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5 RELATED APPLICATIONS

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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WD 2004/ 054257 PCT/ US2003/ 024953 The vi deo nedia formats have been sl ower
to nove to digital storage and digital transm ssion fornmats than audio
medi a. Th r this slower digital adoption has 'ﬁ?ﬁﬂ due to
t he massi \%62@3@% 2éﬁpof digital information required to acc%irog%/{gﬁ%%
represent acceptable quality video in digital formand the fast processing
capabilities needed to encode conpressed video. The nassive anpbunts of
digital information needed to accurately represent video require very

hi gh-capacity digital storage systens and hi gh-bandw dth transm ssion
systens. 10 However, video is now rapidly noving to digital storage and
transm ssion formats. Faster conputer processors, high-density storage
systens, and new efficient conpression and encodi ng al gorithns have
finally made di git @lhewideaonédiafsihis hbvarbean dlowst M@ tp dixithl tahgedndconsumnmer
price points. The DVD (Digital Versatile Disc), a digital video system
has been digialdfansrhissibm farasts than dudipgmedin sTheaeasoh dortthisslowvepdigfelct s i n years.
15 DVDs have been rapidly supplanting Video-Cassette Recorders 1(1'VCR’5) as
the pre- pdaptpebes hﬁplaéa@g%vr dueda dhe messive pgnnte phdigial dpfermasionpequiredi iy h vi deo

qual {14 St el o ARl RINERL ISR e 8 gty e, The
S Sl B AL bl LB PRI RRRe)n g S00 11 Lhe
transm ssieh,5%sh REBdePRIREhEL 1Pl viaay fqlieS ery ﬁigﬂ%aﬂ&ﬁt&ﬁ}%ﬂaﬂi fferent

digital video encoding format's tor a nunber of years. Spéecitically,
conput er  gysbe Kstdna\md G- neridth transmission systems.
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

.




di fferent video coder/decoder nethods for conpressing and encodi ng or
deconpressi ng WO 2004/ 054257 PCT/ US2003/ 024953 and decodi ng digital vi deo,
respectiv hgeo coder/decoder nethod, in hardware ¥t a8
iinenentZb?gw@m¥%g€onnnnly referred to as a "CODEC'. A#§%6U$ﬁégbest
digital video conpression and encodi ng systens used by 5 conputer systens
have been the digital video systens backed by the Mdtion Pictures Expert

G oup comonly known by the acronym MPEG The three nost well known and

hi ghly used digital video formats from MPEG are known sinply as MPEG |,
MPEG 2, and MPEG 4. VideoCDs (VCDs) and early consumer-grade digital video
edi ting SuflReEding/digitdlNelRarek c%?GA ville icb @/ d¥d ddePmeine @ dh Rerdivare bRt -
Digital Versatile D scs (DVDJ%gan 10 the Dish Network brand Direct

Br oadcast soBastaed iniplendnRBish, i ebmmoslyasfetredmdis as'CODEI’em use t he hi gher
quality MPEG 2 digital video conpression and encoding system The MPEG 4
encodi ng systemis rapidly being adapted by the Iatestlconputer basedh
digital video encoders and assocjated digital video players. 15 20 The
I\/P%G 2 and MPEG 4 3%1%%&8 g@% gy @éﬂ%(’g@ﬁ%ﬁn ard eegdiye sysignessused by vi deo

bi 1 st FbantO G S RHRCA R Ao, OF BBGt Raame Y ros Pekey bﬂh‘%i@rﬂ&%&%e;%%giiﬁégwfm 4
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highly used digital video formats from MPEG are known simply as MPEG-1, MPEG-2,

and MPEG-4. VideoCDs (VCDs) and early consumer-grade digital video editing systems
use the early MPEG-1 digital video encoding format. Digital Versatile Discs (DVDs) and

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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When conpressing a video franme or field, the MPEG 4 standard may conpress
the frame or field into one of three types of conpressed franes or fields:
Intra- fresookhshipmes), Unidirectional Predicted fra”ﬁﬁcﬂﬁ@ﬁ@ﬁ&ﬁﬁ%’ or
Bi-Directional Predicted franes (B-frames). Intra-franmes conpletely

i ndependent|y encode an 25 i ndependent video frame with no reference to

ot her video franmes. P-franes define a --4- WD 2004/054257 PCT/ US2003/ 024953
video frame with reference to a single previously displayed video frane.
B-franes define a video frane with reference to both a video frane

di spl ayed before the current frane and a video frame to be displayed after
the curr epdeol fiBwitiPferbteth 8 bihgle hldvidueRtdidpsaee vidko GaRENBaimed iddRRe
information, P-franes and B-franes generally provide the best 5

conpr essiafideoiAm2OWth 6dédidhcé t60dth S2dH0 FtaniAd flaysibbidithburtdnbframdy/Badl 1 ON A
met hod and apparatus for performng notion estimation in a video codec is
di scl osed. vi@maitanid todiel displaybdafpar dwcourrentfvamg.  Idue tdithedd effdsntasaggofem t hat
quickly 5 calcul ates estipated notion_vectors in a very efficient manner

wi t hout rredmdantyideginforngtionsP-famss aeB-figmes gonesallypropids e besis. . 1 n one
enbodi_ment, a first multiplicand is determned by multiplying a first

di spl &y tCHETH5PRer ence between a first video picture and a second video
picture by a 10 power of two scale value. This step scal es up a numerator
for a ratio. Next, the system
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determ nes a scaled ratio by dividing that scaled nunerator by a second
first display time difference between said second video picture and a
third vi dggo pdoshsirs: The scaled ratio is then stored top®gusweshussizer for
cal cul ating notion vector estimations. By storing the scaled ratio, al
the estimated notion vectors can be cal cul ated quickly with good 15

preci sion since the scaled ratio saves significant bits and reducing the
scale is performed by sinple shifts thus elimnating the need for tine
consum ng division operations. O her objects, features, and advantages of
present invention will be apparent fromthe conpany drawi ngs and fromthe
f ol | owi ngSURMNAARFDORITET INMENTIONND 2004/ 054257 PCT/ US2003/ 024953 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 follow ng detailed description in which: 5 Figure 1 illustrates a

hi gh-1 evel bl ock di‘atethedend appargiesior parorgingireeiion egiimationdnedidee syst em

