Systens
(1S 1EC 1949&-1) elementary streaminterface and the visual decoder (or
encoder) such that the System Decoder Mddel (SDM is consistent with the

Vi deo Buffer Verifier. In this case, the visual VBV buffer and SDM decodi ng
buffer (DBr) have 9 ~V 0V 2002 18 identical semantics. These buffers
are one and the same in an integrated visual/systens decoder nodel. 1. A
natural video access unit is a coded VOP. The size (dl) and the precise
conposi tion of a coded VOP is defined above with reference to Figure 1. 2.
The object tinme baseb(erB) laged headerérnPRe gKeUBbPECYOR| berdesFer ence
(QCR), decoding timghstATprePLak. tABAyE@MRESkEiFOn time stanp (CTS) is the
same tinme base used to determne the VOP tine increment and nodulo tine
base. The Sync LayegokimeghampResaliuti o andoQeRRese! yhipn;igugh Rgsi nt eger
mul tiples of VOP tine increnment resolution so than no tenporal précision is
|l ost and all tenpor & MgatdBLgt P6nd RE-ESedHEt tPnStAtEgEPIsr PLAGBMRRL-3. The
conposition tine stanp is equal to z, plus a constant (K). That is:

ti meSt anpResol 8ti onIREVEP {Fheuract bnknt tierglecoding time R eppRE3BEAti on +

- - '+ KVOP tine h@%ﬁeva@tireaoheEbe@nphg%gegt | a1anpaeguryl ptypn of the

nodul o ti ne base values since the initia eader.

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,)



4. The decoding tinme stanp fromCTS is determned in a manner simlar to
the way ti i s SUBSTI TUTE SHEET ( RULE 26) - 1 NO V 2002 19 calcykfygq 2
fromil, that is DIS, CTSI - ( ( (vop coding type =- BVOP) I | lo Iay?‘lZ
? 0 m) This equation specifies that decoding is instantaneous and the only
di fference between DTS and CTS reflects the reordering of anchor VOPs. Note
that DTS is only present on anchor VOPs when |low delay is O (when the

condi tional expression above is true%q 5. The relationship between the

val ue of the encoder's |l ocal object tinme base value at the tine and DTSl 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 OCRL and vbv occupancy
specified in the sanme 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 ation of vbv occupancy be accurate to
the nearest integer. 6. The System Layer (SL) RandomAccessPointFlag, if set
to "1", denotes tWeeys esevcdedtyalyCirneadér il the ¥Odessninriinsstarting in

this SL packet. [ 5-g5voPOY Z0P25_vops are present, then 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.



20 7. The Decoder Confi gDescri ptor value for bufferSizeDB is equal1tﬁ0gQﬂﬁ2x
vbv buffer size. The maxBitrate field nust 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 éonposition Uni t Durati on and
timeScale. In this case tinmeScale nust be an integer nmultiple of VOP tine
increnent resolution. 2 . bi t-ra to and vbv size are indicated by
maxBitrate and bufferSi zeDB in the Decoder ConfigDescriptor. 3. vbv
occupancy is indirectly indicated by the difference between OCR and DTS as
defined above. 4. low delay is specified inplicitly by DTS of - the first
T-VOP. If DIS is present (and unequal to PTS), then |low delay = 0, else | ow

delay = 1. - 1 NOV 2002 21 Conparison between the MPEG 4 VBV and the
MPEG 2 V9V: The MPEG 2 and MPEG 4 VBV nodel s both specify that the rate
buffer may not overflow or_ underfl ow an d pictures (~1OPs) are

renoved fromthe buffer instantaneously. I#y both nodgls a coded picture/VOP
i s defined to include—atthigher—evel—syntax—+mrediately—precedi ng the

pi cture/ VOP. MPEG 2 vileo has a Gonstant f@ake beriol (although the

bi tstream can contain jpoth framg and fiel dypjcgures and frame pictures can
use explicit 2:3 pulldown via the repeat-first field flag) . In MPEG 4
terms, this frame rate? woul d be 4 he out put2o¥=the cohpositor (the MPEG 2
term nology is the output of the display pfogess thap is not defined
normatively by MPEG 2). This output frame rate together with the MPEG 2

pi cture structure and‘?epeaf_ fitst field 3Iag preci%ely defines the tine
i nterval s between consgcutive degoded pictgrr-{eithey frames or fields)
passed between the decodi ng process and t@g di spl ay frocess. I n general,
the MPEG 2 bitstream dontains B

