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This patent application claims the benefit of an earlier filing date under
title 35, United States Code, Section 120 to the United States Patent Application having
serial number 10/313,773 filed on December 6, 2002. N
10
FIELD OF THE INVENTION

The present invention relates to the field of multimedia compression
systems. In particular the present invention discloses methods and systems for specifying
15  variable accuracy inter-picture timing with reduced requirements for processor intensive

division operation.

BACKGROUND OF THE INVENTION

20 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

25  format of compact discs.
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digital transm ssion formats than audi o nedia. The reason for this slower
digital adoption has been largely due to the nassive anpunts of digital

i nformatign ruf{ﬁm red to 5 accurately represent acceptable /%ual i té video in
digital foY?MMA543[E fast processing capabilities neededPESUSAW3GE>3

conpressed video. The massive amounts of digital information needed to
accurately represent video require very high-capacity digital storage
systens and hi gh-bandwi dth transm ssion systens. 10 However, video is now
rapidly nmoving to digital storage and transmi ssion formats. Faster
conput er processors, high-density storage systens, and new efficient
conpression and encoding algorithnms have finally nade digital video
transm ssion and storage practical at consumer price points. The DVD

(Digital Versatile BheGleo felihTbrhits havé BRA shord: €8o® 58N sioRge &ld t he

fastest selling consuner electronic products in years. 15 DVDs have been

rapi dly sgppherinsngsich deendtamariidio Mediar Whe feafoviGBsihigsowdiigiap- 1 ecor ded
vi deo pl ayback system of choice due to their high video quality, very high

audi o quadoantipn haobeer hirgely dpe trttie amssie aantsrod digitthisfambtiquagectddnal og NTSC
(National Television Standards Conmittee) video transm ssion systemis
cur r en®| y a¢ayratelis represeiqsceptablygiatity vidasl in digdtalform and hedhspragPssiESC ( Advanced

Tel evi sion St andar d mrmttee) video. 20 _transm SSion syst.e Conput er
systens h&3@ ﬁi@sﬁnw@fxf% <P5P eoﬁ?)gnpaf#ﬁ?de‘flm ﬁaemalwe Frous 3@1@% ngnPor mat s
for a number of. vears, . Specifi.call ter syste ha oyed
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vi deo, respecti eo od, in hardware or software
i npl ementation, is commonly referred to as a " CODEC".

10 However, video is now rapidly moving to digital storage and transmission
formats. Faster computer processors, high-density storage systems, and new efficient
compression and encoding algorithms have finally made digital video transmission and
storage practical at consumer price points. The DVD (Digital Versatile Disc), a digital
video system, has been one of the fastest selling consumer electronic products in years.

15  DVDs have been rapidly supplanting Video-Cassette Recorders (VCRs) as the pre-
recorded video playback system of choice due to their high video quality, very high audio
quality, convenience, and extra features. The antiquated analog NTSC (National
Television Standards Committee) video transmission system is currently in the process of
being replaced with the digital ATSC (Advanced Television Standards Committee) video

20  transmission system.
Computer systems have been using various different digital video

encoding formats for a number of years. Specifically, computer systems have employed

different video coder/decoder methods for compressing and encoding or decompressing
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Anmong the best digital video conpression and encodi ng systens used by 5
conput er systens have been the digital video systens backed by the Motion
Pictures _Expert Group commonly known by the acronym MPEG_ The t hree nost
vel | knoW%ﬁ‘&?“/"Fﬁzamy used digital video formats from MYEHEUS2MIRIMST
simply as MPEG 1, MPEG 2, and MPEG 4. VideoCDs (VCDs) and early
consuner-grade digital video editing systens use the early MPEG 1 digital
vi deo encoding format. Digital Versatile Discs (DVDs) and 10 the D sh

Net wor k brand Direct Broadcast Satellite (DBS) tel evision broadcast system
use the higher quality MPEG 2 digital video conpression and encodi ng
system Th E codi ng system i,s .k api dl y, bein dapt ed t he | at est
conput er %lgds eeao‘(gi?%#]tgg[? Y %)egesp %’?}X%&'e’rgswg‘?? °§%‘ch?8? 8’38’8391103‘37&3 %o

pl ayers. JgwbiSi d: NP phees a series of video
frames or Vi gilcr)lll\ﬁige% s@hﬁ%’%&éﬂncgeglgaltiﬂisag‘onprggs'ed frames or fields
into a digital bitstream Wen encoding a video frane or field with the
MPEG 2 and MPEG 4 systens, the video frame or field is divided into a
rectangul ar grid of Ambugthelbestidtgitabeidéo @ingebdsionakid eficodingdgsens et vy
conpressed and encoded. 20 Wen conpressing a video frame or field, the
MPEG 4 st eomaptes spsigms baieheersthe digital videresysterms batked bptle MogomPicturesee t ypes of

conpressed franes or fields: Intra- frames (l-franes), Unidirectional
Predi ct edExpetfatoup pompmgplydyiows by the qorenye MBEGH Theithses mostavell lmews and

(B-franmes)...lntra-frames conpletely independent]y enco i.ndependent
video fra hl\)ﬁ“f‘?fq'}glﬁgf%f’ g?fg‘]'?tst OIBW%% VRS as M% %pgﬂéég%@f%’ ne a
--4- WO 2 Y 0 i f Wth ref.erence to a
4 0 BRAIBROR BETLRAPCOLIATSR SR TRl 1A SRS RREn

use the early MPEG-1 digital video encoding format. Digital Versatile Discs (DVDs) and

10  the Dish Network brand Direct Broadcast Satellite (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.

15 The MPEG-2 and MPEG-4 standards compress a series of video frames or
video fields and then encode the compressed frames or fields into a digital bitstream.
When encoding a video frame or field with the MPEG-2 and MPEG-4 systems, the video
frame or field is divided into a rectangular grid of pixelblocks. Each pixelblock is
independently compressed and encoded.

20

When compressing a video frame or field, the MPEG-4 standard 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

25  independent video frame with no reference to other video frames. P-frames define a
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a video frame with reference to both a video frane displayed before the
current frane and a video frane to be displayed after the current frane.
Due to their efficient usage of redundant video information, P-frames and
B-franes JENE040P425Dr ovi de the best 5 conpression. -5- WSDESH0HEA7

PCT/ US2003/ 024953 SUMYARY OF THE | NVENTI ON A net hod and apparatus for
performng notion estimation in a video codec is disclosed. Specifically,
the present invention discloses a systemthat quickly 5 calculates
estimated notion vectors in a very efficient manner w thout requiring an
excessi ve nunber of division operations.. In one enbodinent, a first

[tipli d | d i db i pl.vi ] fi i | i i ff
bet veen S50 BRS VHLBIBPEEPS sthale oxishiamntids Sﬁa%%e%%§%ra%edf%h%o%?”ﬁf
two scal e wal ue,  Thif re;f%rggcests%L&s%‘;ym%ff&ﬁ%&%ﬁgtme e {ga&ére frablg%ha the

system deat‘{al mnes a scC ratio scal ed nunerator by a

second fi ' td; ' Peine 16k o ubh pi cture and
athird val[vgg%dj%&iﬁ% %roee.dlépﬁﬁ eggg%rgg@flgﬁno %ﬁgel?%ezﬁ t§?1igggﬁt o] béetedgsed | at er

for cal cue@indag viddol iRforeedn) P-fasics Bhd Boftsnes ByndgdlBrpro@idé the besical ed rati o,
all the estimated notion vectors can be cal cul ated quickly with good 15
preci $ orcosipnsssiob.he scal ed rati o saves significant bits and reducing the
scale is performed by sinple shifts thus elimnating the need for tine
consum ng division operations. Qher objects, features, and advant ages of
present invention will be apparent fromthe conpany draw ngs and fromthe
follow ng detailed description. --6- WO 2004/054257 PCT/11S2003/ 024953
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BRI EF DESCRI PTI ON OF THE DRAW NGS The objects, features, and advantages of
the present invention will be apparent to one skilled in the art, in view
of the followi ng detailed description in which: 5 Figure 1 illustrates a
hi gh- 1 evel“"bF@é’Ss"a?'égr am of one possible digital video BREHIRIOGHem
Figure 2 illustrates a series of video pictures in the order that the

pi ctures 10 should be displayed wherein the arrows connecting different
pictures indicate inter- picture dependency created using notion
conpensation. Figure 3 illustrates the video pictures fromFigure 2 listed
in a preferred transm ssion order of pictures wherein the arrows

connectin i . indicate 15 inter-picture dependency created
usi ng not m%%ﬁégﬁw 4 graphically illustrates a series of
vi deo pictures wherein the distances between video pictures that reference

each other are chosen to be powers of two. --7- WO 2004/ 054257

PCT/ US2003/ 024953 DR JaBRd REseRh b} pVhirk R RRERERRED: EMRGROVENT A
met hod and system for specifying Variable Accuracy Inter-Picture Timng in
a nul ti nmeghdac BaigpIossd i SyecEldlly nieostedeat inysitiemdisclobesragstemdhatgaisklyenent s f or
5 division operations is disclosed. In the follow ng description, for

pur poses cilcudatesl eatimbied motmpaectbisdn awery wficignt manhe vathouf wayiting an pr ovi de a

t horough understandi ng of the present invention. However, it wll be

appar ent exsessive nyiiber eflivisiopieperationst hat t hese specific details are not
required in order to practice the present invention. For exanple, the

In one embodiment, a first multiplicand is determined by multiplying a
first display time difference between a first video picture and a second video picture by a
10  power of two scale value. This step scales up a numerator for a ratio. Next, the system
determines a scaled ratio by dividing that scaled numerator by a second first display time
difference between said second video picture and a third video picture. The scaled ratio
is then stored to be used later for calculating motion vector estimations. By storing the
scaled ratio, all the estimated motion vectors can be calculated quickly with good
15 precision since the scaled ratio saves significant bits and reducing the scale is performed

by simple shifts thus eliminating the need for time consuming division operations.

Other objects, features, and advantages of present invention will be

apparent from the company drawings and from the following detailed description.
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present invention has been described with reference to the MPEG nul ti nedi a
10 conpression and encodi ng system However, the sane techni ques can easily
be applied to other types of conpression and encodi ng systens. Miltinedia
Conpr essi OY0 aWd/0#28Bdi ng Overview 15 Figure 1 illustrat eBCHURTOY034835

bl ock di agram of atypical digital video encoder 100 as is well known in
the art. The digital video encoder 100 receives an incomng video stream
of video franes 105 at the left of the block diagram The digital video
encoder 100 partitions each video frame into a grid of pixelblocks. The

pi xel bl ocks are individually conpressed. Various different sizes of

pi xel bl oc he used b 0 .-'t;';l vi deo encodi ng systens. For
exanpl e, &M SR RIFIION OF IHE RRAWINGSS: include 8x8, 8x4, 16x8, 4x4,
etc. Furthernore, pixelblocks are occasionally referred to as

“macrobl ocks.' This docunment will use the term pixelblock to refer to any

bl ock of pixels OfT}?er%'é:its%?eahﬂé(%' d%%ﬁée%%éﬂ%}r@%iﬁ@%@ Ph293 A

Di screte Cosine Transfofnmafion DaCnT unit ocesses each pil xel block in
the vi deoagpamitio otRekilled WEthEBH, iR &idW SRS S winRpaRd adchiptidiin whidH: - frame)
or with reference to information fromother franes received fromthe notion
conperndsation unit (an inter-frame). Next, a Quantizer (Q wunit 120
guantizes the 5 information fromthe Discrete Cosine Transformation unit
110. Finally, the oFignré kdlistraipscheuigli-feveleblock dibgmamef onsieassibletdigitsh ent r opy
encoder (H), unit 180 to produce an encoded bitstream The entropy encoder
(H) unit ¥der sRePAerS¥stglyari abl e | ength coding (VLC) system 10 Since an
inter-frane encoded video frane is defined with reference to

Figure 2 illustrates a series of video pictures in the order that the pictures
10  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