Fi 2 ilJustr ' f vid ictures in th der that th
pi ot ur es s BrfGioneh SR ISy B RFGRrVPT L S PHA SEOF e AR 11 er ent
i ct i ndi cate.int i ct d t ed.usi D1 |
Comperbat R SiPa el e atr FRg o bR ol ruiies Sl e 2 11 sted
in a pref chsféﬂrfenﬁl&%@ls&ﬂcﬁfimﬂoﬁérgﬁ 2s0f pictures wherein the arrows
[

connecti ng erent pictures indicate 15 inter-picture dependency created
usi ng notion conpensati on.

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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Figure 4 graphically illustrates a series of video pictures wherein the

di stances between video pictures that reference each other are chosen to be
power s of ywd YW /o¥¥52004/ 054257 PCT[ US2003/ 024953 DETAI LER-PESH/fkbéN OF
THE PREFERRED ENBODINENT A method and system for specifying Variable
Accuracy Inter-Picture Timng in a nultinmedia conpression and encodi ng
systemw th reduced requirenents for 5 division operations is disclosed. In
the foll owi ng description, for purposes of explanation, specific

nonencl ature is set forth to provide a thorough understandi ng of the
present invention. However, it will be apparent to one skilled in the art

t hat t hesBREFIEDERCRIPTHENOFITIEE PRAWINGSJUi red in order to practice the
present invention. For exanple, the present invention has been described
with reference to the MPEG nultimedia 10 conpression and encodi ng system
However, the sane technlques can easily be applied to other types of

conpr essi on and encH@ﬁQ’Cgeoi‘;S/ amdmtma theppaseidinentiemyilrec odi ng
Overvi ew 15 Flgure 1 ustrates Zﬂﬁ 3§H bl ock di agram of a typica

di gital viRRSEN @m&@lleiem hs grt 13 vigay ot s, wing defraled descriptipn Bvgidhal  vi deo
encod 100 receives an incomng video stream of video franmes 105 at the
left of the block diagram The digital video encoder 100 partitions each

video Trare | o 2 bt PlBkael e e (08, BB aRk s v, 0ol

di fferentyidbslaRogaGestAg systens. For exanple, different plxelblock
resol utions include

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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W 8x4, 16x8, 4x4, etc. Furthernore, pixelblocks are occasionally referred
to as 'nmacrobl ocks.' This docunent will use the term pi xel block to refer
to any bl ¢akageliophxel s of any size. WO 2004/ 054257 PCT/Mg26680524833 A

Di screte Cosine Transformation (DCT) unit 110 processes each pixelblock in
the video franme. The frame may be processed independently (an intra- frane)
or with reference to information fromother franes received fromthe notion
conpensation unit (an inter-frame). Next, a Quantizer (Q wunit 120
guantizes the 5 information fromthe Discrete Cosine Transformation unit
110. Finally, the quantized video frame is then encoded with an entropy
encoder (HETAGIED DRECRIPHOANIOF THEPRPERRIRED BNBODIGRNT The entropy encoder
(H unit T80 may use a variable Tength coding (VLC) system 10 Since an
inter-frane encoded video frane is defined with reference to other nearby
video franmes, the digital video encoder 100 needs to create a copy of how
each decoded frane Avmethodppdsystew fohspecilyidg Yatistle Acclwacydetcolistureuch t hat
inter-franes may be encoded. Thus, the_ |ower portion of the digital video
encoder 1BOng inarpuinediagomprgssion and qrgedingsisaevitk padiead regpemenisden | y, an

[ i Q). ynit 13 he.15 quanti zati gn of the video
a3 i r o epratthy is iRl ubeYdlo e aitiaa- 1o PuREr Chnt | on (DTS

it 140 he. Di , i T f. ti f.t Vi f
' or mat | SRR predffc Roehddinets Be A LT dH LBbistin Bpoadbruira I | nver s
Discrete &Qs%hf‘ﬁvéi{ﬁ%ﬁ.s ERWER: 2Rl %Qaréﬂf‘fotom]:%ﬁﬂe& Hens Rk HRMHeYPEQRRL ! ON

unit will use
details are not required in order to practice the present invention. For example, the

present invention has been described with reference to the MPEG multimedia
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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that information, along with the notion vectors, to reconstruct the encoded
video frame. 20 The reconstructed video franme is then used as the reference
frame for wdsoipiseon estimtion of the later frames. TheepgeReHehdssdeo
frame may then be used to encode inter-frames (P- franmes or B-franes) that
are defined relative to information in the decoded video frane. 25
Specifically, a notion conpensation (M) unit 150 and a notion estinmation
(ME) unit --9- WD 2004/ 054257 PCT/ 1JS2003/ 024953 160 are used to determ ne
notion vectors and generate differential values used to encode
inter-franes. A rate controller 190 receives information from many
different 5 conponeDsscidle Gositiedirhmforitiatien(BOTOHET110QP00a6es ¢ieks t he
information to allocate a bit budget for each video frame. The rate

cont r ol | guixeélEl6clsindbid dided frammat Ehd freemdingy bepigetssédindependently (antitizd- Wi | |
generate the highest quality digital video bit streamthat that conplies
with a spme oewitbaefershog lodnformaation dwm dherciigmesapdeived fieam thametiebnt r ol | er. 190
attenpts to generate the highest quality conpressed video stream w t hout
over f | owi RFPERRHER Bmi@n(l’étf’if@@aéné\leﬁ‘hé %?BW?@} urgt L0 qypmtize ry in a video

decod h di . i nf ti than. . d der f | owi

decodss bt aCOl I IO S, 0L TR ko0, LD SO PR gL A0k Mg ] o o

H‘QZ | g:‘gc\&eo‘ﬁa@ﬁ&s A aSoded withSRlcf¥dpy diodd: fir) Ml HRfdidyh dbbdia
bitstream. The entropy encoder (H) unit 180 may use a variable length coding (VLC)

