; e3ep6-n(()t+FR+Z, 6, T6- P[ 9WD 2004/ 008654 PCT/ US2003/ 021714 Met hod and
Apparatus for Variable Accuracy. InterPicture Timng Specification for
Digital Video Encoding FIELD OF THE | NVENTI ON The present invention rel ates
to the field of multinmedia conpression systens. In particular the present

i nvention discloses nethods and systens far 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 ect roni cwad#epsdSor mat s. Digital conpact di scs (E@OEys2epliaeced anal og vi nyl
records | ong ago. Anal og magnetic cassette tapes are becom ng increasingly
rare. Second and third generation digital audio systens such as Mni-discs
and MP3 (MPEG Audio - layer 3) are now taking market share fromthe first
generation digital audio format of conpact discs. The video nedia has been
slower to nove to digital storage and transm ssion formats than audi o. This
has been | grael I tsyof digital information required
to accurat nggt%PéBﬁgg;eﬂ&%réﬁgé‘éﬁa?%%ﬁalﬂtggﬁ#irI m ﬁge}ch?r%ssi ve anounts of

di gi tal infor merinding Spesfichtion fof Digital Video Bidoddnt vi deo require very

hi gh-capacity digital storage systens and hi gh-bandw dth transm ssion
systens. SUBSTI TUTE SHEET ( RULE 26) WO 2004/ 008654 PCT/ US2003/ 021714
However E@Wﬁ RI' dly noving to digital storage and transmn ssion
formats: s@—processors, hi gh-density storage systens, and new
efficient conpression and encoding algorithns have finally made digital

vi deo practical at consuner price points. The DVD (Digital Versatile Disc),
a digital video Fhenresent imventiomeslaiss tohe figif of hdtirhesincompressied | i ng consumner

el ectronic products i ears. DVDs have been rapidly supplanting

Vi deo- Cag’gtgfﬁsf 2“%@‘8@?’&@% el mﬁsc}t"sﬁ%mﬁ&%f’ ?Iéd(r:sﬁ%‘gé&vi deo pl ayback system
of choi CgedityRg VRiaBlORiradyingd-plehuetimigual i ty, very high audio quality,

conveni ence, and extra features. The antiquated anal og NTSC ( Nati onal

Tel evi sion Standards Comm ttee) video transm ssion systemis currently in
t he proc S I e ;&Owi th the digital ATSC (Advanced' Tel evi sion
St andar d rarsm ssion system Conputer systens have been
using various different digital video encoding formats for a nunber of
years. Anong the best digital video conpression and encoding systens used
by conput er syst Sigitalibased clprirenic mpria fomgls pegifingliy ga e ¥ perrs backed by t he
Motion Pjctures.Expert qul I | Yok th ronym MPEG The three
nost wel argﬁlﬁgeﬁcmagnaggl?ﬁ %“r%‘%mﬁ‘%%% hé: £g}iq %/%El &5‘}/&@82&(1’%‘? E%I%’Z from MPEG are known
sinply agpihRiEsmibg vidlieicords lodd o Mfalop thagniicdenétdotapés\itdDs) and early
consuner-grade digital video editing systens use the early MPEG 1 digital
vi deo enbssemingingrespingly rarepSesiondsnd thisd gegeratiop dipjtad audio sypigmssucind t he Di sh Net wor k
brand Di . Bro gt .evi si r.nadcast system use the
hi gher q%y’%td?cﬁgﬁh\é%@%g‘#\}% esgﬁg)ol#b%g ‘i"%ir(le(?gln ﬁgﬁcodi ng system The
MPEG- 4 efhe fif gebrafidibdigitl duio faximht@F yompt digs.adapt ed by the | atest conputer
based digital video encoders and associated digital video players.
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The video media has been slower to move to digital storage and

transmission formats than audio. This has been larg.ely 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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WO 2004/ 008654 PCT/ US2003/ 021714 The MPEG 2 and MPEG 4 standards conpress a
series of video frames or video fields and then encode the conpressed
frames or fields into a digital bitstream Wen encoding a video frane or
field wwth the MPEG 2 and MPEG 4 systens, the video franme or field is
divided into a rectangular grid of macrobl ocks. Each nmacrobl ock is

i ndependently conpressed and encoded. When conpressing a video frame or
field, the MPEG 4 standard may conpress the frame or field into one of
three type¥O034488BHhr essed franmes or fields: |ntraPEFVERRSOANTLS r anes),

Uni directional Predicted frames (P(frames), or BiDirectional Predicted
frames (B-irames). Infra-frames conpletely independently encode an

i ndependent video frame with no reference to other video franes. Pfranes
define a video frame with reference to a single previously displayed video
frame. B-frames d&meres videyisgewrapidiimeving tonligitelistoragevmé t o both a vi deo frame

di spl aye e e urrent frane an vi.deo frame to be displayed after
the curr g'ﬁrfs mFgénn%ﬁﬁ%JgaS{eﬁco it r°§?sf°|rsc%éﬁgenﬂg'éﬁggﬁsfyﬁ?’%‘dundant vi deo

i nf or mat ia@imew BfficRiMRSm@RAsoEml EoBS; GRARMEhAVY iRIPMbQidiie best conpressi on.
SUBSTI TUTE SHEET ( RULE 26) WO 2004/ 008654 PCT/ US2003/ 021714 SUMVARY OF