15 inter-picture dependency created using motion compensation.
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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ot her nearby video franes, the digital video encoder 100 needs to create a
copy of how each decoded frane will appear within a digital video decoder
such that inter-franes nay be encoded. Thus, the lower portion of the
digital v der 100 is actually a digital video dQEB/&Té%""%’;‘)%“P%%
Specifically, an inverse quantizer (Q') unit 130 reverses the 15

quanti zation of the video frane information and an i nverse Di screte Cosine
Transformation (DCT 1) unit 140 reverses the Discrete Cosine Transformation
of the video frame information. After all the DCT coefficients are
reconstructed frominverse Discrete Cosine Transformation (DCT-) unit 140,
t he noti on_conpensatj on uni A s at informtion, along with the
noti on vedEspdLbl D gRs, BEEESEEREMBODIMENT - 50 The
reconstructed video frane is then used as the reference frame for the
notion estimation of the |ater franes. The decoded video franme may then be

used 1o encode | Nt X n{diiiRd cittond R TBiS gy AR bublPin @il | ned

relative to information i n the deco rane. pecitically, a
not i on Coniaﬁi%ﬁimmtﬁﬁ@adéﬂi esdioR aAd ehdd difg sh@én 5thiredicb PR qbMRlenidol --9- WO
2004/ 054257 / US2003/ 024953 160 are used to determ ne notion vectors and
gener & e divisfoaropeiatiahs i¥ distlesedu I chetfoll @ming descriptibre forfpugyoess of A r at e

controller 190 receives information frommny different 5 conponents in a
di gi tal véxplemation; spesifici@ineanldtunsie sett fogh itoprovide titlmrough vallérstending af et

budget for each video frane. The rate controller 190 should allocate the
bit budgelresent Bventionn dfovenes ityill be gepnsem teonerkilled dmthe artdhat thesg speciict al

i deo bitst. hat . || i th f f i ctions.
Speci 11 cofg1s TR R e ED ar s PR oo GoR ETANROUAE i ghost
qual ity couph eRSEdiof HlE Bech de SR Pel it WeHer BYSH hONPRE: Mt RER:

10  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

15 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. The digital
video encoder 100 partitions each video frame into a grid of pixelblocks. The pixelblocks
are individually compressed. Various different sizes of pixelblocks may be used by

20 different video encoding systems. For example, different pixelblock resolutions include
8x8, 8x4, 16x8, 4x4, etc. Furthermore, pixelblocks are occasionally referred to as
‘macroblocks.’ This document will use the term pixelblock to refer to any block of pixels

of any size.
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10 (exceeding the amount of available nmenory in a video decoder by sending
nore information than can be stored) or underflow ng buffers (not sending
video frames fast enough such that a video decoder runs out of vid

franes t oW 284834257 Digital Vi deo Encoding Wth Pixel bl o%‘R%’Uszi’B3/?2|‘195§‘orre
video signals the tinme between successive video pictures (franes or
fields) nmay not be constant. (Note: This docunent will use the termvideo
pictures to generically refer to video frames or video fields.) For
exanpl e, sonme video pictures may be dropped because of transm ssion

bandw dth constraints. Furthernore, the video 20 tining may al so vary due

t i | ff t f ast
ot o i some.vi debtoerie S Trmsturpgrn @ ulo DatreE s | mpl y have

- f t t d d
Coch ae coRtIpE B PYE hnb, i frible 57 bOProobRle S8AMRAGay RThfES] 257 11 1o
ar bi trar e\l §6Pwith RBlnéeto 1ﬁfaﬁﬂa°tﬁ>ﬁfmfn @th%ﬁrﬁés%éeﬁ%ﬂ%nﬁh@%ﬁ@ﬁpt ure system

such as a V|egeo camera system A --10- WO 2004/ 054257 PCT/ US2003/ 024953’

flexi bl e @hipbdsation inde@nemenHhng. Next, A BABLrdQPenietltaypaptistaad € non-uniform
video picture timng. As preV|oust set forth, nost digital video encoding

systegs [afothiticanfrorh the Diserefei @isine dsarisfurmatiorn et Mg Fireily ghe quantizgi xel bl ocks.
Each individual pixelblock in a video picture is independently conpressed
and encodadto fwmeis icdeocedsdiwith anteatioly ensoder {Hpunit 1880 priecoin gupedad 264, use
dlfferent types of predicted pixelblocks to encode V|de In one
scenari o, g elhs GEIRPHEYCoREr %ﬂé‘m&ag? WieB usq 4 yreiable{ength dﬁ%@&t%k - An

Intra (1) EI xel bl ock uses no information from any other video
system.

10 Since an inter-frame encoded video frame is defined with reference to
other nearby video frames, the digital video encoder 100 needs to create a copy of how
each decoded frame will appear within a digital video decoder such that inter-frames may
be encoded. Thus, the lower portion of the digital video encoder 100 is actually a digital
video decoder system. Specifically, an inverse quantizer (Q") unit 130 reverses the

15  quantization of the video frame information and an inverse Discrete Cosine
Transformation (DCT'I) unit 140 reverses the Discrete Cosine Transformation of the
video frame information. After all the DCT coefficients are reconstructed from inverse
Discrete Cosine Transformation (DCT'I) unit 140, the motion compensation unit will use
that information, along with the motion vectors, to reconstruct the encoded video frame.

20 The reconstructed video frame is then used as the reference frame for the motion

estimation of the later frames.
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.

25  Specifically, a motion compensation (MC) unit 150 and a motion estimation (ME) unit

wQem



10 pictures inits coding (it is conpletely self defined); 2. P-pixelblock
- Aunidirectionally predicted (P) pixelblock refers to picture

information fromone precedi ng video picture; or 3. B-pixelblock - A
bi - di r ect MYNA04B4R&T ct ed (B) pi xel bl ock uses i nf or mat i onPEFYRF0YARSS3

precedi ng picture and one future video picture. 15 If all the pixel bl ocks
in a video picture are Intra-pixel blocks, then the video picture is an
Intra-frame. If a video picture only includes unidirectional predicted
macro bl ocks or intra-pixel bl ocks, then the video picture ii's known as a
P-frame. If the video picture contains any bi-directional predicted

pi xel bl ocg then the video picture is.20 kno as_.a B-frane. For .the
Bl 1 61 ¢ 60 BhPERp RS Rt (s B¢ Semie Sle i aTug oot iy GBPRS ocks
within a gﬁ&sﬂm%%cture are of the sane type. An exanpl e sequence of video
pi ctures 10 be ehcoded m ght be represented as: 25 || B2B3B4P5B6B7Bs

BOP10B11P12B13114 --11- WD 2004/ 054257 PCT/ US2003/ 024953 where the letter
(I, P, or B) represents if the video picture is an I-frane, P-frane, or B-

frame and the numbea riteRbREMRE B0 et R AolEFon® mahp @iffétele0 picture in
t he sequence of video pictures. The canera order is the order in which a

caner a5 r ecanphednts irea digitelovidqp antodor $0Gad] tshathe iifoahaipnthdlwa@arbii N whi ch t he
vi deo pictures should be displayed (the 5 display order). The previous

. y : [ €\

exanpl e sbedgstioppachivides fanes. Uhegate sonjralish] Hbshoyldiallpeate thabédudget i gure 2.
Referring to Figure 2, the arrows indicate Lhat,PierbIocks froma stored

manner that 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

10  (exceeding the amount of available memory in a video decoder by sending more
information than can be stored) or underflowing buffers (not sending video frames fast

enough such that a video decoder runs out of video frames to display).

Digital Video Encoding With Pixelblocks
15
In some video signals the time between successive video pictures (frames

or fields) may not be constant. (Note: This document will use the term video pictures to
generically refer to video frames or video fields.) For example, some video pictures may
be dropped because of transmission bandwidth constraints. Furthermore, the video

20 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 computer
graphic animations may have non-uniform timing since no arbitrary video timing is

imposed by a uniform timing video capture system such as a video camera system. A

--10--



picture (I-frame or P-frane in this case) are used in the notion
conpensated prediction of 10 other pictures. In the scenario of Figure 2,
no information fromother pictures is used in the encodin9 of the

i ntra-fraMo N0H8H2BT cture |. Video picture P5 is a P-frahel/UR03PRY v deo
information fromprevious video picture I1 in its coding such that an arrow
is drawn 15 fromvideo picture 11 to video picture P5. Video picture B2,
video picture B3, video picture B4 all use information from both video
picture 11 and video picture P5 in their coding such that arrows are drawn
fromvideo picture 11 and video picture P5 to video picture B2, video
picture B3, and videq picture B4. As stated above the inter-picture tines
are, in gaedblgdigitabyideencedingsystem shoyldbernblys tohandle nopswnifarr e RIGHHTE! r om
future pigctures (pictures that will be displayed later), the transm ssion
order is 81y different than the display order. Specifically, video

pi ctures that are needed to construct other video pictures should be
transmtted first. For the above sequence, the transm ssion order m ght be:

25 11 P B2 B3 B4 PlOnBRoRTy B g, Fbd ikl vidbo Blchding systerhpi@igp04/ 054257
PCT/ 1JS2003/ 024953 1 gure % graphically illustrates the preceding

transrg ssyiaéo picleds ifth atrbRangubie gri@ bepinelbcky, AMackinglividual pixlpddck.in hhe arrows
in the figure indicate that pixelblocks froma stored video picture (I or
P i n thi svidesgiytuar is indepehdient]yt dvanpressedandcnopdeds Svwd vilepceding stadardsf ot her

vi deo pictures. Referriggﬂto Figure 3, the systemfirst transmts 1-frane

Il whi ch @9eEBOMPEGedbd3a4.ang disfermsi tybesefprediptad pixelplocksioteapeder ansmi t s

P-frame video picture P5 that
video pigtures. rIn one scena%o, a pixelblock may be one of three types:

1. I-pixelblock — An Intra (I) pixelblock uses no information from any other video
10 pictures in its coding (it is completely self-defined);
2. P-pixelblock — A unidirectionally predicted (P) pixelblock refers to picture
information from one preceding video picture; or
3. B-pixelblock — A bi-directional predicted (B) pixelblock uses information from
one preceding picture and one future video picture.
15
If all the pixelblocks in a video picture are Intra-pixelblocks, then the
video picture is an Intra-frame. If a video picture only includes unidirectional predicted
macro blocks or intra-pixelblocks, then the video picture is known as a P-frame. If the
video picture contains any bi-directional predicted pixelblocks, then the video picture is
20  known as a B-frame. For the simplicity, this document will consider the case where all

pixelblocks within a given picture are of the same type.
An example sequence of video pictures to be encoded might be

represented as:

25 I; B2 B3 B4 P5s Bs By Bg Bo P19 Bi11 P12 Bis 1is...

a11--



depends upon video picture I,. Next, the systemtransmts B-franme video
picture B2 after 10 video picture P5 even though video picture B2 wll be
di spl ayed before video picture P5. The reason for this is that when it
comes ti nWQWoHeH3He video picture B2, the decoder will| PHEYE208392433y
received and stored the information in video pictures Il and P5 necessary
to decode video picture B2. Simlarly, video pictures It and P5 are ready
to be used to decode subsequent video picture B3 and video picture B4. The
recei ver/ decoder reorders 15 the video picture sequence for proper display.
In this operation | and P pictures are often referred to as stored

E’:Lﬁ%gﬁiit.li ¢ iRt PaonB el SR O At e e SR BD ock

h | bl ock
(P o el b a2ep e HTpR 8o O GATNG EindlR bIREMEE Vb pPall BUEHBELEC ) O
previ ous pide& chﬁuesTh%e dih&aLRIE B tE@Bi@%Pﬁ‘L Wﬂl&ﬁa @d;ﬁé:@%ecﬁldé&h}s x@c%%gr in the

P-frame picture and the prediction pixelblock is then code

t ransni sspiotures-and JhusWAZDB4 bffed BEWhiPETHWEER G R4 Hod1d B dRéthyed ¢he The codi ng
of P-Pictures typically utilize Mtion Conpensation (M), wherein a Mtion
Vect ord ( Midsplppprdei)ng to a | ocation in a previous picture is conputed for
each pixel block in the current picture. Using the notion vector, a
prediction 5 pixelblock can be formed by translation of pixels in the

af orenenti oned pre icture.. The rence bet en the act ual

Vi.ous e
pi xel bl ock in the Ijl?siﬂf? QU eéwapkﬁsnﬁ%a’ﬂf{?mfﬁmwm 106](1)21 jugtrateeid coded
for tr anlszg]rg?lf‘é Q.nReEﬁ‘?n% tgﬁ u(I)'Q 2, t?lgtal(.')l’{)ws n?élcaltestﬁat plxe}brlc?crllcg 11-'1;[3? 8 orelda predictive

codi ng.

picture (I-frame or P-frame in this case) are used in the motion compensated prediction of

10  other pictures.

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

15  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 By. As stated above the inter-picture times

are, in general, not the same.

20
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:
25 I; Ps B2 B3 B4 P1o B¢ By Bg Bg P12 By I14 Bys ...
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10 exanple, a notion vector prediction may be fornmed using nearby notion
vectors. In such a case, then the difference between the actual notion
vector and the notion vector prediction is coded for transm ssion.