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™) 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
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In sonme video signals the tine between successive video pictures (frames
or fields) may not be constant. (Note: This docunent will use the term

vi deo pi clydp SfpapSuzs0enerical ly refer to video frames or pheesobi@usks. ) For
exanpl e, sonme video pictures may be dropped because of transm ssion

bandw dth constraints. Furthernore, the video 20 timng may al so vary due
to canera irregularity or special effects such as slow notion or fast
notion. In sone video streans, the original video source nay sinply have
non- uniforminter-picture tinmes by design. For exanple, synthesized video
such as conputer graphic animations may have non-uniformtimng since no

ar bi t r ar y160 £easdd todbermhisie motTHO$&Ebr ¥nBodnBiateQtiflrbhtidl PElud WB6P1CABLAY € Ssyst em
such as a video canera system A WD 2004/ 054257 PCTI US2003/ 024953 fl exi bl e

di gi tal vintkrdrammsodi ng system shoul d be abl e to handl e non-uni form vi deo
picture timng. As previously set forth, nost digital video encoding
systens partition 5 video pictures into a rectangular grid of pixel bl ocks.

Each i ndividual pixelblock in a video picture is independently conpressed
and encoded. Sone Vi &6 cEBETlElo0reqsares informagion from repyydiffeserty | TU H. 264, use

e R A e e R
cenart o . . oHOARENEFSEK - An I ntr
Coti hoy (i PRELTob B8R o ! TRE 0O E06 RONE higkaldiBe it Qublebay © 11 169
ni di 1 ect gl bt RIPEUEHRANE R GEARY Bighal Vo8t QR WoF orhlcg™ Bt | O

fromone preceding video picture;
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--




3. B-pixelblock - A bi-directional predicted (B) pixelblock uses

i nformation from one preceding picture and one future video picture. 15 |f
all the pwehdhpsss; in a video picture are |Intra-pixel bl Qekgsr0biiedzhe
video picture is an Intra-frame. If a video picture only includes

uni directional predicted macro bl ocks or intra-pixelblocks, then the video
picture is known as a P-franme. If the video picture contains any

bi -directional predicted pixel bl ocks, then the video picture is 20 known as
a B-frame. For the simplicity, this docunent will consider the case where

all  pixelblocks within a given picture are of the sane type. An exanple
sequence fQlyiye ﬁ%@ta%&éd%n%dﬁ%sf&nﬁﬂﬁﬁﬂ% aBledfhakite AGRIARSA Vo dRtdS |1 B2
B3 B4 P5 B6 B7 B8 B9P10B11 B13114... --11- WD 2004/ 054257

PCT/ US200@mf¢4953 where the letter (I, P, or B) represents if the video
picture is an I-frame, P-frame, or B- frane and the nunber represents the
canera order of the video picture in the sequence of video pictures. The

canera order is the order in which a canera recorded the video pictures
and thus is al so tHss @edesly set {grthemostiligital sideo prcoding sustapoparidtiore di spl ayed

(e o O o e e Rl i RIS Fh il SRl oo 1
video picture is independently compressed and encoded. Some video coding standards,
e.g., ISO MPEG or ITU H.264, use different types of predicted pixelblocks to encode
video pictures. In one scenario, 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. Ifthe
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 P5 B¢ B7 Bg By P1g Big P12 Bis Lis...
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Figure 2. Referring to Figure 2, the arrows indicate that pixelblocks from
a stored picture (I-frame or P-franme in this case% are used |gift%§a m)t|(2)n
conpensat 44644 on of 10 other pictures. In the sc fo2igsgure 2,
nonPnf or ng‘s)lgfr(l) r4g§ﬁ71l other pictures is used in the encomfﬁ%? t he
intra-frane video picture 11. Video picture P5 is a P-frame that uses
video information fromprevious video picture Il in its coding such that an
arrow is drawn 15 fromvideo picture Il to video picture P5. Video picture
B2, video picture B3, video picture B4 all use information from both video
picture 11 and video picture PS5 in their coding such that arrows are drawn
from vi dewrhpiedhaieter|(l, PaodB)epk@sents i thervideBDidiere ¥ AhEIOfrani, PLEMBe, B2B- Vi deo
picture B3, and video picture B4. As stated above the inter-picture tines
are, in géaweand thaotmbergegesenis thocadtersbmicrofBhqvidéaiesrainthd sefgampaef on from
future pictures (pictures that will be displayed later), the transm ssion
order is Wdgapiclpres fThe eamnera prdgnisttheoidesip vdychor aanera regpded theaideby, vi deo
pictures that ar needeid %o construct other video pictures should be

fpys Ao Mg alho,

transni t t BEHSAS © Qsist B gy ths wideo prrbires shquidibeslisplayed (B¢ ni ght be:
1 PSSnjBZ 5‘; %@%6878389P12811114813 ... --12 WD 2004/ 054257
PCT/ US200 %14 Figure 3 graphically illustrates the precedi ng

transm ssi on order of the

The previous example series of video pictures is graphically illustrated in
Figure 2. Referring to Figure 2, the arrows indicate that pixelblocks from a stored
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 By, 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 B, and video picture B,. 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 B, B3 B4 P1o B¢ By Bg By P12 By1 114 Bys ...
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video pictures fromFigure 2. Again, the arrows in the figure indicate that
pi xel bl ocks froma stored video picture (I or Pin this case) are used in