TI DE | NVEN rotisR] #heeuserer picd peipip afha DYD (Pigital\WarsitiDiec).@ccur acy i nter-picture

timng s i,fi.cation r digital. vid encodi i s. disclosed. Specifically,
the pr es_gl%qalitnﬁfloes %t?n(ljﬁlgs |§§1c°f'%%ilethsef%§te§‘§§ r?1°‘fs¥‘|‘3?rglg?“i°85\/_s the relative timng of
near by Vipgla@tsph whid! B¥DE méxﬁexeﬂaﬁm?agplhﬁngvmemas&&é Ré&bRGE manner. |n one
enbodi nent, the display tine difference between a current video picture and
a near by (VERsdes thsi nea-ngecedeql gidepoplaybagk syetemm offtheicaiius folthejr highmideadi f f er ence i's then

encoded int.o a di.gital representatio f.the yjdeg picture. In a preferred
enbodi rreﬂ?a,thg't qu" 5?%‘)’/‘1% tg’e°8nvﬁ'm&"t°7ﬁ’é‘p ef‘ga %Wgesngt‘ﬂtanp‘@%é‘ﬁt ly transmitted
stored piakdlddNTSC EQitiofe0Th1vBiof bfahdatd® O6rimittbd) Gid&h tafnd¥iod | e di f f erence nay be
encoded using a variable length coding systemor arithmetic coding. In an
al t er nat &ystspboRTeRily in the trecesy joshsing (eplagedwithi fhe fligitad AGEC i s encoded as a power of
two to r e 1 n r. of ~bit.s transmtted. her objects, features, and
advant agg‘g&%p&pﬁgegléfé?g@ﬁi\a}rgsn ?ng%fﬁ?ﬁj‘flﬁ%c’%g's gbsf)l?ﬂsé'%m'f romthe conpany draw ngs
and fromthe follow ng detail ed description. SUBSTI TUTE SHEET ( RULE 26)

WO 2004/ 008654 PCT/ US2003/ 021714 BRI EF DESCRI PTI ON OF THE DRAW NGS
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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The objects, features, and advantages of the present invention will be
apparent to one skilled in the art, in view of the follow ng detailed
description in which: Figure 1 illustrates a high-1level block diagram of
one possible a digital video encoder system 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 notion conpensation. Figure 3 illustrates the

vi deo pi ct WOe¥PBSM Fi gure 2 listed in a preferred®CT/ORMEMIZSI on order of

pi ctures wherein the arrows connecting different pictures indicate

i nter-picture dependency created using notion conpensation. Figure 4
graphically illustrates a series of video pictures wherein the distances
bet ween video pictures that reference each other axe chosen to be powers of
two. SUBSTI TUTE SHEMPEGR ngMPEG-4 stayiards 6@upr80866e oPGldoUS2003/ 021714 DETAI LED

DESCRI PTI : RRED QDI MENT, nmet hod .and system for specifying
Vari abl e & c%sg‘gg‘?%eﬁggréﬁ ' & cﬁ%gﬁ“ﬁ)ﬂ?rﬁs@eﬁ@“ﬁsﬂgﬁ‘l‘m%i a conpressi on and

encodi ng dipjtsl bitsfedns Wihea Gh0Gifgh vided fborfiol WA PEESChHE Pt i on, for purposes of
expl anation, specific nonenclature is set forth to provide a thorough

under st aRiEG* Hftenpshibe pidesdiame of fislddydivided int-omessngnlar grittofi | | be apparent to one
skilled i rd .t hat ese specific detagils are not required in order to
practice ﬁ%ﬁ%¥%§%ﬁvmrﬁ$%ﬁlfgﬁwgﬁgﬂy3%§W§F’Fmﬁﬁﬁmﬁ¥esent i nvention has been
described with reference to the MPEG 4 nul ti medi a conpressi on and encodi ng
system However, the sane techniques can easily be applied to other types
of conpressi on anyhasempitspins & Video dame orlfighdt theldBEGr4 Gandpdessi on and Encodi ng
Overvi ew_Fj idlust es a high-level block diagramof a typical

di gi t al Wﬁ%g’[*’%ﬁsc{,“& earmefbﬁ&‘;@%P? ‘(%819‘1" tiﬁ’ﬁso%mmi“f &amesor The digital video
encoder  E0l6s: ke BaMQSI-ftck)10RMteBbn PG SAmRAP. SincYi dap franmes 105 at the
left of the block diagram Each video frame is processed by a Discrete

Cosi ne TPHeriiPwH Predisteshiramex (Bl framad) ¢ Intra fames hampflatekyipdependentie pr ocessed

i ndepend ninfra-frame)..or with reference to information from ot her
frames r g’%é#%aggﬁ%?}é%&t 50%0 "’.‘%‘Wn%? eé‘ﬁest?a?*‘?fr’f‘ R inter-$ane). Next, a

Quant i ze frarféddefind b viddoLantd WA tdfF@Se th Eﬁnélé’ﬁr@'i&ﬁ&hi%ﬂay@&ﬁ&@ot he Discrete Cosine
Transformation unit 110. Finally, the quantized video frame is then encoded

with an 8ft dhiamendefiaet videoyramawith eRGnae ¢o Yothodidee frame encoded bitstream The
ent r opy ﬁigﬁggfﬂefcfﬁmw Sk 5489 ang%}‘idyosfreamg‘tovb%cﬂsglgeg ai{e?trlllgt h coding (VL) system

