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Vari abl e Accuracy Inter-Picture Timng Specification for D gi tfd AMhm?
Encoding FIELD OF THE | NVENTI ON The present invention relates to the field
of nmul ti mewioeosnIgEsSessi on systens. I n particul ar the presesvosiomzent i on

di scl oses nethods and systens for specifying variable accuracy
inter-picture timng. BACKGROUND OF THE | NVENTION Di gital based el ectronic
nmedia formats are finally on the cusp of |largely replacing anal og

el ectronic nmedia formats. Digital conpact discs (CDs) replaced anal og
vinyl records | ong ago. Anal og magnetic cassette tapes are becom ng
increasingly rare. Second and third generation digital audio systens such
as M ni - di sylethed ald3ApPYREATUAUESIOV ariabke A cénr fvyelmer-Piekirtg mar ket share
from the first generation digital audio format of conpact discs. The video
medi a has been Fimieg Specification far Pigital VidemBaceding t r ansni ssi on formats
than audi o. This has been |argely due to the massive anmobunts of digital
information required to accurately represent video in digital form The
massi ve n L. Ql i nformati on needed to accurately represent video
require m g digital storage systens and hi gh-bandw dth
transm ssion systens. SUBSTI TUTE SHEET (RULE 26) 16 APR 2007 WO

2004/ 008654 PCT/ US2003/ 021714 2

The present invention relates to the field of multimedia compression

systems. In particular the present invention discloses methods and systems for

specifying variable accuracy inter-picture timing.
BACKGROUND OF THE INVENTION

Digital based electronic media formats are finally on the cusp of
largely replacing analog electronic media formats. Digital compact discs (CDs)
replaced analog vinyl records long ago. Analog magnetic cassette tapes are
becoming increasingly rare. Second and third generation digital audio systems such
as Mini-discs and MP3 (MPEG Audio - layer 3) are now taking market share from

the first generation digital audio format of compact discs.

The video media has been slower to move to digital storage and
transmission formats than audio. This has been larg;:ly due to the massive amounts
of digit‘al information required to accurately represent video in digital form. The
massive amounts of digital information needed to accurately represent video require
very high-capacity digital storage systems and high-bandwidth transmission

systems.
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However, video is now rapidly noving to digital storage and transm ssion
formats. Faster conputer processors, high-density storage systeps,,.,and new
ef ficient conpression and encodi ng al gorithns have finally nadevgﬁggﬁ@ﬂ

vi deo pr acwiocabs/mseseaonsuner price points. The DVD (D gip@usdessmaims e D sc),
a digital video system has been one2of the fastest selling consuner

el ectronic products in years. DVDs have been rapidly supplanting

Vi deo- Cassette Recorders (VCRs) as the pre-recorded video playback system
of choice due to their high video quality, very high audio quality,

conveni ence, and e%(t%v(,a f%a ur.es. Th@ anti, uatgeld. anal og{ﬂle\ITSC (Nati onal
Tel evi si on St andar d&VCE4L &e30% 1aRly PYiHE fq Dgita) ftorageapém i s currently in

the processnfisigh ﬁ.?ﬁs&?@&n%ﬁt%ﬁrh&gﬁogi B ?enéﬁgg%ﬁa(éeg‘?&&ﬁ]sced Tel evi si on

St andards Commttee) video transm ssion &y m Sy8tens have been

usi ng vakhdnesv effitikat cﬁﬂigr&ki@hhﬁd en¢bdif@algSREARhAGe fitIfHade ﬁ%{tala nunber of
years. Anong.the best digital video conpression and encoding systens used
by conpuvideo prpsticairat doastends peice pdints.dTigi DYD @igiead Vesytile &ig),acked by the
Motion Pictures Expert G oup conmmonly known by the acronym MPEG The three

nost wel Bigkplogrogyeiem; basibpenonepfthegpstest salimgeontwnerglestrotfic om MPEG ar e known
i npl G|, M , MPEG. 4. Vi d . VCDs d |

conbunrer PERUTETeG, 51V s Oerh Al SRRIERRG Vide e AAGNERPEG, 1 i gi t al
id i | qi Vi i | ] V| apd,the Dish Net Kk

brand b (oGRS B MY PR scolel o ih pSHRBY et PLIRL i R heB BRI g s Cem' Lse ¢ e

hi gher qyggdii ¥ ,lyﬁgg(gud;g bl 3 NivaBien r irORn . @Et?cgi.a system The
MPEG 4 eﬁco |n§ systemig&rl?picdl y be‘?ﬁéglaaeggﬁlfée&gn%nyq;@e t{e%gt conput er

based di gndled NY50¢NattmabTelewsianStandadsCohmaiited) Wildottanvihidsion pl ayers.
SUBSTI TUTE SHEET (RULE 26) 16 APR 2007
system 1s currently in the process of being replaced with the digital ATSC

(Advanced Television Standards Committee) video transmission system.

Computer systems have been using various different digital video
encoding formats for a number of years. Among the best digital video compression
and encoding systems used by computer systems have been the digital video
S);stems backed by the Motion Pictures Expert Group commonly known by the
acronym MPEG. The three most well known and highly used digital video formats
from MPEG are known simply as MPEG-1, MPEG-2, and MPEG—4. VideoCDs
(VCDs) and early consumer-grade digital video editing systems use the early
MPEG-1 digital video encoding format. Digital Versatile Discs (DVDs) and the
Dish Network brand Direct Broadcast Satetlite (DBS) television broadcast system
use the higher quality MPEG-2 digital video compression and encoding system.
The MPEG-4 encoding system is rapidly being adapted by the latest computer

based digital video encoders and associated digital video players.
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WO 2004/ 008654 PCT/ US2003/ 021714 3 The MPEG 2 and MPEG 4 st andards
conpress a series of video franmes or video fields and then encode the
conpressed franes or fields into a digital bitstream Wen encddi M§ 4807

vi deo fran®Wap1o04408ésd with the MPEG 2 and MPEG 4 syst enegT/t$meoswizgae frane
or fieldis divided into a rectangulard grid of rmacrobl ocks. Each
macr obl ock is i ndependently conpressed and encoded. \Wen conpressing a
video franme or field, the MPEG 4 standard nay conpress the frane or field
into one of three types of conpressed franmes or fields: Intra-frames

| -frames), Unidir | | heted fr s (P-frames),. ot Bi- Directiona
I(Dr edi ct ed) franes (?gwgﬁezs§{dq%§§£§t%ng%@§C%%Wﬁfseatséflﬁg?fﬁé‘gﬁendent ly encode
an i ndep@athentr WddbeRelds' AT hetichboddhd @ &8&E R dnPes Y !ﬁ@llrds Mglgo frames. P-
g

frames define a video frame with reference to a single previously displayed

video f digitel biBiréananWhenledcodiaga vided fanferor fieldwitithe SfEERIGR3t 0 both a vi deo
frame digﬁ)la ed before the current frane and a video frame to be displayed
after th festems, thertadeorfipanet o fiehkis divideHiintd améctangalyegd of edundant vi deo

i nformation - fr s and B-franmes generally provide the best conpression.
SUBSTI TU‘H%C'J@P!EE?S‘ (%E‘a% logls isipAepsmsntly cumpréred YESEEeRCT/ US2003/ 021714 4
SUMWWARY OF THE | NVENTI ON A net hod and apparatus for variabl e accuracy
inter-picture timng specification for digital video encoding is

G scl95ed, Spec | Wbl somirbpRASA iR B0 RC 2GR Yt oM
may compress the frame or field into one of three types of compressed frames or
fields: Intra-frames (I-frames), Unidirectional Predicted frames (P-frames), or Bi-
Directional Predicted frames (B-frames). Intra-frames completely independently
encode an independent video frame with no reference to other video frames. P-
frames define a video frame with reference to a single previously displayed video
frame. B-frames define a video frame with reference to both a video frame
displayed before the current frame and a video frame to be displayed afier the

current frame. Due to their efficient usage of redundant video information, P-

frames and B-frames generally provide the best compression.
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to be encoded in a very efficient manner. In one enbodi nent, the display
time difference between a current video picture and a nearby vi (%eﬂ, ot ur e
is determned. The display tinme difference is then encoded intd a 3% t al
r epr esent aMao9044408¢she vi deo picture. In a preferred enborusmessioziiine near by
video picture is the nost recently t4ansmtted stored picture. For coding
efficiency, the display tine difference nay be encoded wusing a variable

| ength coding systemor arithnetic coding. In an alternate enbodinent, the
display tine difference is encoded as a power of two to reduce the nunber
of bits SUMMARWVIGETHE MVENIIONtS, features, and advantages of present
invention will be apparent fromthe conpany draw ngs and fromthe

foll owi ng detail ed description. SUBSTITUTE SHEET (RULE 26) 16 APR 2007 WO
2004/ 008654 PCT/ US2003/ 021714 5 BRI EF DESCRI PTI ON OF THE DRAW NGS The

obj ects, feat ures, &5thod #vd Apnagases for variableacewagytinterpieteré timingi | | be

t t il.l in th t., .l i f the foll i detai | ed
R L TR ORI N Y R
one. Po=Sl i ikt Ao 18R SN g B S AR 75,

serious of video pictu e or
di Pl &Y etb YRAERIeD i & 9or3lofiRitnt RARRECH 51 SHHOURIGE indiGhal/ 6 H‘SL?Z“S

i nter-picture dependency created using.nption cénpen
i |1 ust r afifferenbebetivetmm Qinehivids fictamahi g weaby videShiehrd 18 determined.

The display time difference is then encoded into a digital representation of the
video picture. In a preferred embodiment, the nearby video picture is the most

recently transmitted stored picture.

For coding efficiency, the display time difference may be -encoded
using a variable length coding system or arithmetic coding. In an alternate
embodiment, the display time difference is encoded as a power of two to reduce the

number of bits transmitted.

Other objects, features, and ad'vantages of present invention will be

apparent from the company drawings and from the following detailed description.
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preferred transm ssion order of pictures wherein the arrows connecting
different pictures indicate inter-picture dependency created usi1 gAPrq:?m—,on
conpensation. Figure 4 graphically illustrates a series of video pict S
wher ei n t hWO Wbga086s8es bet ween vi deo pictures that refepenosoeninipt her are
chosen to be powers of two. SUBSTI TUTE SHEET (RULE 26) 16 APR 2007 WO
2004/ 008654 PCT/ US2003/ 021714 6 DETAI LED DESCRI PTI ON OF THE PREFERRED
EMBODI MENT A net hod and system for specifying Variable Accuracy
Inter-Picture Timng in a nmultinmedia conpression and encodi ng systemi s

di scl OSBQ-IEFDES@RIP’I‘@ﬂéWﬂﬁZﬂggw' g on, for purposes of explanation,
speci fi ¢ nonenclature s se [ provi de a thorough understandi ng of
the present invention. However, it wll be apparent to one skilled in the
art that these specific details are not required in order to practice the
present i nventi onTheralyectsx foapiras, andregivrtages of the present inyentiomswilllbeen descri bed
with reference to the MPEG 4 nultimedi a conpressi on and encodi ng system
However aPRagat togne skidled in tha ad, in yieveefdhe fpllpwingsistajledideserintiond®  t ypes of
conpression and encodi ng systens. Ml tinedi a Conpression and Encodi ng
Overvi eWhﬁhgure 1 illustrates a high-level block diagramof a typical
digital video encoder 100 as is well known in the art. The digital video
encoder 100 receives an incomng video stream of video frames 105 at the
| eft of the bl ockpigli@DiiREkatECRNAHEID1S 48 oPERGRIIRIE DY @ Discrete
Cosine Transformation (DCT) unit 110. The frame may be processed

i ndependiital yidéooencodur sgsténiame) or :