t he noti oworRiheasat ed 5 prediction of other video pict wegdus26i3f@4ds5Ng to
Figure 3, the systemfirst transmts |-frane 11 which does not depend on

any other frame. Next, the systemtransmts P-frame video picture P5 that
depends upon video picture |I. Next, the systemtransmts B-frane video
picture B2 after 10 video picture P5 even though video picture B2 will be
di spl ayed before video picture P5. The reason for this is that when it
cones tine to decode video picture B2, the decoder will have al ready
received and stored the information in video pictures I1 and P5 necessary
to decode video picture B2. Simlarly, video pictures |1 and P5 are ready
to be used to decdignredhgsahicelly iliustlaes the prasedindBarsmiksiondeder pf tiieur e B4. The
recei ver/ decoder reorders 15 the video picture sequence for proper display.
In this opdsoduetaies froanigmred. cAgain sheareowstin éhe figued indicatd thap pixslbyicks ed

pi ctures._ The codjng of the_ P- pictures_ typically utilizes Mtion

fra
Conpens atFem 2 sigrrhddee pictwisdl e etis Ghoe) aredisrbititesopen eomenenssitsdel bl ock i n
t he picture.. 20 i,.ng t.he c uted notion vector, a prediction pixelblock
(P-pi >§e| Bﬁr%%?&”c"fﬂ’hﬁgv%?%@‘%by translation of pixels in the
af orenenti oned previous picture. The difference between the actual
pi xel bl ock in the P-franme picture and the prediction pixelblock is then

coded for transm Ref@ing WRIZAY, 8R40I Pk ReRR RRAOR IRHRIE! HoeS

depend 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 B; and video picture Bs. 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.
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The coding of P-Pictures typically utilize Mtion Conpensation (M),
wherein a Mdtion Vector (MV) pointing to a location in a previous picture

i s conputa@ 2000ds5483Cch pi xel bl ock in the current picture.pddandaosioddssot i on
vector, a prediction 5 pixelblock can be fornmed by translation of pixels in

t he aforenentioned previous picture. The difference between the actual

pi xel bl ock in the P-Picture and the prediction pixelblock is then coded
for transm ssion. Each notion vector nmay also be transmtted via predictive
codi ng. For 10 exanple, a notion vector prediction nmay be fornmed using

near by notion vectors. In such a case, then the difference between the
actual noppiggrgect or and the notion vector prediction is coded for

transm ssion. B-Pictures 15 Each B-pi xel bl ock uses two notion vectors: a
first nmotion vect oTheebding nfPRicttetypicoll pudize Motint Gungpensdsion (MAo picture
and a second notion vector referencing the future video picture. From

t hese tmWh@@ih@Mmlt‘&o@r@%n@i@@EéQ#gwathnlnelpmwsplm icomputedd. The two
predi ct ed | bl are then conbi ned together, wusing sonme function, to
forma fil® Facg ﬁg?%dn %PBPHBW“WAQSHBGWO?%VWWf %Préﬁ’é@omo bet ween t he

oo e DS e O S O et o 1 o
vector (Mfe fhondin g{eoa%p,o emckm@mta% wtﬁen% LEgligt i ve coding,

Specific a pre |cte vector 1s forne 2004/ 054257
PCT/ 13352 0;9%1913@19@ $hen 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
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near by notion vectors. Then, the difference between the actual notion
vector and the predicted is coded for transm ssion. However, with

B- pi xel bl @ksod/29pportunity exists for interpolating digd2063/0¢8350r S
fromnotion vectors in the nearest stored picture pixelblock. Such notion
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 stationary background. In fact, such
notion vector interpolation may be good enough to be used al one.

Speci f i cahdayhy rhdtion veetarss Theg tthewdifférchtebetwéanahe achfadmvtibh Osridiead thebe
calculated or transmtted for these B-pixel bl ock notion vectors encoded
usi ng i nteregiotedis coded s tiFwsmisdiarst rate further, in the above scenario |et us
represent the inter-picture display time between pictures i and j as Dj,
i.e., if the display tinmes of the p| ctures are T, and Tj, respectively,

thenDl ' Ti - Tj from | Lows th k 20 D, k
= -DK, i Njot e that O‘Yevﬁfa VY‘B]LBC B‘é&‘i? ch%thie HP%QH‘E“}SS’&& ¥O‘V\JAES‘ﬂZJ@biH}f%54257
PCT/ UR20 T VGl ar f R IbI ock as
refer e%zncggél?&d‘?ﬁ%%m ?ﬁﬁm rW‘ﬁ%&é‘%@F g‘g%gér% ?)geéi P& xréalpé’feg[%l&@( ﬁ‘g FOoUg” and B4
the noti OReci &GP Slafich & S5k BEESth in the digital video encoder and the digital video

decoder.

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 pictures i and j as Dy, i.e., if the display times of the pictures are T;
and Tj, respectively, then

D;, 5 from which it follows that

It
=
[T
]
=
(W

Di,x = Di,j + Dj,x
20 Di,x = -Dy,i

’

Note that Di; may be negative in some cases.
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to Il and P5, respectively would be interpolated by 10 W2,1