B- Pi ct ur eWO 2084/054#2%7 B- pi xel bl ock uses two notion vect or SPCHUPI0PX24955¢ i on
vector referencing the aforenentioned previous video picture and a second
notion vector referencing the future video picture. Fromthese two notion
vectors, two prediction pixelblocks are conputed. The two predicted

pi xel bl ocks are then conbi ned together, using sone function, to forma
final predicted pixel block. As above, the difference 20 between the actual
pi xel bl ock in the B-frame picture and the final predicted pixelblock is

t hen encoded for transm ssion. As with P-pixel bl ocks, each notion vector

f a B-pixel bl.ack .ansmi t ted vi di ct |, di.ng.
Speti 1 cal Ly, pr deeEmetray Al iRl ot o

2004/ 054 ; 3 1 T E‘H"“ i fference
bet ween 'tzﬁéeg@g%%§%%ﬁf}€§c g%iﬁgﬁﬁgx¥§l§gg inE))dr:llge c% g{gﬁia%e t?:o edﬁbtl l§l§cr1§

transm ssef a skRMEYBE0 pi¥lutd I Br Pl &lid¥a98)kse 4408 1r0BP BIokibR boMp&shied s f or
interpolating 5 notion vectors from notion vectors in the nearest stored
pi cturse ppredictidroefkothebiiieo pirtiresy vector interpolation is carried out both
in the digital video encoder and the digital video decoder. This notion
vector interpolation works particularly well on video pictures 10 froma
vi deo sequence where a canera is_slowy panning across a sLationary
background. I n fadtefersngtp Hgureoh thewssm finst eanssite-frame feyhisk degsdat enough

to be used al pne. . . .
epenci) on any other frame. Next, the system transmits P-frame video picture Ps that

depends upon video picture I;. Next, the system transmits B-frame video picture B, after
10  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 video picture 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 picture B3 and video picture B4. The receiver/decoder reorders
15  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 pixelblock in the picture.
20  Using the computed motion vector, a prediction pixelblock (P-pixelblock) can be formed \
by translation of pixels in the aforementioned previous picture. The difference between
the actual pixelblock in the P-frame picture and the prediction pixelblock is then coded

for transmission.

.



Specifically, this nmeans that no differential information needs be
calculated or transmtted for these B-pixel block notion vectors encoded
using interpolation. 15 To illustrate further, in the above scenario |let us
r epr esent WOREM/ARY"- pi cture display tine between pict urRsI/PSARORSEs D |,
l.e., if the di splay tinmes of the pictures are Ti and Tj, respectively,
then Di, j =Ti - T) fromwhich it follows that D,k =D,] + D,k 20 D,k
= -Dk, i Note that DO | nay be negative in some cases. --15- WD 2004/ 054257
PCT/ US2003/ 024953 Thus, if MV5,1 is a notion vector for a P5 pixel block as
referenced to I,, then for the correspondi ng pi xel bl ocks in B2, B3 and B4
the notion _vectors as referenced to |Ii and P5, respectively would be

i nt er pol aB-BiEtEes M2, 1 = M5, 1*D2, 1/ D5 1 5 WH5,2 = W5, 1*D5,2/D5,1 W3, 1

= ) * ) / = / )
i 8 LEE L S S R R e i B L%
f d. Th

O T LB Qi EOLAE O RTRR 1ok P RS 5 EPimgaEe, T

rel ative
val ues. 1fr each pixelblock in the current picture, Using the motion vector, a prediction

5 pixelblock can be formed by translation of pixels in the aforementioned previous picture.
The difference between the actual pixelblock in the P-Picture and the prediction

pixelblock is then coded for transmission.

Each motion vector may also be transmitted via predictive coding. For
10  example, a motion vector prediction may be formed using nearby motion vectors. In such
a case, then the difference between the actual motion vector and the motion vector

prediction is coded for transmission.

B-Pictures

15 Each B-pixelblock uses two motion vectors: a first motion vector
referencing the aforementioned previous video picture and a second motion vector
referencing the future video picture. From these two motion vectors, two prediction
pixelblocks are computed. The two predicted pixelblocks are then combined together,
using some function, to form a final predicted pixelblock. As above, the difference

20  between the actual pixelblock in the B-frame picture and the final predicted pixelblock is

then encoded for transmission.

As with P-pixelblocks, each motion vector (MV) of a B-pixelblock may be

transmitted via predictive coding. Specifically, a predicted motion vector is formed using

w14



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 may usWOh30e4/084857 | and picture B2 in its prediction PAEPEI249%0t i on
vectors maybe extrapol ated, not just 20 interpolated. Thus, in this case we
woul d have: W3,1 = W2,1*D3,1/D2,1 Such notion vector extrapol ation (or
interpolation) may al so be used in the prediction 25 process for
predictive coding of notion vectors. --16- WO 2004/ 054257 PCT/ US2003/ 024953
Encoding Inter-Picture Display Tines The variable inter-picture display

times of video sequences shoul d encqded and transmtted i manner
that rend¥POYTROYPHISFIIS: ﬁ@nx}h? gﬁgﬁre&c%ﬁ%}mm f ARl nRyiongeeipy 4 it@?my and has

sel ect abl e 1 h that ..t nmeets the requirenents of a video decoder.
| deal |y, ?rﬁ(zig{eéﬁéso&?ﬁ%%%g?@%‘sen?lnts% 1%ul d sinplify the tasks for the decoder such

that relatively sinple conputer systens can decode the digital video. The
variable inter-picture display tinmes are potentially needed in a nunber 10

of different video ISl REthB-pixeIBodks tHelopportimty GRI¥RUbLintidlgingnt i al noti on
vectors, Direct Mdde notion vectors, and/or Inplicit B Prediction Bl ock

Wi ght5 ngmofidreveptonbfremmnmodtionaneciatsl ie thenteerestptaredipietude sigelalock.i Bk mationi deo
sequences is intertwined with the use of tenporal references. Ideally, the
deri vat i orectsr inderpeletien isicraled outbagh injhs digitak videorsmepder apd thedigitel videan vi deo
CODEC shoul d_be i ndependent of the time at which that picture is decoded or
di spl ayedéjecP@‘ﬁce, timng issues and tine references should be resolved
out si de the CODEC | ayer.

This motion vector interpolation works particularly well on video pictures
10  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 needs be calculated or transmitted

for these B-pixelblock motion vectors encoded using interpolation.

15 To illustrate further, in the above scenario let us represent the inter-picture
display time between pictutes i and j as Dy, i.e., if the display times of the pictures are T;
and Tj, respectively, then

Di,j = Ty — Ty from which it follows that
Di,x = Di,g + Dy
20 Di,x = -Dx,z

Note that D;; may be negative in some cases.
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There are both coding-rel ated and systens-rel ated reasons underlying the
20 desired tine independence. In a video CODEC, tine references are used
for two urposes: (1) To establish an ordering for reference picture

sel ecti onWOHE4034237 To interpol ate notion vectors bet weefCHPRANREIS3To
establish an ordering for reference picture selection, one may sinply send
a relative 25 position value. For exanple, the difference between the frane
position N in decode order --17- WD 2004/054257 PCT/ US2003/ 024953 " and the
frame position Min the display order, i.e., NNM In such an enbodi nent,
time- stanps or other tinme references would not be required. To interpolate

rrpti on vectors, te@%r&i\ﬁ{ji sganco% mcglrdf be us.eflm jlgf tge te al .
di stances coul d be at e’ to® f e Pﬁ’?_?p8f%{)f%1?§° GT ANESTHBNRr, this
may not bgef fihd éontegﬁorﬁﬁ%l 161501§q935,'m%ap4%eTﬁ8ﬁ&I&efc&,r ass%ﬂfeﬂged .
paranmeters other than te ral 1nfornation for notiron vector 1 nterpolation

seens nor § RN PPFdspdctivelyvdull BSinfipoiatsd , one can expect that a typical
vi deo CODEC i s partﬁf)f g | ar ger ?E/%temmre t he vi deo CODEC coexists with

ot her video (and audvg) CODECS:D,, /®s|;n such mul ti- CODEC systens, good
systemd | ayeri ng andidesigrMmvedsl #Psf;hat general functions, which are

| ogi cal | y CODEC-i ndependent such as timng, be handled by the |ayer
outside the CODEC. The nmnagenent of timng by the system and not by each
CODEC i ndependently is critical to_achieving consistent handling of commobn
functions such as eht dR{sze3sor/PsFor i nstance in systens that handl e
more than one stredf=s 5i¥ia t'Mreddslzy, such as a video/ audi o presentati on,
timng adjustnments nay sonetinmes be needed within the streans in order to
keep the different streanms synchronized.

10 MV,4,1 = MVs,1%D4,1/Ds, 1
MVs,s4 = 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 inter-
picture display time values.
15

This scenario may be generalized, as for example in the H.264 standard.
In the generalization, a P or B picture may use any previously transmitted picture for its
motion vector prediction. Thus, in the above case picture B; may use picture I; and
picture B; in its prediction. Moreover, motion vectors may be extrapolated, not just

20  interpolated. Thus, in this case we would have:
MVs,1 = MVz,1*D3,1/Dz,q

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

25  process for predictive coding of motion vectors.
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Simlarly, in a systemthat handles a streamfroma renote systemwth a
different clock timng adjustnents may be needed to keep synchroni zation
with the renpte system Such timng adjustnments may be achi eved using tinme
st anps. F&° H?ﬁgéz time stanps that 20 are |inked by nBGHYSHP3N42qer
Reports" fromthe transmtter and supplied in RTP in the RTP |ayer for
each stream may be used for synchronization. These sender reports may take
the formof: Video RTP TimeStanp X is aligned with reference tinestanp Y
Audi o RTP TinmeStanp Wis aligned with reference tinestanp Z --18- WD

2004/ 054257 PCT/ US2003/ 024953 Wherein the wall-clock rate of the reference

timestanps i s known, allow ng.the twy.  strea 0 be aligned. However,
these tinmestanp references® &r‘?glgntﬁr\g?'rf"br&]ﬁﬂgg% % and separately for the
two streans, and they may cause sonme needed re-alignnent of the two
streans. This is generally achieved by adjusting the video streamto match

the audio or 5 vi cefne&raﬁableﬁﬁatﬁemmiwaiyﬁﬁn&foftvid@ss%@@%sﬁﬁw&@ not affect
erally

the val ues of the pixels being displayéd. More gen , system handl i ng

of t enpor alcodedf and nAnsmited Boatnemiee thapenlies itgdswble & 6iaih A& eGRE GodmeSpeci fi ¢

Exanple 10 As set forth in the previous section, the problemin the case of

non urf f oeffiviencytand hps sdlentabld doverscy such that itawestsi the tekgiréndngy ofpivideor e di spl ay

time values Diil to the digital vi deo receiver in an efficient manner. One
1

met hod of desedsnideplinithgencpdias gysiam shouldsimplify the tasksforthe decodensueh that he

di splay ti i fference hetween the current, picture and the nost recently
tralrcl)sm'ytt'@ggggwwlﬁf)@f‘?}’rtgWﬁ?mé%}fleﬁ?{ettﬁ?é‘g&f‘]t ‘;{Ieot he first picture. For

error 15 resilience, the transm ssion could be repeated several tines
wi thin the picture. For

The variable inter-picture display times are potentially needed in a number
10  of different video encoding systems in order to compute differential motion vectors,

Direct Mode motion vectors, and/or Implicit B Prediction Block Weighting.

The problem of variable inter-picture display times in video sequences is
intertwined with the use of temporal references. Ideally, the derivation of correct pixel
15 values in the output pictures in a video CODEC should be independent of the time at
which that picture is decoded or displayed. Hence, timing issues and time references

should be resolved outside the CODEC layer.

There are both coding-related and systems-related reasons underlying the
20  desired time independence. In a video CODEC, time references are used for two
purposes:
(1) To establish an ordering for reference picture selection; and
(2) To interpolate motion vectors between pictures.
To establish an ordering for reference picture selection, one may simply send a relative

25  position value. For example, the difference between the frame position N in decode order

17



exanple, the display tinme difference may be repeated in the slice headers
of the MPEG or H. 264 standards. If all slice headers are |ost, then
presunmabl y ot he jctures that rely on the lost pictur Wale)
infornali?%?%%ﬁ&ﬁég%e decoded either. 20 Thus, wth reféﬁgﬁg%g&%&gﬁg
exanpl e of the preceding section, a system would transmt the foll ow ng
Inter-picture display tine values: D5,1 D2,5 D3,5 D4,5 D10,5 D6,10 D7, 10
D8, 10 D9, 1o D12,10 D11,12 D14, 12 D13, 14 For the purpose of nobtion vector

estimation, the accuracy requirenents for the inter 25 picture display
times D;j may vary frompicture to picture. For exanple, if there is only a

y _ :
bet ween (8 e pRnédafninirsititafotad: 1 £ N Rk AERRUGRCHRE T Y 5
= 2 and Dgamgs ot o;tﬂer Wt%feﬁﬂ@esqrduw R1e TRuilel! §o ‘ﬂ{tf‘rgl)l%% rhétlR VeabHes are

relative tine val ues. , Instead, video pictu I's only ohe quarter
t he di st a@@polablivseswWdlbDbe Wil ifithe IBmpanlldidaden coild by tgatBT tithen t he
appropriate Dij inter-picture display time values to send would be: D7,5 =
4 and D6, ifiterpoldtioh@istintce. Howkvérnthisondy ot be tree flecmdiiongs axatipéeaes, the di spl ay
time between the video picture B6 and video picture video picture P7