Figure 2 illustrates a serious of video pictures in the order that the
pictures should be displayed wherein the arrows connecting different pictures

indicate inter-picture dependency created using motion compensation.,

Figure 3 illustrates the video pictures from Figure 2 listed in a
preferred transmission order of pictures wherein the arrows connecting different

pictures indicate inter-picture dependency created using motion coinpensation.
Figure 4 graphically illustrates a series of video pictures wherein the

distances between video pictures that reference each other are chosen to be powers

of two.
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with reference to information fromother franes received fromthe notion
conpensation unit (an inter-franme). Next, a Quantizer (Q wunit ‘ﬂ'BZ(RPR 2700
guantizes the information fromthe Discrete Cosine Transformation unlz
110. Fi nal W0 2004i@865quant i zed vi deo frane is then encodegcmiuszosniant ropy
encoder (H) unit 180 to produce an encoded bitstream The entropy encoder
(H unit 180 nmay use a variable length coding (VLC) system SUBSTI TUTE
SHEET (RULE 26) 16 APR 2007 WD 2004/008654 PCT/US2003/021714 7 Since an
inter-frame encoded video franme is defined with reference to other nearby

video T rBEAILEDDIENARIPHON DRI BRAER Mf jcreate a copy of how
decoded rame w appear w 0] decoder such that
inter-franes nay be encoded. Thus, the | ower portion of the digital video
encoder 100 is actually a digital video decoder system Specifically, an

i nverse quanti zer A(nigthod andsystebBRr spacifymgV ariable fuwanrbdyAater-Bictwé t he vi deo

frame information and an inverse Discrete Cosine Transformation (DCT4)
uni t 140Tieing i guithacds eompsseion ebenceding systaaistisclosd. dr thehe vi deo frane

i nf or mat | ..Af(i‘%r. |1 I;heDCT oefficients.are reqonstrutedfromOCT,
the ot i BHIONREAeseintion R RFPOSH P SXglanatiqny, SPeCiE SOREITRITE i%ng wi t h t he
notion v 8 rs . ' i.s.then used as the
referenc%%ﬁé%ém{‘%riﬁ%g%%%%gﬁﬁﬁg& %g)gggt eu?l’)ggwavﬁgﬁe. The decoded

vi deo fr%ﬁ?bé%a%éﬂ?tbéﬂ%sﬂﬁ@&in&&e ﬁf‘ﬂﬁ%e&c&b@&ﬁé 48R Sire rfoPrefq_ﬁﬁéHas or B-frames)
that are defined relative to information in the decoded video frane.

Speci f i cii driler ta pravtit©the prosge ivehtionn FolMampld, thelfrésemtrioventiohdson esti mati on

been described with reference to the MPEG-4 multimedia compression and
encoding system. However, the same techniques can easily be applied to other

types of compression and encoding systems.
‘Multimedia Compression and Encoding Overview

Figure 1 illustrates a high-level block diagram of a typical digital
video encoder 100 as is well known in the art. The digital vidéo encoder 100
receives an incoming video stream of video frames 105 at the left of the block
diagram. Each video frame is processed by a Discrete Cosine Transformation
(DCT) unit 110. The frame may be processed independently (an intra-frame) or
with reference to information from other frames received from the motion
compensation unit (an inter-frame). Next, a Quantizer (Q) unit 120 quantizes the
information from the Discrete Cosine Transformation unit 110. Finally, the
quantized video frame is then encoded with an entropy encoder (H) unit 180 to
produce an encoded bitstream. The entropy encoder (H) unit 180 may use a

variable length coding (VLC) system.
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(ME) unit 160 are used to determ ne notion vectors and generate
differential values wused to encode inter-franmes. A rate comtg piRl 887 190
-receives information fromnmany different conponents in a digital video
encoder 10@oanshusss the information to allocate a bit pdauggeaisodors each
video frame. The rate controller 1907should allocate the bit budget in a
manner that will generate the highest quality digital video bit streamthat
that conplies with a specified set of restrictions. Specifically, the rate
controller 190 attenpts to generate the highest quality conpressed video
streamw thout o ' ( ' avai l abl e
menory in a dec od‘gﬁ{%bﬁ) %%%@&%Bgﬁé%%gg%%@%wg 568%37 WO

2004/ 0086 DthePadarbiSAAERNr ek, thé disitabetel eigodsd 1680 hétiototédt®@fcdpyan can be
stored) or underflowi ng buffers (not sending video frames fast enough such
that a dddodeiecodedcachfranyf willi appearfwitires digfaldidepldagoder suohthat medi a
Conpression _and Encodi ng _Overview I n sone video signals the tine between
successiipter-Eameymay be encaded. (Thus e loyer pertipy el the digitalytidageengeies t ant . ( Not e:

i SR B T R S 10

dr opped POaR 136 e, b IRIRA MR N Vileh BRI ARRAS anfih L T MOT e, L he

video ti g may al so vary due to canera irregularity or special effects
such as iabéye DRbie@TRne TRk foMbiGNDAT!)IRTR40 ted88esthe DidFete t he  ori gi nal

vi deo source may sinply have non-uniforminter-picture tines by design.

For exan(bsine Bransforamtiawedf the dideo framb ifsrmeaiopuiéer i thpICT ani mati ons nmay have
non-uniformtimng since no arbitrary video timng is created by a uniform
vi deo  coefficients are reconstructed from iDCT, the motion compensation unit will use

the information, along with the motion vectors, to reconstruct' the encoded frame
which is then used as the reference frame for the motion estimation of the next

frame.

The decoded video frame may then be used to encode inter-frames
(P-frames or B-frames) that are defined relative to information in the decoded video
frame. Specifically, a motion compensation (MC) unit 150 and a motion estimation
(ME) unit 160 are used to determine motion vectors and generafe differential values

%

used to encode inter-frames.

A rate controller 190 receives information from many different
components in a digital video encoder 100 and uses the information to allocate a bit
budget for each video frame. The rate controller 190 should allocate the bit budget
iIll a manner th'at will generate the highest quality digital video bit stream that that
complies with a specified set of restrictions. Specifically, the rate controller 190
attempts to generate the highest quality compressed video stream without

overflowing buffers (exceeding the amount of available memory in a decoder by
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capture system such as a video canera system A flexible digital video
encodi ng system shoul d be able to handl e non-uniform tim ng.l6NERY0HI gi t al
vi deo encodi ng systens divide video pictures into a rectangular grid of
macr obl ockwO Bedt8ésmdi vi dual macrobl ock fromthe vi deo pqu/cs2003021734

I ndependent |y conpressed and encoded |n some enbodi nents, sub- bl ocks of
macr obl ocks known as " pi xel bl ocks' are used. Such pixel blocks may have
their own notion vectors that nay be interpolated. This docunment will refer
to macrobl ocks al t hough the teachings of the present invention nmay be

appl i edsenaﬁg%dryiﬂf@ﬂaﬁwmem .@&k@ &%ﬂd@ﬂa@hg Ibafks (nobkBSHg TUTE SHEET
(RULE 26) 16 APR 2007 WO 2004/008654 PCTI US2003/021714 9 Sone vi deo

codi ng gidas famesiastengugh sh@OhMPEGcedea naissrodtofviddofieame§ to displ@d4 st andard, use
different types of predicted macrobl ocks to encode video. pictures. In one
scenari o, a macroblock nmay be one of three types: 1. |-macroblock - An
Intra (1) macrobl ock uses no information fromany other video pictures in
its coding (it is conpletely self-defined); 2. P-macroblock - A

unidirectionally i iy picture information
from one precedi n&@ﬁﬁ‘géﬁ&@%‘}%; o?'gg.ﬁﬁéldz@cﬁg I o?k - A bi-directional

predi cted (B) macrobl ock uses information from one preceding picture and
one future video picture. If all the macroblocks in a video picture are

| nt r a- macr obl ocksin sohevideblignils deaings drwesn susceasivel videopidtmasre. | f a vi deo
pi cture only includes unidirectional redi cted macro_bl.ocks or

| nt r a- mifaméd ardielils) mapnottbesonstando(Nsite tibisdocument Suil vipsthg term

video pictures to generically refer to video frames or viq'eo fields.) For example,
some video pictures may be dropped because of transmission !)andwidth
constraints. Furthermore, the video timing may also vary due to camera irregularity
or special effects such as slow motion or fast motion. In some video streams, the
original video source may simply have non-uniform inter-picture times by design.
For example, synthesized video such as compﬁtér graphic animations may have
non-uniform timing since no arbitrary video timing is created by a uniform video
capture system such as a video camera syétem. A flexible digital video encoding

system should be able to handle non-uniform timing.

Many' digital video encoding systems divide video pictures into a
rectangular grid of macroblocks. Each individual macroblock from the video
picture is independently compressed and encoded. In some embodiments, sub-
"blocks of macroblocks known as ‘pixelblog:ks’ are used. Such pixel blocks may
have their own motion vectors that may be interpolated. This document will refer
to macroblocks althougﬁ the teachings of the present invéntion may be applied '

equally to both macrobloeks and pixelblocks.
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P-frame. If the video picture contains any bi-directional predicted

macr obl ocks, then the video picture is known as a 13-frame. FOrAPR ]
sinplicity, this docunent w Il consider the case where all macrobl ocks

W thin a gwoeno4uiogdsyr e are of the sane type. An exanplmzezugnegi1Hf vi deo
pictures to be encoded m ght be repmMesented as 11 B2 B3 B4 P5 B6 B7 B8 B9
P10 B11 P12 B13 114... where the letter (I, P, or B) represents if the
video picture is an |I-frame, P-frame, or B-frame and the nunber represents
the canera order of the video picture in the sequence of video pictures.
The canera order iSsmielvideocdding standslids; g A ISOIVIPEG Sthladk 6Lihe IBHEET ( RULE 26)
16 APR 2007 WD 2004/ 008654 PCT/ US2003/ 021714 10 recorded the video

pi ct ur esti@hd stepdasd, use diffeisnt typesf peadidted mdmratilodkis éo encodsovigeoct ures  shoul d be
di spl ayed (the display .order). The previous exanple seri'es of video

pi cturesp‘?‘é‘eé‘rg‘pﬁﬂeéﬁ?‘ﬂya??’aim?‘ Qhlpckiraay bepneiof three tpesRef erring to Figure 2,
the arrows,i Rdj a rahl oc froma stored pictur | -frame or
P-frame in't Eﬁé&g‘g’zoec?(h_a‘%%ﬂ%% nla?{;r?liﬁ ckﬁﬁ?%r{?ﬂ“ﬁmg‘?)m PP PBFedi cti on of

ot her pictur I ; b @i+ Of ol 3 iyaf or mat i on from ot her
pictures is eﬁ%egﬁt{rl\ﬁfﬁg%gcgg% ?lrt\%cgﬁpgﬁééﬁls%{?%ﬁﬁ)gne video picture |I. Video
pi cture P52i P-mafloblotlon uniditecticafly piedReed (P RhEBblos referO@@ Previ ous vi deo
picture 12 in its coding such that 'an arrowis drawn fromvideo picture I1
to video pi ctpigterefrformitivedropi oreipreceBidg video geturgiort ure B3, vi deo picture B4

all use information fromboth video picture It and
3. B-macroblock — A bi-directional predicted (B) macroblock uses information

from one preceding picture and one future video picture.

If all the macroblocks in a video picture are Intra-macroblocks, then
the video picture is an Intra-frame. If a video picture only includes unidirectional
predicted macro blocks or intra-macroblocks, then the video picture is known as a
P-frame. If the video picture contains any bi-directional predicted macroblocks,
then the video picture is known as a B-frame. For the simplicity, this document

will consider the case where all macroblocks within a given picture are of the same

type.