=MW5, 1*D2, 1/ D5,1 M5, 2 =W/5, 1*D5, 2/ D5,1 W3, 1 =WS5, 1*D3, 1/ D5, 1 W5, 3

=MW5, 1* DSwap t¥eqdsad4, 1 =W5, 1* D4, 1/ D5, 1 M5, 4 =W5, 1* D5, gdfbs2bodiussst hat
since ratios of display tinmes are used for notion vector prediction,
absolute display tinmes are not needed. Thus, relative display tinmes may be
used for Dij inter- picture display tinme values. 15 This scenario may be -
generalized, as for exanple in the H 264 standard. In the generalization,
a P or Bpicture may use any previously transmtted picture for its notion
vector prediction. Thus, in the above case picture B3 may use picture ||
and picture B2 in Thus, MVl ;dt k orvtiolMwectarfer 3 Pymikelblock ecieterencedyy Ipe

extrapol ated, not just 20 interpolated. Thus, in this case we woul d have:
M3, 1 = Mien ferhe qorsspond sxgmnqub}wkﬁnn Beas@ndthheap@tmvegmrs(a@rrefem@dpm ation)

may al so E‘ﬁb?—‘%ﬁg in the ti.on rocess for predictive coding of
noti on ve mﬁ? beate 1024953
MVa,1 = MVs,1*Dj,1/Ds,1
5 MVs,2 = MVs,1*Ds,2/Ds,1
MV3,1 = MVs,3%D3,1/Ds,1
MVs,3 = MVs,1*Ds,3/Ds,1
10 MVy,1 = MVs,1*Dy,1/Ds,1
MVs5,4 = 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:
MV3,; = MV3,1%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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Encoding Inter-Picture Display Tines The variable inter-picture display
ti mes of video sequences should be encoded and transmitted in a manner

t hat rendey@adoliosaessi bl e to obtain a very high codi ng 5 wifi©oeInyesand has
sel ect abl e accuracy such that it nmeets the requirenents of a video

decoder. ldeally, the encoding systemshould sinplify the tasks for the
decoder such that relatively sinple conputer systens can decode the

digital video. The variable inter-picture display tines are potentially
needed in a nunber 10 of different video encoding systens in order to
conpute differential notion vectors, Direct Mdde notion vectors, and/or

Inplicit B Prediction Bl oEﬁcddmgﬁtémﬁcme@iqﬂ@btmsof vari abl e
inter-picture display tinmes in video sequences is intertwined with the use

of tenporal references. ldeally, the derivation of correct pixel 15 val ues
in the output pictures in a video CODEC shoul d be independent of the tine
at which that pictiheaariablybigmiciug displaybimes of vidprsagaences stionld iessues and
time references hould be resol ved ou‘i%i de t CODEC | ayer. There are both
codi ng- r ef%§P aaﬂiagv@ffs 3 THATE At 1eReess K PRSTIS foynbinin & Mery high cod@Ered ti e

i nd d ' C. ti for, ;
(1) 0 o Bncyhodt 1t A5t debtady i B E RS B Bl St Bvideing P(2) o
i nt | t : i ot ' ing f
o or anceceodtR! Y B LS URRT Bl HE AT TSRS A I B0 QAR 1, (O
val ue. ForelagixéliBingle digpuirishR6BO6H JeESIeaRIiEHRE videg™® position N in decode

or der
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
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--17- WD 2004/ 054257 PCT/ US2003/ 024953 and the franme position Min the
display order, i.e., NNM In such an enbodinent, tinme- stanps or other tine
ref erencegygvudl/ghapet be required. To interpol ate notion pegetRhEs/024958 PO al
di stances woul d be useful if the tenporal distances could be related to the
I nterpol ati on di stance. However, this may not be true if the notion is
non-linear. 5 Therefore, sending paraneters other than tenporal information
for notion vector interpolation seens nore appropriate. In terns of
systens, one can expect that a typical video CODEC is part of a |arger
system where the video CODEC coexists with other video (and audi o) CODECs.
10 I'n sucindribd frimEpbIToBMShH Eedisplayandéyisd. Q0 At gh aRtbda&itHné-equi r es
that general functions, which are |ogically CODEC independent such as
timng, bsarpstioder binetrbferentesyveruldndt be deuirad TORECpoldieendtivn agomNt  of
timng by the systemand not by each CODEC independently is critical to
achi evi ngteeperg] distenges venudtl beupel if thatrpnomldisteness sould be related toyhe hr oni zat i on.
For instance in, systens that handl e nore than one stream 15 sinmultaneously,

such as an{FRAkSIoRksRICEr HOwRTSL MSANAYTORPGueH thegnoRanis norslinegbret i mes  be
neededswi hi . t he streans itn otLd é tto _<eef.n#he ‘qi f}erent strteams

synchroni ZEF O SIHHPE PRI GHS & férf’ P REPHA HERAT S0, MOPPR Y om a renot e
system w i i £ f t.im ng adj ustnents nay. be needed to keep
synchroni]%{aéﬁ?oé%o\%lvistgﬁﬁﬁg r %ng%ystem Such ti.m ng adjustnents may be
achieved using tinme stanps. For exanple, tine stanps that 20 are |inked by
nmeans of "Sender Reports" fromthe transmtter and supplied in RTP in the

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 ﬁore 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
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RTP | ayer for each stream may be used for synchroni zation. These sender
reports may take the formof: Video RTP TinmeStanp X is aligned with
referencewd sishap®; Y Audio RTP TinmeStanp Wis aligned pathstoffiRisnce
timestanp Z V\D/2004/ 054257 PCT/ US2003/ 024953 Wherein the vva/ﬁ?-cl ock rate of
the reference tinmestanps is known, allowing the two streans to be aligned.
However, these tinmestanp references arrive both periodically and
separately for the two streanms, and they may cause sone needed re-alignnent
of the two streanms. This is generally achieved by adjusting the video
streamto match the audio or 5 vice-versa. System handling of tinme stanps
shoul d noWhafefretht watleclackiraie of tife réfareng tiraéstariaat Rbvell, SMbwNE the thar €
general Iy, system handling of tenporal information should be performed
out si de t HEeamOBEE: aligngh cdowever, BheserpinestaBp Asfeisates haivielbothperiodicallyeaidous
section, the "%i}?g emin the case of non uniform inter-picture tines is to
transmt YoR@raIeht OF thsitwe sireams; &) they meyreauseisamesnepilsd realigimeendiofiihedtvo Vi deo
receiver jn an efficient manner. One nethod of acconplishing this goal is
to have %t’he%mgy i g@ﬁ’i@”&“ﬁvﬁéb& P@B?tg‘ﬁ the videastrepmate matchiibe susémon he
curreny pligd V&E My?a cently transmdt.t stored. picture for each
pi cture 2#1 gée?érﬁ?%gfer s “g?‘ﬁ ?Jfrt{é&e‘ orf%srh%ﬁ nfg;f%eggglle ivélﬁﬁse‘?ftﬁ%%"‘gl?ansm ssi on
coul d be beaReakghede Wi beretlSsyWetHalafiddo o 0% g the
di splay tine dil?%’er ence %%y dgg’ ryepeataed1 ﬁf?%ngﬁog{lﬁ%%ﬁ%ué) esf@ﬂg#’et he MPEG or
performed outside the CODEC.

