Met hod and Apparatus for Variable Accuracy Inter-Picture Timng
Specification for Digital Video Encoding FIELD OF THE | NVENTI ON The
present invention relates to the field of nultinedia conpression systens.
In particular the present invention discloses nethods and systens for

speci fying variable accuracy inter-picture timng. BACKGROUND OF THE

| NVENTI ON Di gital based electronic nedia formats are finally on the cusp of
| argely replacing anal og electronic nedia formats. Digital conpact discs
(CDs) replaced analog vinyl records | ong ago. Anal og magnetic cassette
tapes are becom ng increasingly rare. Second and third generation digital
audi o systens such as Mni-discs and MP3 (MPEG Audio - |ayer 3) are now
taki ng market share from the first generation digital audio format of
conpact discs. The video nedia has been slower to nove to digital storage
i ve neTnRahOT ab ATk Pk AL P AIRI T AOBPRAAT 00 Y due 10 L he
massi ve amounts 0 rgrtal Information requrréd 1o §%curately repr esent
video in digitalTintugSpetificationsor Digital'Vided Enebdidiggi t al i nf or mati on needed
to accurately represent video require very high-capacity digital storage
systens and hi gh-bandwi dth transm ssion systens. 2 However, video is now

rapi dly qgﬁﬁp@b%ﬁEﬂ&gﬁﬁﬁéNstorage and

The present invention relates to the field of multimedia compression
systems. In particular the present invention discloses methods and systems for

specifying variable accuracy inter-picture timing.

BACKGROUND OF THE INVENTION

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

the first generation digital audio format of compact discs.

The video media has been slower to move to digital storage and
transmission formats than audio, This has been largc‘aly due to the massive amounts
of digj‘fai information required to accurately represent video in digital form. The
massive amounts of digital information needed to accurately represent video require
very high-capacity digital storage systems and high-bandwidth transmission

systems.



transm ssion formats. Faster conputer processors, high-density storage
systens, and new efficient conpression and encodi ng al gorithns have
finally nade digital video practical at consumer price points. The DVD
(Digital Versatile Disc), a digital video system has been one of the
fastest selling consuner electronic products in years. DVDs have been
rapi dly supplanting Vi deo-Cassette Recorders (VCRs) as the pre-recorded
vi deo pl ayback system of choice due to their high video quality, very high
audi o quality, convenience, and extra features. The antiquated anal og NTSC
(National Television Standards Comm ttee) video transm ssion systemis
currently in the process of being replaced with the digital ATSC (Advanced
Tel evi si on Standards Conmm ttee) video transm ssion system Conputer systens
have been using vdioiveuws videdfif evenididhgiiigad digitala@age@prodi ng formats for a
nunber ofgéears. Annnq%the best digital video conpression and encodi ng

t
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MPEG The three nost we known a use I Qi video formats from
MPEG ar e Wdrownctsileploysuasr thiRESints, TMRPBE® DigiahderdBEBisd), » Vi deoCDs  (VCDs) and
early co&fugﬁt-ﬁrade digital video editing systenms use the early MPEG I
digital VIHE ERESEPAYS Pt Mgl beRtetsaling ropes st ®icscs (DVDs) and the Dish
Net wor K byaels iveSC B R 685 LanRRLE kit & k2B l.evi si on broadcast system
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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

(Advariced'Television Standards Committee) video ti*ansmiss_ion system.

Computer systems have been using various different digital video
encoding formats for a number of years. Among the best digital video compression
and encoding systems used by computer systems have been the digital video
sy;stems backed by the Motion Pictures Expert Group commonly known by the
acronym MPEG. The three most well known and highly used digital video formats
from MPEG are known simply as MPEG-1, MPEG-2, and M?EG~4. VideoCDs
(VCDs) and early consumer-grade digital video editing systems use the early
MPEG-1 digital video encoding format. Digital Versatile Discs {DVDs) and the
Dish Network brand Direct Broadcast 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.



based digital video encoders and associated digital video players. 3 The
MPEG 2 and MPEG 4 standards conpress a series of video frames or video
fields and then encode the conpressed franes or fields into a digital
bitstream Wen encoding a video frane or field with the MPEG 2 and MPEG 4
systens, the video frane or field is divided into a rectangular grid of
macr obl ocks. Each nacrobl ock is i ndependently conpressed and encoded. Wen
conpressing a video franme or field, the MPEG 4 standard nmay conpress the
frame or field into one of three types of conpressed franes or fields:
Intra-frames (I-franmes), Unidirectional Predicted frames (P-franes), or Bi-
Directional Predicted frames (B-franmes). Intra-frames conpletely

i ndependently encode an independent video frame with no reference to other
video franes. P- flhaMBEG@efd MBEG vindieds domgides askdeRofv@fer ence to a single
previously disp fra B-franes define a video frame with
reference1¥ Y “’"ﬂgﬁqﬁ‘ﬁaagﬁeﬂf?‘&% ¢ PESSY Bemeser s iqve current frame and a

vi deo fra&gtatmtsmmdm@&ﬁxﬁd]g%fﬂd% ﬂzﬂd@%rﬁe@d"v@a'fh%él\d’%?% Due to their

efficient usage of redundant video I nfornation mes and B-franes
generalIwWBEQﬂwEéM&WwVbbsﬁamnnﬁﬂésﬂwmahn%ar@uhbmighﬁﬁ THE | NVENTI ON A
| e accuracy jnter-picture timng

gf;ézfgi 22%80 O%gglgfkﬁﬁﬁ{a%éwyﬂg Id’é‘gpeéiiﬁ’f@éﬁ"f’i‘@re?sgd i sepesded. Specifically, the
pr esent
When compressing a video frame or field, the MPEG-4 standard

may compress the frame or field into one of three types of compress.ed frames or
fields: Intra-frames (I-frames), Unidirectional Predicted frames (P-frames), or Bi-
Directional Predicted frames (B-frames). Infra-frames completely independently
encode an independent video frame with no reference to other video frames. P-
frames define a video frame with reference to a single previously displayed video
frame. B-frames define a video frame with reference to both a video frame
displayed before the current frame and a video fame to be displayed after the
cwrent frame. Due to their efficient nsage of redundant video information, P-

frames and B-frames generally provide the best compression.



i nventibn discloses a systemthat allows the relative timng of nearby
video pictures to be encoded in a very efficient nmanner. |In one

enbodi ment, the display time difference between a current video picture
and a nearby video picture is determned. The display tinme difference is
then encoded into a digital representation of the video picture. In a
preferred enbodi nent, the nearby video picture is the nost recently
transmtted stored picture. For coding efficiency, the display tine

di fference may be encoded using afvariable |Iength coding system or
arithnmetic coding. In an alternate enbodinment, the display tine difference
is encoded as a power of two to reduce the nunber of bits transmtted.