(i nt er® pi Braferegsengdingyparameterpethen thanstemppialinferantion for metiodivegioray time "unit"
value. In the npst recent exanple, the display tinme difference between

vi deo pi CISFROIGHON SREMHMOTS APBIOPFESo picture P7 (inter-picture display tine
D6,7) is four display tinme "units" (4 * D6,7)

In terms of systems, one can expect that a typical video CODEC is part of
a larger system where the video CODEC coexists with other video (and audio) CODECs.
10  In such multi-CODEC systems, good system layering and design requires that general
functions, which are logically CODEC-independent such as timing, be handled by the
layer outside the CODEC. The management of timing by the system and not by each
CODEC independently is critical to achieving consistent handling of common functions
such as synchronization. For instance in systems that handle fnore than one stream
15  simultaneously, such as a video/audio presentation, timing adjustments may sometimes
be needed within the streams in order to keep the different streams synchronized.
Similarly, in a system that handles a stream from a remote system with a different clock
timing adjustments may be needed to keep synchronization with the remote system. Such
timing adjustments may be achieved using time stamps. For example, time stamps that
20  are linked by means of “Sender Reports” from the transmitter and supplied in RTP in the
RTP layer for each stream may be used for synchronization. These sender reports may
take the form of: ‘
Video RTP TimeStamp X is aligned with reference timestamp Y

Audio RTP TimeStamp W is aligned with reference timestamp Z

18-



15 I nproving Decoding Efficiency In general, notion vector estimation
calculations are greatly sinplified if divisors are powers of two. This is
easily achieved in our enbodinment if Dij (the inter- picture tine) between
two stor eWO402Y i s chosen to be a power of two as grEpHPR2PH9H4%T
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 tine is to be a power of two, the nunber of data
bits can be reduced if only the integer power (of twod) is transmtted
instead of the 25 full value of the inter-picture tinme. Figure 4

hi cal el t in:the --20. WO 2004/ 054257
BT Usz00 5565 el A 8 et OB o, SLRHB T8 Op0ver s of
peru ( ween pre . o
L and| i i T an e o e opan S et vy bl BN 8 0 e

D7, 3 di spdeparatelynfor iltwe s@éants, HEL HeLRay tARO sthShdi& re RlicAREhtRF fle vi deo
picture P3 can be transmtted as 2 (since 22 = 4). 5 Alternatively, the

not i on vestteams.i ‘Bhie isgenetally achidved by ndjpstirpt thovidepareain t6 matchahe RRli@pPr oxi mat ed

to an% desired accuracy %sca! ing in such a way that the denom nator is a

power Jof Wigfversaydystem hradng offtimedanps sheulddohafiiichtieorluds of the prxelsny be

performed b i npl ifting.the bits in the value to be divided.) For

exanpl e, W&%Spj%ﬁé E’P‘)—m geneiplly, Sipemdandling of terapqraliinfosmpismeshodd bewo and 75, 4

= P*Ds, 4/ [5a b runcated to the nearest integer. The val ue of
per %%%f%%ﬁ#‘g&? %(%E i

P may be ransnitted or set as a constant for the

A Specific Example

10 As set forth in the previous section, the problem in the case of non uniform
inter-picture times is to transmit the inter-picture display time values D; ; to the digital
video receiver in an efficient manner. One method of accomplishing this goal is to have
the system transmit the display time difference between the current picture and the most
recently transmitted stored picture for each picture after the first picture. For error

15 resilience, the transmission could be repeated several times within the picture. For
example, the display time difference may be repeated in the 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 for decoding information cannot be decoded either.
20 Thus, with reference to the example of the preceding section, a system
would transmit the following inter-picture display time values:

Ds,1 Da,s D5 Das Dio,s D10 D7,10 Dg,10 Do,10 Di2,10 D11,12 D141 D13 14 ..

For the purpose of motion vector estimation, the accuracy requirements for the inter-

25  picture display times D;; may vary from picture to picture. For example, if there is only a
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system In one enbodinent, the value of Pis set as P = 28 = 256. 15 The
advantage of this approach is that the decoder only needs to conpute Z5,4

once per picture or in nmany cases the decoder may pre-co ore the
Z val ue. 8"‘91?034/357‘@%7\/\5 the decoder to avoid having to di \ﬁ%@%“%&f or
every notion vector in the picture such that notion vector interpolation
may be done nuch nore efficiently. For exanple, the normal notion vector
cal cul ati on would be: 20 M5,4 = W5, 1*D5,4/D5,1 But if we cal culate and
store Z5,4 wherein Z5,4 = P*D5,4/D5,1 then MWWH5,4 = W5, 1*Z5, 4/ P But since
the P val ue has been chosen to be a power of two, the division by Pis
nerely a _.si shift o bi.ts. Thus nly.a single tiplication and
a single ?ﬁ%@'ﬁ?‘&ewﬁﬁ? ﬁéﬁﬂ%b{eﬁwgg|t‘ggfﬁw¥m%mﬁ9§@&@; CFEtr subsequent
pi xel bl oc .val ue has been --21- WD 2004/ 054257

PCTI USZOO@E@%%&%& cul ated for the video picture. Furthernore, the
system may keep thepagcuragndirgh, by -iperformng all divisions |ast such
that significant bits are not |ost during the calculation. In this manner,

t he decodherealye Dg irft@rpiviexalidplay tinevasnRraglatinetimohlass. vect or

interpolation as the encoder thus avoiding any m smatch problens that m ght
otheri®se 5 arise. Since division (except for division by powers of two)
is a much nore conputationally intensive task for a digital conputer
system t han additi o iBsteadnyideq PictueBs i5onlv aue quartss theativiancs helyresmvidgo r educe

t he conput.ati ons req(ri red t%érec nstruct, 10 _pjctures that use tion vector

i nt er pol abiFFe byandidegpigeurefa then the apprapriziedds mterpiqiys d%ﬁ@%b’@imq W pol ati on
may not b&) sléﬁc?groulﬁ%\éﬁver’ it

D7,5 = 4 and Dg,7 = -1
10  Note that in both of the preceding examples, the display time between the video picture
Bg and video picture video picture Py (inter-picture display time D7) is being used as the
display time “unit” value . In the most recent example, the display time difference
between video picture Ps and picture video picture P; (inter-picture display time D7) is
four display time “units” (4 * Dg7) . |
15

Improving Decoding Efficiency

In general, motion vector estimation calculations are greatiy simplified if
divisors are powers of two. This is easily achieved in our embodiment if Dy; (the inter-
picture time) between two stored pictures is chosen to be a power of two as graphically

20  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 be reduced if only the integer power (of two) is transmitted instead of the

25  full value of the‘ inter-picture time. Figure 4 graphically illustrates a case wherein the
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is still necessary to transmt the display order of the video pictures to
the receiver/player systemsuch that the receiver/player systemwl|

di splay t ctures in the proper 15 order. In thj
S|gﬁedy|n3@%é¢ﬂ@§98és for Di,i suffice irrespective of théTéﬁﬁﬁgwiwgpsplay
times. In some applications only the sign (positive or negative) may be
needed to reconstruct the picture ordering. The inter-picture tinmes D |
may sinply be transmtted as sinple signed 20 integer values. However,

many nethods may be used for encoding the Di,i values to achieve
addi ti onal conpression. For exanple, a sign bit followed by a variable

ef t1ci ency s Py 5B A bk BBt %%234 5@“ B freli bl o 1 engt
codi ng Syﬁ%\%&jﬁ%vam@)bfb%e%ﬁvidéogmm@ﬁ% o 'P riabl e Length

Code). The C variable I ength coding syste e code words:

1 =1 5 Zmnénilte@as B(sincd21=2) af& ke 19, 510ildY) tn&*va@uél)fh &t\ﬂeen@rdeg pitdrel 0 10
7= 001118000100 0... Another nethod of encoding the

i nt er - pi cti“mmdlolpmwclwplmreth cas be tramsntittededsi X(sinoei2’rg4). Typi cal |y, arithnetic
codlngsutlllzes conditional probabilities to effect

Alternatively, the motion vector interpolation of extrapolation operation
can be approximated to any desired accuracy by scaling in such a way that the
denominator is a power of two. (With a power of two in the denominator division may be
performed by simply shifting the bits in the value to be divided.) For example,

10 'Ds,4/Ds,1 ~ Zs,4/P
Where the value P is a power of two and Zs 4 = P*Ds54/Ds ; is rounded or truncated to the
nearest integer. The value of P may be periodically transmi;:ted or set as a constant for the

system. In one embodiment, the value of P is set as P = 2° = 256,

15 The advantage of this approach is that the decoder only needs to compute
Zs4 once per picture or in many cases the decoder may pre-compute and store the Z value.
This allows the decoder to avoid having to divide by Ds ; for every motion vector in the
picture such that motion vector interpolation may be done much more efficiently. For
example, the normal motion vector calculation would be:

20 MVs,s = MVs,1*Ds,4/Ds,1
But if we calculate and store Zs 4 wherein Zs, = P*Ds4/Ds,; then

MVs, s = MVs,1%Zs5,4/P

But since the P value has been chosen to be a power of two, the division by P is merely a
simple shift of the bits. Thus, only a single multiplication and a single shift are required

25  to calculate motion vectors for sﬁbsequent pixelblocks once the Z value has been
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15 a very high conpression of the data bits. Thus, the present invention

i ntroduces a sinple but powerful method of encoding and transmtting
inter-pic i y tinmes and net hods for decoding tho i - pi.cture
di spl ay t%ﬁ%@m%gggﬁée in nmotion vector estimation. The eﬁ§%8$%%§% E#nter 20
picture display tines can be nade very efficient by using variable |length
coding or arithnmetic coding. Furthernore, a desired accuracy can be chosen
to meet the needs of the video codec, but no nore. The foregoi ng has
described a systemfor specifying variable accuracy 25 inter-picture
timng in a multinedia conpression and encodi ng system It is --23- WO

2004/ 0542 : S i{ications
may be nagglc@% g ﬁggfﬁg%ﬁ%%y SEI eﬁﬁ@%@%ﬁ%sﬁe@%?ﬁg%ﬂg%eacm? (Q;rﬁ}%} tf?; and

ar r angene ptgorefinealedidichs Mst $ueR tht %%ﬂﬂﬁbaﬂt BUSaYenBio¥d dutl ihe ARBRELA.NG from
the scope of the invention. --24- Claim 1. A nethod of performng

not i on esin thit mamer, theadedodyr tradly peifomo exxytly thesarmabdihseidiiod vegonpr i si ng:
determining a first nmultiplicand by nultiplying a first display tine

di f f er encéterpelatipreas the enooder thishyoidmganymeismaidh problosribatmiigitmtEreiser e by a
power of two value; determning a scaled ratio by dividing said

mul ti pPi c8W¥- by a second display time difference between said second video
picture and a third video picture; and storing said scaled ratio for

cal cul ating notion vector estimations. 2. The nethod of perform ng notion

estimation in a digghal diW-sg)%ctefc)éﬁg f%%i@?sio%lb%iipmrs of two) is a much more

computationally intensive task for a digital computer system than addition or

multiplication, this approach can greatly reduce the computations required to reconstruct

10  pictures that use motion vector interpolation or extrapolation.

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

15  order. In this case, simple signed integer values for D;; suffice irrespective of the actual
display times. In some applications only the sign (positive or negative) may be needed to

reconstruct the picture ordering.

The inter-picture times D;; may simply be transmitted as simple signed
20  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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inclaiml, said nmethod further conprising: determ ning a scal ed notion
vector by multiplying said scaled ratio by a notion vector associated with
said firs i icture. 3. The method of perform ng no}j i ion in
a digitalwvygggegggfen1as claimed in claim2, said nethggﬂﬂaﬁﬁﬂgr 3
conprising: dividing said scaled notion vector by said power of two val ue.
4. The nmethod of performng notion estimation in a digital video system as
claimed in claim3, wherein said dividing is performed by shifting bits of
said scaled notion vector. 5. The nmethod of perform ng notion estimation
in adigital video systemas claimed in claiml1, wherein said power of two
val ue i s two-hundre fuafibiMa Rt i fi ] not i on
estimation in a dig??ﬁﬁﬂeﬁﬁégﬂg§?Q£§?§£§gﬁg?§g§Pﬂ?2B%P%@&] mhg?ein sai d
power of UMLC/@ tiversad Vaghble diesith Codé)l ahe UVIIE thr®ledssaiR codt P steinGat | on
channel . 25 7. The nethod of performng notion estimation in"a digital

vi deo sysgiven bpthelcaderwdrdsi n ¢l ai m 1 wherein said deternining said scal ed
ratio by dividing is only performed once per video picture. 8. The nethod
of perforri Aig notioh estimation in a digital video systemas claimed in
clain1§ wherein said scaled ratio is truncated. 9. The nmethod of performng
mot i on° esfi fiation’ih & digital video systemas clainmed in claim1l wherein
sai d scalgdzratiooif {ounded to a nearest integer. 10. The net hod of
perform ng notion estTmation in a digital video systemas clained in claim
1 whereingsaid goyey @fgtwo value conprises a constant. ‘

5 = 6001001
6 = 00110
10 7 = 00111

8=00010 0 0.