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

‘(M

b, =b+ IRvo:(t)dt—d,+. for i20

8. The rate buffer model requires that the VBV



pictures (we assume MPEG 2 |ow delay = 0, refer to the next section for_ the
case were low delay = 1). This neans the coding order and displ ay1o@¥r2082
pictures is different (since both reference pictures used by a -1 NO V
2002 22 B picture nust precede the B picture in coding ofder). The MPEG 2
VBV (and MPEG 2 systens T-STD) specifies that a B picture is decoded and
presented {instantaneously) at the sgpe tine and the anchor pictures are
re-ordered to make this possible. This is the sanme reordering nodel
specified above in the definition of the conposition tine tl. A

hypot heti cal MPEG 9 decoder using the proposed MPEG 4 VBV buffer nodel
exactly enul ates a hypot hetical MPEG 2 decoder using the MPEG 2 VBV buffer
nodel if the MPEG 9 VOP tine stanps given by vop tinme increnent and the
cunul ative nodulo time increment agree with the sequence MPEG 2 picture
presentation tinmes. W assune here that both coded picture/VOPs use the

pul I down on 1 ho dBa6ASE, Ve syercaPy iy UFLHLEEgR. bilate 200 20 VL7

., repeat- ftirs F&F'exanple,if

the MPEG 2 sequence i s code 29,97 Hz (the NISC picture rate), vop tine
i ncrenent _reso. lution nust gﬁgédﬂﬁbgahdl§ﬁéywﬁggge in vop tinme increnment

bet ween consecutive VOPs in presentation order nust be 100l because picture
skipping is not permtted in MPEG 2 (when low delay = 0) . - 1 NOY 2002
23 H. 263-1i ke BufReplyBadred Rritiggtirhdse uged &6 BOWERSSakd $9 reor dering

of conposi tigRatnttsobeat ween ndecadichgiuald chr.esent ati on. The H. 263
Hypot heti cal Reference Decoder (HRD) can be equivalent to the MPEG 4 VBV.

In the H 2&3like RuEbaedwdel sitlenMBY Buibes BiezecwBY thdhf @heSivag 1S
conputed by vbyv buffer size = A + BPPmaxKb x_ 1029 bits, where (BPPmaxKb x

1029) is thePwhkeRufiiABnbér Sof Brt§ PefCpi @tbre- that has been negoti at ed
for use in the bitstreamand A =4 x Rra X ~ P where Rmax is the nmaxi num
video bit rate duffngStReIT€GNAEEMESYT PR BiNes epEPIEEc 5Rd PERGYCKe 2pi ct ur e

frequency, PFpit§t28af’whZ chS doReCnbired veer 16RMaRN uhkerTedi @he Format (CF),

whi ch corresponds to a .
decoder’s VBV buffer. This means the encoder must
know Ryol,decoder (£), the instantaneous channel bitrate
seen by the decoder. A channel has constant delay if
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.



vop tinme increnment- resolution = 30,000 and Ovop tine increnent = 1001. The
VBV is initially enmpty. The VBV is examned at CIF intervals. |f at] Ng4¥s200?
one conplete coded VOP is in the buffer then all the data for the earliest
VOP in bitstream (or decoding) order is instantaneously renoved.

| medi ately after renoving the above data the buffer occupancy nust be |ess
t han -~ 1 NOV 2002 29 A In this case, the nunber of bits for the
(i+1)-th coded picture di+1 mnust satis#%: r*, d,+, _>b, ~IR(t)dt - A

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 fromthe
buffer; ti is the time the nth coded picture is renoved fromthe VBV
buffer; and R (t) is the video bitrate at tinme t. The inportant distinction
bet ween the MPEG 4 VBV nodel and the H. 263 nodel is that the encoder is
speci fying the conposition time tl for each VOP in the bitstream which
agai n neans that the encoder nust know R(t) and A, the instantaneous
bitrate as seen by fhgudecddédluaganhest hhe assadpti endi degalled ih a

constant del ay ¢ nel: 2 e | lay = 1
as - % N 5 t0BT3T et pARER g R, KDRE O, KRk RS barREobal 95
B-pi ctures areiopell $o0 déeodnngdamdppresenbat 26n whideh asecthpledniko

Second, there | i.fi pi r i.od,(bu neggessar.i 29. 97 Hz)
used to exaninéﬁtﬁgégﬁ% epgqﬁfrgkg ﬁégﬁggig?urengggé ggc%égﬁa%ég A0t been
total ly recei vadcampilemenértrypmenoee per eodafsuchta pu€fare3Rsofakhed a

"big picture"), the buffer is re-exang.ned,at tiples pf .the picture
period until t 8C8§85d3grct§ e™8+ BFFQgrgnggﬁ#aiEagﬁeBHG%FérQb’
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



The big picture will then be instantaneously decoded and displ ayed. The
previous image renmains in the decoder output during the picture perfi N@Y 2002
while the big picture is not conpletely received. The encoder is stil
responsi bl e for prevention of overflow and underfl ow and the difference
between the MPEG 2 tenporal -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 Conplete Visual Syntax:
Covering the conplete visual syntax requires extension for sprites, stil
texture objects, nesh objects and face objects. In this case VBV stands for
visual buffer verifier. Spri tes Basic sprite, |low latency sprite, and

scal abl e - ~NoOvVv ZooZ 26 sprite are specified in MPEG 9. There is no
conceptual problemw th the bitstream generation of sprites. However, a

| arge vbv_size m ght be applied to take the advantage of | arger sprite
menory in the decader. il - | s j 1 textur ject is a
si ngl e access uni 1(:2 hov‘%/g%erlnlf;[)(-})é&(ﬁlat1{{11(;e0tndt}esec%toersrlr)lo‘/;%e@atddi]'rnectfi{&{‘le':sJ %‘f?‘ﬁee(?ext ure
obj ects are pseHeds.iapdt to a |later decoder (e. g., the nesh decoder). The
still texture objects have no buffer paraneters or timestanp to contro