o

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; j 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 Das D35 Dys Dig,s D, 10 D7,10 Dg,10 Do,10 Dig,10 Din, 12 D412 D134 ...

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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H. 264 standards. If all slice headers are |ost, then presunmably other

pictures that rely on the lost picture for decoding infornmation cannot be
decoded eid@oan@sThus, with reference to the exanpl e deitiQopsReRd N9

section,
val ues:

D14, 12 D13, 14 For the purpose of notion vector estinmation,
requirenents for the inter 25 picture display tines D j

a system would transmt the follow ng inter-picture display
D5,1 D2,5 D3,5 4,5 D o,5 D6, 1o D7, 1o D8, 10 D9, 10 D12, 1o D11, 12
t he accuracy
may vary from

trme

picture to picture. For exanple, if there is only a --19- WD 2004/ 054257
PCT/ US2003/ 024953 single 13-frane picture B6 hal fway between two P-franme

pi ctures HaglaWlfrife plchROBL halfwdy betvicRf 16 PSR ABds PPAnd P Sthen & and D6, 7 =

-1 where the Dij inter-picture display tine values are refative time
Ssufficesitosérelanhly:vi deo picture B6 is only one quarter the distance
picture PS and video picture P7 then the appropriate Dij
D7,5 = 4 and D6,7 = -1

val ues.

bet ween vi deo
inter-picture displByst+¥n and desr =t olsend woul d be:

10 Note that in both of the preceding exanples, the display tinme between
t he vi deoWpeieths 1i; iber-pisyrodispiay time valpes atq iglagvetime ypldesP7 (inter-picture

displaé/ time D6,7) is being used as the display time "unit" value .

nost recent exanple, the display tine difference

10

15

20

25

If, instead, video picture Bg is only one quarter the distance between video
picture Ps and video picture P; then the appropriate D;; inter-picture display time values
to send would be:

D7,s = 4 and Dg,7 = -1
Note that in both of the preceding examples, the display time between the video picture
Bg and video picture video picture P; (inter-picture display time Dg ) 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 Dg7) is

four display time “units” (4 * Dg7) .

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 D;; (the inter-
picture time) between two stored pictures is chosen to be a power of two as graphically
illustrated in Figure 4. Alternatively, the estimation procedure could be defined to

truncate or round all divisors to a power of two.
In the case where an inter-picture time is to be a power of two, the number

of data bits can be reduced if only the integer power (of two) is transmitted instead of the

full value of the’ inter-picture time. Figure 4 graphically illustrates a case wherein the

--20--
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bet ween video picture P5 and picture video picture P7 (inter-picture _
display tinme D6,7) is four display tine "units" (4 * D6,7) . 15 Inproving

Decodi ng e In general, notion vector estinationpEpl§ishHedseN3s are
greatly ﬁn‘%?@?’?g‘gy?f divisors are powers of two. This I1s easily achieved

in our embodinent if Dij (the inter- picture tinme) between two stored
pictures is chosen to be a power of two as graphically 20 illustrated in
Figure 4. Alternatively, the estinmation 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 twd, the nunber of data bits can be

reduced i diseinbes Hetveeeh Pio@ed arp Oldxen (Obe fokets dﬁwb.rm@hratcgg,{hg%ﬁead of the 25
full value of the inter-picture tinme. Figure 4 graphically illustrates a

case wher display hime-vake-of WbeRGon Vdbd pETurELT4ddRENVRAP3ul PLEs di st ances
between pictures are chosen to be powers of two. In such a case, the D3, 1
di spl ay t tesnitiedas lofsinge Bet Ak end ﬂiedbc)dpﬂpbgmmﬁ} W%J;&Jﬁ'd(}ptvmﬁfeurvuieypdﬂme Ipl ct u][ e4
P3is trgnsmtted as 1.(since 21 = 2) and the isplay tinme value o
bet ween v?a lﬂ??{%‘ﬂéeoﬂi‘gf“r&% cﬁ‘?‘%‘?ﬁ?‘@ ftegers 2{piseaid’e= 3 can be transmitted
as 2 (gince 22 = 4). Alternatively, the notion vector interpolation of
extrapol ati on operation

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 'D5,4/D5,1 ~ Zs5,4/P
Where the value P is a power of two and Zs4 = P*Ds4/Ds,; is rounded or truncated to the
nearest integer. The value of P may be periodically transmiltted 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 Zs4 wherein Zs4 = P*D;54/Ds,) then