An example sequence of video pictures to be encoded might be

represented as

II BZ B3 B4 PS BG B? Bs Bg Pm Bu P12 B13 114...
where the letter (I, P, or B) represents if the video picture is an I-frame, P-frame, or

B-frame and the number represents the camera order of the video picture in the

sequence of video pictures. The camera order is the order in which a camera
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video picture P5 in their coding such that arrows are drawn from vi deo
picture Il and video picture Ps to video picture B2, video pi ct%e\mgzqq and
video picture B4. As stated above the inter-picture times are, TH'" éral,
not the saw@. 208008454 B- pi ct ures use information from f utrCERURIGIRIRS
(pictures that wll be displayed | atteér), the transm ssion order is usually
different than the display order. Specifically, video pictures that are
needed to construct other video pictures should be transmtted first. For

t he above sequence, the transm ssion order mght be 11 P5 B2
133B4P10BeBIBEhe Pii@itiitesana thus is tdARd bielin witiElhe ¢faeb. bicA®s 16 APR 2007 WD
2004/ 008%5%4 PCT{ US2003/ 021714 11  Figure 3 graphically illustrates the
above t rSRRUHibe displevest Qs display erder)vi deo pictures from Figure 2. Again, the
arrows in the figure indicate that nacroblocks froma stored video picture
(I or Pinthis case) are used in the notion conpensated prediction of

ot her vi deo pict ur@ggre%fugg{ e%%f?ieﬁ)%&&cﬁiﬁ%‘%gfsr S%%tm%fi rst transmts

| -frame Il which: s not de on any xt, the system

L ransm {ShuftaldddAEigrd 2ORefRiAt) Fidiive bIYAb aHERERARMAGR mabAERAR] Clure | -

Next, the systemtransmts B-frame video picture er video picture P5

even t hofigh asfotEpiginet(fremBar Wiftdnelie thisltase) ayadd beho kg deo picture P5.
The reason for this is that when it cones tine to decode B2, the decoder

wi | | havemperaiedprediciion of atharpictutesr ed the information in  video pictures It
and P5 necessary to decode video picture B2. Simlarly, video pictures Il
and P5 are ready to be used to decode subsequent video picture B3 and

In the scenario of Figure 2, no information from other pictures is
used in the encoding of the intra-frame video picture I;. Video picture Ps is a P-
frame that uses video information from previous video picture I in its coding such
that an arrow is drawn from video picture I to video picture Ps. Video picture B,
video picture Bs, video picture By all use information from both video picture I; and
video picture Ps in their coding such that arrows are drawn from video picture I;
and video picture Ps to video picture By, video picture Bs, and video picture 1.;»4. As

stated above the inter-picture times are, in general, not the same.

Since B-pictures use information from future pictures (pictures that
will be displayed later), the transmission order is usually different than the display
order. Specifically, video pictures that are needed to construct other video pictures

should be transmitted first. For the above sequence, the transmission order might
be

I Ps B, B; B4 P1o Bs B; Bg By Py, By 1i4Bia ...
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video picture B4. The recei ver/decoder reorders the video picture sequence
for proper display. In this operation | and P pictures are often referred
to as stored pictures. The coding of the P-frame pictures tyﬂl

utilizes MMOI200/008S#pensati on, wherein a Mtion Vector n(sr/(mmpmlzmiatfor each
macrobl ock in the picture. Using thetconputed notion vector, a prediction
macr obl ock (P- nacrobl ock) can be fornmed by translation of pixels in the

af orenenti oned previous picture. The difference between the actual

macrobl ock in the P-franme picture and the prediction macroblock is then

coded for transm Figure3 grihivalipiliveRatdeGt BhovdBdndhisGorGdbl g tted via
predictive coding. For exanple, a notion vector prediction may be forned

usi ng neviddéppictores fom BBST. TAFD, SHEROWsRLE 6ye id@icAPRa?007 WO 2004/ 008654
PCT/ U82003/0 1714 12 vectors. In such a case, then the difference between
the act UBRCPRIPGIS ATopLe stared Xifigo pichie fariPn thiseaserarpussdiicthe orotios. coded f or

transm ssron E @FW& uses two notion vectors: a first notion
vector FBPEPE g’lpﬁﬁﬁﬂ‘i’go&f) e PshEs- previous video picture and a second
notion vector referencing the future video picture. Fromthese two notion
vectors, two prediction macroblocks are conputed. The two predicted

macr obl ocks are t (ReferGRETR MiBske 3. AL irdl SR B GHIAN. o Torm
di erence

final predicted macrobl ock. As above, the et ween t he actual
macr obl odsies hot dependRonfangothep framelr Negtthe systent iradnits Preghetigeh macr obl ock is
t hen encqoded for transm ssion. As' wth P-nacrobl ocks, each notion vector
(M) of Rictpre Ps that depends upon video picture I;. Next, the system ttansnnts B-frame

video picture B; after video picture Ps even though video picture B, wﬂl be

displayed before video picture Ps. The reason for this is that when it comes time to

decode B, the decoder will have already received and stored the information in

video pictures I; and Ps necessary to decode video picture B;. Similarly, video

pictures I; and Ps are ready to be used to decode subsequent video pic{ure Bjand

video picture Bs. The receiver/decoder reorders the video picture eequence for

proper display. In this operation I and P pictures are often referred to as stored
pictures.

The coding of the P-frame pictﬁres typically utilizes Motion
Compensation, wherein a Motion Vector is computed for each macroblock in the
picture. Using the computed motion vector, a prediction macroblock (P-
macroblock) can be formed by translation of pixels in the aforementioned previous
picture. The difference between the actual macroblock in the P-frame picture and

the prediction macroblock is then coded for transmission,

Each motion vector may also be transmitted via predictive coding.

For example, a motion vector prediction may be formed using nearby motion
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macr obl ock may be transmitted via predictive coding. Specifically, a
predicted notion vector is forned using nearby notion vectors. 1@'!2\13@, he
di fference between the actual notion vector and the predicted is co&neﬂ for
transm ssi B 208086541, wi t h B- macr obl ocks t he opport uni pgT/6s0est11or

i nterpol ating nmotion vectors fromnoflton vectors in the nearest stored

pi cture macrobl ock. Such interpolation is carried out both in the digital
vi deo encoder and the digital'video decoder. This notion vector

i nterpol ati on works particularly well on video pictures froma video
sequenceewhrzr dn snchamse thes tisl diffdrgndadiatveeg ticdcambmatiorstegtor air y backgr ound.
In fact, such notion vector interpolation nmay be good enough to be used

al one. $promplion wgotar predigtion iscaded fon transmission f er ent i al i nf or mati on SUBSTI TUTE
SHEET (RULE 26) 16 APR 2007 WO 2004/008654 PCT/ US2003/021714 13 needs be
calculated or transmtted for these B-macrobl ock notion vectors encoded

using interpol ati %ch@m%}gbﬁghgésﬁg{??ﬁt{%é@sg{) ,gﬁ&%g@\éfv%%enari o let us

represent the intér- picture disp en pic e f'andj as D,j,

i.e., if [ | ' oy spectively,
t hen Di ,refe@c%@?é é}}?mﬂegﬁn?%ﬁﬁ??kﬁiﬁ? V@%‘?Pfgmﬁgé?’ﬁd;af“&ﬁdﬁ%ﬁ[? Pk Dk =

'UDK, i Nefefentid@tihdfuturetMedfictifd FHronehdsd tEE RGBS ors, Wbl fredicliodV5, t is a
notion vector for a P5 macrobl ock as referenced

macroblocks are computed. The two predicted macroblocks are then combined

together, using some function, to form a final predicted macroblock. As above,. the

difference between the actual macroblock in the B-frame picture and the final

predicted macroblock is then encoded for transmission.

As with P-macroblocks, each motion vector (MV) of a B~
macroblock may be fransmitted via predictive coding. Specifically, a predicted
motion vector is formed using nearby motion vectors. Then, the difference between

the actual motion vector and the predicted is coded for transmission.

However, with B-macroblocks the opportunity exists for *
interpoléting motion vectors from motion vectors in the nearest stored picture
macroblock. Such interpolation is carried out both in the digital video encoder and

the digital video decoder.

This motion vector interpolation works particularly well on video
pictures from a video sequence where a camera is slowly panning across a
stationary background. In fact, such motion vector interpolation may be good

enough to be used alone. Specifically, this means that no differential information
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to It, then for the correspondi ng macrobl ocks in B2,133 and B4 the notion
vectors as referenced to Ii and P5, respectively, vvoul d be |nte[é§ol at ed by
W2,1 = W5, 1*D2, 1/D5,1 MWWS5,2 = WS, 1*D5,2/D5,1 MWS3,1 =

M5, 3 = MVWOL20EBn0g¢sms5, 1 W4,1 = W5, 1*D4, 1/ D5, 1 WS,@@ME%MD&;MDS 1
Note that since ratios of display tia®s are used for notion vector

predi ction, absolute display tinmes are not needed. Thus, relative display

times may be used for Dl display tinme values. SUBSTI TUTE SHEET ( RULE 26)
16 APR 2007 WD 2004/008654 PCT/ US2003/ 021714 14 This scenario nmay be

gener al ingedh beasichated o Giiditidd Yot thesd B-AfidrobicR RbAbA vedkdls ledgener al i zat i on,
a P or B picture may use any previously transmtted picture for its notion
vect or msegiinteipotioMhus, in the above case picture B3 may use picture ||
and picture B2 in its prediction. Mreover, notion vectors my be

extrapol ated, not just interpolated. Thus, in this case we woul d have:

:\Ar\l/felr p;I g/t/IZOﬁ) *g;;,l/. PZB%%MEHD | Oaﬁ}ﬂﬁees%%{?){é,a‘i?ﬁ\ﬁ%% %Satthgeé‘g T¥or predictive
non- uni H47E DB Fen vicile e TEE DL JE 0 ot HeBoldE S0 o
val ues Gfjctldek afeor, mj,ﬁgﬁcﬁmy,tﬁé]p that is

Dij,3 = Ti - Ty from which it follows that

Diw = Ds,4 + Dy x

.Di,k = =Dg,i

Note that D;; may I(ae negative in some cases.

Thus, if MV is a motion vector for a Ps macroblock as referenced
to I, then for the corresponding macroblocks in Bz, Bs and B4 the motion vectors as

referenced to I; and Ps, respectively, would be interpolated by

MVz,1 MVs,1*Dz,1/Ds,1

MVs,2 = MVs,1*Ds,2/Ds,1
MV3,3 = MVg,1*Ds,1/Ds,1
MVs,3 = MVg,1*Ds,3/Ds,1
MV, 1 = MVs,2%Ds,1/Ds,1
MVs,s = MVs,1*Ds,4/Ds,1

Note that since ratios of display times are used for motion vector prediction,
absolute display times are not needed. Thus, relative display times may be used for

D;; display time values.
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the subject of the present invention.In one enbodi nent of the present
invention, for each picture after the first picture we transm:i Mke 7
display tine difference between the current picture and the m)1sﬁt r @Qntly
transm tt eWG2084€0869i cture. For error resilience, the peposmseiay coul d
be repeated several tinmes within theipicture, e.g., in the so-called slice
headers of the MPEG or H. 264 standards. If all slice headers are |ost,
then presunably other pictures that rely on the lost picture for decoding
i nformati on cannot be decoded either. Thus, in the above scenario we would
transmt the followng: D5,1 02,5 D3,5 D4,5 D10,5 D6, 10 D7, 10 D8, 10 D9, 10
D12,10 D11,12 D14,12 013,14 ... SUBSTITUTE SHEET (RULE 26) 16 APR 2007 WD
2004/ 008654 PCT/ USPuessenarionndy bg genemlized) as foriexpamie iaftheHIZéan vect or
uirenents for Di,, may vary frompicture to

estimatiq t he curacy. re

pi cture. S%B‘}arg'x ‘T%‘?ne’iai/‘zact’r‘?gr%f' 0% Bavigtyre mayiuseany reeviowshetraismittede  B6 hal f way
bet ween I P5 and,.P7, .then it suffices to send only: D7,5
= 2 and m’fﬁm‘%‘a"’%‘g%&‘?‘ é‘_’%?‘f%“' fhgfn‘%{}e?‘ﬁ’%‘é cRssIRidRredhdnaydisat i ve tine

val ues. bfcmeﬂ%ﬁﬁﬁmré’BgﬁigﬁQJrEéﬂéﬁdi @&36‘%39’@?\6“%%?{%%”“ t he di stance

bet ween vi deo picture P vi deo pi ctur &% %ppropriate DL, ,

di spl ay txtrapolatdd,iss jusdinsepslate® UTBusDR: thidbase Wewdhi@hfleP6: 7 = -1 Note that in
both of the two precedi ng exanples, the display-tinme between the video

pi cture B6 and video picture video picture P7 is being used as the display
time "unit" and the display tine difference between video picture P5 and
picture video picf{#re PMVea*Pour/Ddizsplay tine "units".