this visual objecB-.in &hgreh igatea rAunl seerfdyd ¢li flerdrotd dwvetteaynt ax of
Table 2, wou h ; b : i xt ' : 2002 27
TABLE 2 No. Egeb?¥§ﬁhgﬁbﬁpb §q3§§$§§¥§¥g%%1§%?%= éﬁggfﬁzéﬁﬁ% é?E?Lit rate
msbs18ui nsbf haskgetisirmibleshf Hior reaamplshs Puiarshfalot siode sesteBea nsbf mar ker
bi t 1bl sf bvbv é%ggig§g§39uinsbfvbv occupancy nsbsllui nsbf marker bit 1bl sbfvbv
occupancy_IsBs Sui nmebftiffe stanp fraction bitsSuinsbftine stanp

seconds17ui (¢ i | spfiti fract - j he nunber of
bits of ti nengg%garrﬁ ?E’Q%ﬁaé’% ?jsgl'ﬂtsal My ‘bfa?‘u trr”%eos%g‘)gmid!;fqug%{?%n- bits which
cannot be zepging a de-jittering buffer before the decoder. The

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



- 9 NO Y 2002 28 Mesh and Face bjects: The mesh visual object access unit
is the mesh object plane. The face visual object access unit is thd N8¥e2002
obj ect plane. Since no reordering is required, ti - zl. Both objects share
a conmon specification of tenmporal information, the tenporal header(). Wen
t he mesh/face object is intra coded, the tenporal header() can optionally
specify a franme rate and a tine stanp (an | EC 461 ti mecode specifying
hours, minutes, seconds, and franes) spécifying the conposition tinme of the
nmesh/face object plane. The origin of the tinecode (00:00:00: 00) nust agree
with the tenporal origin used in MPEG 4 System (1 SO | EC 14496-1)for DTS and
CTS. The tinme between object planes is 1 + E nunber of franes-to skip tines
the frame period. This allows 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 bitstreamfor nesh/face objects, the follow ng VBV
paraneters controlled by vbv paranmeters (except for Iow delay and VOP rate
code) need to besadded u@4DBsh¢bje©H and aHacey adlsuaas Shawhtdrylabl e 3:

~ No v zooz 29 TABLE 3 shenoni, V%Y par ane ers%? S fIf (vbv

par anet er s) (bFFrFBPeaﬁBSSf§GPﬁBB PREK & iYL BRI E Tatke 2ui mebf vbv

si ze msbs8ui nshbaenken kibvlplashhee rs zaalgsa%lmﬂd@bft\&\b&maw
nmebs11ui nsbf mar ker bi t 1bl sbf vbv occupancy | sbs15ui nsbf Rate-buffer

Management : BedBGdESieN &0t YOFeFabferodS e fidndiadia i tAPH S9haKient decoder

VBV buf fer overfhowigk, under flbaws ddig81250der dReStycil Al t heplecoder VBV
buffer. The sinulated decoder VBV buffer can not be too full or
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:



too enpty. In order to prevent the decoder VBV underflow, all data of coded

VOPs nust be conpletely transnitted ~~ ~HO0 V 2002 30 to the.d Cﬁﬂ,g:?ﬂﬂz
buffer before their decoding tine. Assune that encoding of the i-th
starts at tinme tl and its decoding tinme is r~ . After the i-th VOP being

coded, the anobunt of transmtted data is given by encoder buffer fullness
at re (denoted by ebi) plus the codedgsize of this VOP (d,). This has to be
| ess than or equal to the received data fromchannel to +L at ebb + dl < |

Rvol ) decoder ~t )dt , to 1 a where the decoding tine t~=rt + L . For a
constant delay channel, it has Rvol, decoder~t ~- Rvol , encoder~t -L) . tot
Thus, ebl + dl <- | Rvol,encoder~t)dt . Therefore, encoder to Lt buffer

full ness 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 nimumtransni ssion rate
Rvol ,mi T~ Can be set to be a | ower

TABLE 1
No. of | Mnemonic
bits
Vol control parameters 1 blsbf
If (vol_control parameters) ({
aspect_ratio information |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)



"~ 9 NOV 2002 31 to+L <t bound of ~ Rvol,decoder~t~dt - dl as TZ =L~

R-ol ,nun di tot In order to prevent decoder buffer overfl ows, Lhﬂeﬁﬁﬁoﬂﬁé
buffer fullness has to be less to the decoder buffer size B at ti .

i nmedi ately before the renoval of VOP i. This quantity can be expressed in
terms 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 ( | ‘