O her objects, features, and advantages of present invention will be 5
appar ent §¥%¥ﬁ§ﬁémég AN ings and fromthe follow ng detail ed
description. 5 BRI EF DESCRI PTI ON OF THE DRAW NGS The obj ects, features,
and advantages of the present invention will be apparent to one skilled in
the art, in view éimdie adduppamnis fig vaRbkdcRtbydREGIhRItG I N Which: Figure 1
iIIustratesTa hi gh-| evel bl ock diagram of one possible a digital video
encoder sYHEH{On Eyr gighal visleq qupqding jssliselesed, Speqificallis thepreseitdeo pictures in the

order thahy hdd] discloses a system that allows the relative timing of nearby video pictures

to be encoded in a very efficient manner. In one embodiment, the display time
difference bewvs;een a current video picture and a nearby video picture is determineg,
The display time difference is then encoded into a digital representation of the
video picture. In a preferred embodiment, the nearby video picture is the most

recently transmitted stored picture.

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

number of bits transmitied.

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

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



pi ctures shoul d 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
ina preferred transm ssion order of pictures wherein the arrows
connecting different pictures indicate inter-picture dependency created
usi ng notion conpensation. Figure 4 graphically illustrates a series of

vi deo pictures wherein the distances between video pictures that reference
each other are chosen to be power§ of two. 6 DETAILED DESCRI PTI ON OP THE
PREFERRED EMBODI MENT A net hod and system for specifying Variable Accuracy
Inter-Picture Timng in a nultinmedia conpression and encodi ng systemis
disclosed. In the follow ng description, for purposes of explanation,
speci fi ! g pDRAWINGSH to provide a thorough understandi ng of
the present invention. However, it w/ll be apparent to one skilled in the
art that these specific details are not required in order to practice the
present inventi Orthe ifdois SEANR] £d adviiRapB @ 86 BleschM@RIoh @M eas  been descri bed
with reference to the MPEG 4 mul ti medi a conpression and encoding system
However , appérent oameskilled hirthaguiais viewnf thafolldwinelsleteidgd déscripdotio ot her  types of
conpressi,an and encodi ng systens. Ml tinedi a Conpression and Encodi ng
CNervieWW&?gure 1 illustrates a high-1level block diagramof a typical

di gi tal

Tigure 1 illustrates a high-level block diagram of one possible a

digital video encoder system,

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

indicate inter-picture dependency created using motion compensation.

Figure 3 illustrates the video pictures from Figure 2 listed ina
preferred transmisston order of pictures wherein the arrows connecting different

pictures indicate inter-picture dependency created using motion coinpensation.

Figure 4 graphically illustrates a series of video pictures wherein the
distances between video pictures that reference each other are chosen to be powers

of two,



vi deo 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 |eft of
the bl ock diagram Each video frame is processed by a Di screte Cosine
Transformation (DCT) unit 110. The frane maybe processed i ndependently (an
intra-frane) or wth reference to information fromother frames received
fromthe notion conpensation unit (an inter-franme). Next, a Quantizer (Q
unit 120 quantizes the information fromthe Di screte Cosine Transfornmation
unit 110. Finally, the quantized ¥ideo franme is then encoded with an
entropy encoder (H) unit 180 to produce an encoded bitstream The entropy
encoder (H unit 180 may use a variable length coding (VLC) system 7
Since an inter- frarre encoded vi deo frarre is deflned with reference to other
near by vilglEk AREE 6 ! FERR HEODBMENIDO needs to create a copy
of how decoded each frarre w || appear W|th| n a di gital video decoder such
that inter-frames may be encoded. Thus, the |lower portion of the digital

vi deo encoder 10Q Mhoa%u@skewfo@pmfgh%%ayib deardagedes,syst em

Specifically, an inverse quantizer t 130 reverses

t he. quantTimmt;mmmdtﬁquheomprdemfmrlanmdmg?wmmsmsedaﬂrdthan i nverse Discrete

Cosine Tr sfor t.1.on uni,.t 140 r verse t he D|screte Cosi ne
Tr ansforrfgl?ci“?fﬁ Igerigtion. & pa‘@‘i‘)ge%‘ifﬁ’f‘}’e&“?t}?f‘cﬁ’ Pghe ﬂ“f' BFall the DCT

coef fi ci effustodfofial £& ﬁ%&ﬁﬁhﬁg&ﬁh@%@muwaﬁmmﬁdv&werqprrpensatIon unit will
use the information; along with the notion vectors, to reconstruct the

encoded fwiBbeapparent to one skilled in the art that these specific details are not reqmred

in order to practice the present invention. For example, the present invention has
been described with reference to the MPEG-4 multimedia compression and
encoding system. However, the same techniques can easily be applied to other

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

Figure § illusirates 2 high-level block diagram of a typical digital
video encoder 100 as is well known in the art, The digital video encoder 100
receives an incoming video stream of video frames 105 at the left of the block
diagram. Each video frame is processed by a Discrete Cosine Transformation
(DCT) unit 110, The frame may be processed independently (an intra-frame) or
with reference to information from other frames received from the motion
compensation unit (an inter-frame). Next, a Quantizer (Q) unit 120 quantizes the
information from the Discrete Cosine Transformation unit 110, Finally, the
quantized video frame is then encoded with an entropy encoder (H) unit 180 to
produce an encoded bitstream. The entropy encoder (H) unit 180 may use a

variable length coding (VLC) system.



