Met hod and Apparatus for Variable Accuracy
Inter-Picture Timng Specification for Digital Video
Encodi ng FI ELD OF THE | NVENTI ON The present
invention relates to the field of nmultinedia
conpression systens, In particular the present

i nvention discloses nmethods and systens for specifying
vari abl e accuracy inter-picture timng. BACKGROUND OF
THE | NVENTI ON Digiital based el ectronic nedia
formats are finally on the &usp of largely replacing
anal og electronic nedia formats. Digital cornpact

di scs (CDs) replaced anal og vinyl records | ong ago.
Anal og magneti c cassette tapes are becon ng

i ncreasingly rare. Secopd and third generation digital
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nove to digital storage and transm ssion formats than
Eﬂﬁédﬂﬁﬂﬂiﬁﬂgﬁﬂﬂ§ibeen | argely due to the massive
amounts of digital information required to accurately
represent video in digital form The massive anounts
of di githabrebenf iO¥enfRinir@dies RARARM df RuMELUE &dntsidhePr esent
video require very high-capacity digital storage
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specifying variable accuracy inter-picture timing.

BACKGROUND OF THE INVENTION

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

the first generation digital audio format of compact discs.

The video media has been slower to move to digital storage and
transmission formats than audio. This has been larg'ely due to the massive amounts
of digi‘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,



However, video is now rapidly noving to digital
storage and transm ssion formats. Paster conputer
processors, high-density storage systens, and new
efficient conpression and encodi ng al gorithnms have
finally made digital video practical at consuner price
points. The DVD (Digital Versatile Disc), a digital
vi deo system has been one of the fastest selling
consuner electronic products in years. DVDs have been
rapi dly suppl anting Vi deo-Cassette Recorders (VCRs) as
the pre-recorded video pl ayback system of choi ce due
to their high video quality, very high audio quality,
conveni @RGBver, e € - : o8 t i gquated anal og
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ot ot BRI ind e%bdij‘?g’sf@( ‘S\Iﬂsgnd the Di sh
(Afjenart T feviniaaBthu®irds €otnmBed) sidedshsnBation kysieine  ( DBS)
tel evi si on broadcast dystem use the higher quality
MPEG 2 digital video conpression and encodi ng system
The MPEGyuengee t s ' . hei adapt ed by
the | at esn?p conputé;?ve?aé?éigg%li]%?‘tkgp%% éo/iié%‘g‘lev%ooder s and
enopdigp@imatsdor adivgbtr af yews. demnPlha et digital Bdeo compression~ The
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pisp R b%“%@?‘%“ﬁ%@ﬁ@ﬂg@%@w%@eﬁﬁvm| bropcasipsierd fr anes
use (B high@ Ry MPIT-2 &yl ABB SorsR¥BLELS lsx%pdi%(lﬁ@e%{]dem ly

encode an_independent video frame wt o reference to
4 gricerbing systeamie spidly being adgmedy defiteoapwdrdeo frame
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both a video frane di sprayed before the current frane
and a video frame to be displayed after the current
frame. Due to their efficient usage of redundant video
i nformati on, P-franes and B-franes generally provide
t he best conpression. 4




SUMVARY OF THE | NVENTI ON A met hod and
apparatus for variable accuracy inter-picture timng
specification for digital video encoding is disclosed.
Specifically, the present invention discloses a system
that allows the relative timng of nearby video
pictures to be encoded in a very efficient manner. In
one enbodi nent, the display tine difference between a
current video picture antd a nearby video picture is
determi ned. The display tinme difference is then
encoded into a digital representation of the video
picture. In a preferred enbodi ment, the nearby video
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ﬁemimiframes (I-frames), Unidirectional Predicted frames (P-frames), or Bi-
Ditectional Predicted frames (B-frames). Intra-frames completely independently
encode an independent video frame with no reference to other video frames. P-
frames define a video frame with reference to a single previously displayed video
frame. B-frames define a video frame with reference to both 2 video frame
displayed before the current frame and a video frame to be displayed afier the
current frame. Due to their efficient nsage of redundant video information, P-

frames and B-frames generally provide the best compression.



Figure 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 notion
conpensati on. Figure 3 illustrates the
video pictures fromFigue 2 listed in a preferred
transm ssion order of pictures wherein the arrows
connecting different pictures indicate inter-picture
dependen%y creat ed using notion conpensation,
GRS OF THEINMENBIONY il lustrates a series of video
pi ctures wherein the di stances between video pictures
that reference each other are chosen to be pomers of
two. 6ARERM b R 7
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Tecepfy rensesiidd stgrednigirem  However, the sane techni ques can
easily be applied to other types of conpression and
encodi ng systens.
For coding efficiency, the display time difference may be encoded

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

number of bits fransmitted.