Such rpotion vector extrapolation (or interpolation) may also be used in the

prediction:process for predictive coding of motion vectors. . i

In any event, the problem'in the case of non-uniform inter-picture
times is to transmit the relative display time values of D;; to the receiver, and that is
the subject of the present inventioh. In one embodiment of the present inventiém,
for each picture after the first picfure we transmit the display time difference
between the current picture and the most recently transmitted stored picture, For
error resilience, the transmission could be repeated several times within the picture,
e.8., in the so-called slice headers of the MPEG or H.264 standards. If all slice
headers are lqst, then presumably other pictures that rely on the lost picture folr

decoding information cannot be decoded either.

Thus, in the above scenario we would transmit the following:

Ds,1 Dys D35 Das Dig,s De,30 Da,10 Dy Doyt Di2,10 D11,12 Dig1a Disa ..
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In general, notion vector estimation is |ess conplex if divisors are
powers of two. This is.easily achieved in our enbodi nent if Dij6 Qf}ghe
inter-picture tinme) between two stored pictures is chosen t o 16 Fdwer of
two as grapiti 208d/009654i | | ustrated in Figure 4. Alternativelyusaé@2essi mati on
procedure could be defined to truncd®e or round all divisors to a power of
two. In the case where an inter-picture tine is to be a power of two, the
nunber of data bits can be reduced if only the integer power (of two) is
transmtted instead of the full value of the inter-picture tine. Figure 4

gr aphi caifdryhe purpist biinetiortvector estimdtidhethe additacy r@juRatats RRD)RRLY pi ctures are
chosen to be powers of two. In such a case, the D3,1 display tine val ue of
2 bet weevaryframpiqiiretepicture. Eovéxynple.uf esiBsily 7sihgleSHERTe pRWIE 26) 16 APR
2007 WO 20%4\;’/0 8654 PCT/US2003/ 021714 16 _video_picture P3 is transmtted
as 1(si nehadiway betjvegn fvq Prirapmp pictifes By apd Ry; then iy apifieesdp send aglik ween vi deo

pi cture P7 and picture video picture P3 can be transmtted as 2 (since 22
= 4).. In sone cases, notion vector interpolation may not be used.

However, it is stigl, I;_egegﬁarﬁsgogr@nsnﬂ the display order of the video
pictures to the receiver/player systemsuch that the receiver/player

syst em WisthkreGh$Pl; alsplah) €imewallRd afei rélativelimé Valbdd € IDIndiREd, viled@lcturé N thi s case,
sinple signed integer values for DL suffice irrespective of the actual

di spl ay Bjisesly dnn qeaae thephstanca betwesn vidby pictues By apd videa pidvee Beeded. The
inter-picture times D j may sinply be transnmitted as sinple signed integer
val ues. ¥HenhgaPDIopRRY Wiﬂ’sﬁ“ﬂ%‘yﬂ‘kﬁét‘h%@éwml@hcodi ng the

D7,5 = 4 and Dg,7 = -1
Note that in both of the two preceding examples, the display-time between the video
picture Bg and video picture video picture P7 is being used as the display time
“unit” and the display time difference between video picture P and picture video

picture P, is four display time “units™.

In general, motion vector estimation is less complex if divisors are
powers of two. This is easily achieved in our embodiment if D;; (the inter-picture
time) between two stored pictures is chosen to be a power of two as graphically
illustrated in Figure 4. Alternatively, the estimation procedure could be defined to

truncate or round all divisors to a power of two.

In the case where an inter-picture time is to be a power of two, the
number of data bits can bé reduced i'f only the integer power (of t‘;vo) is transmitted
instead of the full value of the inter-picture time. Figure 4 graphicall'y illustrates a
case wherein the distances between pictures are chosen to be powers of two. In

such a case, the D3 display time value of 2 between video picture P; and piéture
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D;,,; values to achieve additional conpression. For exanple, a sign bit
followed by a variable |length coded magnitude is relatively efﬁs_ép@

i npl enent and provides coding efficiency. SUBSTI TUTE SHEET (R 2@07 16
APR 2007 WO 20048688654 PCT/ US2003/ 021714 17 One suchrerus2aisie1mengt h
codi ng systemthat may be used is kndwn as WLC (Universal Variable Length
Code). The WVLC variable length coding systemis given by the code words:
1=12=010 3=011 4=00100 5=00101 6=00110 7=0
01118000100 0... Another nethod of encoding the inter-picture
times na\iosRpiereRads transmitiercasi Idsiveei? 17g2) Tdothe Bk b fisplay titnbwtué 6f codi ng

utili zes4§ ndi ti'.ﬁnal. &Fﬁg}?abi lities to effect a very high conpression of
the dat a” BFTEoR fleRPIctuplrAnd pichire vidge piciusmPi 9an bs dreessmitted asiZipl e but  power f ul
met hod 8{ ng:Qq#.ng and transmtting inter-picture display tinmes. The
encodi ng c?fc Intef- picture display tines can be nade very efficient by
using variable I ength coding. or

In some cases, motion vector interpolation may not be used.
However, it is still necessary to transmit the display order of the video pictures to
, the receiver/player system such that the receiver/player system will display the
video pictures in the proper order. In this case, simple signed integer values for D;;
suffice irrespective of the actual display times. In some applications only the sign

may be needed.

The inter-picture times D;; may simply be transmitted as simple
signed integer values. However, many methods may be used for encoding the D;;
values to achieve additional compression. For example, a sign bit followed by a

variable length coded magnitude is relatively easy to implement and provides

coding efficiency.
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arithmetic coding. Furthernore, a desired accuracy can be chosen to neet
the needs of the video decoder, but no nore. The foregoing hars cg’gslﬁdl bed
system for specifying variable accuracy inter-picture timng'i rp 7

mul t i nedi awOaw0e8s# on and encodi ng system It is contmompisatsa2t7iat
changes and nodifications may be nmad# by one of ordinary SUBSTI TUTE SHEET
(RULE 26) 16 APR 2007 WD 2004/008654 PCT/ US2003/021714 18 skill in the
art, to the materials and arrangenents of elenents of the present

i nvention wthout departing fromthe scope of the invention. SUBSTI TUTE
SHEET (RULE 26) 16&naprip@dable kfgtiecodingisysteri thafmapbdiagd of kdpaci fyi ng di gi t al
vi deo infmi n, sai,d method conprising: determning a first order

di ff er erfé ﬁe‘éﬁf\f"l"’étllew%cﬁ@?}t dhe yarigbledength aadihgo pi cture; and
encodi n ' LIS i.d icture and said first order difference into a
first d%&?t?lﬁﬁsgl\kf‘lgrﬁ%%%ﬁicgﬁu 9588:2. The nethod of claim1 further conprising
transmtiing saidsfirst video picture and said first order difference. 3.
The nethod of claim 2, wherein said second video picture is transmtted
before 2he firgtiviodeo picture . 4. The nethod of claim1l, wherein said
first order difference is stored into a slice

Q

3 = 011"
4 = 00100
5 = cC101
6 = 001110
7 = 00111
8=00010 0 0.

Another method of encoding the inter-picture times may be to use
arithmetic coding. Typically, arithmeétic.coding utilizes conditional probabilities to

effect a very high compression of the data bits.

Thus, the present invention introduces a simple but powerful method
of encoding and transmitting inter-picture display times. The encoding of inter-
picture display times can pe made very efficient by using variable length coding or
arithmetic coding., Furthermore, a desired accu-racy can be chosen to meet the

needs of the video decoder, but no more.
The foregoing has described a system for specifying variable

accuracy inter-picture timing in a multimedia compression and encoding system. It

is contemplated that changes and modifications may be made by one of ordinary
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header associated with the first video picture. 5 The nethod of claima1,
wherein said first order difference is stored nore than once jﬁnm;aiﬂmfirst
digital video picture. 6. The nethod of claim1, wherein said first order
di fferenceWEbi¥pt08&4 a relative tinme value. 7. The nethoxUS2H030REIM 1,
wherein said first order differencelfs in a conpressed format. 8. The

nmet hod of claim 7, wherein said first order difference is stored by using a
vari able length coding. 9. The nmethod of claim 7, wherein said first order
difference is stored by using arithnetic coding. 10. The nethod of claim
1, wher shili irsthie drtf tortlst matexdads andi difangaments ofelgmentsed thepréssnteger. 11, A

bi tstream conprising: 16 APR 2007 20 a first digital video picture

conpri smgntaw%ﬁ@éﬁ«?ﬁ}@gﬁ'@sfr%ﬁlﬁmopvpeésnpiee%% e; and a first order
difference, said first order difference is for specifying a difference

bet ween an order of said first video picture and an order of a second video
picture. 12. The bitstreamof claim 11, wherein said first order difference
is stored within said first digital video picture. 13. The bitstream of
claim11l further conprising a second digital video picture conprising an
encodi ng of the second video picture, wherein said second digital video
picture is for transm ssion before the transm ssion of the first digital
video picture . 14. The bitstreamof claim 11, wherein said first order
difference is stored into a slice header of said first digital video

pi cture.
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15. The bitstreamof claim1l, wherein said first order difference is
stored nore than once in said first digital video picture. % The
bitstream of claim 11, wherein said first order difference S 3%”0%5 a
relative tinme value. 17. The bitstream ofjgcl aim 11, wherein said first
order difference is in a conpressed format. 18. The bitstream of claim17,
wherein said first conpressed order difference is stored by using a

vari abl e Ieratifingodi ng. 19. The bitstream of claim 17, wherein said first
conpressed order difference is stored by using arithnetic coding. 20. The
bi t stream bf clAimathod ofigpesibiing digitdl Yidesinfermation,daidfraetbod compriging:ses an
integer. 21. A b SEAG: g r |\ i.r

picture, a seco%?@fl %(r&re@ {g'ﬁg&da%? ql%%seﬁ@?ﬁ%&geznd%%&ga 1&%% igisc(Elll9 8%8{1 esrsegor\l/dal ue

i ndi cat i vevidéo piciued;andonshi p of the second picture with reference to the
first picture; _and decqding .at |east one.pi.cture by .using the_.order, val ue.
25" *The et hod BROEPESHATFS viks BIATE ARl 5l BFerfaes SerrEpeinla < i el

val ue. 23.vidkepiorikdod of claim 21, wherein the order value does not .
represent a tine value. 24. The method of claim21l, wherein decodi ng at

| east one picture conprises conputing at |east one notion vector for the
second pl cLUr e e 13itidd dGail dfurthel Uinprishng FSRINOGI® birg | AALD Sitture
wherein conputing the notion vector COfT'pIFI ses using the order value to
conput e t handrigid; fanst erden diffefeneen a noti on vector for another picture.