which is then used as the reference frane for the notion estimation of the
next franme. The decoded video frame may then be used to encode
inter-franes (P-franes or B-frames) that are defined relative to
information in the decoded video frame. Specifically, a notion
conpensation (MC) unit 150 and a notion estimation (M) unit 160 are used
to determ ne notion vectors and generate differential values wused to
encode inter-franes. A rate controller 190 receives information from nany
different conponents in a digital’video encoder 100 and uses the
information to allocate a bit budget for each video frane. The rate
controller 190 should allocate the bit budget 1in a manner that w |
generate the highest quality digital video bit streamthat that conplies
with a specified S’@fe agf“t‘?r“ f freededridee faseis definedvithrefererrs rate control | er 190

ALLEIMpLS (b OndaEsatdo llfes Thaelydlady106 RIBI E8SRE, ypgleo stream wi t hout

overflow ng buffers (exceeding the anount of aval menory in a decoder
by 8 serdhovgdavpicéedcinfrowervil kipear ivitaina diginl Herost@d@e)ch @it under f | owi ng buffers
(not sending. videq franes _fast enough such that a decoder runs out of

vi deo fr dPEETHTSS BRGICRYed. RAISheTRY o bedisitabtidearsaromsic odi ng Overview I n
some Vi dago e §d&ﬂﬁvﬁ&ﬂﬁmﬁ%&%§§@8 ﬁ&ﬁgﬁhﬁﬁmﬁ%ﬂﬁﬁ? ictures (frames or

fields) nmay not be Constant. hi's docune use the term video
pi ct ur es (00) Wil Eeakd e quatierion of thd viteofifrednamanys aud sleo fiel ds.) For

exanpl e, inverse Discrete Cos‘ine Transformation (DCT™) unit 140 reverses the Discrete
Cosine Transformation of the video frame information. After all the DCT
coefficients are reconstructed from iDCT, the motion compensation unit will use
the information, along with the motion vectors, to reconstruct the encoded frame

which is then used-as the reference frame for the motion estimation of the next

frame,

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

used to encode inter-frames.

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

overflowing buffers (exceeding the amount of available memory in a decoder by



sone video pictures nmay be dropped because of transm ssion bandw dth
constraints. Furthernore, the video timng nmay al so vary due to canera
irregularity or special effects such as slow notion or fast notion. In
sonme video streanms, the original video source nmay sinply have non-uniform
inter-picture tines by design. For exanple, synthesized video such as
conput er graphic animtions nmay ,have non-uniformtimng since no
arbitrary video timng is created by a uniformvideo capture system such
as a video canera system A flexibBle digital video encoding system should
be able to handl e non-uniformtimng. Many digital video encoding systens
divide video pictures into a rectangular grid of macroblocks. Each

i ndi vi dual nacropbl ock fromthe video picture is independently conpressed
and encoledins Mo SHAPERhER Metires) orapdsilioping RErdnotsaeipbbl ocks” known as

i xl bl kSl SR o RSB Rl AGK SalBhmeIBUSRARIET T OWN_MOL{ O

vectors at my t er pol at i's document. wi efer to macrobl ocks
al t hough t he teachlngs of the present invention naybe applied equally to
bot h macrobl ocks and pi xel bl ocks. 9 Sone video coding standards, e.g., 1SO
MPEG st andards or the ITU 1-1. 264 standard, use different types of

predi ct ed ”acrObW%ﬁﬁﬁmﬁfcfﬂﬁﬁgﬁnthﬁﬂmdnf?ﬁﬁH&@S I n one scenario, a
ee

macr obl ock nay be one o types macrobl ock - An Intra (1)
nmacrobl ock uses no information fromany other video pictures in its coding
(It 1s completel ){n sso(x?nle fwdgoes];énglset%()z time between successive video pmtuxes

(frammes or fields) may not be constant. (Note: This document will use the term

video pictures to generically refer to video frames or vic}éo fields.) For example,

some video pictares may be dropped because of transmission bandwidth

constraints, Furthermore, the video timing may also vary due to camera irregularity

or special effects such as slow motion or fast motion. In some video streams, the

original video source may simaply have non-uniform inter-picture times by design.

For example, synthesized video such as compﬁtﬁ graphic animations may have

non-tniform timing since no arbitrary video timing is created by a uniform video

capture system such as a video camera system. A flexible digital video encoding

system should be able to handle non-uniform timing.

Many digital video encoding systems divide video pictures into 2
rectangular grid of macroblocks. Each individual macroblock from the video
picture is independently compressed and encoded. In some embodiments, sub-
‘blocks of macroblocks known as ‘pixelblopks’ are used. Such pixel blocks may
have their own motion vectors that may be interpolated. This document will refer
to macroblocks a}thougﬁ the teachings of the present invéntion may be applied '

equally to both macrobloeks and pixelblocks.



2. P-macroblock - A unidirectionally predicted (P) macrobl ock refers to
picture information fromone preceding video picture; or 3. B-macrobl ock -
A bi-directional predicted (B) macrobl ock uses information from one
precedi ng picture and one future video picture. If all the macroblocks in a
video picture are Intra-macrobl ocks, then the video picture is an
Intra-frane. |If a video picture only includes unidirectional predicted
macro bl ocks or intra-nmacrobl ocks, then the video picture is known as a
P-frame. If the video picture cont@ains any bi-directional predicted
macr obl ocks, then the video picture is knowmn as a 13-frane. For the

sinplicity, this docunent wl|l consider the case where all macrobl ocks
within a given pigture are_of the sanme e. An exanPIe sequence of video
pictures to be en 8H%H‘WF6W¥SH%hmﬁ§§r@@ stapdardsp1 o TRE B4 P5 B6 B7 BS

L39PL0LS WL EHARARAL I diffr oMo bR SRS 1oli 1 Fipodfligdl) ToPresents 1T Lhe

video picture is an frane, P- and the nunber represents
t he canerm@l1g¢8déron@£cendme,avnadehioqhmpbﬂﬂebﬂthfeh@pessequence of video pictures.