Rvol , decoder(t)dt ) , minus the nunberl©f to | bits removed formthe
decoder buffer between tj and t.. The nunber of bits renoved is the sum of
encoder 1 buffer occupancy at ri inmmediately before adding VOP i ( ebb )
and decoder buf fer occupancy at t~ ( bi ) because all bitstream data prior
to VOP i must be consuned before VOP i can be decoded. The later two
guantities represent bitstreamdata 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 ) < Bidtes 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



| Which yields to +L t a Rvol) decoder (t ~dt - ebi < B . tot Therefore,
encoder _buffer fullness at t~ is | ower bounded by to+tL at ebi > [
Rvol , decoder{t)dt-B = T1. to t The sanme argunents gi ven above about
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,nmax' T1 can be set

upper

bound of to +L t Rvol, decoder~t{s5dt-B as Tl1l=L~ Rvol.nex B. to

bounds T1 and TZ are checked in the ratecontroi algorithmand the
corrective action are to performbit-allocation 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 mul at ed decoder VBV buffer gets too full or too enpty:

identical 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, + K

CTS, = n, x timeStampResolution + - ' :
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)
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1. If the sinulated decoder VBV buffer beconmes too full (i.e. the encoder
VBV buffer is too enpty), the encoder can correct the problem by:~ (aNQV 2002
reduci ng the quanti zation level to generate |arge VOPs, or (b) outputting
stuffing bits at the end of the VOP. Note that generating | ar ger VOPs
reduces the decoder VBV occupancy. 2. If the sinul ated decoder VBV becones
too enpty (i.e. the encoder VBV buffer is too full), the encoder can
correct the problemby: (a) increasind%uantization |evels to generate
fewer bits, or (b) delaying the generation of the next VOP (often called
ski pping VOP), or (c) zeroing the high frequency coefficients to reduce the
nunber of bits/VOP gener at ed. -. 9 Nov 200z 39 It should now be
appreciated that the present invention provides a video rate buffer nodel
for bounding the nenory requirenents of a video decoder in a push datafl ow
scenario. The rate buffer nodel of the present invention constrains the

vi deo encoder to producing bitstreans that are decodable with a
predet er m ned afderavedof yorize. thlaws,ispush datafl ow applications are.
efficiently accommodat ed. ~-~ 1 NOV 2002 35 What is clained is: 1. An
encoder appar apts, tor enabling a push datafl ow bitstream w thout causing a
nodel ed data buffer redet e nlned nenory SI e for theéfushed data at a

decoder to oveff FOM/of 2199 ot i €1 iYOH pPrlode¥sdic ddpted t© encode

data to provi d8 he
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
mkpwwmw=a-lmmm

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.



bitstream for comunication to a decoder; wherein: the encoded data
conprises at | east one video or visual object (VO wth at |east pgﬁgnvd 602
or visual object layer (VQL), including an associ ated header, foll g

at | east one video or visual
desi gnat es an occupancy of the buffer just before renoval

obj ect plane (VOP) ; a field in the VOL header
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 preclude overflow or underfl ow of the decoder

buf f er .

enpty,

the buffer before decoding the initial

2. The apparatus of claim1, wherein: when the buffer
the occupancy field is examned to determne an initial

isinitially
occupancy of

VOP. 3. The apparatus of claim1 or

2, wherein: the processor provides a flag to control the inclusion of at

| east one field in the VOL header when equival ent information is not

present yn an encapsulatln system nmul ti pl ex. - 1 NOV 2002 36 4. The

appar at us of cl ai rh -3, gsoderConfigDescriptor value for
buffer51zeDB 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 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.



the flag allows a visual elenentary stream of the bitstreamas a standal one
entity to specify a buffer nodel. 5. The apparatus of claim3 or 4, NOV 2002
wherein: the at |east one field whose inclusion in the VOL header i
controlled by the flag designates a VOP rate of the bitstream 6. The
apparatus of one of clains 3 to S, 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 7. The apparat@dd of one of clains 3 to 6, 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. 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 designates 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

t he flag designates said field that designates the occupancy of the buffer.

I N OV 200 kor e ARAR ks MEEGDP Phv!DEdDERECHPRE-5! PEVP.

wherein: the vidéo or visual object conprises a video object
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



11. The apparatus of one of clains 1 to 9, wherein: the video or visual

obj ect conprises a still texture object. 12. The apparatus of oneg quqgamﬁE
1to 9, wherein: the video or visual object conprises a nmesh object. .
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 conpri ses §2plurality 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
bet ween the additional fields in the subsequent VOL headers and a running
cunul ati ve bBf PéFtyEBUPHREY PrESEIsefdice Br @FeaIr cofi g CpGR g Graderd -buf f er

Wi thin a tolepanpeccl8. vEe (@PRAMIEE 20fsyaRendl Tthemr epediing & ai ns,
wher el n: 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).



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 starting from ei t-hqrpf;[gvezunz
| ast bit of the previous VOor the first bit of a start code for the first
VOP of the encoded data. 19. The apparatus of one of the preceding clains,,
wherein: the processor determ nes a decoding tine tl of an ith VOP,
wherein: (a) tl=tl if the VOL contains,no B-VOPs, where rl is a conposition
time of the ith VOP, and (b) tl1=tl-m, when the ith VOP is an anchor VOP,
and ml accounts for a delay of at |east one inmediately 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 -, ~ No v Zoos
39 is a presentation tinme 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 accounts for a delay of at |east one i mmedi ately subsequent
B-VOP to be conposi ted®®?-bilkscButfer Moddhe apparatus of one of the .
precedi ng clai ns, wherein: said pushed data flow conprises video data that

i ncl udes intrafrane I )H.30Rdidten 1) randBHIRs evtd onal r€dB)daniidep obj ect

pl anes (VOPs). . e & t.us; i %/mﬁa.r { id processor
controls said bi s(io}lgjaom yﬁgl e%tgsff %én@%%%l%? oca 4 Plag&ﬁi ts between