3. The method of claim 2, wherein said second video picture is transmitted before
the first video picture .
4, The method of claim 1, wherein said first order difference is stored into a slice

header associated with the first video picture.

5. The method of claim 1, wherein said first order difference is stored more than

once in said first digital video picture.

6. The method of claim 1, wherein said first order difference comprises a relative
time value.

7. The method of claim 1, wherein said first order difference is in a compressed
format.

8. The method of claim 7, wherein said first order difference is stored by using a
variable length coding.

9. The method of claim 7, wherein said first order difference is stored by using
arithmetic coding.

10.  The method of claim 1, wherein said first order difference comprises an integer.

11. A bitstream comprising:



26. The method of claim25, wherein said another picture is a third
picture. 27. The method of claim25, wherein said another pictyrgop he
first picture. 28. The nethod of claim 21 further conprising output 9ng t he
decoded picture based on the order value(p29. The nethod of claim 21,
wherein the order value is in a conpressed format. 30. The nethod of claim
21, wherein the second picture conprises a frane. 31. The nethod of claim

21, wherein t hey SREQBHAINIGEFSUFOEIMPrESSs #h éﬂcséhelg of §%rst Wﬁo pRiphedarl Ccl aim

21, wherein the second pjcture conprises a slice . The meéthod of claim
32, wherein thet Brsordey slifference, saidrfirgt prdern differanse nﬁeﬁmépetfl&rmg e ifferencee of

t he Secondoe?skré‘én%eord% éﬁ’@tﬁgqueoﬁféﬁ%mﬁ %‘O&F&t& st&AdaRsR éggtg# Um st oring

a conputer program-t I's execut east one proc
conmput er program conprising sets of instructions for: receiving a f| rst

pi cture, ec ture ast oly) rder v
i ndi cati vz‘lzcsjf gﬂ% ea&ﬁs‘;’ﬁ %“‘8?5'(?{ CIEESS, Hgﬁrﬁ %rﬁﬁrraélﬁjﬁeflﬂe }Seg Oé?cgwgcgmtsgl
first pictfisedigitséinddedgdcdieng at | east one picture by using the order val ue.

35. The conputer readabl e nmedi um of claim 34, wherein the order val ue
represents a tine value. 36. The conputer readable nmedium of claim 34,

wher ei n t hg, or defie ¥R&tHANABL T1MAL 11 'TRARGSESHp ri’su%g HBse¥aHdU Bigital’ v1d-EBep16tﬁFQf’Ut er
readabl e nedi um of cl aim 34, wherein the set of instructions fo decodi ng

at | east cwEnsisHgaenconingiofdhe seapnd video pisturesovhiennin smdrse@mﬁlp@gmigv@no | east
one Mot QMRS Fr fBsmiddfonHRERE thetrflHiidWorYRd il 5iBRaIRREG pikidld'e

14. The bitstream of claim 11, wherein said first order difference is stored into a slice

header of said first digital video picture.

15. The bitstream of claim 11, wherein said first order difference is stored more than

once in said first digital video picture.

16.  The bitstream of claim 11, wherein said first order difference comprises a relative

time value.

17.  The bitstream of claim 11, wherein said first order difference is in a compressed

format.

18.  The bitstream of claim 17, wherein said first compressed order difference is

stored by using a variable length coding.

19.  The bitstream of claim 17, wherein said first compressed order difference is

stored by using arithmetic coding.

20.  The bitstream of claim 11, wherein said first order difference comprises an

integer.

21. A method comprising:



38. The computer readable nedium of claim 37, wherein the set

instructions for conputing the notion vector conprises a set ofﬁ APR 2007
instructions for using the order value to conpute the notion vector froma
motion vector for another picture. 39. Thejconputer readable nmedi um of
claim 38, wherein said another picture is a third picture. 40. The

conmput er readabl e medi um of claim 38, wherein said another picture is the
first picture. ééelvﬂé'ﬁfﬁ'&rﬁ?éﬂlfer akEAa &uﬁ%ﬁﬂ%?&ft ofit Bdt Vdlue, WiRIcRad? t he
computer program further "conprises a set Fnstructions for outputtlng

t he decoded@lysi ledlaatéfetyefgeralaannshmeof the gegond piatere with refimence dorhetfst pigaabl e
medi um of gl.aim 34, wherein the order value is in a conpressed format. 16
APR 2007 43. The conputer readabl e nedi um of claim 34, wherein the
second pi ct ur e decodipg atlesstané pattere b4 disinghke erdepuiley. r eadabl e nedi um of
claim 34, wherein the second picture conprises a field. 45. The conputer
readabl e nedi um of claim 34, wherein the second picture conprises a slice.
46. The camut eThe'Bedia®becIaRS R UWRreitl tRé HdéPvaliRpRiséhtt RBnRIVARIe. Val ue i's
stored in a slice header for the slice of the second pi cture. 47. A method
conprising: receiving a flrst picture, a second picture and at |east one

order val ug, safyl QLHEE of M } ! \Qﬁlérgﬁtthé/ Srdglf vatud RHbPRM Ut AN tirhdargECONd

picture with reference to t rst pict

24.  The method of claim 21, wherein decoding at least one picture comprises

computing at least one motion vector for the second picture by using the order value.

25.  The method of claim 24, wherein computing the motion vector comprises using

the order value to compute the motion vector from a motion vector for another picture.
26.  The method of claim 25, wherein said another picture is a third picture.
27.  The method of claim 25, wherein said another picture is the first picture.

28.  The method of claim 21 further comprising outputting the decoded picture based

on the order value.

29.  The method of claim 21, wherein the order value is in a compressed format.
30.  The method of claim 21, wherein the second picture comprises a frame.

31.  The method of claim 21, wherein the second picture comprises a field.

32.  The method of claim 21, wherein the second picture comprises a slice.

33. The method of claim 32, wherein the order value is stored in a slice header for

the slice of the second picture.



and outputting at | east one picture based on the order value. 48. The

nmet hod of claim47, wherein the order value represents a tine value. 49.
The net hod of claim47, wherein the order val ue does not repre%ﬁeﬁ'?R #ltime
value. 50. The nmethod of claim47, wherei22 the order value is stored in a
slice header associated with the second picture. 51. A conputer readable
medi um storing a conputer programthat is executable by at |east one

processor,34.he Acopputt r@kable aodaanBloriag AGotpter pfogidis thad iidxedigatiOby at
receiving l%afl rst qpl cture, a second picture and at | east ,one order val ue,

sai d or derl®aS QPY BIOCRRIPE 49 SRENRHCTPTPFRBY OFHEHING S6F Otfhlés"%‘éfé%é‘)fbi cture with
reference to th&céiivfngtza ﬂi_?_pﬁigﬁl%, a B P tBidldnl AP1e8Yt on€ Bfder Ve Rufil dti& Dased

on the order val ue. he conputer readable medium of claimb51, wherein
the order Vawiadicatiyeelmrelatignship pbtheseennd pigumprtipaderenzdo 8 firftrpiconput er
readabl e nggi um of claim51, wherein the order value does not represent a
time value. 54. The conputer readabl e nediumof claimb51, wherein the order
val ue i s st or edddcnding agleasteonk géicdane byasingi the edlemdlbe.t he second picture. 55.
A method conprising: receiving a first video picture; receiving an order
val ue; and calculating a first notion vector for the first video picture by

usi ng sai B3%r deThe/@nifuteraBadablemb@tmast cifimG4aivieet theldededvalus adesehtdr

value relates said first video picture
time value.

36.  The computer readable medium of claim 34, wherein the order value does not

represent a time value.

37.  The computer readable medium of claim 34, wherein the set of instructions for
decoding at least one picture comprises a set of instructions for computing at least one

motion vector for the second picture by using the order value.

38.  The computer readable medium of claim 37, wherein the set of instructions for
computing the motion vector comprises a set of instructions for using the order value to

compute the motion vector from a motion vector for another picture.

39.  The computer readable medium of claim 38, wherein said another picture is a
third picture.

40.  The computer readable medium of claim 38, wherein said another picture is the

first picture.

41.  The computer readable medium of claim 34, wherein the computer program
further comprises a set of instructions for outputting the decoded picture based on the

order value.

42.  The computer readable medium of claim 34, wherein the order value is in a

compressed format.



to a second video picture. 57. The nethod of claim 56, wherein cal cul ating
the first notion vector conprises using said order value to perform an

i nterpol ation operation on a known second notion vector to tglieRbh@ye the
first notion vector. 58. The nethod of clagm 57, wherein the known second
notion vector is a notion vector for a third video picture, wherein the
third video picture is after the first and second video pictures in an

order sequisnce. Ticondgigerieddabld mddigh if B1ah8 34\ MBEBInthe Hcord pictirg the first
notion vector conprises using said order value to perform an extrapol ati on

oper at i on OMPAISRH®HAMEecond notion vector to calculate the first nmotion
vector. 60. The nmethod of claim59, wherein the known second notion vector
is anotion vector for a third video picture, wherein the first video

pi cture i staf t eFhea ¢pmpieraeadablednedivmrof claidd, pheoeinrtbs sicnndpictirder sequence.
61. The necto?tggisggaﬁtzﬁi m 59, wherein the known second notion vector is a
nmotion vectdr tor a third video picture, wherein the first video picture
is before the second and third video pictures in an order sequence. 16 APR

2007 25 6 T net hod of i mb5, rein said order value is in a
conpr essed‘%‘ or ?coélg?u?efﬁgadﬁhg%ﬁﬁw %Q%ﬁsﬁﬂﬂnﬁéﬁ* SEBRBPICEIRg r ecei vi ng
a second VdoagRises £klidee and a third video picture, wherein calculating said

first notion vector conprises: determning (i) a first order difference
bet ween an order value for the first video picture and an order val ue for

the secondigt depmlduiiict-re@fifilckhédiu FRRANUSOHAGEITHE bieP DAk i WINARY an
order value for the third video picture and the order val ue for e second
vi deo pi ctaslize haader for the slice of the second picture.

47. A method comprising:
receiving a first picture, a second picture and at least one order value, said order

value indicative of a relationship of the second picture with reference to the first picture;

and

outputting at least one picture based on the order value.
48.  The method of claim 47, wherein the order value represents a time value.
49.  The method of claim 47, wherein the order value does not represent a time value.

50. The method of claim 47, wherein the order value is stored in a slice header

associated with the second picture.

51. A computer readable medium storing a computer program that is executable by at
least one processor, the computer program comprising sets of instructions for:

receiving a first picture, a second picture and at least one order value, said order
value indicative of a relationship of the second picture with reference to the first picture;

and

outputting at least one picture based on the order value.