The canera E F Ll ﬁg@rdﬁgn'” whi ch a canera 10 recorded the video
pi ctures and tRUE L af st %?H@*“Fﬁ“%Hﬁ%ﬁﬁphngWﬂéﬁmplctures shoul d be

di spl ayed (thﬁde@ﬁﬁﬂk@ﬁnf%aﬁ{ght:sIﬁ%]e&ﬁﬁ‘éﬂfﬁéﬁecﬁxaml e seri‘es of video
pictures is graphical
2, P-macroblock — A unidirectionally predicted (P) macroblock refers to

picture information from one preceding video picture; or
3. B-macroblock — A bi~directional predicted (B) macroblock uses information

from one preceding picture and one future video picture,

If all the macroblocks in a video picture are Intra-macroblocks, then
the video picture is an Inira-frame. If a video picture only includes unidirectional
predicted macro blocks or intra-macroblocks, then the video picture is known as a
P-frame. If the video picture contains any bi-directional predicted macroblocks,
then the video picture is known as a B-frame. For the simplicity, this document
will consider the case where all macroblocks within a given picture arc of the same

type,

An example sequence of video Ppictures to be encoded might be

represented ag

.Il BZ B_'i Bd Ps Bﬁ B';t Bg Bg Pm Bn ng B]g I;4.. '
where the letter (1, P, or B) represents if the video picture is an I-frame, P-frame, or
B-frame and the number represents the camera order of the video picture in the

sequence of video pictures., The camera order is the order in which a camera



illustrated in Figure 2. Referring to Figure 2, the arrows indicate that
macr obl ocks froma stored picture (I-frame or P-frame in this case) are
used in the notion' conpensated prediction of other pictures. In the
scenario of Figure 2, no information fromother pictures is wused in the
encoding of the intra-franme video picture |I. Video picture P5is a P- frame
that uses video information from previous video picture I1 in its coding
such that an arrowis drawn fromvideo picture 1) to video picture P5.
Video Picture B2, video picture B8, video picture B4 all use information
fromboth video picture I'1 and video picture P5 in their coding such that
arrows are drawn fromvideo picture |1 and video picture Ps to video

pi cture B2, %Lgeo pi cture B3, and video picture B4. As stated above the

i nt er - pi CEEFE PY YL piguges andihyg éslse tib ordgydn whishedhesadve pictSience B- pi ctures use

i nformati df - s (pictures that wll be displayed |ater),
t he tranSﬂ?gg?gﬁm§$%g%ﬁF§hﬁgﬁ%'Iy different than the display order
Specifically, video pictures that are needed to construct other video
pictures should he transmtted first. For the above sequence, the

transm ssi on or det TR XHRPIqseriepaf vislpo pguesis Plaphi@dy B7 Bs B9 P)2 B11114 B13
U I LSk i13m f . i trates the. ve t sm ssion order of

t he videghgﬁgfgﬁggh??2%§€$%%?gk%g§ﬁggpﬁvs?ﬁgmggggﬁgd$ﬁﬁ%he figure indicate
that nadrobsockpichredhfianest etk i e it i€ the oy P i n this case) are

used in the notjon_ | .
compensated prediction of other pictures.

In the scenario of Figure 2, no information from other pictures is
used in the encoding of the intra-frame vi@eo picture I;. Video picture Ps is a P-
frame that uses video information from previous video picture I, in its coding such
that an arrow is drawn from video picture I, to video picture Ps. Video picture 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 [y
and video picture Ps to video picture By, video picture Bs, and video picture ]?;4. As

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

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

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

be

I; Ps B, B3 By Pg B By By By Py B i Bus ...



conpensated prediction of other video pictures. Referring to Figure 3, the
systemfirst transmts I-frame h which does not depend on any other frane.
Next, the systemtransmts P-frame video picture P5 that depends upon
video picture 11. Next, the systemtransmts B-frane video picture B2
after video picture P5 even though video picture B2 will be displayed
before video picture P5. The reason for this is that when it cones tine to

decode B2, the decoder will have al ready received and stored the
information in video pictures Ii 1and P5 necessary to decode video picture
B2. Simlarly, video pictures Il and P5 are ready to be used to decode

subsequent video picture B3 and video picture B4. The receiver/ decoder
reorders the video picture sequence for proper display. In this operation
| and P picture' s Fighe rapbieplly Sugricetic thovasnstigice drdapi bt ur es. The codi ng of

the P-fraf ' estyvpi.cally utilize tioon  Conpensation, wherein a
Mbt i on Vggﬁ%Pk§%E%§§%E¥§ﬁ‘ﬁﬁ?ggﬁéﬁmﬁﬂ%%ngﬁER£?%”Wﬂg pi cture. Using the

conput ed nmdiobiotks fiemt@fored AdRpRAKCN brin MRGhLPIORK it R migGr 00! ock) can be
formed by transl ation of gﬁxels in the aforementioned previous picture.

The di f f &Parfe&edtedisdon of pfeer sidtowiaturevacr obl ock in the P-frame picture and
the prediction macroblock is then coded for transm ssion. Each notion
vector may al so be transmtted via predictive coding. For exanple, a

Mot i on vector predbfekindo FiEaK 3D8e fyRERBE: HHiNE 1SR Py, EPt i on 12
does not depend on any other frame. Next, the system transmits P-frame video
picture Ps that depends upon video picture I;, Next, the system trans‘mits B-frame
video picture B; after video picture Ps even though video pictare By .will be
displayed before video picture Ps. The reason for this is that when it cr'nnes time to
decode By, the decoder will have already received and stored the information in
video pictures I) and Ps necessary to decode video picture By. Similarly, video
pictures I) and Ps are ready to be used to decode subsequent video picfure By and
video picture B4, The receiver/decoder reorders ihe video picture 'sequence for
proper display. In this operation I and P pictures are ofien referred fo as stored

pictures.

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

the prediction macroblock is then coded for transmission.