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

85

frames and B-frames generally provide the best compression.
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SUBSTI TUTE SHEET (RULE 26) WO 2004/ 008654 PCT/ US2003/ 021714 Since an
inter-frame encoded video franme is defined with reference to other nearby
video franmes, the digital video encoder X00 needs to create a copy of how
decoded each franme will appear within a digital video decoder such that
inter-franmes may be encoded. Thus, the |lower portion of the digital video
encoder 100 is actually a digital video decoder system Specifically, an

i nverse quantizer (Qt) unit 130 reverses the quantization of the video
frame i nf oWRBUFHBSAnd an i nverse Discrete Cosine TEHUSYPHHEI on (DCT' i)
unit 140 reverses the Discrete Coéine Transformation of the video frame
information. After all the DCT coefficients are reconstructed from i DCT,

the notion conpensation unit will use the information; along with the
noti on vg@%@mﬁ@t the encoded frane which is then used as the
ref erenc n estimation of the next frane. The decoded

video frame may then be used to encode inter-frames {P-frames or B-franes)
that are defined relative to information in the decoded video flane.
Specifically, a ronpthel asdamparpivslen verablevBuragninter-iG@e tinidga not i on esti mati on

(ME) unit_ 160.ar sed.to _det.er.m.n e} ectors and generate

differ enfple%lﬁcaf\}(gl ﬁredsilglt&gvé%" f’gocé?%g%%foisﬁg?@%?%m.meﬂmf ate control ler .
190. r eceiny@8on didcREIB ks thaf AISWEMER ab el thafis Beaﬁ)?viﬁ k& 1N a digital video
encoder 100 and uses the information to allocate a'bit budget for each

vi deo f r torbe encded inrgaety effesienimuinhesr In 0@0embhdimbn tigeldispleyatings t he bit budget in a
manner that wll -generate.ihe highest quality digjtal. video bit streamthat
t hat con%?’rgnsceéﬁ “ﬁc‘gﬁgtcv?qlf?%lﬁfmgg‘l Agar e‘g‘%ef’i’% edyfstermipedei f i cal |y, the rate
control | efe dsPlly fichd @Bt fs Grel BISHAND AdialRiBhgstiolbiali ty conpressed video
stream wi t hout overflowi ng buffers (exceeding the anount of avail able
menory i Fde pitted des piofraBEIdinkT te ShEHY PiderpittEe B most\O 2004/ 008654

PCT/ U820%§4n821a%14ﬁgfsrtldi ng nore information than can be stored) or
under f | oW AE BIFPEFES NS ™2ndi ng vi deo frames fast enough such that a
decoder runs out of video frames to display). Miltinedia Conpression and

Encodi ng Overview I n sone video signals the tinme between successive video
pi ctures 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 fransmitted.

Other objects, features, and adi/antages of present invention will be
9

apparent from the company drawings and from the following detailed description.

SUBSTITUTE SHEET (RULE 26)



(frames or fields) may not be constant. (Note: This document will use the
termvideo pictures to generically refer to video franes or video fields.)
For exanple, sone video pictures nay be dropped because of transni ssion
bandw dt h constraints. Furthernore, the video timng nay al so vary due to
canera irregularity or special effects such as slow notion or fast notion.
In sone video streans, the original video source may sinply have
non-uni forminter-picture tinmes by design. For exanple, synthesized video
such as coWPudePsgt aphi ¢ ani mati ons may have non- RETPBIBPNTIH ng since no
arbitrary video timng is created by a uniformvideo capture system such as
a video canera system A flexible digital video encoding system should be
able to handl e non-uniformtimng. Many digital video encoding systens
divide video pictures into a rectangular grid of macrobl ocks. Each
BRIEEDESCRIPTION OF IHEDRAWVINGSe0 picture is i ndependently conpressed
and encoded. |In sonme enbodi nents, subbl ocks of macrobl ocks known as
“pi xel bl ocks' are used. Such pixel blocks nay have their own notion vectors
that nmay be i nt eTipobjatis atuts) sl adwotages nf theprésknt ingéntion wih beracr obl ocks al t hough
t he teachings of fhe present  invention, . appl.ied equally to both
macr obl @&@?ﬂféﬂa‘wﬁlﬂﬁa@%%&“%@PFWEE%EE&E‘%&%%G) WO 2004/ 008654
PCT/ US2 021714 Some vi deo codi ng standards, e.g., |SO MPEG standards or

A : S \Zla
-

the | TU H 264 standard, use different types of predicted nmacrobl ocks to

encode video. pictures. In one scenario, a macrobl ock may be one of three
types: 1. I-macroblock - An Infra é#) nacrg?lock uses no information from
any ot her video Figwedilinstrates 2 high-leyel blodkfliagram of aneppisibiedt el y sel f defined): 2.

P-macro K& Ml diskgctional Iy predicted (P) macrobl ock refers to
pictureghﬁ@o?ﬁ%éron $}0n1one precedi ng video picture; or 3. B-macrobl ock -

A bi-directional predicted (B) macrobl ock uses information from one
precedi ng picture and one future yideo. picture. Ié |1 the macroblocks in a
vi deo picture ar g‘gl"f‘?fzrﬂél‘-s'i‘f‘éfé?%f“&f’g%‘,e° feiEps e Qe 6*%& cture is an

Infra-fr ' \ G hd o\ ﬁﬂ%g;rectional predi ct ed

macr o bf%% ?s%%m?ﬁ ﬁggﬁ%g$%%ﬁgﬁﬁggé%ﬁgﬁﬁkhgﬁé? eo Sicture is known as a

P- f r ane..indidatetithe-pictutkedspqniientyrated aairganotion @myensationdi r ect i onal predi ct ed
macr obl ocks, then the video picture is known as a B-frane. For the
simplicity, this document will consider the case where all nacrobl ocks