di fferent VOPs prawmbrdtituisding quanti zation | evels of coding units fornng
said VOPs. 23. The apparatus of claim 22, wherein: the nodel ed data buffer

conprises a visual Gheitlethbyrriigsverl fRefelerBy Drdddrr HRD)The
apparatus of clajmed, WM& Lidkt to the MPEG-4 VBV. 1In 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



sai d processor nonitors the VBV buffer and, when the sinulation indicates
that the VBV buffer has or will become too full, a quantization | eyvdql NOWr2002
said coding units is reduced. 25. The apparatus of claim 23 or 24, wherein:
sai d processor nonitors the VBV buffer and, when the sinulation indicates
that the VBV buffer has or will beconme too enpty, said quantization |evel
for said coding units is increased. 264 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
claim23 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 to reduce the
nunber of bits generated per VOP. 28. The apparatus of one of clains 23 or
25 to 27, whenein: _said_pr Ss itors VBV buf f er d, nitis
oot e pae 1 Ln° Bt spERREsS Mol o8 ¥RY f! e ?pls#ld}lgf]iqhg bits
are added to thdedngioctuat ligast mose WER1isZY.: The apparatus of one of the
precedi ng cl ai ns, wherein: the processor includes an encoder buffer for
recei ving the encoded data pripr to providing the bitstreamtherefrom and
t he processor controlsdthgbr@;ER@Lﬁth bitstream a such that the full ness
of the encoder buffer eb~ aft T encoding an ith VOP is upper bounded by to

+ Li | Rvol , decoder ~t ~dt - d, to where tle is the time of starting
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



- ~No Vv Zoo2 41 to encode the ith VOP, L is the tinme difference between
the encoding time t,e and the decoding time of the ith VOP, dl is=thNQV 2002
anount of coded data for the ith VOP, and | ~, o~, decoder~t) is the

i nst ant aneous channel bit rate seen by the decoder. 30. The apparatus of
one of clainms 1 to 28, wherein: the processor includes an encoder buffer
for receiving the encoded data prior tge-providing the bitstreamtherefrom
and the processor controls the rate of the bitstreama such that the

full ness 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 tine of
starting to encode the ith VOP, L is the tine difference between the
encoding tinme t,e and the decoding tinme of the ith VOP, dl is the anount of
coded data for the ith VOP, and Ryol encoder ~t 1 is the instantaneous
channel bit rate seen by the encoder. 31. The apparatus of one of clains 1

to 28, wherein: the rocesior.inclu es gn Egcoder.buffer for receiving the
encoded data pPPEFTRO Provi-@Figfhe B L8Er B5M t hér&FLonCaRaPifd YSfScessor
controls the rate aketiheobiksbHeam and br¥sen¥a2063 42der are the

same. Second, there is a specified picture period
(but not necessarily 29.97 Hz) used to examine the
buffer. If the next picture to be decoded has not
been totally received at the next picture period (such
a picture is called a “biqg 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



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 -B to where t| tﬁﬁ
time of starting to encode the ith VEP Lis the time difference Heha¥ 2
the encoding tine t, and the decoding tinme of the ith VOP, Bis the size of
t he decoder buffer, and ~ol,decoder ~t~ is the instantaneous channel bit
rate seen by the decoder. 32. The appagatus of one of clains 1 to 28,
wherein: the processor includes 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 fullness of the encoder buffer
eb~ after encoding an ith VOP is | ower bounded by to f | Rvol) encoder ~t
~dt - Bto -L where t~ is the time of starting to encode the ith VOP, L is
the tine difference between the encoding tine tle and the decoding tinme of
the ith VOP, Bis the size of the decoder buffer, and ~o| encodec~t~ is the
i nst ant aneous _channel bit rate. %Qﬁ enc = 9 N 01~ 2002 43
33. An encodiﬁBr Fh85ef8Pe§ﬁ§6Flndn $E dat %ﬁﬁ Bfiékrean1mnthout
causi ng a nodebadegatalbpirbeleof witddether i iredt reano Igensrae ifoor ofhe pushed
data at a decgder 1g OVELLLOW,Or RS Ay CURN SIY L iR

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:



encodi.ng data to provide the bitstreamfor comunication to a decoder;
wherei'n: the encoded data conprises at | east one video or visual obj i
(VO with at |east one video or visual object layer (VOL), includi gﬁé 2002
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 ¢’nul ate the decoder buffer and
control the bitstreamin response to the sinmulation to preclude overflow 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
met hod of claim 33 or 34, conprising the further step of: providing a flag
to control the inclusion of at |east one field in the VOL header when

equi valent information is not present in an encapsul ating system nultipl ex.

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.