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

15 avery high compression of the data bits.

Thus, the present invention introduces a simple but powerful method of
encoding and transmitting inter-picture display times and methods for decoding those
inter-picture display times for use in motion vector estimation. The encoding of inter-

20  picture display times can be made very efficient by using variable length coding or
arithmetic coding. Furthermore, a desired accuracy can be chosen to meet the needs of

the video codec, but no more.

The foregoing has described a system for specifying variable accuracy

25  inter-picture timing in a multimedia compression and encoding system. It is
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11. A conputer readable nediumstoring a conmputer programthat is
executabl e by at |east one processor, the conputer program conprising sets
of instrugtd - determning a first multiplicand b i i a
first di sg{%gdaﬁllogﬁ‘e%ﬁi fference between a first video pi ctﬁ?'g}ég%dgggﬁg%gond
video picture by a power of two value; determning a scaled ratio by
dividing said nultiplicand by a second display tinme difference between
said second video picture and a third video picture; and storing said
scaled ratio for calculating notion vector estimations. 12. The conputer
readabl e nmediumas clained in claim1l, wherein said conputer program

further Coppbhsid it 3findl add13baibEloRNRal BE Gl 6f BldWrdfuifn B S0t | O
vector by multiplying said scaled rati o by a notion vector’assoclrated with
sai d fi r startyiodROmatiisls dh& arrdnbemdhts oL QGRS bF the BAAGI: SrviREAMRRL C! @i med i n
claim12, wherein said conputer programfurther conprising a set of

i nstruct i degartiny frelh heicoge shéelirvediond notion vector by said power of two
val ue. 14. The conputer readable nmediumas clainmed in claim 13 wherein said
dividing is perfornmed by shifting bits of said scaled notion vector. 26
15. The conputer readable nediumas clained in claim11l, wherein said power
of two value is two-hundred and fifty-six. 16. The conputer readable
mediumas clainmed in claim1l wherein said power of two value is
periodically transmtted across a conmunication channel. 17. The conputer
readabl e nmediumas clained in claim111l wherein said determning said
scaled ratio by dividing is only perfornmed once per video picture. 18. The
conput er readable nmediumas clained in claim1l1l wherein said scaled ratio
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is truncated. 19. The conmputer readable nediumas clained in claim11
wherein said scaled ratio is rounded to a nearest integer. 20. The
conput er readable nmediumas clained in claim1l1l wherein said power of two
val ue conprises a constant. 27 21. For a streamconprising a first video
picture, a second video picture, and a third video picture, a nethod
conpri si ngVe &gt i ng a scaling value that is based on (i) a first order

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

di fferencg val ye, bet n an order value for the.second video pictuyre and
t he order q\'/ alu 2\ F‘%ﬁ“’?ﬁ’z Pf &?@?m% Rpse nﬁﬁt@f‘ﬁ?@, n (Hglgag %%PI ngelél’ ﬁg‘? fnleth?ﬁar
motion vector [for the second video picture based on the scaling value and
a motion VEUPHBor the third video picture, wherein conputing the
particular notion vector gconprises performng.a bit shifting operation. 22.
The method of Eeisrminng a fist mumpdwaﬁ byrmyliplying g firgt display dipe, differenss
picture is representative of a tenporal relationship for the particular
vi deo pi ctateeniatfhistddgaepietureandgsscord videeipistuse by aipewepsf twphialyept hod of
claim 21, wherein an order value for a particular video picture is
represent at i ve deferminmgsa sdatad rhtie by [dévigingtsaiduhutiplicand by sstondedisplaptimequence
of video pictures. 24. The nethod of claim 23, wherein the position for
t he parti diffaenceibdeceenisaiduseeondsvidenpionirearid pihirdtvideo.picbre; e et hod of
claim 21, wherein performng a bit shifting operation conprises
storing said scaled ratio for calculating motion vector estimations.
2. The method of performing motion estimation in a digital video system as claimed
in claim 1, said method further comprising:
determining a scaled motion vector by multiplying said scaled ratio by a motion
vector associated with said first video picture.
3. The method of performing motion estimation in a digital video system as claimed
in claim 2, said method further comprising:
dividing said scaled motion vector by said power of two value.
4, The method of performing motion estimation in a digital video system as claimed
in claim 3, wherein said dividing is performed by shifting bits of said scaled motion
vector.
5. The method of performing motion estimation in a digital video system as claimed
in claim 1, wherein said power of two value is two-hundred and fifty-six.
6. The method of performing motion estimation in a digital video system as claimed

in claim 1 wherein said power of two value is periodically transmitted across a

communication channel.
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shifting a bit value by eight bits. 26. The nethod of claim 21, wherein
performng a bit shifting operation conprises performng a mathemati cal
operation that is equivalent to performng a division by a particular
power of two value. 27. The nethod of claim21 further conprising decoding
t he second vide icture b usi ng the conputed notion vector. 28 .28. The
met hod of ‘cl ai Q%CWféae%lfOle@ng&n %mggow 3 digitalvidgostystgan asrclaimed e
val ue. 29, The nethod of claim 21, wherein the order value is not

repr esent &t ¢lgian drwherein seid determiningenid Waledwatin by dividinigds amly perfomesdegneet he
order value is derived froma value that is stored in a slice header
associ at egenyid¢p pinergecond vi deo picture. 31. The nethod of claim 21,
wherein the scaling value is further based on a power of two value. 32.
The net ho8. of @Thaimetlivl, ofieefoanimgtrhetidn estitnationl @na gigithlvided syst@em ds cldinied
picture. 33. The nethod of claim 21, wherein the second video picture is a

B vi deo pircélbine]l whafein 3dié seidéd@do @ trédcated 21, wherein conputing the notion
vector conprises performng an interpol ation operation. 35. The nethod of

clai m 21, gwher ghé nfepiBAU T peefolig ROt bsMRREO ir_f’&!ﬂ%fthﬁﬁ&eo Retehds B dihedn
extrapol ati on operation. '36. The nethod of claimZl, wheréin a sequence of

order val ipdain?1 WhRreifdi@sCRledhtio [NYOuRBIA O Rbrest Ritdfel 1, Wherein a

particul ar order value 1s In a conpressed for
10.  The method of performing motion estimation in a digital video system as claimed

in claim 1 wherein said power of two value comprises a constant.
11. 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 a first multiplicand by multipljfing a first display time difference
between a first video picture and a second video picture by a power of two value;
determining a scaled ratio by dividing said multiplicand by a second display time
difference between said second video picture and a third video picture; and
storing said scaled ratio for calculating motion vector estimations.
12.  The computer readable medium as claimed in claim 11, wherein said computer
program further comprising a set of instructions for determining a scaled motion vector
by multiplying said scaled ratio by a motion vector associated with said first video
picture.
13.  The computer readable medium as claimed in claim 12, wherein said computer
program further comprising a set of instructions for
dividing said scaled motion vector by said power of two value.
14.  The computer readable medium as claimed in claim 13 wherein said dividing is

performed by shifting bits of said scaled motion vector.
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38. The nethod of claim 37, wherein the particular order value is
conpressed by wusing variable length coding. 39. The nethod of claim 37,
wherein the particular order value is conpressed by wusing arithnmetic
codi ng. 40. The nmethod of claim 21, wherein a particular order value is
stored in a bitstream nore than once. 41. A conputer readable nedi um
stori ng al&onpdhercompuisr aeadablgtmé¢diumaslaintet dn tpaimt 11, [vdwsein said povec @fsor
t he conputer program for processing a streamconprising first, 29 second
and t hi r dtwo dalue [ tetodinesdredtdnd fiftyagixit er program conpri si ng sets of
instructions for: conputing a scaling value that is based on (i) a first
order di f1&r enThe campater beidable mediumr sbedlaivalduia dlgim 1 hevheryin daidipder pifct ur e
and an order value for the first video picture, and (ii) a second order

di ff er encewy edlueidiRirioarRallptamdntfed ¥dbsser dodimbkiCatRRCRRshel.Vi deo picture and
the order value for the first video picture; and conputing a particul ar

motion vegyor frag csﬁﬁutéﬁféaa&owhféaﬁmpw&lufn?ed%\jcﬁg?% WhGeinSafl didmigihge and

a notion vector for the third video picture, el n conmputing the

The. compuray rAaP By iR oR PG SepBefviltd p¥lid . Vet for &

particul agqvid | i sent atid ve of tenmporal .relati hi.p for
Uhe part | ot ar 15 Poaptsf realpliE MR g blalfedy ot TE R Geir Sig peafidts 15
The conput er readabl e nedi um of claim41l, wherein an order value for a

particul aF* t™H§86%i cture is representative of a position for the particul ar

video picture [nh a sequence of vjdeo pictures.
P tlbl ll"ﬂe comput%r reagable medium as glaimed in claim 11 wherein said scaled ratio

is rounded to a nearest integer.
20.  The computer readable medium as claimed in claim 11 wherein said power of

two value comprises a constant.
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44. The conputer readabl e nmediumof claim43, wherein the position for the
particul ar video picture is an output position. 45. The conputer readable
medi um of claim41l, wherein the set of instructions for performng a bit
shifting operation conprises a set of instructions for shifting a bit val ue
by eight bits. 46. The conputer readable nmedium of claimA4l, wherein the
set of indtructpiomstreast compprising gifiigf videsi pickirs. fatseeqpdoyidepichue. codprthisds a
set of instructions for performng a nathenmatical operation that is

equi val envideo pisture.cr methgd sonprisisgon by a particul ar power of two value. 30
47. The conputer readabl e nedium of claim4l, wherein the conputer program
further conpris@spatinges sodlingnsalnedhatoissbdsed ode@pdi fngt ohder siifferedcey valae

pi cture by using the conmputed notion vector. 48. The conputer readabl e

medi um of bethvaenran drdewwelueifor theehied Iileo \pidtihe dnd anl @BEreRAi foi itwefigt vided | Me
val ue. 49. The conputer readabl e nediumof claim4l, wherein the order

val ue i s pRiure,d" @5 aeaddd@derf diffetdnd® viRE WRitweel an [H8eCRI R thé SREAM! €
medi um of claim 41, wherein the order value is derived froma value that

i's storedyjgao ?ic&[rggﬁdﬁﬁqg&gr v%ﬁé%{ ﬁgqgst\vi&w&ﬁrég&ﬁnd video picture. 51.
I 1 ereint

The conput er readable nedium of claimA4l, e scaling value is

further —basedo g oNBhribhial bR WEror 36 i IEecARMEhichF@HaRl STge! um of

claim4l, wher rst video picture is an prc The

conputer Ec%ﬁgé" Qfla te nd &' Mo ifoncxlre%{orrnférl themph%rdexlfi ed glectusrg,C\% gre%/nl goerr(l)pLan%ttﬂé €1s

particular motion vector comprises performing a bit shifting operation.

22.  The method of claim 21, wherein an order value for a particular video picture is
representative of a temporal relationship for the particular video picture with respect to
another video picture.

23.  The method of claim 21, wherein an order value for a particular video picture is
representative of a position for the particular video picture in a sequence of video
pictures.

24.  The method of claim 23, wherein the position for the particular video picture is
an output position.

25.  The method of claim 21, wherein performing a bit shifting operation comprises
shifting a bit value by eight bits.

26.  The method of claim 21, wherein performing a bit shifting operation comprises
performing a mathematical operation that is equivalent to performing a division by a
particular power of two value.

27.  The method of claim 21 further comprising decoding the second video picture by

using the computed motion vector.
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a B video picture. 54. The conputer readable nedium of claim4l, wherein
the set of instructions for conputing the notion vector conprises a set of
instructions for performng an interpolation operation. 55. The conputer
readabl e nedi um of claim41l, wherein the set of instructions for conputing
the notion vector conprises a set of instructions for performng an
extrapol aB8.on dpemagtherh of sRiimTHk wherpint e orderdwtiie ineepresmtetive: Phiantime,
wherein a sequence of order values is non-uniform 57. For a stream
conpri si nyalfe.rst, second, and third video pictures, a method conprising:
31 conputing a scaling value that is based on (i) a power of two val ue,
(ii) a fikst @heleretishds dfoclasinc 2], weheateinlihé vRizn value s et repiebengativeroftanémé hi r d
video picture and an order value for the first video picture, and (iii) a
second or ¢guedi fference val ue between an order value for the second video
picture and the order value for the first video picture; and conputing a

parti cul ago Mot T8 mefsddost 1 S hevREGANHe YiddeYallk ¢ Hérﬁveaw aQAldeNtRat i§Cal 1 Ng

value and a notion vector for the third video picture. 58. The nethod of

claim57 fyrdhgn o EQQRéddéfS%Q Qﬁg@m@thé &%?ﬁ@f@?gpgagﬂso picture by using the

conput ed notion vector nmet hod of ¢ wher ei n an order val ue

for a. par f%'li cul %fle Cﬂl%% (R‘I c?atu!ﬁrfl k&%e (?e ere%g Pr{lg:\;#%ﬁ ?\imélger é%{ra on a pé)r%etr H er

rel ati onshi’p for epartlculaf Vi OpIC

vi deo pi cwr &ilue.