Wi thin a given pgghid3gmafdes He vidtpictddohifure i@ %A Pl € sequence of video
pictures to be encoded m ght be represented as 11°'B2 B3 B4 P5 B6 B7 B8 B9
P10 B1l1 prfdreBishsission arder 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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where the letter (I, P, or B) represents if the video picture is an
|-frame, P-flanme, or B-frame and the nunber represents the canmera order of
the video picture in the sequence of video pictures. The canera order is
the order in which a canera SUBSTI TUTE SHEET ( RULE 26) WO 2004/ 008654
PCT/ US2003/ 021714 10 recorded the video pictures and thus is also the order
in which the video pictures should be displayed (the display order). The
previ ous exanple series of video pictures is graphically illustrated in
Figure 2. ROeMPIBEY to Figure 2, the arrows indi c2CEU$pE02IAMCT obl ocks from
a stored picture (I-frame or P-fr&me in this case) are used in the notion
conpensated prediction of other pictures. In the scenario of Figure 2, no
information fromother pictures is used in the encoding of the infra frame
video picture h. Video picture PSis a P frame that uses video information
from pr e RESAEEDISE N, O THE PREFERREDEMBODIMENEh t hat an arrow i s drawn
fromvideo picture h to video picture P5. Video picture B2, video picture
B3, video picture B4 all use information fromboth video picture h and

vi deo picture PS Amehbicind sysiof fod gpesifiily Vatishle atir@ninta@Pitusy awn from vi deo
picture h and video gictuTe.PS to video picture B2, video picture B3, and
vi deo pi Eimipgin pmultimedia ¢opeespion ged macadipg sysiemds disslosedylndbet | nes are, in general,
not the . Slnece Bzpi i . i uture pictures
(pictur egﬁf’%‘é‘ﬁ E?“%MSC ,mg’goP I og{sg?}%{gﬁfag{‘%%@%%kengﬁag%éég%%si on order is usually
di f f er entorthieprovidea thbirduph @Mer@indE of tRatd inbakiby Howewdget pi ctures that are
needed to construct other video pictures should be transmtted first. For
t he abov&ilkkedprepratto operslilledin e it hafithepe specifis detpifs glgpotprauirel p5 B2 B3 B4 P10 B6
B9_B8B0PLI0LL 1R 3 e proR AR bl For ST, &} nion P 2004/ 008654

PCT/ Us208'%"

been described with reference to the MPEG-4 multimedia compression and

0

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 video 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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Figure 3 graphically illustrates the above transm ssion order of the video
pictures fromFigure 2. Again, the arrows in the figure indicate that

macr obl ocks froma stored video picture (I or Pin this case) are used in
the notion conpensated prediction of other video pictures. Referring to
Figure 3, the systemfirst transmts I-franme h which does not depend on any
other franme. Next, the systemtransmts P-frame video picture PS that
depends upon video picture h. Next, the systemtransmts B-frame video

pi ct ure BZWARHAPSEH deo picture PS _even though vi d@®ETVBS2RBMHE4B2 will be

di spl ayed' before video picture P3. The reason for this is that when it
cones tine to decode BZ, the decoder will have already received and stored
the information in video pictures 1; and PS necessary to decode video
picture BZ. Simlarly,. video pictures.h and_.P e ready to be used to
decode subsequentﬁ'a}‘Q/cfe e%terblag}eﬁgcggeéfdg%wlﬁ‘gegmﬁiwg‘[‘ﬁﬁfeéenﬁﬂ. The

recei ver fodmeOgteiby 1ia fifEsstht Higita¥ VikdQnddtd 100 Redi QG UARRGRoPyOr proper display. In
this operation | and P picture's are often referred to as stored pictures.

The codi pihowfdeqore epehifamerwillgppepn yithin ardigifalvided deceder suchtbet Vbt i on Conpensat i on,
wherein a Mition Vector, |S.co ted for ch.macrobl ock in the picture.

Usi ng th’gtewﬁﬁ%ﬁtngﬁgﬁ%‘ﬁ%%i?‘é%?%&%?%ﬁ”@&ﬁ@?{}%ﬁﬁmF”c% ®bck (Pmacrobl ock) can
be for nmegpoyactuaByesdigial vitldo @kodet sysibis. $pacitidaly, af ByginligPed previous picture.

The difference between the actual macroblock in the P-frane picture and the
predi cti 6&)raitl3dimiversds the quantiretioneb e Widgodtame infissetiog gidgn.  Each notion vect or

may al so, be tr.ansmtt via predi iV di ng.., For exanple, a notion vector
predict | %ﬁe‘?reaﬁgﬁe}r%é‘ﬁ‘%émﬁg?aﬁ n@ecglr %‘if‘%&%f%e PTHTE SHEET (RULE 26)
WO 2004/ 0653 Plankiordatibad@s il nadd infotmMRE! Rfick all hEDEPCh a case, then the

difference between the actual notion vector and the notion vector
predi ct i ensficients arg eadorsigcted fropm IGTs the wation cormpeotati@unwillold ock uses two notion

vectors: .a.f.irst tio ector referenci ‘the aforenmenti oned previous

vi deo pi B g ong it themotion. v °§°fi7{§’6?“8?5[}§°é§‘8?”8?1‘%$ h@“‘i he future video

pi ct ur e. whic®iRkHeh 6R@astQefirBick RimaMBGhOhStion biiRativh 8fthedekon nMacr obl ocks are
conputed. The two predicted nmacrobl ocks are then conbi ned together, using
sone funB#hwn, to forma final predicted macrobl ock. As above, the

di fference between the actual macroblock in the B-franme picture and the
final predicted macroblock is then encoded for transm ssion. As' wth