52.  The computer readable medium of claim 51, wherein the order value represents a

time value,



conputing the first notion vector for said first video picture by
multiplying a notion vector for the third video picture with a val ue that
is derived froma calculation conprising said first order di¥¥ &ffefe and
sai d second order difference. 64. The nettdd of claim63, wherein the first
video picture is after the second video picture in a sequence of video

pi ctures. 65. The nethod of claim64, wherein the sequence is an out put
order sequence for the video pictures. 66. The nmethod of claim63, wherein

t he order | u are for indjicati a yt put . order seguence for the video
pi ctures, Wwhere (for‘?%p“g‘?rdﬁ‘?‘ddab ’B@‘ﬂg’F‘ ‘tr}r?gmpi Sﬂsi"’h?ieﬂ’etbe Brder yplge daes nokr ger
than the ofegrkentalting aflud. he second vi deo picture. 67. The nmethod of claim

55, wherein the first video picture conprises a frame. 68. The nethod of
claim55, wherein the first video picture conprises a field. 69. The

met hod of ai ' A EA VA pi ' . lLkee. 70.
The method 51 of X Sarr ppiiablimtatll of A P LE BIRE V368 iuipd B, |
of the fiagdiceheadso agsociatedeyitlvthe sttomdrp¢thed of cl ai m 69, wherein the
received order value is stored in a slice header of the slice of the first
video picture. 16 APR 2007 26 72. A conputer readable nmedium storing a
conput er pfogr aMmntidtldd ¢oBnprichguit abl e by at | east one processor, the
conput er program Go) ritsi n‘g sets of instructions for: receiving a first
video picture; TFR¥BEHE Adeapighire:val ue; and cal culating a first motion

vector for the febdifing\uhde®rRakicUsiRl by using said order value. 73. The
conput er readabl e megi um of claim 72, wherein said order value relates said
calculating a first motion vector for the first video picture by using said order value.

56.  The method of claim 55, wherein said order value relates said first video picture

to a second video picture.

57.  The method of claim 56, wherein calculating the first motion vector comprises
using said order value to perform an interpolation operation on a known second motion

vector to calculate the first motion vector.

58. The method of claim 57, wherein the known second motion vector is a motion
vector for a third video picture, wherein the third video picture is after the first and

second video pictures in an order sequence.

59.  The method of claim 56, wherein calculating the first motion vector comprises
using said order value to perform an extrapolation operation on a known second motion

vector to calculate the first motion vector.

60. The method of claim 59, wherein the known second motion vector is a motion
vector for a third video picture, wherein the first video picture is after the second and

third video pictures in an order sequence.

61. The method of claim 59, wherein the known second motion vector is a motion
vector for a third video picture, wherein the first video picture is before the second and

third video pictures in an order sequence.



first video picture to a second video picture. 74. The conputer readable
medi um of claim 73, wherein the set of instructions for cal %Igﬁgm@ t he
first notion vector conprises a set of instructions for using sai rder
value to performan interpolation operati @ on a known second notion vector
to calculate the first notion vector. 75. The conputer readabl e nmedi um of
claim 74, wherein the known second notion vector is a notion vector for a
third video picture, wherein the third video picture is after the first
and second Vi de ictures jn an order sequence. 76. The conputer readable
medi um of W ai n’f bﬁgme QPZ clym Re. wherewrsaiderden valyedn dn # eempressed formatng t he
first notion vector conprises a set of instructions for using said order
val ue to perform an extrapol ati on operati on on a known second notion vector
to cal cul@ e thee method ofrplaim &5 ferthey comprising heretvimga seond widda pictureread um of

claim76, yek&idko & ﬁp fj ect.or is a notion vector for a
third video pidgl%roe‘gl é?‘)eﬁlgﬁ&lfﬁagaﬁ?tﬁggtsawg%%m&lg?UFCZO'cso P& the second
and third vi deodgiérotining€i)iarfiratrorderdiifferefcpisneeen dBorddhelwofoptiedlrstrvaédadabl e
medi um of ¢l aim 76 erein the kno second notion. vector is not i on
vect or forplﬁmﬁﬁl}dudl\/‘?v}a%rov%‘i‘ ﬁﬁ'@’, SCHME AP RIFRTS: ARG (1A W%@dpﬁré?rtﬂ?geﬁegce

bef ore t hebetwesindh @der vdhd for etBRd Rideb Picttrelad Wb QUEEFal R AR GEecondd- The
conput er readabl e medium of claim 72, wherein said order value is in a
conpr essed"fieR pgtre; a8d APR 2007 27 80. The conputer readabl e medi um of
claim?72, whereidy, lﬁﬁg . [ i )
instructions for réacel \q/?é;gggﬁ{ggg%gg&@ﬁé’é%M%ngﬁdg%gg}%%h%ﬁ/h@%s&\ﬁ €eo

pi cture, viheten vectdrdosthe thitd vidso pictire svith & waluacthheisldativedgframiadtalculatibn not i on

vect or comprising said first order difference and said second order difference.

64.  The method of claim 63, wherein the first video picture is after the second video

picture in a sequence of video pictures.

65.  The method of claim 64, wherein the sequence is an output order sequence for

the video pictures.

66.  The method of claim 63, wherein the order values are for indicating an output
order sequence for the video pictures, wherein the order value of the first video picture is
larger than the order value of the second video picture.

67.  The method of claim 55, wherein the first video picture comprises a frame.

68.  The method of claim 55, wherein the first video picture comprises a field.

69.  The method of claim 55, wherein the first video picture comprises a slice.

70. The method of claim 69, wherein the received order value is for the slice of the

first video picture.

71. The method of claim 69, wherein the received order value is stored in a slice

header of the slice of the first video picture.



conprises a set of instructions for: determning (i) a first order

di fference between an order value for the first video picture dGdPArRQQr der
val ue for the second video picture, and (ii) a second order difference

bet ween an order value for the third vide@gpicture and the order value for
the second video picture; and conputing the first notion vector for said
first video picture by nultiplying a notion vector for the third video
picture with a value that is derived froma cal culation conprising said
first ord difference agg ﬁaid second order difference. 81. The conputer
readabl e i U GPMPPISE Fiegeble Msdrun SorIRg acpmptey pggrmpihet iscxequiableby af ¢ he

second Vi degst Bhé prdcEssbi] tife &ﬁfﬂi@&%@ﬁﬁm@oﬁéﬂisﬁ%“sﬁ:ﬂ o $hstr@ions #6r; COMput er

readabl e medi um of claim 81, wherein the sequence Is an output order
sequence for tH&ceiviags fppictideocRictugs. The conputer readabl e nedi um of clai m

80, wherein th%ﬁgﬁgﬁ%éﬁqtﬂgﬁgﬁﬁ??%Pr i ndi cating an out put order sequence

for the video pictur e order value of the first video picture
is |arger cabcaatinge finstmotiomyectorddr thhdirsteddevchistintbely ysingt saideord&valide
conput er readable nmedium of claim72, wherein the first video picture
conprises frame. 85. The conputer readable nediumof claim72, wherein the

first viders.pi cThy @ommmrReidabl mediingl of cla3@. 72T ihee R Ger QAR fes@dl um of
claim?72, ein the first video picture conprises a slice. 87. The

er _
conputer r H%@?%pﬁﬁﬂ?ﬁh4$*0@1§@ﬁPB@Pﬂﬁherein the received order value is
for the slice of the first video picture. 16 APR 2007 28

74. The computer readable medium of claim 73, wherein the set of instructions for
calculating the first motion vector comprises a set of instructions for using said order
value to perform an interpolation operation on a known second motion vector to

calculate the first motion vector.

75.  The computer readable medium of claim 74, wherein the known second motion
vector is a motion vector for a third video picture, wherein the third video picture is after

the first and second video pictures in an order sequence.

76.  The computer readable medium of claim 73, wherein the set of instructions for
calculating the first motion vector comprises a set of instructions for using said order
value to perform an extrapolation operation on a known second motion vector to

calculate the first motion vector.

77.  The computer readable medium of claim 76, wherein the known second motion
vector is a motion vector for a third video picture, wherein the first video picture is after

the second and third video pictures in an order sequence.

78.  The computer readable medium of claim 76, wherein the known second motion
vector is a motion vector for a third video picture, wherein the first video picture is

before the second and third video pictures in an order sequence.

79.  The computer readable medium of claim 72, wherein said order value is in a

compressed format.



88. The conputer readable nmedium of claim86, wherein the received order
value is stored in a slice header of the slice of the first vﬂ@éBRﬂw&ture.
89. For a bitstreamconprising a first video picture, a second video
picture and a third video picture, a nethed conprising: determining (i) a
first order difference between an order value for the third video picture
and an order value for the first video picture, and (ii) a second order

di fference between an order value for the second video picture and said
order val for_said firs deo, . picture; and conputing a particular

t Vi s
mot i on vector fB}e ?&?pﬂl‘t?é%lﬂi_eﬂ%%mﬂf 8¥aﬁpgzb‘9’herﬁlﬁltb"? BADPUHE RIOBEY on vect or
for the tMuftHordoffised &6t of inthrhdlichs PR febGith U@ %iddFictliy and §'thifpd 1 om 2

cal culation conprising said first order erence an | second order
di f f er encevidasopictyre Whetein theset of iastrmcgons fon ealeilatingsapdifirshnotine veeet i cul ar

ot i on Vel o a &?bﬁinsﬁ'ﬁ&f@g fglj:deo pi cture conprises using an

i nterpol at1 ort operation on e notion vector for the third video picture
to conpute the_Ckemrmﬁlﬁng &) afivstionder\diff¢ronce ktwechhd orddrivathedbr thk dirsnvBRo

wherein conputing the,particular notion,vector for .said econd,. yi deo

bi ot ur o conprl andFag Valpedgt fsEfoadepoqiuRe: puta 4 seepnd sdsr JifisreRseor £ or
the third berwen 4al srliernaliedfof i¥bir@ vides pRairt hediRlordRtvaRid f¥emht Q¥cond2. The
met hod of ¢l aim 89, wherein said order value for said second video picture

is storedf$pRICHrSENde header that is associated with said second video

icture. 93. T ; I | [ ' -l re
(F:) 1)rrplrji ses a fr ;Br:?g{.& hgggle%rggﬁg?ﬁ%g&é?ﬂgfgaﬁ%ﬁgg F)ﬁ&ﬁ E@rﬁ\{’? glgﬁ??lblg%%vi deo
pi ct ure coRplionsestas {61 the ¢hird wideo Pictiremithadvabife thatds derd@d frdve n ealoulatien f i r st

vi deo pict ' | b6, 96. The. nmethod of ..claim95, wherein the
order val uéghﬁjéﬁs%o%ié%ﬁi%tn&gg% l?tgreenﬁ%%dew%?ec% ordgy ﬁhg%reé‘f’e‘t he first video
pi cture.

81.  The computer readable medium of claim 80, wherein the first video picture is

after the second video picture in a sequence of video pictures.

82.  The computer readable medium of claim 81, wherein the sequence is an output

order sequence for the video pictures.

83.  The computer readable medium of claim 80, wherein the order values are for
indicating an output order sequence for the video pictures, wherein the order value of the

first video picture is larger than the order value of the second video picture.

84.  The computer readable medium of claim 72, wherein the first video picture

comprises frame.

85.  The computer readable medium of claim 72, wherein the first video picture

comprises a field.

86.  The computer readable medium of claim 72, wherein the first video picture

comprises a slice.

87.  The computer readable medium of claim 86, wherein the received order value is

for the slice of the first video picture.