'~ N O V 2002 44 36. The nmethod of claim 35, wherein: the flag allows a
visual elenentary streamof the bitstreamas a standal one entity to sgﬁviﬂmz
a buffer nodel. 37. The nmethod of claim35 or 36, wherein: the at Iga o)
field whose inclusion in the VOL header is controlled by the flag
designates a VOP rate of the bitstream 38. The nethod of one of clains 35
to 37, wherein: the at | east one fiebg whose inclusion in the VOL header is
controlled by the flag designates a peak bit rate of the bitstream 39. The
met hod of one of clains 35 to 38, wherein: the at | east one field whose
inclusion in the VOL header is controlled by the flag desi gnates whet her
the VOL contains at | east one B-VOP. 40. The nethod 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
met hod of one of clains 35 to 40, wherein: the at | east one field whose
inclusion in the VOL header is controlled by the flag designates said field
that designates tMesBceBfafidfeoPPIigetififfer. 42. The nethod of one of

clains 33 to 41, - 1 NOV 2002 45 wherein: the video or visual object
conpri ses a vi deoThe 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:



obj ect.. 43. The nethod of one of clainms 33 to 41, wherein: the video or

vi sual object conprises a still texture object. 44. The nethod o&ﬂqnwovﬁzmn
claims 33 to 41, wherein: the video or visual object conprises a nesh obj
ect . 45. . The nmethod of one of clainms 33 to 41, wherein: the video or

vi sual object conprises a face object. 46. The nmethod of one of clainms 33
to 45, wherein: the encoded data conprises a plurality of VO.s, and a
decoder buffer nodel is applied indepeﬁﬁ%ntly to each VOL using buffer size
and rate functions particular to each VOL. 47. The nethod of one of clains
33 to 46, wherein: the bitstreamis conpatible wth an MPEG 4 vi deo codi ng
st andar d. ~- ~ Nov zooz 46 48. The nethod of one of clainms 33 to 47,
wherein: additional fields are provided in respective subsequent VOL
headers to designate respective subsequent buffer occupancy |levels. 49. The
met hod of claim48, conprising the

TABLE 3
No. of | Mnemoni
bits c
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



further step of: maintaining a difference between the additional fields in
t he subsequent VOL headers and a running cumul ative buffer occupancy 'uséIﬂ
before renoval of a VOP fromthe buffer within a tol erance. 50. ¥*hd NB¥ndll2
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 fromeithgr the [ast bit of the previous VO or
the first bit of a start code for the first VOP of the encoded data. 51.
The net hod of one of clains 33 to 50, conprising the further step of:
determning a decoding tine tl of an ith VOP, wherein: (a) t1=T1 if the VO
contains no B-VOPs, where rL is a conposition tine of the ith VOP, and (Db)
tl=il-m, when the ith VOP is an anchor VOP, and nt accounts for a del ay
of at |east one i mredi ately subsequent B-VOP to be conposited or presented.
- 1td OV 2002 47 52. The nethod of one of clains 33 to 50, conprising the

further step pf:, determning,a codi ti tl of an ith VOP, wherein: (a)
tl=zl if the €ELt58n§§Fﬁge obﬁﬁ%%ﬁég“aﬁﬁ%%q$3”ﬂé HIEh N time of the
ith VOP when c Lo no- co itar degoder, and (bh) .t,=t|-nt,
when the ith uﬁg gﬁgé:ngﬁxé:%d\}%g, o;Eﬁ%%r% la_ctg%(t}}rg)t%s s‘ft&'rr% (%‘ | &y 6 ’gt | east
one i medi ately subsequent B-VOP to be conposited or presented. 53. The

nmet hod of oneabfl &Fai AscR8ling S0mentisr ¢j n: dditérpubked-dat S0P beiagnpri ses
video data that includes intrafranme (1), prediction (P) and bidirectional
(B) video obj€efedrahbs @wopsf. of4 tramsgitast dsftaclisi @iy®n &onpri sing t he

further step of controlling said bitstreamby at |east one of :

encoder buffer fullness at ¢ (denoted by eb®) plus

t i

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

(t)de ,

vol,decoder

(4
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

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 '



all ocating bits between different VOPs, and adjusting quantizatiog t?%ﬁ)%ﬂ
of coding units formng said VOPs. 55. The method of claim 54, whereifV t @2
nodel ed data buffer conprises a visual or video buffering verifier (VBV)

buffer. 56. The nethod of claimb55, conprising the further step of: -1
NO V 2002 48 nonitoring the VBV buffer and, when the sinulation indicates
that the VHV buffer has or will becone too full, reducing a quantization

| evel for said coding units. 57. The met’hod 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 beconme too enpty, increasing a
quanti zation level for said coding units. 58. The nethod of claim55 or 56,
conprising the further step of: nonitoring the VBV buffer and, when the
sinmulation indicates that the VBV buffer has or will beconme too enmpty,

del ayi ng the generation of the next VOP. 59. The nethod of claim55 or 56,
conprising the further step of: nonitoring the VBV buffer and, when the
simul ation indicates that the VBV buffer has or will beconme too enpty, |,
zeroing high frequenpcy_céefjicients qf said coding pnits to reduce the
number ~ of bitslﬁgﬂg$é¥%d Seéwmﬁamdadgdﬁhé %ﬁfﬁb&bofﬂbheﬂ@mnél i'ns 55 or 57
to 59, conprising the furﬁher step of: nonitoring the VBV buffer and, when
it is determned that the VBV buffer has or will becone too full, adding
stuffing bits to therensdh-fiy alo | 9aSte PPN R Blou e MRIAIOH Rfs oG OF

claine 33 to 60, wherein
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
{

and ¥ ( f R

(€
1

1€

; ()dt ), minus the number of

vol, decoder

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

(ewf) and decoder buffer occupancy at tf (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