Other objects, features, and ad'vantages of present invention will be
9

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



Mul ti medi a Conpression and Encodi ng Overvi ew
Figure 1 illustrates a high-1level block diagramof a
typical digital video encoder 100 as is well blown in
the art. The digital video encoder 100 receives an
i ncom ng video stream of video frames 105 at the |eft
of the block diagram Each video frame is processed by
a Discrete Cosine Transformation (DCT) unit 110. The
frame nmay be processed isndependently (an intra-frane)
or wth reference to information fromother franes
received fromthe notion conpensation unit (an
inter- frane) Next, a Quantizer (Q wunit 120 quanti zes
BFeDESG N DBRHE PRAWINGSDi scr et e Cosi ne
Transformation unit 110. Finally, the quantized video
frame is then encoded with an entropy encoder (H) unit
180 to ﬂ{eeg&%efeﬁﬂes%ﬁmageb { S RRM m%%n%m ©OPY
encoder (Hy unit 180 nay use a variabl e Iength codi ng
appviii®) ors yigBedin the &, in view of the followify detiicdalesciiptiostn- f r ane
encoded video frane is defined with reference to other
wh arby video franes, the digital video encoder 100
needs to create a copy of how decoded each frame wl |l
appear within a digital video decoder such that
i nt er - fHiguebilingytednchighiieetiaatk dfas of dnbygsdikyder  por tion
the digital video encoder 100 is actually a digital
égyﬁﬁgﬁ”ﬁ%@%dEPmsysten1 Specifically, an inverse
quantizer (Ql) unit 130 reverses thequantization of
the video frame information and an inverse Discrete
Cosi ne FTgmn:stllnstramstai senivué AGHde) pitttred in Ihé Ordéerahaethses t he
sine, Transformati on of the video frane

. Discrete
pictugeg %P‘ﬁé{’q Pplayep peherpin the prigws congeeting different pifteRt s ar e
md&ﬁé:ﬂ@ﬁ}ﬁﬁt% E@%&EJc?&EMsmé Eﬁtiog%rﬁﬂéﬁl;atfog nmpensation unit

use the information along with the notion

vectors, to reconstruct the encoded frame which is

t hen used' as..the reference f for the notion

est | rmfﬁe%xﬁ usjrgies t}H: kc{eo leo%rﬁ%f[mmm}%gure 2 listed maThe decoded
prefém%ans&ﬁs@la&mm fpsaaﬁa WhEreM SR b csmmgmffé}&{? r-franes

(P-frames or ranes) that are defined relative to
pictiuef xadmmtmterrpmm debmdfdac@m usigchadiof compensati@peci fi cal |y,

a notion conpensation (MJ) unit 150 and a notion

estimation (ME) unit 160 are used to determ ne notion

vect or ggands @@&@ﬁn@tsﬁs@teﬁ b %@Hfméo Ak GRerbiR @ tO

encode inter-franes A'rate controller 190
distgmegséptwesn vided wetrrestthaorefckancmeachethyr dié fiben et psenponent s i n
of 180 di gital video encoder 100 and uses the information

{0 allocate a bit budget for each video franme. The
rate controller 190 should allocate the bit budget in
a manner that will generate the highest quality
digital video bit streamthat that conplies with a
speci fied set of restrictions. Specifically, the rate
controller 190 attenpts to generate the highest
gual ity conpressed video stream w t hout overfl ow ng
buffers (exceedi ng the anmobunt of available nmenory in a
decoder by 8




sending nore information than can be stored) or
underfl ow ng buffers (not sending video franes fast
enough such that a decoder runs out of video frames to
di splay). Miltinmedia Conpression and Encodi ng Overvi ew
In some video signals the tinme between successive
video pictures (frames or fields) may not be constant.
(Note: This docunent will use the term video pictures
to generically refer todideo frames or video fields.)
For exanpl e, sone video pictures nmay be dropped
because of transm ssion bandw dth constraints.
Furthernore, the video timng nmay al so vary due to
DECANATEDRSARIFIOR OF T EeR EpgrewinatvEdhiegig such as sl ow
notion or fast notion. In sone video streans, the
original video source may sinply have non-uniform
i nter-pj [ : ' ..oy exa
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vectors that may be interpolated. This docunment w ||
typpseof equuppessipreaed elopdingiessteaist hough t he teachi ngs of the
present invention nay be applied equally to both
maci obl ocks and pi xel bl ocks. 9 Some vi deo
codi ng Mupnstaia@dsmpeessipn anll Bhdoblnd Ovatiandar ds or the I TU
H. 264 standard, use different types of predicted
macr obl ocks to encode video, pictures. In one
scenari K ) f L e.types: 1.
 mcr oo s TSGR 6ok e B8 oYkl Bt V0
vidéond@deretoD ayls frelidimvai iy the tdn EThe Wit Gidgoicadotidr@80 i N 1 S
coding (iit is conpletely self-defined); 2.
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recq AR e RpcHdeo siysany i iflep Benes SV thyleh pit
dia%%ﬁf ﬁ%h 088 Mgﬂ% &hoRedsRa Bl £hRGGe ERLO TRk QR LT om one
recedi ng video pi cture; or