Each motion vector may also be transmitted via predictive coding,

For example, a motion vector prediction may be formed using nearby motion



vectors. In such a case, then the difference between the actual notion
vector and the notion vector prediction is coded for transm ssion. . Each
B- macrobl ock uses two notion vectors: a first notion vector referencing
the af orenenti oned previous video picture and a second notion vector
referencing the future video picture. Fromthese two notion vectors, two
predi ction macrobl ocks are conputed. The two predicted macrobl ocks are
t hen conbi ned together, using sonme function, to forma final predicted
macr obl ock. As above, the differdhce between the actual macroblock in the
B-frame picture and the final predicted nmacroblock is then encoded for
transm ssion. As'w th' P-macrobl ocks, each notion vector (M) of a B-
macr obl ock na%ge transmtted via predictive coding. Specifically, a

t

predi ct e¥PoloHpt? BD Yes Ben hedifemaehetiest Herchelarbon 1HPi®h vectors. Then, the
dlfferenﬁg”Bﬁ&ﬁﬁagvmknﬁm%%%&@ﬁfg%&@ i,yector and the predicted is coded for

t ransm ssi on. er, w - nacrobl ocks the opportunity exists for
interpolating notion vectors fromnotion vectors in the nearest stored

pi cture nacrobl ock, Such interpolation is carried out both in the digital
vi deo encoder andfach Branagipbinck wges (odrogorreseigige st afios ViR i on vect or

|t er POl Al Ay HE KRB HeAS Bl oI5 Ryl rom a vi deo

seqguence ere a canera IS s anni ng across a stationary background.
In fact, refmbing b fubie Wéo biotirel Rioertlad @b indtonveyord) evogwdiltiorenough to be used
al one. Specifically, this nmeans that no differential information

macroblocks are Computed. The two predicted macroblocks are then combined

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

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

predicted macroblock is then encoded for transmission.

As with P-macroblocks, cach motion vector (MV) of a B-
macroblock may be transmitted via predictive coding. Sp'eciﬁcalfy, a predicted
motion vector is formed uvsing nearby motion vectors. Then, the difference between

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

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

the digital video decoder.

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

enough to be used alone. Specifically, this means that no differential information



13 needs be calculated or transmtted for these B-nmacrobl ock nption

vectors encoded wusing interpolation. To illustrate further, in the above
scenario let us represent the inter- picture display tinme between pictures
i and j as Di,j, i.e., if the display tines of the pictures are T, and T"
respectively, then Di,; =Ti - T, fromwhich it follows that D,k = D> i +

D,k D,k = -Dk,i Note that Did may be negative in sone cases. Thus, if
M5,1 is a notion vector for a P5 nacrobl dek as referenced to 11, then for
t he correspondi ng macrobl ocks in 82,133 and B4 the notion vectors as
referenced to 11 and P5, respectively, would be interpolated by MW2,1 =
M5, 1*D2, 1/ Ds,1 ML15,2 = W5, 1*Ds, 2/ Ds,i MW3,1 = W5,1*D3,1/D5,1 MWS5,3 =
M5, 1*D5, 3/ D5,1 MW4,1 = W5,1*D4,1/D5,1 W5,4 = W5, 1*Ds, 4/ Ds, 1 Not e t hat
si nce r arpegsbismlogiiedsr yepspitipdsiar these Bupserableck mohentvieeiors ¢sededr predi cti on,
absglgteugkgﬁkg%m&%pes are not needed. Thus, relative display tines may be
used for

To illustrate ﬁ‘lrther, in the above scenario let us represent the inter-
pictﬁre display time between pictures 1 and | as Dy, i.6., if the display times of the
pictures are T, and T}, respectively, then

Dy =Ty - Ty from which it foliows that

Dix = Dgg + Dyx

lDi. k= ~Dyi

Note that D;; may be negative in some cases.
{

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

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

MVp,1 = MVs,1%Dp,1/Ds 1
MVs,3 = MVs,1%Dg,2/Ds,1
MV3,1 = MVs,1*D3,2/Dg 1
MVs,3 = MVs,1%Ds,3/Ds5,1
MVy1 = MVs,2%D4,3/Ds 2
MVs,4 = MVs,1*Ds,4/Ds,1

Note thai 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

Dy; display time values.



D,j display time values. 14 This scenario may be generalized, as for
exanple in the H 264 standard. In the generalization, a P or )3 picture my
use any previously transmtted picture for its notion vector prediction.
Thus, in the above case picture B3 may use picture It and picture B2 in
its prediction. Mreover, notion vectors may be extrapol ated, not just
interpolated. Thus, in this case we would have: MW3,1 = W2, 3,*D3, 1/ D2, 2
Such notion vector extrapolation (or interpolation) may al so be used in the
predi ction process for predictiveieoding of notion vectors.. |In any event,
the problemin the case of non-uniforminter-picture tinmes is to transmt
the relative display tine values of D5 to the receiver, and that is the
subj ect of the present invention. In one enbodi nent of the present
invention, for each picture after the first picture we transmt the

di splay tine diffgmggg%ﬁogg}%%ﬁ%nggﬁﬁg(#é§$$?gh@%#£§hand the nost recently

transmtted stored pictur e transm ssion could

be repeatseaddseViemhakentihim@son)d ¥ SigpidtiemBi ved 44 Srevio@lyIransdittat he so-cal led slice
headers of the MPEG or H. 264 standards. If all slice headers are |ost,
then pred¥HESOVIIRER vesiorredicsian. t g, intlsiayove past Heuke Bsmaypiset ure for  decodi ng

infornati@ o 1 Qf 0 .ej t.her. Thus, in the above scenari o we woul d
transmit pt(%uer g(rﬁﬁﬁ)cvt\hg%g :qﬁ&stgg%%t@z,h@mﬁf% Hﬁglgﬁﬁct{i‘g %% 0 D7 10 Dsao D9, 10
Du, 10 D, ektrdbdlafal 4othidi ibikPoldidd, . Thus, in this case we would have:

"MVa,y = MV 1*Dy,1/Dp 4

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

prediction.process for predictive coding of motion vectors. .