P- macr obl ocks, earmb débdell GiBeoViRifik Blay thidbe@bed o Bediamt-pRimsk My be transnitted
via predictive coding. Specifically, a predicted notion vector is forned

usi ng neffrfRmesenB-Gameskihat g defineyelpfive fojelonpatigndn hpdesodsévidgeen t he actual notion

vector a j i oded f sm ssibn.. However, with
B- rracrobﬁ%’é%&?ﬁ ?%ggjp%%ﬁ ﬁ%\oﬁlfp%s%?gg gf '*ng?@aﬁg_%lp%tbopgﬁmﬁgmmti on vectors from

ot i on vevE)ant 160krd 36 t6\dRiiad meton Ve fbriand faiérge MEGEMAlvakds. Such interpol ation
is carried out both in the digital video encoder and the digital video
decoder . usehfosnspde pishiiamset or i nterpol ati on works particularly well on video
pictures froma video sequence where a canera is slowy panning across a
stationary background. In fact, such notion vector interpolation my be
good enough to beA tageohtalled 199.receR e binatdnl fiom niay differeans that no differenti al

i nformation o .
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
irll 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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SUBSTI TUTE SHEET (RULE 26) WO 2004/ 008654 PCT/ US20031021714 13 needs be
calculated or transmtted for these B-nmacrobl ock notion vectors encoded

using interpolation. To illustrate further, in the above scenario !et us
represent the interpicture display time betmeen pictures i and j as D, ~,
i.e., if the di splay tines of the pictures are T, and T~, respectively,
then D) j =Ti - T~ fromwhich it follows that D,,x = D ] '~ D.x D,x =
"Dx,i Note that D, ~ may be negative in some cases. Thus, if MSs,i is a

motion vecWerwessssa PS nmacrobl ock as ref erenced t @Chps2denTii or t he
correspondi ng macrobl ocks in B2, 883 and B4 the notion vectors as referenced
to h and P5, respectively, would be interpol ated by C2,1 = @, 1*D2, 1~D5, i
MWs, 2 = M5, 1*DS zIDs 1 ~a,| = ~s, I*1 ~3,11Ds,1 C5 3 =00.1*D5.3~D5,1 4,1 -
~5,1*D4, 1~D5, 1 1*p5,41D5,1 Note that since.ratios of display
times aﬁ@ﬂ@S§Emﬂ@Wmﬁ%P °@@EF@?®6P@H@@PFHH” o1B &8t 528di splay tinmes are not

needed. Thu Wleolid: ABESof BN idaSraR8 D diglay)D; . ¥ display tinme
val ues. %ﬁ%ﬁ#@%@@é@%%ﬁuﬁ"%@% 2004/ 008654 PCT/ US2003/ 021714 14
This scenario may be generalized, as for exanple in the H 264 standard. In

the generalization, a P or B picture may use any previously transmtted
picture for its notion vector prediction. Thus, in the above case picture

B3 yay use Pl CtUbfidhdiitdy GleMlbFarink i GvaRicdi CLi on. Mbr eover, noti on
vectors may be extrapo ated,  not just interpolated. Thus, in this case we

woul d have: M-a.i = M-z. |*Da riDz,i Such notion vector extrapolation (or

interpolation) may al so be used ntthe predi.cti. process for predictive
coding of notio ninperps vides s1gnals the time between successive Vi eo pic

(frames or fields) may not be constant. (Note: This tlocument will use the term
video pictures to generically refer to video frames or vic}éo fields.) For example,
some video pictures may be dropped because of transmission handwidth
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 comput'er graphic animations may have
non-uniform timing since no atbitrary video timing is created by a uniform video
capture system such as a video camera system. A flexible digital video encoding

system should be able to handle non-uniform timing.

Many digital video encoding systems divide video pictﬁres intoa
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 ‘pixelblocks’ are used. Such pixel blocks may
have their own motion vectors that may be interpolated. This document will refer
to macroblocks although the teachings of the present invéntion may be applied '

equally to both macroblocks and pixelblocks.
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In any event, the problemin the case of non-uniforminter-picture tinmes is
to transmt the relative display tine values of D;,; to the receiver, and
that is the subject of the present invention In one enbodi ment of the
present invention, for each picture after the first picture we transmt the
display tinme difference between the current picture and the nost recently
transmtted stored picture. For error resilience, the transm ssion could be
repeated several times within the picture, e.g., in the so-called slice
header s of wohesMB&G or H. 264 standards. |If all sl|irceuteemdnris are | ost, then
presumably other pictures that rely on the | ost picture for decoding
informati on cannot be decoded either. Thus, in the above scenario we woul d
transmt the follomjng EB t Dz,s Ds,s Da,s Dto,s Ds,to D~,to D$,to D9.to

Dtz,to Dt t,tz Dt SUBSTL TUTE SHEET 26) WO

2004/ 008654 PCT/ ?66@%??‘?&%““1%“%& §4’| Eﬁﬁﬂggkﬁtf(‘ﬁ% i on” vect or

estimat i 9%4stnﬁmaqlgéa‘lﬁ&éﬁtfyﬁéaun{r&:mﬁhﬁcm&ck% encdBAidéd’ Y from picture to

pi cture. For exanple ere 1s only a si ngTe B-frame picture ' r B6

hal f way bietuige dn oneseenpric 2 maobrickcnayrtesndREthacedype¥, then it suffices to send
only: D-, S 7 e the ay_ time values are

rel ative t|1hé“k?%{fr"8%°g6ﬁ“ﬂl‘“ﬁ(ﬂgﬂf‘éﬁb&“{‘&%‘é’d“gmlméémgﬂéygéﬂm y one quarter the

di st ance bet W%lmgltpéogﬁyﬁﬁsP§pg@gsé4f&ggedpl cture P~ then the appropriate
D, ~ display time val ues to send wo 5=4and D6, ~ _ -1 Note