(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 () unit 180 to
produce an encoded bitstreame. The entropy encoder (H) unit 180 may use a

variable length coding (VLC) system,



3. B-macroblock - A bi-directional predicted (B)
macr obl ock uses information fromone *cedi ng picture
and one Mre video picture. If all the
macrobl ocks in a video picture are Intra-rnacrobl ocks,
then the video picture is an Intra-frane. If a video
picture only includes unidirectional predicted macro
bl ocks or intra-macrobl ocks, then the video picture is
known as a P-frane. If the video picture contains any
hi -di recti onal predicted macrobl ocks, then the video
picture is known as a B-frane. For the sinplicity,
this document will consider the case where al

macr obl gkeminta-fipme encled eidcofage i.srdainad eittnkfetele sanme

f b
o oGt R s e B R Bl 5B S oy 86 57
of BS 8RodRl GaciBieneRiR a }'?gfg wiithift a dlglta‘l\'ﬁﬁé'o%eéoﬁé? sl (1, P,

~or B) represents if the video picture I's an |-frame
mtpx-framepsay toencBiefly Hive, taridwer bertionnfive digitb pil@seevia t he

aner a, or.d f th video ic e in the sequence of

108 is ctuﬁlﬁ gigge'l gg eo dﬁcﬁger Syl 8 Iﬁgé{y Fudnverseauditi@Er i n whi ch
(Qa) 1R B @vers@ﬁher q%é&fﬁ%zgi%ﬁj ofl thtyideh BER: iIbinalil:SSq &Nd thus is

al so the ord in which the video pictures should be
invgiss Blseryte Gosfe h‘en&ﬂwrslpﬂwa@@f t@ni) 140 reverses the Discrete
Cosine Transformation of the video frame information. After all the DCT
coefficients are reconstucted 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 geueratle differential values

used to encode inter-frames.

A rate controller 190 receives information from many different
components in a digital video encoder 100 and uses the information to allocate a bit
budget for each video frame. The rate controller 190 should allocate the bit budget
in a manger 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



The previous exanple series of video pictures is
graphically illustrated in Figure 2. Referring to
Figure 2, the arrows indicate that nmacrobl ocks froma
stored picture (lI-frame or P-frame Lapis case) are
used in the notion' conpensated prediction of other
pi ctures. In the scenario of Figure 2, no
information fromother pictures is used in the
encoding of the intra-fgane video picture |I. Video
picture PS5 is a 1% frame that uses video information
fromprevious video picture Il in its coding such that
an arrow is drawn fromvideo picture | to video
senddgGitond iefolhatidd tl@aapbeGtoted)or aﬁmﬂmividgmﬂfms@an seadi83, vi deo
picture B4 all use jnformation from both yi i deo picture
videp e et i AL g PR o FEHige0 BTSRRI ¢ hat
arrows are drawn from video picture and video picture
Ps to video picture B2, video picture B3, and video
picture al. As stated above the inter-picture tines
are, eneral, not_ the sang. Si nce
B- pi ct @F‘ggm%%CPWrW%??W“?q’W‘FW Ure pictures
(pictures that will be displayed later), the
transm ssion order is usually different than the
di spl ay: someleitico sEpaicihé iimetletween sudcehsive pﬂqotpmtm that are
needed to construct other video R@@tures shoul d be

(framps g Selds) LRt becgpstantz Gyotg: his daspREat Wa irdPRiE™ t he
P10 B6 132
wdefé%glﬁﬁ‘g%%%%gm%&%& iolxﬁa %H(Iime?@r v'ideo it é"dsﬁzﬁ‘o?@xaﬁﬂle Fi gure 3

som@ Kidediadsingy bt froged Bebas: of haxsxmlssmné»axtdwaiﬂs nm ssi on order
of the videoéglctures from Figure 2. REglaln the arrows

congtigintsh Bargiergreths Yidro SEing Mk ate A AP PRSI BRY A st or ed
or s%gglee‘?ferﬂé G Sod qnoggn or Faf) ool HERREVidd BediQfk i N the

i on conpensated prediction of other video pictures.
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 atbitraty video timing is created by a uniform video
capturc 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 a
rectangular grid of macroblocks. Each individual macroblock from the video
picture is independently compressed and encoded. In some exbodiments, sub-
‘blocks of macroblocks known as ‘pixelblogks’ are used. Such pixel blocks may
have their own motion vectors that may be interpolated. This document will refer
10 macroblocks althougk; the teachings of the present invéntion may be applied '

equally to both macrobloeks and pixelblocks.