16 APR 2007 29 97. A conputer readable nediumstoring a conputer program
that is executable by at |east one processor, the conputer ptﬁp ﬁ@ﬁh r
conmputing notion vectors for a stream conprising a first vide E'c re, a
second video picture and a third video pi @8re, the conputer program
conprising sets of instructions for: determning (i) a first order

di fference between an order value for the third video picture and an order
value for the first video picture, and (ii) a second order difference

bet ween an,or det, val ue for second video picture_and said order val ue
for said f§$’st {}?E‘EBP‘BFW#%&%@%WN@?& rein thegecsivedwrdes yakigds or f or
sai d seconstoretiden shtchdader &bthe SibelofMhe/fibvidedPichpd) vector for the third
video picture with a particular value that is derived froma cal culation

conprising said first order difference and said second order difference.
98. The cogmut efpof £HilaRhG m%fém of firkt @Pgﬂ &Zw{é’,\’%esregdnﬁ vid%, piGthrend 2

instructions for conputing the [%artl cul'ar* notron vector for sald second
vi deo pi ct ihird videeni¢tyess aanatleed afmprisitgg: r uct i ons for using an interpol ation

operation on th | ector for.the third video icture to, ute the
particul ar noti %eﬁg%g%gr@ agfgr_s{q:ﬁgr @ﬁhﬁgaf%ﬁetwg%%?rge%? the th‘lr‘gi" £97,
wher ei n t hpictied amf ari oveler vediid fon shef fivst videdTpidtuird) And (i€) Pcbhdordar diffefche vect or
for said sg ond wgﬁg %ldctyre congr(i)s,es a set of instructions for using an
ext r apol at YORCGhE YFLYAIENIar ke $e6endHdepichire and saidiardervalee for said firgli ct ur e

t o conput evidéepRakré;imdl ar notion vector. 100. The conputer readable nmedi um

of claim97, erein said order value for said second video picture is
stored into a sfamERUtEREARArtieHarmetionaeestee ifert seidl secordd widealpisecobd vi deo

plcture.  multiplying a motion vector for the third video picture with a particular value that is

derived from a calculation comprising said first order difference and said second order

difference.

90.  The method of claim 89, wherein computing the particular motion vector for said
second video picture comprises using an interpolation operation on the motion vector for
the third video picture to compute the particular motion vector.

91.  The method of claim 89, wherein computing the particular motion vector for said
second video picture comprises using an extrapolation operation on the motion vector for

the third video picture to compute the particular motion vector.

92.  The method of claim 89, wherein said order value for said second video picture is

stored into a slice header that is associated with said second video picture.

93.  The method of claim 89, wherein the first video picture comprises a frame.
94.  The method of claim 89, wherein the first video picture comprises a field.
95.  The method of claim 89, wherein the first video picture comprises a slice.

96. The method of claim 95, wherein the order value is stored in a slice header of the

slice of the first video picture.



101. The conputer readable nmediumof claim97, wherein the first video
picture conprises a franme. 102. The conputer readable nediun1og g%ﬁ@g]Q?,
wherein the first video picture conprises a field. 16 APR 20070 A 3.
The conput er readabl e nedi um of claim97, 2eherein the first video picture
conprises a slice. 104. The conputer readabl e nediumof claim 103, wherein
the order value is stored in a slice header of the slice of the first
video picture. 105. For a bitstreamconprising a first video picture, a
second vi picture, and third video picture, a nmethod conprising:
conputingqggpar PSEWHWrV§9%@ePﬁ§P“??mﬁégé&oﬁﬁuFFP“ﬁ“ﬁmﬂ@iwﬁﬂﬂéﬁdﬂﬁbXéﬁence
vatue  beti@eBndprodbdst, theXdio@iprbdim! bF bmMliAR I VeLRrafd o dCT
value for the first V|deo pi'cture, and (i1) a sSecond order difference

val ue bet OB Bt videe pitirera sehendsadempictuyé alba fhindtvideo paeturet the or der

val ue foré%gﬁﬁ&%&gg%¥&g%83?%&%%g§;{ﬁgﬂugggﬁq%}ng a particular notion vector

for the s pi ct rom I'Cul ar val ue and a notion vector
for the third waemipng (i) adirstider differenet evate@f ancdrdérmahRTor thb eliied videhe
o the .second, arder diff e val ue.

particul ar_.val ue i s proportional rep

107. The rOYHESCATSAD rg?lprﬁai‘f%?’r &ﬁﬁréﬁ vidgapictyrs, and af)é‘rse%ddgg‘?rﬁ GRS el y

pr opor t i ortadtwednCart dilerf Valsd fo tdakcshd VigsepieRre/Mduaid *& vahperorghdaestof clai m
105, wherei.n conmputing the particular value and the particular notion

vect or ar "1 PEWEedduri ng a decodi ng operation of the second video

pi cture, wher ei ymififinflapabti@ nidohde¥iof ft s RSidloSidafagled before the

decodi ng of the ‘
multiplying a motion vector for the third video picture with a particular value that is

derived from a calculation comprising said first order difference and said second order

difference.

98.  The computer readable medium of claim 97, wherein the set of instructions for
computing the particular motion vector for said second video picture comprises a set of
instructions for using an interpolation operation on the motion vector for the third video

picture to compute the particular motion vector.

99.  The computer readable medium of claim 97, wherein the set of instructions for
computing the particular motion vector for said second video picture comprises a set of
instructions for using an extrapolation operation on the motion vector for the third video

picture to compute the particular motion vector.

100.  The computer readable medium of claim 97, wherein said order value for said
second video picture is stored into a slice header that is associated with said second

video picture.

101.  The computer readable medium of claim 97, wherein the first video picture

comprises a frame.

102.  The computer readable medium of claim 97, wherein the first video picture

comprises a field.



second video picture. 109. The nethod of claim 105, wherein the order val ue
for the second video picture is derived froma val ue storedl i}&p 3 @I ice
header that is associated with the second video picture. 11(9. 'th met hod
of claim 105, wherein the first video picBQre conprises a frame. 111. The
met hod of claim 105, wherein the first video picture conprises a field. 16
APR 2007 31 112. The nethod of claim 105, wherein the first video picture

conpri ses H3sl ie. cotrpditer Aeatiableuhiiumh @@ dRlth ©7)Whidreim thé fifst Rded plAFDUL €T
programthat is executable by at |east one processor, the conputer program
f or corrput‘ioﬂ'ﬁ’rﬁﬁst?ﬁ}‘fevect ors for a stream conprising a first video
picture, a second video picture, and a third video picture, the conputer
program conprising sets of instructions for: conputing a particular val ue

that is bad¥d ofhe(Gompaterireagiablgrmardiumiof clatrarlf wherels thhederentueis sorafein val ue
for the thidie KedRPoPEHELoARE Rl VRIAHicrR!l ue for the Tirst wideo

picture, and (11) a second or ence val ue between an order val ue
for the second video picture and the order value for the first video

pi cture; o ti.ng a parti.cul ar tion.vector for the second video

pi cture fralc% t &g}gg&ét#?%?%?pgﬁp%gﬁéﬂg’léforﬁf)‘ft}l@naﬁef’%?“ BPIGYE 406ia d vi deo
pi cture. lihid videe pixourpld siethodadaprisingedi um of claim 113, wherein the
particul ar val ue is.ggroport'on to the second qrder_ difference val ue.

115. The comput@MAVEEYZPPEICHE VAl dhat & baser an @) a fif peden diffreensavelugul ar
val ue is HeBW@hsllotdR~ARRI bl BRhird 9idth ?ifgdré a)?]d 2 Offer ﬂélﬁé Rl RCEsV Gkt 116

The conputer readabl e nmedi um of claim erein the set of 1 nstructions
for conpuritats, emb(ip arseeand| aadendiffensneachluehleetyeant dncorder vatuet foothevseandr  ar e

performed J4tJ flbuft and the order value for the first video picture; and

computing a particular motion vector for the second video picture from the

particular value and a motion vector for the third video picture.

106.  The method of claim 105, wherein the particular value is proportional to the

second order difference value.

107.  The method of claim 106, wherein the particular value is inversely proportional

to the first order difference value.

108.  The method of claim 105, wherein computing the particular value and the
particular motion vector are performed during a decoding operation of the second video

picture, wherein the first and third video pictures are decoded before the decoding of the
second video picture.

109.  The method of claim 105, wherein the order value for the second video picture is

derived from a value stored in a slice header that is associated with the second video

picture.

110.  The method of claim 105, wherein the first video picture comprises a frame.

111.  The method of claim 105, wherein the first video picture comprises a field.



decodi ng operation of the second video picture, wherein the first and third
video pictures are decoded video before the decodi ng of the igcggﬂ(ﬁideo
pi cture. 117. The conputer readabl e nedium of claim 113, wher |$ Q or der
value for the second video picture is denijved froma value stored in a
slice header that is associated wth the second video picture. 118. The
conput er readabl e nmedi umof claim 113, wherein the first video picture
conpri ses HX r alis méth8d of blairk Q0P Ul IRSrein SREIARE GidBE Pictie &mpries Dshds3, wherein
the first video picture conprises a field. 16 APR 2007 ~ 32 120. The
conput er readable medium of claim 113, wherein the first video picture

conprises p33! | KQombdater re?%d?&l& Ald ol raicg Hter R@ﬁ%’{ Ehgl% R e&%&ﬂt@dl% ﬁé gecond

pi cture; and an order val ue specifying r tio ween sal econd
pi cture anldass gneiprocesser, thy eompuser programloe cirnpwingavotionfvectoas for 22freamher ei n

t he order . ; nd piciure. 123. The hitstreamof ¢laim 121,
wherein t h%oﬂ#ir%gfgsaaﬁ%{ ‘s’ltgg&(; %%%?’c hits %%& ‘élflgo By %&nﬁﬁt@ﬁi‘“dﬁ?P@H‘%& in an
encoded f ovomgiuter Rdgraimhventprisiigrsesrof dist@kcdomd21l, wherein said order val ue
is stored nore than ,.once in .said bjtstyeam 5.. The_ bitstream of claim
121, wherein safoPiHeA Regiqylar ivgﬂ‘faﬁf‘a& 1%%‘??6? (S ﬁa ﬁﬁ.‘} ORIFE .dlf%ef%e _

bi t st r eam ifiwedrednordebvali¥ of fethdivilied pit@hire 4l YR otder CATPFESBEHrPYidds' N9

picture, and (ii) a second order difference value between an order value for the second

video picture and the order value for the first video picture; and
computing a particular motion vector for the second video picture from the

particular value and a motion vector for the third video picture.

114.  The computer readable medium of claim 113, wherein the particular value is

proportional to the second order difference value.

115.  The computer readable medium of claim 114, wherein the particular value is

inversely proportional to the first order difference value.

116.  The computer readable medium of claim 113, wherein the set of instructions for
computing the particular value and the particular motion vector are performed during a
decoding operation of the second video picture, wherein the first and third video pictures

are decoded video before the decoding of the second video picture.

117.  The computer readable medium of claim 113, wherein the order value for the
second video picture is derived from a value stored in a slice header that is associated

with the second video picture.

118.  The computer readable medium of claim 113, wherein the first video picture

comprises a frame.

119.  The computer readable medium of claim 113, wherein the first video picture

comprises a field.



vari able length coding. 127. The bitstream of claim 126, wherein a coding

| ength for the order value is based on a conditional probability of the

order value. 128. The bitstream of claim 126, wherein the varjghtReIfength

codi ng conprises universal variable | engt32 coding ("UVLC'). 129. The

bi tstream of claim 125, wherein said order value is conpressed by using

arithnetic coding. 130. The bitstream of claim 121, wherein said order

val ue is fbi0.cohpcampypter reatablrmedient aficldiar 18 hehaemahe fipit #1déo ich@d 16 APR

2007 131.§%mﬁ#%§£g&{ean1of claim 121, wherein the second picture conprises
) e Dbi

a frame. 1 st r eam of claim 121, wherein the second picture

conprises a field. 133. The bitstream of claim 121, wherein the second

pi cture COLE]I]H sg%.a slice. .134. The bitstream of claim 133, wherein the
order val utis SOYPEPM FOHPUSINEe header associated with the slice of the
second picture.afigppichhe bitstreamof claim121, wherein the bitstreamis
stored on a conputer_ readabl e nmedium 136. A bitstreamconprising: a first
vi deo picture ahipcandpietiiet apddeo picture; and an order value for the first

id i ct I : ti t. f t irst vid
pi crurs {rananiaeRRiERgatiat SRRl QAR et Kbty ot spgtfom o™ ¥ O

bi t st ream wiftued.ai m 136 further conprising a third video picture, wherein
conputing the notion vector for the first video picture conprises:
conputing a particular value from (i) a difference between the order val ue

for the 125t ThelsidupinblofcRimNg1ANh&ERYhe YRIHPallOs hihetsbidnd prdtsie0
picture, and (ii) a difference

123.  The bitstream of claim 121, wherein the first and second pictures are stored in the

bitst;eam in an encoded format.