that in both Pdﬂacmh‘eckt-vmuqﬁled@dallmgreéxtat@) ms:;robtohlereﬂrssqol ayti me between the

vi deo picture, B6 d v |cture videp picture P~ is being used as the
di splay ti e PEE ’{?lg dﬁ IR Pegsfing video “‘g? % er ence between video picture
P3 and pi ciUmemathERek -pA Gitdilreﬁloﬁ)a"f pﬂeﬁctéd?ﬁfm&&o%[&l@ﬁéestlﬁf&%xandﬂm ts". In general,
notion vector estimation is |ess conplex 1f divisors are powers of two.
This is easi Iﬁymamfm@ngplmamdommmlcturé D,,I (the inter-picture tine)
bet ween 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 truncmtﬁwmarcfwtasksaﬂaludébgﬁbt&%%mﬁ.ﬂcmmg gy two. In the case
where an inter-picture time is to be a power of two, the nunber of data
bits canﬂlb@dmmeﬂmlmtr@ﬁme ﬂﬁe’ldempletgepulpwbdewmdlretw is transmtted

i nstead of .t cture.tinme. Figure 4 graphically

f th
i 11 ust r aPEEe t%de%aﬁs"é’ll fgﬂ%ﬁ%f’%‘tébbe{‘ss{ﬂ%e‘g&ﬁgicw HOUBVEBAr es are chosen to be

power s Op-fa@. If thevidd pietde ks any Bictirbitional pe@@tdacloblbdks,val ue of 2 between
video picture Pl and pi cture SUBSTI TUTE SHEET (RULE 26)
then the video plcture 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

I1 B2 B3 B4 P5 Bg By Bg B Pyg Byy Pyp Bya Lua...
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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WD 2004/ 008654 PCT/ US2003/ 021714 16 video picture Pg 15 transmtted as 1
(since 2° = 2) and the D7,3 display tinme value of 4 between video picture
P~ 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
still necessary to transmt the display order of the video pictures to the
recei ver/ player system such that the receiver/player systemw | display
the video pictures in the proper order. In this case, sinple signed integer
val ues forWwD2004¢865¢i ce irrespective of the actual PATEBPEAZIUEMTES. | N sone

applications only the sign may bel’heeded. The inter-picture tines D;,| may
sinply be transmtted as sinple signed integer val ues. However, nany
nmet hods may be used for encoding,the D;,; values to achieve additional

conpress&&&kdﬁggwgﬁégﬁ%ﬁmd§m§%g&nﬁ%%gaéh%gﬁﬁ%v@%ﬂg vari abl e | ength coded

magnitude 1s relatively easy to i %¥s coding efficiency.
SUBSTI TUshioulGbifsplagddhhEdigfidy ordefdO 20041 008654 PCT/ US2003/ 021714 17 One such
vari abl e length coding systemthat may be used is known as UVLC (Universal
Vari abl e Length Code). The UVLC variable I ength coding systemis given by

t he code words: = 1.9= =011'.4..=0010 Q5 =00 |6 =00Z1 O=o00llls =
00ol o 00. .. Anotﬁgﬁm%%ﬁﬁggﬁgks%%%ggwﬁﬂm%%g”?ﬂﬁgFé icture times may be to
use ari t hiogbtedin igglire 1y Refeytiig Clfiguye 2, Blelak:WHBAdiGte @R ASbIALE| | Zes condi ti onal
probabilities to effect a very high conpression of the data bits. Thus, the
present f"?i‘i‘/%ﬂ?‘F‘icm"tWh@Tf@ﬂae@sﬁ@eSﬁﬁg%Ffée)brftusqddlw@c foionnet hod of encodi ng and
transmtfj .ot el Dl C lL.splay tines. The encoding of interpicture

di spl ay %%ﬂggh%gﬁﬁgg&ﬁ%§é89%%§£éfficient by using variable | ength coding. or
arithmetic coding. Furthernore, a desired accuracy can be chosen to neet
the needs of the video decoder, but no nore. The foregoing has described a
system for speci i3/ hntgenpge pifiguse % peinforajion fmeothgpictutssi® tining in a

mul ti medj g, i ) odi ng, syst lt is.cqontenpl ated that changes
and nodi S?%‘gﬁgg‘ﬁ°§&§n%§“€%ﬁ??@gi§§e°gﬁgwﬁ @H%ipffh’ﬁfiﬁﬁg%ﬂ TUTE SHEET (RULE 26)
WO 2004/ i imtust Videb)mZoHtid{od Zarf 3dvidi video picture I; in its coding such

that an arrow is drawn from video picture I, to video picture Ps. Video picture By,

video picture B, 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 Iy
and video picture Ps to video picture By, video picture B, and video picture B;. 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, B3 B4 P1g Bs By Bg By Py2 By I Bys ...
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skill in the art, to the materials and arrangene
present invention w thout departing fromthe sco
SUBSTI TUTE SHEET (RULE 26) WO 2004/ 008654 PCT/
1. A nethod of specifying digital video informat

nts of elements of the

pe of the invention.
US2003/ 021714 19 W C aim
i on, said nmethod

conprising: determning a first display time difference between a iu w

vi deo picture and a nearby video picture; and en
picture and said first display tinme difference
pi cture. 2woTheomast hod of specifying digital vid
in claiml, said nethod further cBnprising: tran
picture and said first display tinme difference.