32.  The method of claim 21, wherein the first video picture is an I video picture.

33.  The method of claim 21, wherein the second video picture is a B video picture.
34.  The method of claim 21, wherein computing the motion vector comprises
performing an interpolation operation.

35.  The method of claim 21, wherein computing the motion vector comprises
performing an extrapolation operation.

36.  The method of claim 21, wherein a sequence of order values is non-uniform.

37.  The method of claim 21, wherein a particular order value is in a compressed
format.

38.  The method of claim 37, wherein the particular order value is compressed by
using variable length coding.

39.  The method of claim 37, wherein the particular order value is compressed by
using arithmetic coding.

40.  The method of claim 21, wherein a particular order value is stored in a bitstream
more than once.

41. A computer readable medium storing a computer program that is executable by at

least one processor, the computer program for processing a stream comprising first,
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60. The nethod of claim57, wherein an order value for a particular video
picture is representative of a position for the particular video picture
in a sequence of video pictures. 61. The nethod of claim 60, wherein the
position for the particular video picture is an output position. 62. The
met hod of claim57, wherein the scaling value is proportional to the second
order dif fespacand $hird gideg pictugs, thetIeBPUET REPEIAHh SOMPrisingr inok instractions ng
value is inversely proportional to the first order difference val ue. 64.
The met hofbrof clai m 57, wherein conputing the particular notion vector
conprises performng a bit shifting operation. 65. The nmethod of claim 64,
wher ei n per f or computingea Iscalinghvdlue rthatoisebaaed on @p apfinss exder stifférenceg valubi t

val ue by eight bits. 32 66. The nethod of claim57, wherein the order val ue
for the sbheoren un deder phltit dorethe hird ®fdew goictineciiid an\orderevahicofoe thd firsavidks ce
header that is associated with the second video picture. 67. The nethod of

clai m 57, piohieé,aind (6P BREEdndbriSediPRidncs YhRe HéBidedin\@8droFalucCfofihd §Rnd
performng a di vi si on by a particul ar power of two value. 68. The nethod of

clai m 57, vife pRidte SRIMMIOrAG valte BRHeifEM!VAeoPRbthRDayECL OF  conpri ses

performng a mathematical operation that is equivalent to performng a

division by a pah "'é'eﬁgarBB gfraftioh"%{éct‘é?%& 8?9con]'l§d iBRtk Be;se&'oﬂitﬂém’

wher ei n conmputing t _”lé’ particu notion vec conprises performng a
mat hemat | gc%iing ngfu%ta[n na }nQ) itonlvsecf%g Lf‘oxy leetr}]ﬁrdt\gdgoelraifca{rcrap \gﬁerginbcl:(}mputing the

particular motion vector comprises performing a bit shifting operation.

=

42.  The computer readable medium of claim 41, wherein an order value for a
particular video picture is representative of a temporal relationship for the particular
video picture with respect to another video picture.

43.  The computer readable medium of claim 41, wherein an order value for a
particular video picture is representative of a position for the particular video picture in a
sequence of video pictures.

44.  The computer readable medium of claim 43, wherein the position for the
particular video picture is an output position.

45.  The computer readable medium of claim 41, wherein the set of instructions for
performing a bit shifting operation comprises a set of instructions for shifting a bit value
by eight bits.

46.  The computer readable medium of claim 41, wherein the set of instructions for
performing a bit shifting operation comprises a set of instructions for performing a
mathematical operation that is equivalent to performing a division by a particular power

of two value.
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shifting operation. 70. A conputer readable nedium storing a conputer
programthat is executable by at |east one processor, the conputer program
for processing a streamconprising first, second and third video pictures,
t he conputer program conprising sets of instructions for: conputing a
scaling value that is based on (i) a power of two value, (ii) a first

order dif ffér endbe camputasaesdeble medivmiof claimuél.f wherehe thehcordpwterd progpinet ur e
and an order value for the first video picture, and (iii) a second order
di f f er enc éurther cemprteaasat afiinstorctions foaldeevding the kecond ovided pictaredypisirgithe and
the order value for the first video picture; and conputing a particular
not i on vecomputtdmotibe veetonnd vi deo picture based on the scaling value and
a notion vector for the third video picture. 71. The conputer readable

medi um of 48| ai The Gco reréadhble meARH F EaRYrAN wherelnh e GRdR VA0S ia Set
of instructions for decoding the second video picture by using the

conput ed FhdLRANRCHO] timdJal(é: The conputer readabl e nmedium of claim 70,
wherein an order value for a particular video picture is representative of
a tenporalgrel gl -0, f e | cul ar { d b Clr 1 t to
anot her vih%eo glhé:? g?@h&]}\f@ 5%% g{c%rar{puu% (g? C?Jéréldgtil glﬂ?rle%g} Eﬁr% g’fd\éfcﬁlgllurénqgg% ¢

wher ei n apep?ésg&é%yeag)ﬁeﬁi&)ggﬁﬁe. particular video picture is representative of
a position®for the particular video picture in a sequence of video

SRR M R R G

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

51.  The computer readable medium of claim 41, wherein the scaling value is further
based on a power of two value.

52.  The computer readable medium of claim 41, wherein the first video picture is an
I video picture.

53.  The computer readable medium of claim 41, wherein the second video picture is
a B video picture.

54.  The computer readable medium of claim 41, wherein the set of instructions for
computing the motion vector comprises a set of instructions for performing an
interpolation operation.

55.  The computer readable medium of claim 41, wherein the set of instructions for
computing the motion vector comprises a set of instructions for performing an
extrapolation operation.

56.  The computer readable medium of claim 41, wherein a sequence of order values
is non-uniform.

57. For a stream comprising first, second, and third video pictures, a method

comprising:
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75. The computer readabl e medium of claim 70, wherein the set of
instructions for conputing the particular notion vector conprises a set of
instructions for performng a bit shifting operation. 76. The conputer
readabl e nedi um of claim 70, wherein the set of instructions for conputing
the particular notion vector conprises a set of instructions for performn ng
a division bycempating & seadingjelyer thaf isthased/ an (i .2 mower pigwe oialngt 6i) a Bestlabl e
medi um of claim 70, wherein the set of instructions for conputing the

part i cul aprdepdiféarencectabe beswpen s order yetuedbr ihesthird ctidevnictucs apkard order ng a
mat hemati cal operation that is equivalent to performng a division by a
parti cul avalpever thedfirst widlew glictere, 46d (e soopd bater idifietaldeevatmdbatweatf agl ai m
70, wherein the set of instructions for conputing the particular notion

vect or coofdet 9&lne doStke seforndndtiédpiche@ and tHe Mdef Gdlé A the fidR VRRBBIiEGRY;
operation that is equivalent to performng a bit shifting operation. 79.

For a strggm conprising a first video picture, a second video picture, and
athird video picture, a nmethod conprising: conputing a scaling val ue that

i's based on (i lorf’}Plit%ﬂ rée pttichlar ﬂi&i&ﬁ%@ﬁf lgg HSec gtx)f’}lﬁ{bg MrObARE é%athé'e for

the third video pic and an order va or t Vi deo prcture,

and (ii) 9(:3 ﬁg%ﬂf%@g"fnogiog‘ﬁg&g?ﬁﬂ‘@hﬁﬁ‘}?fefg)‘ﬁﬁ An order value for the

second video~picture an er val ue e first video picture; and

conput i ng part i cul.ar i.0 ctor for.the.,second video, pi,ct ure based on
Che scal g vt e o e b coririsiok AGOTRE foF SraubTFLPRES Chner of n
conputing the_  particular.notion vector conprises performng a division by
a power oPSIEEHeFQMPYteddROtioR Vet hod of claim 79, wherein an order val ue

for a particular video picture is . ] i ) ]
59.  The method of claim 57, wherein an order value for a particular video picture is

representative of a temporal relationship for the particular video picture with respect to
another video picture.

60.  The method of claim 57, wherein an order value for a particular video picture is
representative of a position for the particular video picture in a sequence of video
pictures.

61.  The method of claim 60, wherein the position for the particular video picture is
an output position.

62.  The method of claim 57, wherein the scaling value is proportional to the second
order difference value.

63.  The method of claim 57, wherein the scaling value is inversely proportional to
the first order difference value.

64. The method of claim 57, wherein computing the particular motion vector
comprises performing a bit shifting operation.

65.  The method of claim 64, wherein performing the bit shifting operation comprises

shifting a bit value by eight bits.

32




representative of a tenporal relationship for the particular video picture
Wth respect to another video picture. 81. The nethod of claim 79, wherein
an order value for a particular video picture specifies a position for the
particul ar video picture in a sequence of video pictures. 82. The method of
claim 81, wherein the position for the particular video picture is an

out put po8$-t i ohhe g@thophed olaimhdl vdterein shavorder valhe fasithe prepnd viden @iatire is

di vi sion conprises performng a mathenmatical operation that is equival ent
to perfordirigddrdmnta valud storayl impeshds headeBthat Thassowstad dvitf thel sacond7@déar t her
conpri sing decoding the second video picture by wusing the conputed notion
vect or. 8pictufdle nmet hod of claim 79, wherein the order value is
representative of a tine value. 86. The nmethod of claim 79, wherein the

order val gr | STROtméthod esfeclaph i I8 Wherdint coRputidd Wiee plrficulbfemo®dhadcetof cl ai m
79, wherein the order value is derived froma value that is stored in a

sl'i ce heagahprie$ perfernfiflg Widivisibih By & parfedlay peRer fithbUWake, 88. The nmethod of
claim79, wherein the scaling va?]ue is further based on a power of two

| ue. 89¢g Th t f | , ' [ ' |6 | I
Vi de pi cttir o, Toaigio® ol VAT 77 wBUERE blmblifnd (e prldIRE BbE (EcbE o
i deo pi 35 v, 7] o wher & _
Comput | n R Sy 4 Sabeitpicel WpeRHORP Iy Syvilefcro SeEbfikfle -

ggrenr)?it ;ggdiVIQSIZO.n l;l;,haepglr%g:u grdpgvaer%'f%%“le%e. wherein conmputing the notion vector

69.  The method of claim 57, wherein computing the particular motion vector
comprises performing a mathematical operation that is equivalent to performing a bit
shifting operation.
70. A computer readable medium storing a computér program that is executable by at
least one processor, the computer program for processing a stream comprising first,
second and third video pictures, the computer program comprising sets of instructions
for:

computing a scaling value that is based on (i) a power of two value, (ii) a first
order difference value between an order value for the third video picture and an order
value for the first video picture, and (iii) 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 based on the
scaling value and a motion vector for the third video picture.
71.  The computer readable medium of claim 70, wherein the computer program
further comprises a set of instructions for decoding the second video picture by using the

computed motion vector.
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perform ng an extrapol ati on operation. 93. A conputer readable nedi um
storing a conputer programthat is executable by at |east one processor,

t he conputer program for processing a streamconprising a first video
picture, a second video picture, and a third video picture, the conputer
program conprising sets of instructions for:_ conputing a scaling val ue
that is bdded dhe(Gompytar;seadably dpedivms eleclatm 70y avigseinpan Wsdss ¥aluo e val ue
for the third video picture and an order value for the first video

pi cture, aadicplar Wideospietyradisoregegsentative pf actempatal eelpidonsbipnfarrthe magiculaal ue
for the second video picture and the order value for the first video

pi cture; aiopintpeatwithgrespeptitotanotheavideopicturevect or for the second vi deo

pi cture based on the scaling value and a notion vector for the third video
pi cture, @Ber eilThe computern@addbde mpeditmcof alaiiol0, ovhereiat i oedsrpvdlse for a
performng a division by a power of two value. 94. The conputer readable

medi um of pgdtiehlar $ideo plrareisrepres@itatdle ofal piRitioRforthe %ﬂftichlw Wileo picae ilh Ct ur e
is representative of a tenporal relationship for the particular video

pi cture Widdheh@dT8Adeolgictafet her video picture. 95. The conputer readable
medi um of claim 93, wherein an order value for a particular video picture

speci fiesqa pO%IéiG utdr fe*&&aﬂ?é‘%%de‘ig%:%f RO 78) fe?rll | e apé)gﬁau%&?eme of

vi deo pi ctures. e conmput er e nmedi Umof clalm wherein the

position P%#“ﬁﬂfvgﬁféﬁhéﬁk I %%ggﬁgghfture is an output position. 36 97.

The conpu “fea L !unfb _ 83, wherein the set of instructions
O Do 95T L1 LM E TS, 83570 Ol Y 8 B QSR 2 0
operati On2:omputing the particular motion vector comprises a set of instructions for performing a
bit shifting operation.