In any event, the problem'in the case of non-uniform inter-picture
times is to transmit the relative display time values of Di; to the receiver, and that is
the subject of the present invention. In one embodiment of the present inventi 611,
for each picture after the first pict;ure we {ransmit the display time difference
between the current picture and the most recently transmitted stored picture, For
error resilience, the transmission could be repeated several times within the picture,
e.8., in the so-called slice headers of the MPEG or H.264 standards. If all slice
headers are Igst, then presumably other pictures that rely on the lost picture fof

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

Ds;1 D25 Dys Das Dios De,so 17,10 Dg 0 Do,to Dizo Dyigz Digz Dista ...



15 For the purpose of notion vector estinmation, the accuracy requirenents
for Djj may vary frompicture to picture. For exanple, if there is only a
single B-frane picture B6 hal fway between two frane pictures P5 and P7,
then it suffices to send only: D7,5 = 2 and D6,7 = -1 Were the D;j display
time values are relative tinme values. If, instead, video picture B6 is
only one quarter the distance between video picture P5 and video picture P7
then the appropriate D,, display tinme values to send would be: D?, s = 4
and D6, 7 = -1 Note that in both of the two precedi ng exanples, the

di splay-tinme between the video picture B6 and video picture video picture
P7 is being used as the display time "unit" and the display tine

di fference between video picture P, and picture video picture P7 is four

di spl ay thonbe Pt efmotignyegiensetimefion, hpadcupeyyeeianente & Powey on i s | ess conpl ex

if divis - of, two.  Thi,s is.easi]| chieved in our enbodi nent
if Dj (Sﬁﬁﬁgﬁﬁﬁ¥@§¥§%ﬁF%EW?%%@S@ g%ﬁé%ﬁ,fﬁ%ggP%?gap%W%tures is chosen to
be a powes; heifwalybWewes te BifiteGRirds Ps inki Py Sleh AkaEket 0 séridgpy:e 4' . Alternatively,
the estimation procedure could be defined to truncate or round al
divisors to a power of two. In the case where an inter-picture tinme is to
be a power of two, the, nunber of. data bits can be reduced if only the

i nteger power (of ttwo) is trahsmitted instead of the full value of the

i Nt er - pi OWhbicahd D NBispldykige vaucd arg FoRPT thlvhMesi [ iadad, 31d@Spidure
B, is only one gquartey the distancg between video picture Ps and video picture Py

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

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

picture Py is four display time “units”.

In general, motion vector estimation is less complex if divisors are
powers of two. This is easily achieved in our embodiment if Dj; (the inter-picture
time) between two stored pictures is chosen to be a power of two ag graphically
lustrated in Fiéure 4. Alternatively, the estimation procedure could be d;ﬁned o

truncate or round all divisors to a power of two.

In the case where an inter-picture time is to be a power of two, the
number of data bits can bé reduced lf only the integer power (of t\;vo) is transmitted
instead of the full value of the inter-picture time. Figure 4 grap}ﬁcailjlr illustrates a
case wherein the distances between pictures ave chosen to be powers of two. In

such a case, the D, display time value of 2 between video picture P and picture



case wherein the distances between pictures are chosen to be powers of two.
In such a case, the D3,1 display tine value of 2 between video picture P,
and picture 16 video picture P3 is transmtted as 1 (since 21 = 2) and the
D7,3 display time value of 4 between video picture P7 and picture video
picture P3 can be transmtted as 2 (since 22 = 4)., In sone cases, notion
vector interpolation my not be used. However, it is still necessary to
transmt the display order of the video pictures to the receiver/player
system such that the receiver/player systemw || display the video
pictures in the proper order. In this case, sinple signed integer val ues
for D;j suffice irrespective of the actual display tinmes. In sone
applications only the stgn may be needed. The inter-picture tines D;a may
simply be”{® 8??@?%}3[3115&5‘“% °d pidpiee 25T gnd tieRv.elweley it vabs of However , many

met hods ; gﬁgﬂgj val to achi eve additiona
conpress?gﬁﬁhﬁ%gagggﬁgﬁg, sf€ﬂ$%?ﬁmg%kﬁgﬁgﬁﬁI?h%asgariable | engt h coded
nmagni t udedsing 2 et i vel y easy to inplement and provides coding efficiency.
17 One such variable |l ength coding systemthat nmaybe used is known as UVLC
(Uni versal Variable Length Code). The UVLC variable |length coding system

i's given by the cefg, WokdSnotion vector interpolation may not be used.

However, it is still necessary to transmit the display order of the video pictures to
 the receiver/player system such that the receiver/player system will display the
video pictures in the proper order, In this case, simple signed integer values for D; j
suffice irrespective of the actual display times. In some applications only the sign

may be needed.

The inter-picture times D;j may simply be transmitted as simple
signed integer vatues. However, many mei:hods may be used for encoding the Dy
values to achieve additional compression. For example, a sign bit followed bya

variable length coded magnitude is relatively easy to implement and provides

coding efficiency.



1=1 2=010 3=011 4=00100 5200101 6=00110 7=0
011180001000... Another nethod of encoding the inter-picture
times may be to use arithnetic coding. Typically, arithnetic -coding
utilizes conditional probabilities to effect a very high conpression of
the data bits. Thus, the present invention introduces a sinple but powerful
met hod of encoding and transmtting inter-picture display tinmes. The
encoding of inter- picture display tinmes can be made very efficient by
using variable length coding.or arithmetic coding. Furthernore, a desired
accuracy can be chosen to neet the needs of the video decoder, but no
nore. The foregoing has described a system for specifying variable

accuracy inter-pigtur g%ng in a nultinmedia conpression and encodi ng

system It is coht% "5&3 IW%POd@ﬁéW&é’s‘h%W%éﬁdﬁl@a‘w ons may be made by
one of  Orinae YrbrsaSildle Lefal Bie the UV RC LRIBIR e and arrangenents of

el enents of the present
system. is giver by the code words:

1 = L
2I= 01¢
3 = 01 1
4 = o100
E = 00101
6 = 0011¢
7 = cCo111

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

effect a very high compression of the data bits.