Referring to Figure 3, the systemfirst transmts
|-frathe .11 which does not depend on any other frane.
Next, the systemtransmts P-frame video picture Ps

t hat depends upon video picture I. Next, the system
transmts 13-frame video picture By after video
pi cture Ps even though video picture By will be

di spl ayed before video picture P5. The reason for this
is that when it cones tisre to decode By, the decoder
wi || have already received and stored the information
in video pictures L and Ps necessary | o decode video
picture By. Simlarly, video pictures L and Ps are
ready t¥nis@idesesding gadadods, 80 DREGsendards odbdTPi ct ur e

nd .video picture al. The receiver/decoder

0752 a8 X B0 PG e e ER]ORER BT 48P o per
picthiS.Pindye sodnlrid, B nScrURRE Aby RMAnd ofANEL 1fpeRi Cture’s are often
referred to as stored pictures. The codi ng
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Co tion erej.n a [ ector is conputed for
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can be formed by translation of pixels in the

af GrtrrdnbinsHendiopy @ powdinpiideopicsire; Bhe di f f er ence
etyneen e fual.. macr bl o in the P-frame picture
I & FRB bR R iR Gt B oo hadamor

t 1 3RMBhSFREng picture and one futuEIRy fRELON vector may al so
be transmtted via predictive coding. For exanple, a

notion vector prediction my be formed using nearby

mot i on vect ..In.such a case, then the

differ é%%ﬁh%“éﬁ'ﬁé%s PGP ENE TR CTBEED ANt he
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.. Each B-macrobl ock uses two notion vectors: a first
predigied reproplogkser intrp-mpasebinnksi thep thewidea pishusrisgkmbéomed pr evi ous

vl l.eture and .a second .notion vector referencing
- E PP Mt PPl Rt ReRbiodk  on
theMBEE @5 Pictufe ik L&l AR, PRUQRMGKSHRIGuESIPUt ed. The
_two_ piedicted macrobl ocks are then conbi ned toget her,
wilkgernsidey tassnss vihern el mesrpbloghs whthin geiyer pistert arp pidigisetee d
Jracrobl ock. As above, the difference between the
actual nmacroblock in the B-frame picture and the final
predi cted macrobl ock is then encoded for transm ssion.
As w t hl-macrobl ocks, .each notion vector (M) of a
Brracr o SERPlpdsueee ¢ividpssnistiresde bagnoodet eightdt i ve codi ng.
ifically, a predicted notion vector is forned
mpﬁ%ﬁﬁgénearby notion vectors. Then, the difference
between the actual notion vector and the predicted is
coded for _transm ssi On However, wth

B- macr b5k BeRePsBnBr RBdhBroBurhtBi bxi-sts for interpol ating

' C omption.vectors.in e near est
el 100 B0 Bl T R R R S T b, bt o | ¢
B-frard dnll e m@kter fogrtdonté Me fahera didel dr 8l vidbAgQERQRAer and the

digital 'video decoder.
sequence of video pictures. The camera order is the order in which a camera



This notion vector interPolation works particularly
well on video pictures froma video sequence where a
camera is slowy panning across a stationary
background. In fact, such notion vector interpolation
may be good enough to be used al one. Specifically,
this means that no differential information 13 needs
be calculated or transmtted for these 13-nacrobl ock
noti on vectors encoded usi ng interpolation.

To illustrate further, in the above scenario | et us
represent the inter-picture display tinme between

pi%}ures i and j as D,j, i.e., if the display tines of
recpiffed (g %@%P@@%@@Ws lsah@ithtwrderarestp@dhq Wb yigtutehen = Ti -

idf ws that Diek = D = Not e that
sho-[{;{ji brﬁgg%ga% gﬁgL éit] gﬂe& ijdér)o J

SOone cases.

~ The previous example series of video pictures is graphicaily
illustrated in Figure 2, Referring to Figure 2, the arrows indicate that macroblocks
from 4 stored picture (I-frame or P-frame in this case) are used in the motion

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;ieo picture I;. Video picture Ps is a P-
frame that uses video information from previous video pictare I in its coding such
that an arrow is drawn from video picture 1, fo video picture Ps. Video picture B,,
video picture By, 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 J;
and video picture Ps to video picture By, video picture Bj, 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 u-sually different than the display
order. Specifically, video pictures that are necded to construct other video pictures
should be transmitted first, For the above sequence, the ttansmission order might

be

I} Ps By B3 B4 Pig Bs By By :ép Py B lubBi...



Thus, if MV5,1 is a notion vector for a P5 macrobbi ck
as reference,cl to | b then for the correspondi ng
macrobl ocks in 132, 133 and 134 the notion vectors as
referenced to Il and P5, respectively, would be
interpolated by W21 = FIV5,1*D2, 1/D5,1 WS5, 2 =
MV54* D5, 2i p54 W3,1 = W511*D3, 1/ D5, 1 MW513 =

ML75, 1*D54D5, 1 W4,1 = MWs, 1*04,1/1)sti MWS5,4 =

MWvs, 1*D5, 4/ B5,1 Note that since ratios of display
times are used for notion vector prediction, absolute
di splay tines are not needed. Thus, relative display

ti mes nmaybe used for D'i display tinme val ues.
Figure 3 graphically illustrates the above transmission order of the

video pictures from Figure 2, Again, the arows in the figure indicate that
macroblocks from a stored video picture (T or P in this case) are used in the motion

compensated prediction of other video pictures'.