76.  The computer readable medium of claim 70, wherein the set of instructions for
computing the particular motion vector comprises a set of instructions for performing a
division by a particular power of two value.

77.  The computer readable medium of claim 70, wherein the set of instructions for
computing the particular motion vector comprises a set of instructions for performing a
mathematical operation that is equivalent to performing a division by a particular power
of two value.

78.  The computer readable medium of claim 70, wherein the set of instructions for
computing the particular motion vector comprises a set of instructions for performing a
mathematical operation that is equivalent to performing a bit shifting operation.

79.  For a stream comprising a first video picture, a second video picture, and a third
video picture, a method comprising:

computing a scaling value that is based on (i) a first order difference value

between an order value for the third video picture and an order value for the first video
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98. The conputer readabl e medi um of claim93, wherein the conputer program
further conprises a set of instructions for decoding the second video

pi cture by using the conmputed notion vector. 99. The conputer readable
medi um of claim 93, wherein the order value is representative of a tine
val ue. 100, The conputer readabl e nmedium of claim93, wherein the order

val ue is Risture,angdr (@3 ermeendverder differdnge velie lhetwernian order wabupfor dhe sasandibl e
medi um of claim 93, wherein the order value is derived froma val ue that
is stor edVidnoaiosllrb@adﬂ@acdéarxahwdof'dleé'dst\l\ﬂiddmpittaresemd)nd vi deo picture. 102.
The conput er readabl e nedi um of claim93, wherein the scaling value is
further basedcanpuatirgoavpartiofilat wintioalveetor T6i3the Fashndovighest picturebakadloa thedi um
of claim93, wherein the first video picture is an | video picture. 104.
The conput&ling eai@bird aaditen wktoz | fof m&&irdVWlﬂé&FﬁuhBewﬁﬁ@ﬂnébanlﬁﬁg thecture
is a B video picture. 105. The conputer readable nmedium of claim93,

wher ei n t partis@hr %ubm&&&csdrmfsesf ﬁhrrforﬁn%g%'aﬂv&%ntﬁ}ﬁa BT (%6 Ghigk, conpri ses

a set of Instructions for performing an  i1nterpol’ati on operation. 106. The

conput er ggadabhe {{IHlGUSE Hlinfr¢i Vieddn a‘ﬁ"b‘?&&'\& del¥6r 8 tarcf&fula& Q/ﬁ#ef) 3)?&111%% for
conputlng the notion vector conprises a set o inst uctlons perform ng
ext ' PRt ALk ORPL Aot 8l Hlion il T NRE RIRIE Y i eeCOP LAY 18

scallng va ue based erénces vdl'ue b

another video picture.

81.  The method of claim 79, wherein an order value for a particular video picture
specifies a position for the particular video picture in a sequence of video pictures.

82.  The method of claim 81, wherein the position for the particular video picture is
an output position.

83.  The method of claim 79, wherein performing the division comprises performing
a mathematical operation that is equivalent to performing a bit shifting operation.

84.  The method of claim 79 further comprising decoding the second video picture by
using the éomputed motion vector.

85.  The method of claim 79, wherein the order value is representative of a time
value.

86.  The method of claim 79, wherein the order value is not representative of a time
value.

87. The method of claim 79, wherein the order value is derived from a value that is
stored in a slice header associated with the second video picture.

88.  The method of claim 79, wherein the scaling value is further based on a power of
two value.

89.  The method of claim 79, wherein the first video picture is an I video picture.
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order value for a first video picture and an order value for a second video
picture, and (ii) a particular value that is based on a power of two val ue
and a second order difference value between an order value for a third
video picture and the order value for the second video picture; and using
said scaling value to conpute a notjion vector, 108. The nethod .of claim
107, wher &9n aﬁh%m?&hod\fﬁ{gf?émﬂ& whetsH) the seqoad Videgductiieds & Bevisieo picture.
representative of a tenporal relationship for the particular video picture
wi th resp8bt t &he gnethpdrofytlgisn 19, cvherein computinge thee niobign o¥ectr a¢oMOnFseEs
wherein an order value for a particular video picture is representative of
a posi ti operfgmingan prerpoletidmoperatitso picture in a sequence of video

pi ctures. 110. The nmethod of claim 109, wherein the position for the

parti cul ap2.vi d&€be phethod eofi elainar79% uwhettinp osmputiang, thkl inotibh everttrhesngises| ai m
107, wherein using the scaling value conprises conputing a scaled notion
vect or bypéfdridifd ¥ &grdpalation ©pératfign.val ue by a notion vector associ ated

with said third video picture. 112. The nmethod of claim 111, wherein

conput i ngog he ACRIQfitdFRbddaBleREERh sERMR!E RfHutR Pré AR idexiiiable®y RY 2
particul ar power of two vaISe. 113? Tﬁ% nethgh g?‘%lain1i12, mherg?n t he

parti cul afeaf%o&ﬁr %Igf:esg&l} ﬁ\{éil;dy}ﬁgli[)ténrp Ef’é%ran@ ‘fﬁldf)ﬁ)@eﬁ%g% 4 sfrln %Bﬁlgrigiﬁé-a ke

met hod of clalm11l, wherein ti'ng the sca not 1 on vector —conpri ses

ggir LO; (Talnlglr(\igo ggﬁt%%f‘%ﬂéé%o'ﬁﬁ \8@6&2@%&9&% g'mgi ]aStMrEkkgdéBE f)ila&ge, %c %r?ii)ﬁ?etlggo’gre}mer ein

runca

comprising sets of instructions for:

computing a scaling value that is based on (i) a first order difference value
between an order value for the third video picture and an order value for the first video
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 based on the
scaling value and a motion vector for the third video picture, wherein computing the
particular motion vector comprises performing a division by a power of two value.
94, The computer readable medium of claim 93, wherein an order value for a
particular video picture is representative of a temporal relationship for the particular
video picture with respect to another video picture.
95.  The computer readable medium of claim 93, wherein an order value for a
particular video picture specifies a position for the particular video picture in a sequence
of video pictures.
96. The computer readable medium of claim 95, wherein the position for the

particular video picture is an output position.
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116. The nethod of claim 107, wherein said scaling value is rounded to a
nearest integer. 117. The nethod of claim 107 further conprising decodi ng
a particular video picture by using the conputed notion vector. 118. A
conput er readable medium storing a conputer programthat is executable by
at |east one processor, the conputer program conprising sets of

instructi 8hs f %h@ cemnpiar ragdabile seedivm i \edaimedd adherein the sef of ingtrustions fger

di fference val ue between an order value for a first video picture and an
or der val perfaroring theedivistbnvéadaprises etset ef ansttuctions fon ppdiotning lasmathemnatécal hat i s
based on a power of two value and a second order difference value between
an order vpdratéorf that ia eqiivalentto pedomming arbét shifting bperaticter val ue for the second
video picture; and using said scaling value to conpute a notion vector

119. The @&npuThé compirblreadabldi mediam oF AldiRd93 Nwhérinmhblé&mmher piogrdnhie set
of instructions for using the scaling value conprises a set of

i nstructi Afthef BSmHER | set T idstrueGShsSdr BBIdRY e Sécdhd b}ﬁeH};bhé_tarelb\y!d%ﬁlg&& d
scaling value by a notion vector associated wth said third video picture.
120. The coppULEMofisAVaRLE Medium as clainmed in claim 118, wherein the set
of instructions for conputing the scaled notion vector conprises a set of
instructiggys f ] 1.VE:S..0oncb rty r 4RO 0 val ue.
121. The %%npu?e? rgg%%%rkﬁgﬁg?ﬂ%¥%§h%F€i%%@lﬁ%’c %#ﬁ@l?%,g?eéf%ﬁﬁyﬁﬁe set
of instr ions,.for. conputing the scaling value conprises a set of
instructi%%%mggg“ﬁﬁgﬁ?W‘Vﬂﬂ&a bit shifting operation. 122. The conputer

readabl e iumof clagm1l wher.ei n artjicul ar order value far a
particul awi ded® SPEPHIE reﬂplslghkef ML BhelAmoR . er?’l’?ea’ﬁaﬁ’rfif"c UlEP 1yingko
preture | r%p?esentative of a time value.

101.  The computer readable medium of claim 93, wherein the order value is derived
from a value that is stored in a slice header associated with the second video picture.

102.  The computer readable medium of claim 93, wherein the scaling value is further
based on a power of two value.

103.  The computer readable medium of claim 93, wherein the first video picture is an
I video picture.

104.  The computer readable medium of claim 93, wherein the second video picture is
a B video picture.

105. The computer readable medium of claim 93, wherein the set of instructions for
computing the motion vector comprises a set of instructions for performing an
interpolation operation.

106. The computer readable medium of claim 93, wherein the set of instructions for
computing the motion vector comprises a set of instructions for performing an
extrapolation operation.

107. A method comprising:
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sequence of video pictures. 39 123. The conputer readabl e nedium of claim
122, wherein the position for the particular video picture is an output
position. 124. The conputer readable medi umof claim 118, wherein the
conputer program further conprises a set of instructions for decoding a
particul ar vi deo |cture )y usjn the conputed notion vector., 125. A

net hod conpri sFYPULRE § P%lvﬁb‘eg’aﬁq%?lb(lp mﬁr@iforé?rdéﬁelﬁpeq value befigemen | east
one order value; and b. conputing an inplicit B prediction block weighting
for a videwlepvalbe fas a fgsisvidepicius endan ordersyalusnfer o serond widegeicturegandTiiia

met hod of claim 125, wherein the order value is representative of a

t enpor al appegiculap vabye thateis \biaskeloo1p & powee ofiiwd valee pad ta tecorahotdbedifferaiee

pi cture. 127. A conputer readable nmediumstoring a conputer programthat is
execut abl galoy bettweenh emstdeo nalup facetidrviddohsictaregmdt the ofted galaenfaahpréceondg set s
of instructions for: a. receiving a plurality of video pictures and at

| east onevidedictuajahd;, and b. conputing an inplicit B prediction bl ock

wei ghting for a video picture based on said at | east one order value. 128.

The conputer rgag@abli@ semidk wahR o Ebbiite hddotiofREREN the order value is
representative of “a tenporal position of the video picture with respect to

another viggo TRE fetof: of tim Y‘b7n§zthgx%ﬂ1 PSR §el1ﬁ'é3 or% paﬁ?&a]?ag o 83)1&{111ér glity

of video pictures by using at | &ast one order va val ue is

for establdSOLAGHANLS i LRSS TG RE pld&r 91&5 FiGurd ShBE sy 15nd

another video picture.

109. The method of claim 107, wherein an order value for a particular video picture is
representative of a position for the particular video picture in a sequence of video
pictures.

110.  The method of claim 109, wherein the position for the particular video picture is
an output position.

111.  The method of claim 107, wherein using the scaling value comprises computing a
scaled motion vector by multiplying said scaling value by a motion vector associated
with said third video picture.

112.  The method of claim 111, wherein computing the scaled motion vector comprises
performing a division by a particular power of two value.

113.  The method of claim 112, wherein the particular power of two value is two-
hundred and fifty-six.

114.  The method of claim 111, wherein computing the scaled motion vector comprises
performing a bit shifting operation.

115. The method of claim 107, wherein said scaling value is truncated.
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b. outputting the decoded video pictures based on the order value. 130. The
nmet hod of claim 129, wherein the order value is representative of a
tenporal position of a video picture with respect to another video
picture. 40 131. A conputer readable nmedium storing a conputer programthat
is executable by at _|east one processor, the conputer program conprising
sets of i A$¢-r udte dpethedof claimglls avhesein ssidupcaling valye ivirerensiedteta peasessy
using at |east one order value, said order value is for establishing an
ordering imegeref erence video picture selection; and b. outputting the
decoded vi deo pictures based on the order value. 132. The conputer readable
medi um of 1¢7.ai he 3dgthathef dhim 1 672 fwtlete comatisieg idscodingpa partintlat video pictare
tenporal position of a video picture with respect to another video

pi cture. bBasind tietdmyshtebmptiosiétgor. a. speci fyi ng an order value for a video
pi cture, wherein the order value is for establishing an ordering for

ref erence1vg.deq @mputéreesdbRGhEdIGM stdithgs cARRAGH frEgrhMGhAlifeXeckbléthyl 4t
bitstream 134. A nethod conprising: a. specifying an order value for a

vi deo pi Cldakone\¥r68e8ioR, the BoMpRRF pr6taht comipridifls setOoMPHbhRBoRA fokPl i cit B
% eo C} .

prediction block weighting for the vid Icture; an encodi ng the order

Val e for a vi Senpane & g ballE A% 6P (Y B (e iR LMLE ReARefbe 7Y

value for a video picture, er va

gﬁéiogin n\éeﬁ‘n&e& gzrllgé rfcgr\r;agii'lr\éjg gilﬁgo fcﬁ%r%’ él?c} glgfszﬁed%r Pt R W% on fvi&é’\éo pi\é | id (?ir)]d b.
a particular value that is based on a power of two value and a second order difference
value between an order value for a third video picture and the order value for the second
video picture; and

using said scaling value to compute a motion vector.