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

needs of the video decoder, but no more.

The foregoing has described 4 system for specifying variable
accuracy infer-picture timing in a multimedia compression and encoding system. It

is contemplated that changes and modifications may be made by one of ordinary



invention w thout departing fromthe scope of the invention, 19 CLAIMs 1.
A nmet hod conprising: encoding a first video picture in a bitstream
encodi ng a second video picture in the bitstream the second video picture
conprising a plurality of slices, each slice associated with a slice
header; and encoding an order value in each of the slice headers of the
second video picture, the order value representative of a position of the
second video picture with reference to the first video picture in a
sequence of video pictures, wherei®n the second video picture is encoded
based on the order value. 2. The nethod of claim1, wherein the sequence of
video pictures is a sequence for displaying the video pictures. 3. The

met hod of ,claim1, whergjn encodln t he secg@d vi deo picture conprises

e
usi ng tH&‘HPH@F“J%@%@“?BEG%H$ﬁ¥ %ﬁ@ﬁ@ﬁmﬁ $Ffor the second video
picture 19@@%&91@&0&(16})%%%t‘ﬁ@&:t)[%rofﬁltam@&%nher vi deo picture. 4. The nethod
of claim1, wherein the order value I's representative of an order
di fference val ue between said second video picture and said first video
picture. 5. A storage nmediumstoring a bitstream the bitstream conpri sing:
an encoded first video picture; an encoded second video picture, the second
vi deo picture conprising a



plurality of slices, each slice associated wth a slice header; and an
encoded order value, the order val ue encoded in each of the second video
picture slice headers, the order val ue specifying a relationship between
said second video picture and said fjirst video picture. 20 6. The storage
medi um of claim5, wherein the order VAlue is representative of a position
of said second video picture in a sequence of video pictures. 7. The
storage nedium of claimb5, wherein said order value is for conputing a

not i on WEAINS: for the second video picture, wherein the notion vector is
not in said bitstream 8. The storage nmediumof claim5, wherein said

order valueis C%H’[eg‘ﬁﬁ%ni singdl d bitstream 9. The storage nedi um of
claim8, wherein sal conplpglssglg'd order value is conpressed in said

bi t stream by usi %g var i a@l; lden th codi rggt 10. The storage nediumof claim
8, wherein said CORPFaEsdEF SHELP IUF L2 PE U@ pr essed in said bitstream by
using arithneti cétégfggng. 11. The storage nediumof claimb5, wherein the

order value is r BhEaErUE Bideq pictyeder thgitiseancesarad vdeawsiirsai d
second video picture and said first video picture. 12. A nethod for
decodi wgmariping agilaralityaff sli¢aseenchisbcanseaciabd withiaddioe berglagncé, the met hod
conprising: receiving a bitstream conprising an encoded first video
pi cture, an encodacbdisganngderi dae ph ehelr ef tirndli@nherendstther sdesnd/ aldes f or
t he second video picture, the order
picture, the order value representative of a position of the second video picture with reference
to the first video picture in a sequence of video pictures, wherein the second video picture is
encoded based on the order value,
2. The method of claim 1, wherein the sequence of video pictures is a sequence
for displaying the video pictures.
3. The method of claim 1, wherein encoding the second video picture comprises
using the order value to compute a motion vector for the second video picture based on a
motion vector of another video picture.
4, The method of claim 1, wherein the order value is representative of an order
difference value between said second video picture and said first video picture.
5. A storage medium storing a bitstream, the bitstream comprising:
an encoded first video picture;
an encoded second video picture, the second video picture comprising a
plurality of slices, each slice associated with a slice header; and
an encoded order value, the order value encoded in each of the second video

picture slice headers, the order value specifying a relationship between said second video

picture and said first video picture.



val ue representative of a position of the second video picture with
reference to the first video picture in the video sequence, the encoded
second video picture conprising a plurality of slices, each slice
associated with a slice header, said .grder value encoded in each of the
second video picture slice headers; d decoding the second video picture
by using said order value. 13. The nethod of claim 12, wherein the sequence
of video pictures is a sequence for displaying the video pictures. 21 14.

The nethod 6f cl dhostbZagenhediginrnfdetad, Rehdréia (BE6@BOvAICIR Qefite SnthiiRe ©PEPT | SES
using the order value to conpute a notion vector for the second video

Pi ct ur 8o8aseer Qi &coffPLideR pHaft B 2 el f8igd fGQrRI cture. 15. The nmethod
of claim 14, wherein the cgnputed notion vector Is not in the bitstream

encoded 11 1¢t vi ath BTRRUPER R AR Thetelf L Bt SRS £ R cabe e
D1 i o BETGHAF B B ST OFOBE ek S At VEUGt VS TLOR FOS LT
predi cted macrobl ock that is encoded b referencing a macroblock in the
encoded fir8t vi dée spiregeumedivayof Taim % ovhayeinrmeili ondeofalu &4 pordpressetidnei n
the second video picture is associated wth a notion vector that
r ef er epai@bitstheant.i r st vi deo picture
9. The storage medium of claim 8, wherein said compressed order value is
compressed in said bitstream by using variable lengsth coding.
10.  The storage medium of claim 8, wherein said compressed order value is
compressed in said bitstream by using arithmetic coding,
11.  The storage medium of claim 5, wherein the order value is representative of an
order difference value between said second video picture and said first video picture.
12, A method for decoding a plurality of video pictures of a video sequence, the
method comprising:
receiving a bitstream comprising an encoded first video picture, an encoded
second video picture, and an encoded order value for the second video picture, the order
value representative of a position of the second video picture with reference to the first video
picture in the video sequence, the encoded second video picture comprising a plurality of
slices, each slice associated with a slice header, said order value encoded in each of the
second video picture slice headers; and
decoding the second video picture by using said order value.