Referring to Figure 3, the system first fransmits I-frame I; which
does not depend on any other frarpe. 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; afier video picture Ps even though video picture B, ‘will be
displayed before video picture Ps. The reason for this is that when it c;:)mes time to
decode By, the decoder will have already received and stored the information in
video pictures I and Ps necessary to decode video picture B, Similarly, video
pictures I; and Ps a:f‘; ready to be used to decode subsequent video pic%ure By and
video picture By, The recsiver/decoder reorders the video picture éequence for
proper display. In this operation I and P pictures are often referred to as stored

pictures.

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

the prediction macroblock is then coded for transmission.

Each motion vector may also be transmitted via predictive coding.

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



14 This scenario may be generalized, as for
exanple in the H 264 standard. In the generalization,
a Por B picture may use any previously transmtted
picture for its notion vector prediction. Thus, in the
above case picture B3 nmay use picture Il and picture
By in its prediction. Mreover, notion vectors nay be
extrapol ated, not just interpolated. Thus, in this
case we woul d have: 'W525 = W133,1/D2,1 Such notion
vector extrapolation (or interpolation) may al so be
used in the prediction. process for predictive coding
of notion vectors. In any event, the
Vel B sk # prse; then thederate breenih afcmaimqtimwtomndt ure tines
l,ative display time values of D
ﬂmtm(‘))ﬁ%rhvegm E%W\}o lsmg &e'it’ljﬁl%%“ g thg Sﬁbj ect of the )
pr esent invention. In one embodi ment of the pr esent
invention, for each picture after the first picture we
transn1E%hﬁ@%ﬁﬁﬁwk&vsW@ﬁ@m@vﬁﬂqﬁeﬂﬁémUEmwean ‘t he
cently transmtted

rer G PE RS aBlefibithfea Bfiods ied R e i S e Pl e e s o

ref@&inglthe ﬁm{r@ﬁ&@bi@ﬂres e8I tibke thvb Hie@on\%&d?é Bvd B&ldRbEL Ur e,
in the so-called slice headers of the MPEG or

maqrq:b?@&sm aregomprated: dhe twp predicled micrablocksermdhen songlired | ost, t hen

unab ot her. pi ct on the | ost
mggﬁﬂ‘” A ﬁmgg%g%P Fﬁ$gyhﬁgﬁgﬁngéﬁhéfm%ﬁeH@coded
diffeehda Bbtwech MéSotnal ﬁamﬁm@ia%ées-mgﬁﬁmnm el d transmt
the following: D5,1 D1,5 03,5 04,5 010 05,10 D7, 10

pre@dgedipacrydlogiois iarpendededdfpdtrapgmi@ivy, 12 013, 14

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

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

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

the digital video decoder.

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

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



15 For the purpose of notion vector estimation, the
accuracy requirenents for Dio may vary frompicture to
picture. For exanple, if there is only a single
B-frane picture B6 hal fway between two P:frane
pictures P5 and P7, then it suffices to send only:
D7,5= 2 and 1)6,7 = -3. Were the Dij display tine
values are relative tinme values. If, instead, video
picture 136 is only one gquarter the distance between
vi deo picture P5 and video picture Py then the
appropriate D, display tine values to send woul d be:
1)7,5 =4 and 1)5,7 r- -1 Note that in both of the two
neqg eiraldiliieyl oo scanypittedsior thive Baiasrpblek niotieonevelios weelkd t he vi deo
us'ﬁ!%i%tt urlgﬁoBG and video picture video picture Py is being
TEEPAE P he display tine "unit" and the display tine
di fference between video picture Pi and picture video
picture P7 is four display tinme "units". In
gener al To ilustritoRithend e abovstscowerio lehms fepredentdle iganpl ex i f

. divj.sor r owers .of twQ. .Thi.s i.s . easily achieved in
pieRis ioBh B e T B it PR ER B T8) bet ween
pichygga@tf%@@g,ﬂg$pggtiuglﬁ%ehs cthosen to be a power of two as

graphical I'y illustrated in Figure 4. Alternatively,
t he est®uwatiBin-phoceddon whishitéilbes thef i ned to truncate
or rou all_divisors to a power of two. In

N

the case'whdre animter-picture time is to be a power
of two,pthe mnber of data bits can be reduced if only
the integer power (of two) is transmtted instead of
Noteftfet Piginky by abgativedd somheastsnt er - pi cture time. Figure 4
graphically illustrates a case wherein the distances
bet ween pictures are chosen to be powers of two. In
such a GasaMV:R 8 aBRtdn REEbaN; hhdihlotRhUer@iced bet ween