MVs,s = MVs,1%Z5,4/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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can be approxinmated to any desired accuracy by scaling in such a way that
the denomnator is a power of two. (Wth a power of two in the denom nator

di vi si on formed by sinply shifting the bits ipeffgoyaduesst 0 be
di vi ded. )vﬁg?ﬂgggﬁﬁfe D5,4/D5,1 - Z5,4/P Wiere the value P is a power of

two and Z5,4 = P*D5,4/D5,1 is rounded or truncated to the nearest integer.
The value of P may be periodically transmtted or set as a constant for the
system In one enbodinent, the value of Pis set as P = 28 = 256. 15 The

advant age of this approach is that the decoder only needs to conpute 25,4
once per picture or in many cases the decoder may pre-conpute and store the

Z val ue. cakilated lfbraisvidbepicRen daithtencdy, hdsyoRin gy kedp Bletcaiadidhidheyl f Or
every notion vector in the picture such that notion vector interpol ation
may be domerfeming aibdirisisis last swh khat siEnificars bitsmk @ot lobteluniap #rlcalsoliion vect or
cal cul atign would be: 20 WMW5,4 = W5, 1*D5,4/D5,1 But if we calculate and
store Z5, @W@nﬁrﬁ@dﬁcad@ﬂwp&vfw axachs e XBnaasthpBLion Z6stal/ P But si nce
the P valu bee chos power the division by Pis
nerely a @F AHOI Y ‘fewg?rﬁéusﬁvf’@mg]eﬁé@ms%ﬁ%P’Qbkemélwé mightothsrwisat i on and
a si ng# Eﬂéeft are required 25 to calculate notion vectors for subsequent
pi xel bl ocks " once the Z val ue has been --21- WO 2004/ 054257

Since division (except for division by powers 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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PCT/ US2003/ 024953 cal cul ated for the video picture. Furthernore, the system
may keep the accuracy high by performng all divisions |ast such that
signi ficarjo Qjogl?sﬁgﬁ not lost during the calculation. |g-4Bimodfoae8r. the
decoder may performexactly the same as the notion vector interpolation as
t he encoder thus avoiding any m smatch problens that m ght otherwse 5
arise. Since division (except for division by powers of two) is a nmuch nore
conputationally intensive task for a digital conputer systemthan addition
or multiplication, this approach can greatly reduce the conputations
required to reconstruct 10 pictures that use notion vector interpolation or
extrapol ation. |In sof@siedS8fabléhbiRoHEE bvdtent M ]?Mrn t be used.
However, it is still necessary t%tatrangn?t thgﬁg?g%@gg;egkr er '&? t he vi deo
pi ctures UVI@nesel Variale fyesth Cogeyt Fhe BVIIC varabletiBgik dng%télﬁh@yer
systemw | | display the video pictures in the proper 15 or In th

case, si mpivenby theeddsé womlger val ues for Di,| suffice irrespective of the
actual display tines. In sonme applications only the sign (positive or
negative) 1mﬁy be ne%ded to reconstruct the picture ordering. The

inter- gl cture “Eés I%ed may sinply be transmtted as sinple signed 20

i nteger val ues we many net hods may be used for encoding the Dij

val ues tosachi eveya dj_ti onal conpression. For exanple, a sign bit followed
by a variable | engt coded magnitude is relatively easy to inplenent and
provi des qodi ngoefficyemcy. WO 2004/ 054257 PCTI US2003/ 024953

5 = 60101
6 = 00110
100 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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One such variable |l ength coding systemthat nmay be used is known as UVLC
(Universal Variable Length Code). The UVLC vari able |l ength coding systemis
given by e, rds: 1 =1 52=010 3 =011 4=00100 5=0Q}G};E

107=00111 806%?%%2%P.. Anot her net hod of encoding the interfgygaéégstines
may be to use arithnetic coding. Typically, arithmetic coding utilizes
conditional probabilities to effect 15 a very high conpression of the data
bits. Thus, the present invention introduces a sinple but powerful nethod
of encoding and transmtting inter-picture display tines and nethods for
decoding those inter-picture display times for use in notion vector

esti mat i 0Bentdhiglaen €26 ERE & anid MdificABomd By beimaie ) AY of oA Al hangede very
ef ficient by using varlagle | ength coding or arithmetic cdding.

Fur t her noeg, to thedratbriadslamaicatangayentsof cheenentsasteine froseAEi@vertion wieas of the

vi deo codec, but no nore. The foregoing has described a systemfor

speci f yi ngenaginigdinne thgseepeafyhe invention.
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25 inter-picture timng in a nultinedia conpression and encodi ng system It
is -23- WD 2004/ 054257 PCT/ US2003/ 024953 contenpl ated that changes and
nodi fi cat wansoodeys28e made by one of ordinary skill in thgeypdélonsdeszhe
materials and arrangenents of elenents of the present invention wthout
departing fromthe scope of the invention. W 2004/054257 W Claim
PCT/ US2003/ 024953 1 1. A nethod of performng notion estimation in a
digital video 2 system said nethod conprising: 3 determining a first
multiplicand by multiplying a first display tinme difference 4 between a
first video picture and a second video picture by a power of two 5 val ue;
6 det er mi Weglammscal ed ratio by dividing said nultiplicand by a second
first display 7 tine difference between said second video picture and a
third video picture; 8 and 9 storing said scaled ratio for cal cul ating
nmotion vector estinations. 1 2. The nethod of perform ng notion estination
in a digital video 12 syAmsthodofperiprming mation estimation ined digitdvided f urt her
rising: 3 determnin cal ed notion vector by multiplying said scal ed
?g{? o By s%%,is%lﬂ Hhethod cd p%s1sng: y ptying

3 determining a first multiplicand by multiplying 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 first display
time difference between said second video picture and a third video picture;

and

O 0 N N O

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

& W N R

vector associated with said first video picture.