13, The method of claim 12, wherein the sequence of video pictures is a sequence

for displaying the video pictures,



18. The storage nediumof claim17, wherein the notion vector is encoded in
the bitstream 19. The storage nedium of claim 16, wherein the first video
picture is a B video picture. 20. The storage nedi umof claim 19, wherein

the second video picture is a P videglpicture. 21. A nmethod for decoding a
plurality of video pictures of a vide0O sequence, the nethod conprising: at
a decoder, receiving a bitstream conprising an encoded first video picture

and an encoded second video picture, wherein the encoded first video

pi cture conpddi sedhetmethahstclane] Hivdierss Hedilg the edoad edespitabboajriasd t he

encoded second video picture conprises 22 no bidirectional predicted

macr oblh@ipssthavedadtvahRast corfiitd AintbtioRCdcRR dbr ReeldbsieiRplahtatlked Sihat
ref erences a nmacrobl ock in the encoded first video picture; and decodi ng

t he Se?ﬂ&ﬂ)n‘#g E’gf’?%’:’ﬁﬁwﬁ&&# p\?\ﬁw@g the first video picture as a reference.

22. The net arm erein decoding the second video picture
Chat rof or erides RS TG ofRGEB 16 ELHE hosmie! ARRBArT ot Bnie
mhereinﬁ&%;mgntion vector is received fromthe bitstream
16. A storage medium storing a bitstream, the bitstream comprising:
an encoded first video picture that comprises at least one bidirectional
predicted macroblock; and
an encoded second video picture that comprises no bidirectional predicted
macroblocks and at least one unidirectional predicted macroblock that is encoded by
referencing a macroblock in the encoded first video picture.
17.  The storage medium of claim 16, wherein the second video picture is
associated with a motion vector that references the first video picture.
18. The storage medium of claim 17, wherein the motion vector is encoded in the
bitstream.
19, The storage medium of claim 16, wherein the first video picture is a B video
picture.
20. The storage medium of claim 19, wherein the second video picture is a P
video picture.
21. A method for decoding a plurality of video pictures of a video sequence, the
method comprising:
at a decoder, receiving a bitstream comprising an encoded first video picture

and an encoded second video picture, wherein the encoded first video picture comprises at

least one bidirectional predicted macroblock and the encoded second video picture comprises



24. The nmethod of claim 22, wherein the notion vector is conputed by the
decoder. 25. The nethod of claim 21, wherein the first video picture is a B
video picture. 26. The nethod of claim 25, wherein the second video
picture is a P video picture. 27. A ﬂzthod for encoding a plurality of

vi deo pictures of a video sequence, met hod conprising: encoding a
first video picture, wherein the encoded first video picture conprises at

| east one bidirectional predicted macrobl ock; encoding a second vi deo

pi ct ur ewotbidivsitingaltfredited Stackibl®Rks RhE b [e@stashe Ani @R ST ?redid’b&?frﬁh%bio@l%
encoded second video picture conprises no bidirectional predicted

macr obkpg ksfereabds :ﬁhaér@@lﬁ&k fife WAL S gl?sg IVEEQ Sm?ﬁx@ rﬁit ed macrobl ock t hat

references a nmacroblock In enco eo plcture and storing
t he encoded first #ﬂ 0 |ctur and encoded secon : icture in a
bitstream 23 28 e&’ xgg r%lget ﬁ%‘iﬁm Vi F%lprlr?ct WHEE eeh{:sgd‘flﬁ PHEE 0Rd
vi deo pvfture conprlses conputing a nDtlon vect or associated with the
second 'VPH86%pi cture that references the first video picture. 29. The
met hod of claim 28 further conprising encoding the notion vector in the
bitstream 38. TH&emathwbolofaiml 2, whekin dénerdimgrihe speofid video pictieo cpinptissse i s a
B video picture.
using a motion vector associated with the second video picture that references the first video
picture,
23, The method of claim 22, wherein the motion vector is received from the
bitstream.
24, The method of claim 22, wherein the motion vector is computed by the
decoder.,
25.  The method of claim 21, wherein the first video picture is a B video picture.
26.  The method of claim 25, wherein the second video picture is a P video picture,
27. A method for encoding a plurality of video pictures of a video sequence, the
method comprising:
encoding a first video picture, wherein the encoded first video picture
comprises at least one bidirectional predicted macroblock;
encoding a second video picture by using the first video picture as a reference,
wherein the encoded second video picture comprises no bidirectional predicted macroblocks
and at least one unidirectional predicted macroblock that references a macroblock in the
encoded first video picture; and

storing the encoded first video picture and encoded second video picture in a

bitstream.



31. The nethod of claim30, wherein the second video picture is a P video
picture. 32. A conputer readable mediumstoring a conputer programthat is
executabl e by at |east one processor, the conputer program conprising sets
of instructions for inplenenting the yethod according to any one of clains
1-4 and 27-31. 33. A conputer readabl% medi um storing a conmputer program
that is executable by at |east one processor, the conputer program
conprising sets of instructions for inplenmenting the nethod according to

any one of dBai melhk2nétbodoftllditr 28 whddein Sn@difguthe ecdiS VRID QRINRE ic6inPhsedBaNs
for inplementing steps according to any one of clains 1-4 and 27-3 1. 35.

A CONPUbLARIPUENS b AV IRAMRE? 2B IRANGith Ae dUPRETRES bR&rS HERSeRANOLANOGrk0 any
one of clains 12-15 and 21- 26.
video picture,

29.  The method of claim 28 further comprising encoding the motion vector in the
bitstream.

30.  The method of claim 27, wherein the first video picture is a B video picture.

31. The method of claim 30, wherein the second video picture is a P video picture.

32. A computer readable medium storing a computer program that is executable
by at least one processor, the computer program comprising sets of instructions for
implementing the method according to any one of claims 1-4 and 27-31.

33. A computer readable medium storing a computer program that is executable
by at least one processor, the computer program comprising sets of instructions for
implementing the method according to any one of claims 12-15 and 21-26.

34. A computer system comprising means for implementing steps according to
any one of claims 1-4 and 27-31,

35. A computer system comprising means for implementing steps according to

any one of claims 12-15 and 21-26.