124.  The bitstream of claim 121, wherein said order value is stored more than once in

said bitstream.

125. The bitstream of claim 121, wherein said order value is in a compressed format.

126.  The bitstream of claim 125, wherein said order value is compressed by using

variable length coding.

127.  The bitstream of claim 126, wherein a coding length for the order value is based

on a conditional probability of the order value.

128.  The bitstream of claim 126, wherein the variable length coding comprises

universal variable length coding (“UVLC™).

129.  The bitstream of claim 125, wherein said order value is compressed by using

arithmetic coding.

130.  The bitstream of claim 121, wherein said order value is for computing a motion

vector for the second picture.



bet ween an order value for the second video picture and the order val ue for
third video picture; and nultiplying the particular value by the notion
vector of the second video picture. 138. The bitstream of clﬁqggé?g
further conprising a slice header associaggd with the first U?cture,
wherein the slice header conprises an encoding of at |east one order value
for the first video picture. 139. The bitstream of claim 136, wherein the
first video picture conprises a frame. 140. The bitstream of claim 136,
wherein the first video picture conprises a field. 16 APR 2007 34 141. The
bi t st r eam ot c|ﬁ}erh1tf§ea}m\%shaam2i,h‘@h¢r¢m§he secedbpigiues epnepriseprpiiages a slice.
142. The bitstream of claim 136, wherein the bitstreamis stored in a
computer readable nedium 143. A bitstreamconprising: a picture; a slice
header assi@@i atEit bifstrpam o€ cloim 1 3t evhexeid thesecondigictuveatamprieoadgdld. n the slice
header. 144. The bitstream of claim 143, wherein the order value is for the
picture. 145. The bitstream of claim 143, wherein the order value is stored
in the slild8. heHuehitstream aficlaim ddeowlhiereinthe setdidd pidtoee imhmrisecantiad, cl ai m 143,
wherein the order value is stored in the slice header in a conpressed
format. 147. The bitstream of claim 143, wherein said order value is for

conput i ng B4t TR bitsesrh OF clafth 188 SwRirétYhEorddAhluctid tobld Mid §REMSdder! ai M
143, wherein the picture conprises a frane.
associated with the slice of the second picture.

135.  The bitstream of claim 121, wherein the bitstream is stored on a computer

readable medium.

136. A bitstream comprising:
a first video picture and a second video picture; and
an order value for the first video picture for computing at least one motion vector

for the first video picture from a motion vector for the second video picture.

137.  The bitstream of claim 136 further comprising a third video picture, wherein
computing the motion vector for the first video picture comprises:

computing a particular value from (i) a difference between the order value for the
first video picture and an order value for the third video picture, and (ii) a difference
between an order value for the second video picture and the order value for third video
picture; and

multiplying the particular value by the motion vector of the second video picture.
138.  The bitstream of claim 136 further comprising a slice header associated with the
first video picture, wherein the slice header comprises an encoding of at least one order
value for the first video picture.

139.  The bitstream of claim 136, wherein the first video picture comprises a frame.

140.  The bitstream of claim 136, wherein the first video picture comprises a field.



149. The bitstream of claim 143, wherein the picture conprises a field.
150. The bitstream of claim 143, wherein the picture conprises a slice.
151. The bitstream of claim 150, wherein the slice header i slbad¥olilated to
the slice. 152. A nethod conprising: dete&4m ning an order val ue between a
first picture and a second picture; and encoding said order value into a
digital bitstream 35 16 APR 2007 153. The nethod of claim 152, wherein
sai d or der 14al u€h¢ bitstredinoaftalaim 136, whereirathe dirstVideo piftutel@nprissta ficet ure with
reference to the second picture. 154. The nethod of claim 152, wherein said
order value is stored nore than once in the digital bitstream 155. The
met hod of TARI NTHSBitstwaRY ¢f dlkifn 1B 62 Wa&i e GRNRIANSR S0P \DnfhufPr essed
order val ue @ﬁﬁo tae digital bitstream 156. The nmethod of claim 152,
wher ei n t NE2ERLOBFEAY ™ onpri ses using a variable |ength coding to conpress
t he order value. 157. The nethod of claim 156, wherein a coding | ength of
the conpressed order value is |less than a coding |ength of another

conpr essedl4k def bitsiream coB@risiipe met hod of cl ai m 156, wherein a coding

| ength for the %ﬁﬁuﬁgssed order value is based on a conditional
probability of € conpressed order value. 159. The nethod of claim 156,
wher ei n t he vara slidechehdorgisociavetl wigh detussandini ver sal  vari able | ength
coding ("UWVWLC"). 120. Ihe nethoggg%@chai 155, wherein encoding the
conpressed or def Q4P ¥RlUG FAysdia £ ABRYSF-i t hnetic coding to conpress the
order value. 161. The method of claim 152, wherein said order val ue
conprises an integer. 162. The nethod of claim 152, wherein said order

value is fis p'g]éq bl\ythgma}f clapinpel43f wherein the order value is for the picture.

145.  The bitstream of claim 143, wherein the order value is stored in the slice header

in an encoded format.

146.  The bitstream of claim 143, wherein the order value is stored in the slice header

in a compressed format.

147.  The bitstream of claim 143, wherein said order value is for computing a motion

vector for the picture.

148.  The bitstream of claim 143, wherein the picture comprises a frame.

149.  The bitstream of claim 143, wherein the picture comprises a field.

150.  The bitstream of claim 143, wherein the picture comprises a slice.

151.  The bitstream of claim 150, wherein the slice header is associated to the slice.
152. A method comprising:

determining an order value between a first picture and a second picture; and

encoding said order value into a digital bitstream.



outputting a sequence of pictures. 163. The nmethod of claim 152, wherein
said order value is for conputing at | east one notion vector for the first
picture froma notion vector of a third picture. 164. The netﬂfg of claim
152, wherein encodi ng said order val ue comgsises storing said 6Ffdd7 val ue
in a slice header associated with the first picture. 36 16 APR 2007 165.
The nmethod of claim 152, wherein the first picture conprises a frane. 166.

TEe met Eogliﬂ‘. c1|rh¢ meﬂﬁwg,ofmmﬁn' abp, Wﬂi&?ei?lisaﬁltorﬂi:ﬁallﬁe% GGtV 66a ﬁlaftiioﬁklﬂp lég?
The net ho im152,. rein the first picture conprises a slice. .
The net hodogé]eglstip?ﬁuféf?ltW%’@}Cﬁt‘?ﬂ@SS?‘H@rpl%Heue is stored in a slice
header of the slice of the first picture. 169. A conputer readable nedi um
storing a gz{’rpu%er programthat is executable by at |east one processor,

t he conput r 655 Bsthod b elasm A §2.swuheseinfsaidrmrderuwaluedn stofedrmore detnamet i ng an
order val ugelglivepistRafd St picture and a second picture; and encoding
said order value into a digital bitstream 170. The conputer readable

medi um cl ai m 169, wherein said order value is indicative of a relationship

of the fir pi A ef nce t.o the second pi.cture, 171. The

conput er rgaisdabﬁé&?rlegwgr%% l%ﬁgf’r??'cll%@‘? tbﬁ%‘?‘@ﬁ‘r‘i‘gt%@pélé‘is SHINEg Aamresseths f or
encodi ng cendpr vadesing thetdigifal bigteamct i ons for storing a conpressed order
value into the digital bitstream 172. The conputer readabl e nmedi um of
claim 169, wherein the set of instructions for encoding conprises a set of

i nstructi orgs, f OThdsmkthdd df ¥Rirh 253 &y ' fgieor der
val ue. 173. The conputer readable rfcg%l%ﬁnbl %&ggﬁgicﬁq&fggé,ngsﬁlg%e‘fa%ﬂ@gi d order
val ue is fISPgthé’Bé’@Bft‘}/P‘PFQP@ﬁSTbﬁ@éderf\/@hueout putting a sequence of pictures.

157. The method of claim 156, wherein a coding length of the compressed order value

is less than a coding length of another compressed order value.

158.  The method of claim 156, wherein a coding length for the compressed order

value is based on a conditional probability of the compressed order value.

159.  The method of claim 156, wherein the variable length coding comprises universal
variable length coding (“UVLC”).

160.  The method of claim 155, wherein encoding the compressed order value

comprises using arithmetic coding to compress the order value.
161.  The method of claim 152, wherein said order value comprises an integer.

162.  The method of claim 152, wherein said order value is for specifying an order for

outputting a sequence of pictures.

163.  The method of claim 152, wherein said order value is for computing at least one

motion vector for the first picture from a motion vector of a third picture.

164. The method of claim 152, wherein encoding said order value comprises storing

said order value in a slice header associated with the first picture.



174. The conputer readable nediumof claim 169, said order value for
conputing at |east one notion vector for the first picture froma notion
vector of a third picture. 37 16 APR 2007 175. The conputer {@ﬁﬁ@%@z_
medi um of claim 169, wherein the set of iB&tructions for encoding id
order value conprises a set of instruction for storing said order value in
a slice header associated with the first picture. 176. The conputer
readabl e nedi um of claim 169, wherein the first picture conprises a frane

177. The c ut.er readab mediymof claim 169, wherein the first picture
conpri ses loégpf i@?edr.ne'%‘?g.o%%ﬁgngé%p@%?‘“ﬁ@%@ﬁb?‘@mﬁ%ﬁﬂ%ﬁ%gfag‘la&em 169, wherein
the first picture conprises a slice. 179. The conputer readabl e nedi um of

| aim 178, erein the order value is stored in a slice header of the
-(S:| ?Ce of tlrg:]f i Thg mgthed of glaim 152, wherein the first picture comprises a field.

167.  The method of claim 152, wherein the first picture comprises a slice.

168. The method of claim 167, wherein the order value is stored in a slice header of
the slice of the first picture.

- 169. A computer readable medium storing a computer program that is executable by at
least one processor, the computer program comprising sets of instructions for:
determining an order value between a first picture and a second picture; and

encoding said order value into a digital bitstream.

170.  The computer readable medium claim 169, wherein said order value is indicative

of a relationship of the first picture with reference to the second picture.

171.  The computer readable medium of claim 169, wherein the set of instructions for
encoding comprises a set of instructions for storing a compressed order value into the

digital bitstream.

172.  The computer readable medium of claim 169, wherein the set of instructions for
encoding comprises a set of instructions for using a variable length coding to compress

the order value.

173.  The computer readable medium of claim 169, wherein said order value is for

specifying an order for outputting a sequence of pictures.

174.  The computer readable medium of claim 169, said order value for computing at

least one motion vector for the first picture from a motion vector of a third picture.
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175.  The computer readable medium of claim 169, wherein the set of instructions for
encoding said order value comprises a set of instruction for storing said order value in a

slice header associated with the first picture.

176.  The computer readable medium of claim 169, wherein the first picture comprises

a frame

177.  The computer readable medium of claim 169, wherein the first picture comprises
~ afield.

178.  The computer readable medium of claim 169, wherein the first picture comprises

a slice.

179.  The computer readable medium of claim 178, wherein the order value is stored in

a slice header of the slice of the first picture.