1 3. The method of performing motion estimation in a digital video
2 system as claimed in claim 2, said method further comprising:

3 dividing said scaled motion vector by said power of two value.
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4 vector associated with said first video picture. 1 3. The nethod of
perform ng notion estimation in a digital video 2 systemas clainmed in
claim 2, s shod®idhed further conprising: 3 dividing sai dpSHasRek/HRész0N
vector by said power of two value. | WD 2004/ 054257 PCT/ US2003/ 024953 1 4.
The met hod of performng notion estimation in a digital video 2 system as
claimed in claim3 wherein said dividing is perforned by shifting bits of
said 3 scaled notion vector. 1 5. The nethod of perform ng notion
estimation in a digital video 2 systemas clained in claim1l wherein said
power of two val ue conprises two-hundred 3 and fifty-six. 1 6. The nethod
of periform ng notiof estThgahdthedl ofperfofthigf hivtion esiR@ntidn &y 5 Egihlagddel ai med in
claiml wherein said power of two value is periodically transmtted 3
across2a systemuas dzited m dhianhwhereih said dividinges perfdroéd bestifingibitgofeaid on
estimation in a digital video 2 systemas clainmed in claim1 wherein said
det er i ni F@leélén‘éfloéld@ﬂé‘d ratio by dividing is 3 only perfornmed once per
video picture. 1 8. The nethod of performng notion estimation in a digital
video 2 systemas clainmed in claiml wherein said scaled ratio is

truncat ed. WO 2004/ 054257
PCT/ US2003/ 024953
1 5. The method of performing motion estimation in a digital video

2 system as claimed in claim 1 wherein said power of two value comprises two-hundred

3  and fifty-six.

1 6. The method of performing motion estimation in a digital video
2 System as claimed in claim 1 wherein said power of two value is periodically transmitted

3 across a communication channel.

1 7. The method of performing motion estimation in a digital video
2  system as claimed in claim 1 wherein said determining said scaled ratio by dividing is

3 only performed once per video picture.

1 8. The method of performing motion estimation in a digital video

2  system as claimed in claim 1 wherein said scaled ratio is truncated.
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1 9. The nethod of performng notion estimation in a digital video 2
systemas clained in claiml wherein said scaled ratio is rounded to a

near est i R{&9fsnsssi0. The nethod of performng notion eﬁéffﬁggobg&@gg a
digital video 2 systemas claimed in claim1l wherein said said power of two
val ue conprises a constant. 1 11. A conputer readable nedium said conputer
readabl e nedium 2 conprising a set of conputer instructions for performng
notion estimation, said set of 3 conputer instructions inplenenting a set
of steps conprising: 4 determining a first nmultiplicand by multiplying a
first display tinme difference 5 between a first video picture and a second
video fhi cture by a power Thé method ofperfiining nlotibatestimatiung adigianligeh rati o by
dividing said multiplicand by a second first display 8 tine difference

bet weeB sapsiem et olained id elaimpil otheredn sediscaletmaticcis vounided {oiactearest inteSerand 10
storing said scaled ratio for cal culating notion vector estimations. 1 12.
The conputer readable mediumas clainmed in claiml | wherein 2 said
conput er i.nstructions further performthe step of 3 determ ning a scal ed
notion vector by multiplying said scal ed ratio by a notion 4 vector

associ ated with said,fir 2004/ 054257 US2003/ 024953
1 13. ihe conput er ?%adaﬁeme é ngiﬁﬁneﬁure?ﬁnﬁ?ifl%ﬂ(ﬂ fh 2 said
conput 8r ispgérh YEELRN if Wlal € h@f‘e‘il{ i Gowdr 9Pt value comprises a constant.

11. A computer readable medium, said computer readable medium
comprising a set of computer instructions for performing motion estimation, said set of
computer instructions implementing a set of steps comprising:

determining a first multiplicand by multiplying 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 first display

time difference between said second video picture and a third video picture;

O 0 N S U W =

and

iy
O

storing said scaled ratio for calculating motion vector estimations.

12.  The computer readable medium as claimed in claim 11 wherein
said computer instructions further perform the step of:

determining a scaled motion vector by multiplying said scaled ratio by a motion

B W N R

vector associated with said first video picture.
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3 dividing said scaled notion vector by said power of two value. 1 14. The
conputer readable nediumas clained in claim13 wherein 2 said dividing is

per f or med vy 2602jok426ng bits of said scal ed notion vect or. pdrdSooFhReG0ONMPUL er
readabl e nediumas clained in claim1l wherein 2 said power of two val ue

conprises two-hundred and fifty-six. 1 16. The conputer readabl e nedi um as
claimed in claim1ll wherein 2 said power of two value is periodically
transmtted across a conmuni cation channel. 1 17. The conputer readable
mediumas clainmed in claim1l wherein 2 .said determning said scaled ratio
by dividing is only performed once per video picture. 1 18. The conputer
readabl e nmediumas clainmed in claim11l wherein 2 said scaled ratio is
trunCﬁaed. WO 2004/ 054257 PCT/ US2003/ 024953 1 19. The conputer readable
medi umtas cl ai med i B-cl amwmr@ﬂwleme@msme@mc&mmu\shqremnded to a

near est i nt. 20. The ngte adabl nedlun1as clained in claim 11

wher ei ﬁalggf’lap'ﬂ}%?tr%‘flo‘f |RFEOTR, rsfe§ a const ant .

3 dividing said scaled motion vector by said power of two value.

1 14, The computer readable medium as claimed in claim 13 wherein

2 said dividing is performed by shifting bits of said scaled motion vector.

1 15.  The computer readable medium as claimed in claim 11 wherein

2 said power of two value comprises two-hundred and fifty-six.

1 16.  The computer readable medium as claimed in claim 11 wherein

2 said power of two value is periodically transmitted across a communication channel.

1 17.  The computer readable medium as claimed in claim 11 wherein

2 said determining said scaled ratio by dividing is only performed once per video picture.

1 18.  The computer readable medium as claimed in claim 11 wherein

2  said scaled ratio is truncated.
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19.  The computer readable medium as claimed 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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