Vi deo picture Pl and picture
to I, then for the corresponding macroblocks in By, By and B4 the motion vectors as

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

MVa,; = MVs,1%Dy,1/Ds,1
MVs,a = MVs 1*Ds, /D,
MVi,y = MVs,1%D3,2/Ds,y
MVy,3 = MVs,1*Dg,a/Ds,1
MVs,s = MVs,2%Dy,/Ds
MVs,4 = MVs,1%Ds,a/Ds1

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

D; display time values,



H video picture P3 is transmtted as 1 (since 2 = 2)
and the 1)7,3 display tine value of 4 between video
pi cture P7 and picture video picture P3 can be

transmtted as 2 (since 22 In sone cases,
notion vector interpolation may not be Used. However,
it is still necessary to transmt the display order of

the video pictures to the receiver/player system such
that the receiver/playends systemw Il display the video
pictures in the proper order. In this case, sinple
signed integer values for D 0 suffice irrespective of
the actual display tinmes. In sone applications only
the sign may be needed. The inter-picture

tinmes tted as | e signed
|ntegeE%3g$%%§& i gmmlm: @lﬁ%?ﬁ%agl 9? “be used for
stedfeed) dh the fdneralizatign, M&kr%@ﬁctdr&n@@@d &y grcﬂgﬂ'lytﬂa%ﬁ{ed
ression. For example, a sig it followed by a

P*%?F’éﬁ% @“P%Y?ﬁfpwf@é?ﬁ@‘d Thrusgin |thel§@¥!6 pase pigthra B ey ly%e easy to

I OV odi n fflc enc
P 1&% 'S 5ﬂ vari ag‘i predfcg%g "¢ Be&%hg%% ag(/h%t may be
ext@Otcd, Sothusomrmaigted Mius, inldid derealouMakieabl € Lengt h

Code). The WVLC variable | ength coding systemis given
by the code words: 1= 2 = 3= 4= 5=6=7=8 =0

"MVz,1 = MV, 1%D;,1/Da,n

Such motion vector extrapolation (or interpolation) mdy also be vsed 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 Dy to the receiver, and that is
the subject of the present invention. I one embodiment of the present inventit;n,
for each picture after the first picéure we iransmit the display time difference
between the current picture and the most recently transmitted stored picture, For
error resilience, the transmission could be repeated several times within the picture,
€.8., in the so-called slice headers of the MPEG or H.264 standards., If all slice
headers are i(‘)st, then presumably other pictures that rely on the lost pictire fof

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

Ds,1 Dy,s Das Das Dios De,ao D7,10 Dy 30 Do,to Diz,io Drayz Diatz Dista ..



000001010 011 01000101011 001112
0100 Anot her net hod of encoding the
inter-picture tines nay be to use arithmetic coding.
Typically, arithtnetic.coding utilizes conditiona
probabilities to effect a very high conpression of the
data bits. Thus, the present invention
i ntroduces a sinple but powerful nethod of encoding
and transmtting inter-pscture display tines. The
encodi ng of inter-picture display tines can be nade
very efficient by using variable | ength coding. or
arithnetic coding. Furthernore, a desired accuracy can
Foigke ohpossad mpgonrvecar ettinatinehdscofcytdypireriedetdr Beogder , but
nQ nore. o The, f oregoj ng. descri bed a
va o Biogp DB TG & PR SOER BET LU - pi ot ur e
B hdtf bk ddn Bvo Bkl TRARR p QHE’{, ARsh WnRNd A0 GRHI ng
system It Is contenplated that changes an
nodi fications may be made by one of ordinary

D‘?,S = 2 and Dg"] = -1
Where the Di; display time values are relative time values. 1, instead, video picture
By is only one quarter the distance between video picture Ps and video picture Py

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

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

picture P, is four display time “units”,

In general, motion vector estimation is Iess compiex if divisors are
powers of two. This is eastly achieved in our embodiment if D;; (the inter-picture
time) between two stored pictures is chosen to be a power of two as graphically
illnstrated in Fiéure 4, Alernatively, the estimation procedure could be d{:ﬁncd 10

truncate or round all divisors to a power of two.

In the case where an inter-picture time is to be a power of two, the
number ot: data bits can bé reduced i;? only the integer power (of t\'avo) is transmitted
instead of the full value of the inter-picture time. Figure 4 graphicallsf illustrates a
case wherein the distances between pictures dre chosen to be powers of two. In

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



18 skill in the art, to the materials and arrangenents
of elenments of the present invention w thout departing
fromthe scope of the invention. 19 CLAIMS: 1. A
storage nediumfor storing a bitstream the bitstream
conprising: an encoded first video picture; an encoded
second vi deo picture; and

16

video pichure Py is transmitted as 1 (since 2° = 2) and the D, ; display time value of
4 between video picture Py and picture video picture Py can be transmitted as 2

(since 22 = 4)..