- 1NOV2002 49 an encoder buffer receives the encoded data prior to providing
the bitstreamtherefrom conprising the further step of: controllisag NO® 2002
rate of the bitstream such that a the full ness of the encoder buffer eb~
after encoding to +L ¢ j Rvol, decoder ~t ~dt - d, to . an ith VOP is upper
bounded by r where tl is the tinme of starting to encode the ith VOP, L is
the time difference between the encodpbng tine tle and the decoding tine of
the ith VOP, d, is the amount of coded data for the ith VOP) and
R'ol , decoder~t) is the instantaneous channel bit rate seen by the decoder.
62. The nethod 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: 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 _ L anith VOP is upper bounded by ~ , where t~e is
the time of starting to encode the ith VOP, L is the tine difference
bet ween the encodirdg tine tt and the decoding tinme of the ith VOP, dl is
t he amobunt ofpécqdeq gdata for ihe (pb+¥YOP<pand R o~. encoder~t) is the - 1
NOV z002 50 ihstangar‘f@o‘fﬁ"‘@ﬁgsnnel( b t ‘f}gteB seen by the encoder. 63. The
met hod of one of diaims 33 to 60, wherein an encoder buffer receives the
encoded data priowﬂqupquQQ'ng the bitstreamtherefrom conprising the
further step of: coﬁtroP1|ng£%he rate of the bitstream such that a the
full ness of the eqaq@gr buffer e6~ after encoding to +L ¢
[
e
Ie Rvol, decoder (0)dt - ebi <B.
t
[

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.

{3 Rvol ,decoder 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,



| -Rvol- , decoder ~t ~dt - Bto an ith VOP is |ower bounded by 1 , where t,e
is the tine of starting to encode the ith VOP, L is the time differfeNO§ 2002
bet ween the encoding tine tle and the decoding tine of the ith VOP, Bis
the size of the decoder buffer, and ~, al,decoder~tl is the instantaneous
channel bit rate seen by the decoder. 64. The nethod of one of clains 33 to
60, wherein an encoder buffer receives §he encoded data prior to providing
the bitstreamtherefrom conprising t he’ furt her step of: ~ Nov Zooz 51
controlling the rate of the bitstream such that a the fullness of the
encoder buffer eb~ after encoding to | Rvol, encoder ~t ~dt - Bto -L an
ith VOP is |ower bounded by 1 , where tl is the tinme of starting to encode
the ith VOP, L is the tine difference between the encoding tine tle and the
decoding time of the ith VOP, Bis the size of the decoder buffer, and

~, 0l ,encodec(t) is the instantaneous channel bit rate seen by the encoder.
65. A decoder apparatus, conprising: a data buffer of predeterm ned nenory
si ze; and nean@aFéPbFQEEF%ing a push dataflow bitstreamthat is obtained by
encodi ng 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 wth at |east one video or visual
obj ect layer (VOL), ThAceREPA§rafuatsbekst ERChEQdéPWing| FOREGCHF VSt | east

one Video or VhgHabnORfeghePhan814YER) dec8hRlr VBV buffer gets too
full or too empty:

1. If 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.



a-field in the VOL header designates an occupancy of the nodel ed buffer
just before renoval of the first VOP follow ng the VOL header fronitN@V 2002
nodel ed buffer. 66. The apparatus of claim 65, wherein: the encoded data
conprises a flag that controls the inclusion of at |east one field in the
VOL header ~ N o v zoo2 52 when equivalent information is not present in
an encapsul ating systemnul ti plex. 634 The apparatus of claim 66, wherein:
the flag allows a visual elenentary stream of the bitstream as a standal one
entity to specify a buffer nodel. 68. The apparatus of claim66 or 67,
wherein: the at |east one field whose 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 is controlled by the flag designates a peak bit
rate of the bitstream 70. The apparatus of one of clains 66 to 69,

wherein: the at |eas f incl ysi [t er is
controll ed by the%?|§88933i8%3?5§p3§§¥%§%£¥%§93;Eﬂ%éﬂﬁaxﬁéﬂgﬁﬂfeast one

B- VOP. invention provides a video rate buffer model for

bounding the memory requirements of a video decoder in
a push dataflow scenario. The rate buffer 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.



71. The apparatus of one of clains 66 to 70, wherein: the at |east one
field whose inclusion in the VOL header is controlled by the flag
designates the size of the nodel ed buffer. 72. The apparatus of Qni ﬁ
clains 66 to 71, wherein: the at |east one field whose inclusion i %e&ﬂi
header is controlled by the flag designates said field z No v zooz 53

“t hat designates the occupancy of the buffer. 73. The apparatus of one of
clains 65 to 72, wherein: the video or visual object conprises a video obj
ect . 74. The apparatus of one of clains 65 to 72, wherein: the video or

vi sual object conprises a still texture object. 75. The apparatus of one of
clains 65 to 72, wherein: the video or visual object conprises a nesh obj
ect . 76. The apparatus of one of clains 65 to 72, wherein: the video or

vi sual objwgit cDePE]l SERe@ £3ce object. 77. The apparatus of one of clains
65 to 76, wherein: the encoded data conprises a plurality of VO.s, and a

gﬁgogg:eb% 1;] g:ig!;gelAsaseﬁeehégdabsgﬁﬁeege%kyehaﬁ%ﬁg XOguléﬁi ng buffer size
particular to each VO.. 78. The apparatus of one of
cl ai rs 65 datI¥7lowheiesnream without causing a modeled data
buffer of predetermined memory size for the pushed data
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.