119. The computer readable medium as claimed in claim 118, wherein the set of
instructions for using the scaling value comprises a set of instructions for computing a
scaled motion vector by multiplying said scaling value by a motion vector associated
with said third video picture.
120. The computer readable medium as claimed in claim 118, wherein the set of
instructions for computing the scaled motion vector comprises a set of instructions for
performing a division by a particular power of two value.
121. The computer readable medium as claimed in claim 118, wherein the set of
instructions for computing the scaling value comprises a set of instructions for
performing a bit shifting operation.
122.  The computer readable medium of claim 118, wherein a particular order value for
a particular video picture specifies a position for the particular video picture in a

sequence of video pictures.
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136. A nethod conprising: a. specifying an order value for a video picture,
wherein the order value is for conputing a notion vector for the video
picture, wherein conputing the notion vector conprises perfornmng a bit
shifting operation; and b. encoding the order value in a bitstream

137. The hod, of claim 136, wherein the order Iue IS representa |ve of
atime v % q&%é’ompﬁgrn@?‘%@&e gped&rglﬁglggn Wer egeip Hbe fagitiony, U‘L} i s not

representative of, a tine  value. 139. The nethod of claim 136, wherein the
order val DEticulaEFdeRuBigture isAnqutpw PREiigRr  associated with the video

pi cture. 140. The nethod of claim 136, wherein the order value is

repr esent 324.veThe camputsr treasiableomedingm of dlaimpi 18; wherein the cempeter pragramot her
video picture. 141. The nethod of claim 140, wherein the positionis a

t enpor al Potliet compriges 2 seTloé imsttubtiohsofor dleeddimglé(partimhmr aideot pietupoby using i s an
out put position in a sequence of video pictures. 143. The nethod of claim
136, wher thercoppufedrmotivp vebrbit shifting operation conprises shifting a
bit value by eights bits. 144. The nmethod of claim 136, wherein conputing
t he noti om23/ecAOnethodBohfEsingtsi ng a scaling value that is based on the
order value. 145. The nethod of claim 144, wherein the scaling value is

further based gn a RQURIng Hblufaliey b’ia'lrlli@o pﬂ:&@es a-ﬁh%t I@&t%@ ofder GhRkeMnk4 4.

wherein the scaling value i's based on a first ord
b. computing an implicit B prediction block weighting for a video picture

based on said at least one order value.
126.  The method of claim 125, wherein the order value is representative of a temporal
position of the video picture with respect to another video picture.
127. A computer readable medium storing a computer program that is executable by at
least one processor, the computer program comprising sets of instructions for:
a. receiving a plurality of video pictures and at least one order value; and
b. computing an implicit B prediction block weighting for a video picture
based on said at least one order value.
128. The computer readable medium of claim 127, wherein the order value is
representative of a temporal position of the video picture with respect to another video
picture.
129. A method comprising:
a. decoding a plurality of video pictures by using at least one order value,
said order value is for establishing an ordering for reference video picture selection; and
b. outputting the decoded video pictures based on the order value.
130.  The method of claim 129, wherein the order value is representative of a temporal

position of a video picture with respect to another video picture.
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val ue difference and a second order value difference. 147. The net hod of
claim 146, wherein the first order value difference is a difference

bet ween the order value for the video picture and an order val ue for

anot her video picture. 148. The nethod of claim 147, wherein said another
vi deo picﬁ is an | vide ture. 149. The nethod of claim 147, wherein
the video 'S ot (hrGONRuIteL r@%ﬁ’&éﬁ@ Ry s{qring a cpmppiRy progiam thatiisexesrtabledyat 147,
wherein the second order value difference i s based on an order val ue for a
parti cul aleastcheprosiessonrthe eerapYiREPIOgAa! corapriging ssts ef inyrugtonsior: vi deo

pi cture. 151. The nethod of claim 136, wherein conputing the notion vector
conprises per&ormn fefoding mphwasy axfl‘odﬁoo}pletrumslln'nusmgﬁt leastongmrderavable, cl ai m
136, wherein conputing the notion vector conprises performng an

ext r apol asdidordepealat isdor est&idishihigenrmeddrong fof refdrencevid®, pivther selectidiyend onput ed
notion vector is based on a notion vector for another video picture. 154.

A conput er readabl eowpditingtisd decoded ﬁdé@ﬁi@ﬂir@ba@é@@{mmotdbatvalus execut abl e by
at least one processor, the conputer program conprising sets of

instructi s fohe o@mfpﬁf&qewamg Bedifmdef Jahue3f owhare 4RO it vaife iwherein
the order value is or establishing an ordering for reference video

pi cture sglactitiive 814 tbnp &apgeélﬁ&l bP& ABLPPicHR YA ﬁgec"e't& %h&ﬁ@i”llld%?rﬁ- A
conput er readab e mediumstoring a conputer programt i's executabl e by
at | east ?processor t he conputer program conprising sets of

instructi

133. A method comprising:

a. - specifying an order value for a video picture, wherein the order value is
for establishing an ordering for reference video picture selection; and

b. encoding the order value in a bitstream.
134. A method comprising:

a. specifying an order value for a video picture, wherein the order value is
for computing an implicit B prediction block weighting for the video picture; and

b. encoding the order value in a bitstream.
135. A method comprising:

a. specifying an order value for a video picture, wherein the order value is
for computing a motion vector for the video picture based on a power of two value; and

b. encoding the order value in a bitstream.
136. A method comprising:

a. specifying an order value for a video picture, wherein the order value is
for computing a motion vector for the video picture, wherein computing the motion
vector comprises performing a bit shifting operation; and

b. encoding the order value in a bitstream.
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a. specifying an order value for a video picture, wherein the order val ue
is for conputing an inplicit B prediction block weighting for the video
pi cture; and b. encoding the order value in a bitstream 156. A conputer
readabl e nmedium storing a conputer programthat is executable by at | east

one proce r, the c ut.er .pr am canpyri si sets, of instructionsg for: a.
speci fyi n3§z'n J{I’Ge‘?’etgggt?é‘ cﬁ%& g%i et ?@F&% rigiTRPTesRRtava & & BMGe i s

for conputing a notion vector for the video picture based on a power of two
val ue; andalug. encodi ng the order value in a bitstream 43 157. A conputer
readabl e nmedium storing a conputer programthat is executable by at |east
one procedddr, Thaanethesdof derinpd 3G rvehereio the ordenvalueisnob fepresentativg plomtimeor :  a.
speci fying an order value for a video picture, wherein the order value is
for conputvalug. a noti on vector for the video picture, wherein conputing the
notion vector conprises performng a bit shifting operation; and b.

encodi ng t1Be. ormhermsthdbdief chira 136f sheebinheldrer vihe: Baipodedrinreditatieadaredi um
of claim 157, wherein the order value is representative of a tinme val ue.
159. The easopMicArwitieadaided pledisum of claim 157, wherein the order value is
not representative of a tine value. 160. The conputer readabl e nedi um of

cl ai m 157 1 4gheriindti6d 6f A Y96, Ubhdrdin SRS BRRFvalid istreflebGRatiB A poRRRAC at ed

with the video picture. 161. The conputer readable di um of claim 157,

uner e R O e ERACRRIA A Bl PO L on Of the videe
medi um of ﬁi.ai LPh% %g‘eth(\)lg'| 5 C?Eilirql Mb?w?lgrseh} éh(e) rf)oisi ot ist & trégl%gl%ll position.
142. The method of claim 140, wherein the position is an output position in a
sequence of video pictures.
143. The method of claim 136, wherein performing the bit shifting operation
comprises shifting a bit value by eights bits.
144.  The method of claim 136, wherein computing the motion vector comprises using
a scaling value that is based on the order value.
145. The method of claim 144, wherein the scaling value is further based on a power
of two value.
146. The method of claim 144, wherein the scaling value is based on a first order
value difference and a second order value difference.
147. The method of claim 146, wherein the first order value difference is a difference
between the order value for the video picture and an order value for another video
picture.
148. The method of claim 147, wherein said another video picture is an I video
picture.

149. The method of claim 147, wherein the video picture is a B video picture.
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position. 163. The conputer readable nmediumof claim 161, wherein the

position is an output position in a sequence of video pictures. 164. The
conput er readabl e medi um of claim 157, wherein the set of instructions for
performng the bit shifting operation conprises a set of instructions for

shifting it..valye b i.gh bits. 165. The conpyter, readable nedi um of
claim 157?5 el B§ ﬁle#ﬁ’éi éﬁa‘g‘ff%né’fl}emf congl-ordgry Eﬁii‘r%mcnﬁ%lW? P vect or
conprises a set of instructions for using a scaling value that is based on
the order @ 8rdse valyg fase partigalag yigsarieturectndalbe @rds gialne Jof saf #npthewwideqner ei n
the scaling value is further based on a power of two value. 167. The
conput er PEBM&bl e nedi um of claim 165, wherein the scaling value is based
on a first order value difference and a second order value difference. 168.
The conpuigl. r ¢belamdthodrefidaimofl36¢) aihareirt Comphengitiee midiohi vestorocaheprisesl ue
difference is a difference between the order value for the video picture
and an or paformind areinteapolatiat yssrationdeo picture. 169. The conputer readable
medi um of cl aim 168, wherein said another video picture is an | video
picture. 150). The rSahdloErcl4ifnd3b)] heRil omphtitd MMmididn Weesreédinprives Vi deo
picture is a B video picture. 171. The conputer readable nediumof claim
168, wher girforhiify SP&ARPoRIELbpMalise difference is based on an order value
for a particular video picture and the order value for said another video
pi cture. 153.

The method of claim 136, wherein the computed motion vector is based on a
motion vector for another video picture.
154. A computer readable medium storing a computer program that is executable by at
least one processor, the computer program comprising sets of instructions for:

a. specifying an order value for a video picture, wherein the order value is
for establishing an ordering for reference video picture selection; and

b. encoding the order value in a bitstream.
155. A computer readable medium storing a computer program that is executable by at
least one processor, the computer program comprising sets of instructions for:

a. specifying an order value for a video picture, wherein the order value is
for computing an implicit B prediction block weighting for the video picture; and

b. encoding the order value in a bitstream.
156. A computer readable medium storing a computer program that is executable by at
least one processor, the computer program comprising sets of instructions for:

a. specifying an order value for a video picture, wherein the order value is
for computing a motion vector for the video picture based on a power of two value; and

b. encoding the order value in a bitstream.
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172. The conputer readable nmedium of claim 157, wherein the set of

I nstructions for conputing the notion vector conprises a set of
instructions for performing an interpolation operation. 173. The conputer
readabl e nedi um of claim 157, wherein the set of instructions for

an " ext apol at o SRAEiER Gl R AR L plel AR B R R 4 ™
157, wher Gipy Sl 6MBH! 1 BRILAP proffsih %ompﬁs&gaée% oPlhsBuREL R, vector for

another vi deo pic

a. specifying an order value for a video picture, wherein the order value is
for computing a motion vector for the video picture, wherein computing the motion
vector comprises performing a bit shifting operation; and

b. encoding the order value in a bitstream.

158. The computer readable medium of claim 157, wherein the order value is
representative of a time value.

159. The computer readable medium of claim 157, wherein the order value is not
representative of a time value.

160. The computer readable medium of claim 157, wherein the order value is encoded
in a slice header associated with the video picture.

161. The computer readable medium of claim 157, wherein the order value is
representative of a position of the video picture with respect to another video picture.
162. The computer readable medium of claim 161, wherein the position is a temporal
position.

163. The computer readable medium of claim 161, wherein the position is an output
position in a sequence of video pictures.

164. The computer readable medium of claim 157, wherein the set of instructions for
performing the bit shifting operation comprises a set of instructions for shifting a bit
value by eights bits.

165. The computer readable medium of claim 157, wherein the set of instructions for
computing the motion vector comprises a set of instructions for using a scaling value that

is based on the order value.
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166.  The computer readable medium of claim 165, wherein the scaling value is further
based on a power of two value.,

167. The computer readable medium of claim 165, wherein the scaling value is based
on a first order value difference and a second order value difference.

168. The computer readable medium of claim 167, wherein the first order value
difference is a difference between the order value for the video picture and an drder
value for another video picture.

169. The computer readable medium of claim 168, wherein said another video picture
is an I video picture.

170.  The computer readable medium of claim 168, wherein the video picture is a B
video picture.

171.  The computer readable medium of claim 168, wherein the second order value
difference is based on an order value for a particular video picture and the order value
for said another video picture.

172.  The computer readable medium of claim 157, wherein the set of instructions for
computing the motion vector comprises a set of instructions for performing an
interpolation operation.

173.  The computer readable medium of claim 157, wherein the set of instructions for
computing the motion vector comprises a set of instructions for performing an
extrapolation operation.

174.  The computer readable medium of claim 157, wherein the computed motion

vector is based on a motion vector for another video picture.

45