coding said first video

nto a firs digital video
eeCT/vs2@s/omtie on as cl ai ned
smtting said first video
3. The nmethod of specifying

digital video information as claimed in claim1 wherein said nearby video

pi cture conprises _a nost recently transmtted st

ored picture. 4. The,

met hod of speci f JigHEe Hgrephically iNpsteriss thegbaye Hepsmissiengederaf lened in claim 1

supsT TUReBiqulds EbmbtaPlZ At ik S B AR lfiedd
met hod oma@qm@ksfgomg;tocadgidb@icmté (deoP inniio¢asanbirk Gad i

compensated prediction of other video pictures,

Referring to Figure 3, the system first transmits I-frame

ded into a slice header.
2003/ 021714 20 5. The
$heGloflbred i N

I; which

does not depend on any other frame. Next, the system transmits P-frame video

picture Ps that depends upon video picture I;. Next, the system translmits B-frame

video picture By after video picture Ps even though video picture B will be

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

decode By, 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 picﬁxre Bjand

video picture By, The receiver/decoder reorders the video picture .sequence for

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

pictures.

The coding of the P-frame pictures 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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claiml1 wherein said first display tinme difference is encoded nore than
once in said first digital video picture. 6: The nmethod of specifying
digital video information as claimed in claim1 wherein said first display

time difference conprises a relative tinme value. 7. , The met hod of
specifying digital video information as clainmed in claim1 wherein said
first display tinme difference is encoded as a power of twd. 8. , The nethod

of specifying digital video information as clained in claiml| wherein said
first di spwayoowdosess di fference is encoded with a vaciesbediangt h codi ng. 9.
The met hod of specifying digital ¥ideo information as clained in claim1
wherein said first display tinme difference is encoded with arithnetic

codi ng. 10. The nethod of specifying digital video information as clai nmed
inclaiml wherein said first display tinme difference conprises a signed

i nt eger . vedoIRSRsyalypeasgtfiep-the diffejepee befyrecn thapstunh matiosyas®s 9ot/ US2003/ 021714 21
11. An eR608H0R Yecky Feﬁéﬂoﬂﬁ'&ocﬁﬁ‘fo?ﬁllngﬂissgdng! tal video information, said

encodi ng system conhprising: a first digital video picture containing an
encoding of a first video picture; and a first display tine difference,
said first displaytime difference specif i'ng a difference between a display
time of said firSfoRR-HRERLIGEKISHEC BARPn Yo pPEIMORELET  a near by vi deo
I CEUT €. o @ncinfifo ARG SUTP M Mo RELAGRA Hlofibd @bior/ deO [ nf o mati on as
cl ai med Th cﬁl%l m 11 er e."ﬁ sai d f?r st display tinme difference is encoded
wi t hi n sefeindingtsd futltegideapictare. deram et wotioft $ectoBhiwvoeredicibinng syst em f or
encodi ng di %i tal video information as )

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 transmitted 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 *
interpolating 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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~clainmed in claim 1l wherein said nearby video picture conprises a nost
recently transmtted stored picture. 14. The encodi ng system for encodi ng
digital video information as claimed in claim 1l wherein said first display
time difference is encoded into a slice header of said first digital video
pi cture. SUBSTI TUTE SHEET (RULE 26) WD 2004/ 008654 PCT/ US2003/ 021714 22
15) The encoding system for encoding digital video information as clained
in claiml1ll wherein said first display tinme difference is encoded nore than
once i n saweo2foxpogdss di gi tal video picture. 16. Theprerig@sprgisyst em f or
encoding digital video informati ol as clained in claim1l wherein said
first display tinme difference conprises a relative tine value. 17. The
encodi ng system for encoding digital video information as clainmed in claim
11 wherein said first display tine difference is qu%ged as a power of two.

18. The neplebeirairglaled ariransmitis foF e B hgroliogs Tefien VPRBES™°?for mat i on as cl ai med
in clai -m@& b said first display tine difference is encoded with a
variablgk&%ﬁgt Ea'gélging. 19. The encodi ng system for encoding digital video
information as clainmed in claim1l wherein said first display tine
difference is encoded with arithpetic copi SUBST] TUTE SHEET ( RULE 26)

ng.
VO 2004/098654.P@#ﬂ%ﬁﬁbégwﬁﬁiﬁ?ﬂﬁ?@“ﬁﬂ@°°“*_@M@WE ﬁpﬁﬁ system for encodi ng
digital Vé&%&gﬁxmﬂ{ @&&éeﬁ@icgﬁsﬁnﬁﬁ%@%?Jh{.ég,éfgée%sﬁ?aylﬁm%ﬂﬁén said first display

. . -
time di fPerence conpri se Si ghe
pictures are T, and T}, respectively, then

Dy, = Ty - Ty from which it follows that
Dix = Di,4 + Dyx
Dix = ~Dy,4

Note that D;; may l‘)e 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 By, By and B, the motion vectors as

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

MV,1 = MVs,1*D2,1/Ds,1
MVs,; = MVs,1*Ds,2/Ds,1
MV3,; = MVs,1*Ds,1/Ds,1
MVs,3 = MVs,1*Ds,3/Ds,1
MV,,; = MVs,3%Dy4,1/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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ca] ca] cal] ca] cal] ca] ca] ca] ca] ca] c™a] ca] ca] ca] c”a] caU] cal] ca
MEHNW }i | wr mhc”~X] U] ca] ca] ca] ca] ca] ca] caU] ca] ca] ca] ca] ca] ca] ca] ca) calca]calc
a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! S(zZr: >ttt el " o) #HAH#SU
WRH#&E&I &&~yt 0j d_YTnmhc”] cal] ca] cal] ca] ca] ca] ca] caU] ca] caU] ca] caU] ca] ca] ca] c
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cay] ca] cglﬁﬁ" 5]“8 ‘]nvg’] ?fz?]e%% Q‘E’Jﬂ? %/ e BaP¥ a9 cal] ca] cal] caU] ca] ¢
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% (| +l Lienivhdn i J] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca
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0%& ()-ylo%& () @0%&' ()-,10%&' ()-5h=|dE -y109%& ()-,,-10%& ()- Y'yl0%& ()-m