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

may be needed,

The inter-picture times Dj; may simply be transmitted as simple
signed integer values. However, many methods may bel used for encoding the Dy;
values to achieve.additional compression. For e?:ample, a sign bit followed by a
variable length coded magnih-xde is relatively easy to implement and provides

coding efficiency.



an integer value that is based on an exponent of a
representation of an order val ue, said order val ue
representative of a position of the second video
picture with reference to the first video picture in a
sequence of video pictures. The storage nmedi um of
claim1l, wherein the exponent is an exponent of a
power of two integer. 3. The storage nedi um of claim
1, wherein the bitstreamrfurther conprises a slice
header that is associated with said second video
picture, said slice header conprising an encoded val ue

that is.based on the order value. 4. The storage
medi um GF° BrEbe length e9dinersysican bt sexfenised & kaewi s f or

COND dhdivekaidyBMie 1S F e asgond vi deo
* pi ct ﬁe. ! Thgﬁgsﬂ%lg(?%ggh%regg{‘gpnmgﬁe%?g&C%g‘i‘? wher ei n
systehnds givaddy theabdaeoids st ored nore than once in the

1
2

3

-~ o

pitstrsgnl The bitstreamof claim1l, wherein said
order lue is a conpressed order val ue.

010

H]

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 introduces 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

avithmetic coding. Furthermore, a desired accuracy can be chosen to meet the

needs of the video decoder, but no more.

The foregoing has described & system for specifying variable

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

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



90 7. The bitstreamof claim®6, wherein said
conpressed order value is conpressed in said bitstream
by using variable |l ength coding. 8. The bitstream of
claim®6, wherein said conpressed order value is
conpressed in said bitstreamby using arithnetic
coding. 9. The bitstreamof claim| wherein the order
value is representative of an order difference val ue
bet ween said second vi deo picture and said first video
picture. 10. A nmethod of encoding a plurality of video
pi ctures, the nmethod conprising: encoding a first

vi deo picture; encoding a second video picture; and

skilldp g @t rigythesaterigls epslarrangaments of plamenis9f hagie®oon an exponent

. of a .Lepr ti.0n of val ue, the order val ue

m“?é%?@@éﬁ?%%ﬁ@%ﬁ%ﬁ8%”§3§|.?%%g§§xthe second vi deo
picture with reference to the first video picture in a
sequence of video pictures. 11. The nethod of claim
10, wherein the said encoded integer val ue, encoded
first video picture and encoded second video picture
are stored in a bitstream



12. The nmethod of claim 10, wherein encoding the
second vi deo picture conprises}(sing the order val ue
to compute a notion vector thr the second video
pi cture based on a notion vector of another video
cLAINiscture. 21 13. The nethod of claim 10, wherein the
order value is representative of an order difference
i value bety enfsaLd,sepgﬂﬁgyid,q qiqpure and.said first
- Rl agtiv O sorines B et te SR R her
conpri sing encoding the order value in a slice header
i?ﬂ@ﬁ%g'iﬁ%kY%%h?muTB. The method of claim 14, wherein
the slice header is associated with the second vi deo
pingtgpded seq@id vidie pretuhiodndf ¢l ai m 10, wherein the
exponent is an exponent of a power of two integer.
laa. infelger vEtdhdot of bastdbmai @xperchher a eMeh&liBg of an order value, said
calculating a notion vector for the second video
order VIGd HpLesBMathd B0 $8LHoRLARKe YRLME video picture with reference to the first

video picture in a sequence of video pictures.

2. The storage medium of claim 1, wherein the exponent is an exponent of a power of two
integer.
3. The storage medium of claim 1, wherein the bitstream further comprises a slice header

that 1s associated with said second video picture, said slice header comprising an encoded value

that is based on the order value.

4. The storage medium of claim 1, wherein said order value is for computing a motion

vector for the second video picture,

5. The storage medium of claim 1, wherein the order value is stored more than once in the

bitstream.

6. The bitstream of claim 1, wherein said order value is a compressed order value.



18. The nmethod of claim 17, wherein encoding the
second vi deo picture conpriseﬁgysing t he cal cul at ed
notion vector for encoding a crobl ock. 19. The
met hod of claim 17 further conprising calcul ating

anRt s ARt GO0 e Gt Ahef @l L8 secand video picture by .. .
T BRI NPOL A oSyRBRAN MERARL S Gyt n i
pisredgrein cal.cylating the motion vector for the second
15le%?§¥8gﬂﬁgﬂﬂﬁg°g“hg??ggﬁ‘calculating a particular val ue

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

bet ween an order value of a third video picture and an

order value of the first video picture, and 22 (ii) a
8. skwonthtiorder’ slahué, diticer end eobptasseinotdoe valudes cwapteesed in said

of the second video picture and the order value of the
bitstredoh bg tisivip dathnpitietcod@e. 21. The net hod of cl ai m 20,

wherein cal culating the notion vector for the second

vi deo picture further conprises nultiplying a notion

vector for the third video picture with the particul ar

9, Vit Uitstream of claim 1, wherein the order value is representative of an order difference

value between said second video picture and said first video picture.