the bitstreamis conpatible with an MPEG 4 video coding standard. 79. The
apparatus of one of clains 65 to 78, wherein: - ~No v 200z 54

additional fields are provided in respective subsequent VOL headerf NO¥ 2002
desi gnat e respective subsequent buffer occupancy |evels. 80. The apparatus
of one of clains 65 to 79, wherein: said pushed data fl ow conprises video
*data that includes intraframe (1), prediction (P) and bi directional (H)

vi deo object planes (VOPs). 81. A nethdd for providing a push datafl ow
bitstream at a decoder, conprising the steps of: providing a data buffer of
predeterm ned nenory size at the decoder; and receiving the push datafl ow
bitstream at the decoder, wherein said bitstreamis obtained by encodi ng
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
Least one video or visual object (VO with at |east one video or visua

obj ect layer (VOL), InghddapgadBcassoti &iethheadgherbohloned by at |east
one video or visual object plane

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.



(VOP);. and a field in the VOL header designates an occupancy of the nodel ed
buffer just before renoval of the first VOP follow ng the VOL head%r BQ%?
the nodel ed buffer. - 9 AL0 V 2002 55 ABSTRACT OF THE DI SCLasURE 1ANDV 2002
technique is provided for enabling data, such as video, to be broadcast
usi ng a push datafl ow scenario without causing a data rate buffer (32) for
-t he pushed data at a decoder (30) to overflow or underflow. At an encoder
(20) , data are encoded for communicatidh to the decoder (30) to provide an
output bitstream The data rate buffer (32) of the decoder is sinulated at
t he encoder (22). The sinulation is used to control the output bitstreamto
precl ude overflow or underfl ow of the decoder buffer (32) . For exanple, a
conpl ementary encoder buffer (22), which operates in a nanner opposite to

t he decoder buffe (32% can_be gnnitgred an ngerted t.0 xlde t he

si nul at i on. Vhrio P&y 8RP2FaEHRI gheSMar 8- dF8EI BEEG AP 08 £¢8Fring the
anount of dafaepeoduced at the encoder to maintain the data within the
confines of the decoder buffer (32). .A2. Aa. A AR .A(.A A
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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
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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 is 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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said processor monitors the VBV buffer and, when
the simulation indicates that the VBV buffer has or
will become too empty, the generation of the next VOP
is delayed.

27. 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, high frequency coefficients of
said coding units are zerced to reduce the number of
bits generated per VOP.

28. The apparatus of one of claims 23 or 25 to
27, wherein:

said processor monitors the VBV buffer and, when
it is determined that the VBV buffer has or will become
too full, stuffing bits are added to the end of at
least one VOP.

29. The apparatus of one of the preceding claims,
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

bé
such that the fullness of the encoder buffer e after

encoding an ith VOP is upper bounded by
f+L
[ R

t€
I

vol,decoder ()t -d,

, where t° is the time of starting
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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 Ry gecoder (E) 18 the instantaneous channel bit rate
seen by the decoder.

30. The apparatus of oné 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

bé
such that the fullness of the encoder buffer e after

encoding an ith VOP 1is upper bounded by

1€
I

]

1€ -1
!

Rvol,encoder ()dt -4,

., 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,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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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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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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texture object.

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

the video or visual object comprises a mesh
object.

45, The method of one of claims 33 to 41,
wherein:

the video or visual object comprises a face
object.

46. The method of one of claims 33 to 45,
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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48. The method of one of claims 33 to 47,
wherein:

additional fields are provided in respective
subsequent VOL headers to designate respective
subsequent buffer occupancy levels.

49. The method of claim 48, comprising the
further step of:

maintaining 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.

50. The method of one of claims 33 to 49,
comprising the further step of:

determining 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.

51. The method of one of claims 33 to 50,
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.

2002
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is a no-compositor decoder,

(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
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 S7 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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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 !

vol,encoder (O)dt -4,

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, encoder (L) 1S the
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instantaneous channel bit rate seen by the encoder.

63. 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 i after encoding

tf+L

[ R

f
an ith VOP is lower bounded by /

vol, decoder (1)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 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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controlling the rate of the bitstream such that

b?
the fullness of the encoder buffer “ after encoding

t€
3

f

e
t; —-L
an ith VOP is lower bounded by !

vol,encoder (di - 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 R, encoger (E) 1S5 the instantaneous
channel bit rate seen by the encoder.

65. A decoder apparatus, comprising:

a data 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, wherein:

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

69. The apparatus of one of claims 66 to 68,
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.

70. The apparatus of one of claims 66 to 69,
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.

71. The apparatus of one of claims 66 to 70,
wherein:

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

72. The apparatus of one of claims 66 to 71,
wherein:

the at least one field whose inclusion in the VOL

header is controlled by the flag designates 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:

= 1 NOV 2002



- 1 NOV 2002

54

additional fields are provided in 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.