0% ) ot O SR bR M A e 100 010 O 0
times is to transmit the relative display time values of D;; to the receiver, and that is
the subject of the present invention. In one embodiment of the present inventicn,
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,
€.8., in the so-called slice headers of the MPEG or H.264 standards. If all slice
headers are lost, then presumably other pictures that rely on the lost picture fo‘r

decoding information cannot be decoded either.
Thus, in the above scenario we would transmit the following:

DSJ D2,5 D3,S D4,5 DIO.S Dﬁ.lo D7,10 Ds,lo Dg,lo D:z,m Dn,lz D14,1z D13'|4
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WO 2004/008654 PCT/US2003/021714
15

For the purpose of motion vector estimation, the accuracy requirements for D;; may
vary from picture to picture. For example, if there is only a single B-frame picture

' ) 1 .
B; halfway between two P-frame pictures P5 and P, then it suffices to send only:

D7,5 = 2 and Dg,'] = -1
Where the D;; display time values are relative time values. If, instead, video picture
B, is only one quarter the distance between video picture Ps and video picture P;

then the appropriate Dy, display time values to send would be:

Ds,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 P; is being used as the display time
“unit” and the display time difference between video picture P§ and picture video

picture Py 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 2 power of two as graphically
illustrated in Fiéure 4, Alternatively, the estimation procedure could be de;ﬂned 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 ot: 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 graphicallly 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 picture
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video picture P; is transmitted as 1 (since 2' =2) and the D, 3 display time value of
4 between video picture P; and picture video picture P3 can be transmitted as 2

(since 2% = 4).,

In some cases, motion vector interpolation may not be used.
However, it is still necessary to transmit the display order of the video picturgs 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 e?cample, a sign bit followed by a
variable length co.ded magnit;xde is relatively easy to implement and provides

coding efficiency.
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One such variable length coding system that may be used is known
as UVLC (Universal Variable Length Code). The UVLC variable length coding

system is giveri by the code words:

1= 1
2.= 010
3 = 011’
4 = 00100
5 = 00101
6 = 00110
7 = 00111

Another method of encoding the inter-picture times may be to use
aritbmetic coding. Typically, arithmétic-coding utilizes conditional probabilities to
effect a very high compression of the data bits.

Thus, the present invention introduces a simple but powerfill method
of encoding and transmitting inter-picture display times. The encoding of inter-
picture display times can be 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 & 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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( )skll in the art, to Q mafe arragl ements of elements of the present

invention without departing from the scope of the invention.
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We Claim:

1. A method of specifying digital video information, said method
comprising:
defermining a first display time difference between a wust video picture and 2
nearby video picture; and
encoding said first video picture and said first display time difference into a firs

digital video picture.

2, The method of specifying digital video information as claimed in
claim 1, said method further comprising:

transmitting said first video picture and said first display time difference.

3. The method of specifying digital video information as claimed in
claim 1 wherein said nearby video picture comprises a most recently transmitted stored

picture.

4, The method of specifying digital video information as claimed in

claim 1' wherein said first display time differénce is encoded into a slice header.
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5. The method of specifying digital video information as claimed in
claim 1 wherein said first display time difference is encoded more than once in said first

digital video picture.

6. The method of specifying digital video information as claimed in

claim 1 wherein said first display time difference comprises a relative time value,

7. The method of specifying digital video information as claimed in

claim 1 wherein said first display time difference is encoded as a power of two.

8. The method of specifying digital video information as claimed in
claim 1 wherein said first display time difference is encoded with a ;lariable length

coding.

9. The method of specifying digital video information as claimed in

claim 1 wherein said first display time difference is encoded with arithmetic coding.

10.  The method of specifying digital video information as cl"'ximed in

claim 1 wherein ‘said first display time difference comprises a signed integer.
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11.  Anencoding system for encoding digital video information, said
encoding system comprising:
a first digital video picture containing an encoding of a first video picture; and
a first display time difference, said first display 'tim'e' difference specifying a
difference between a display time of said first video picture and a display time

of a nearby video picture.

12.  The encoding system for encoding digital video information as
claimed in claim 11 wherein said first display time difference is encoded within said first

digital video picture.

13.  The encoding system for encodiﬁg digital video information as
claimed in claim 11 wherein said nearby video picture comprises a most recently

transmitted stored picture.

14.  The encoding system for encoding digital video information as
claimed in claim 11 wherein said first display time difference is encoded into a slice

header of said first digital video picture.
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15.  The encoding system for encoding digital video information as
claimed in claim 11 wherein said first display time difference is encoded more than once

in said first digital video picture.

16.  The encoding system for encoding digital video information as
claimed in claim 11 wherein said first display time difference comprises a relative time

value.

17.  The encoding system for encoding digital video information as
claimed in claim 11 wherein said first display time difference is encoded as a power of

two.

18.  The encoding system for encoding digital video information as
claimed in claim 11 wl;erein said first display time difference. is encoded with a variable

length coding.

19.  The encoding system for encoding digital video 'information as
claimed in claim 11 wherein said first display time difference is encoded with arithmetic

coding.
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20.  The encoding system for encoding digital video information as

claimed in claim 1 wherein said first display time difference comprises a signed integer.
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