10. A method of encoding a plurality of video pictures, the method comprising:

encoding a first video picture;

encoding a second video picture; and

encoding an integer value that is based on an exponent of a representation of an order
value, the order value representative of a position of the second video picture with reference 1o

the first video picture in a sequence of video pictures.

11, The method of claim 10, wherein the said encoded integer value, encoded first video

picture and encoded second video picture are stored in a bitstream.

12. The method of claim 10, 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.



22. The nethod of claim 17, wherein the cal cul at ed
noti on vector is not encoded if, a bitstream 23. The
nmet hod of claim 10, wherein said encoded integer val ue
is stored in a slice header associated with the

13. eﬂﬁﬂﬁ@iﬂo@ B¢ Qﬁgn\md@@cl@fncﬁlél ()?du vate iéYy cigﬁtsaﬁq i (gf an d()ldu difference

decoding a plural ity of deo picture
value &Rﬂlf% sﬁidns%wnd v1d%o el(gjlgﬁle("ccgn dS%l d“’F \Digg(g Edtuféclz ;ﬁfj lendeo

I nt eger value for the second V|deo picture, said
i nteger val ue based on an exponent of a representation
of an order value, the order value representative of a
14 pldwimehad of clae 1§ dwdm coingrisinpicaeastien Wictdiderefabredneelico header in
the first video picture in a sequence of video
the bitypieetur es; and by a decoder, decodi ng the second video
pi cture by using the order value. 25. The method of
claim 24 further conprising receiving a slice header
associ ated with the second video picture, mherein t he
15, Slhic,cxﬁcmgé%?rclcﬁﬂ”m '\ﬁﬁﬁuﬁq 1ce QRQORD 44 Luagséc:jlﬁ ¢ gé §&ond video
he order val ué. he net
further conpri si ng calculatlng a notion vector for t he

tcture,
P second video picture by using said order val ue.

16. The method of claim 10, wherein the exponent is an exponent of a power of two integer.

17. The method of claim 10 further comprising calculating a motion vector for the second

video picture by using said order value.

18, The method of claim 17, wherein encoding the second video picture comprises using the

calcutated motion vector for encoding a macroblock.

19. The method of claim 17 further comprising calculating another motion vector for the

second video picture by using said order value.

20. The method of claim 17, wherein calculating the motion vector for the second video
picture comprises calculating a particular value that is based on (1) a first order value difference

between an order value of a third video picture and an order value of the first video picture, and



27. The nmethod of claim 26 further conprising
cal cul ati ng anot her notion vegﬁpr for the second video
pi cture by using said order vdlue. 28. The nethod of
clai m 26, wherein calculating the notion vector for
(ii) a sEORASBEANGAIN HRBRRECHU e Mﬁ-&é%&&%ﬁl{# bR vRico Ipicture and the
particul ar value that Is based on (1) a first or g
aa.value di f£ference. hetween an order value of a thir
(ndm\@ﬁgggw%%é?UF%L%Hﬁgl% order value of the first video
picture, and (ii) a second order value difference
bet ween the order val ue of the second video picture
and the order value of the first video picture. 29. _
21, e metdloflaigl a0mvbgeinntideBitingc Biecnb@en mecteth®rbe isseond video
vector for the second video picture further conprises
picturenilrthieplepinpgises multipdying echaniohovectdrelor hihe dhivd dedeo picture with the
picture with the particular value. 30. The nethod of
particufr 324, wherein the exponent is an exponent of a
power of two integer. 31. The nethod of claim 24,
wherein the order value is a power of two integer.
32. The nethod of claim 24, wherein the position of

t cond video picture wth reference to the first = .
22, vlikh el?)l%gligg £9 r%ld]in% ]2, tv\é%%l} \‘,ﬁlc ﬁglgﬁfi Lgnl.n()g%lh vggor js not encoded in a
.. machine readabl e storage nedium storing a bitstream
bitsedhe b t st ream conprising: a plurality of encoded video

pi ctures; and. o _ . . ,
23. I'he method of claim 10, wherein said encoded integer value i1s stored in a slice header

associated with the encoded second video picture,

24, A method {or decoding a plurality of video pictures, the method comprising:

receiving an encoded first video picture, an encoded second video picture and an integer
value for the second video picture, said integer value based on an exponent of a representation of
an order value, 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; and

by a decoder, decoding the second video picture by using the order value.

25, The method of claim 24 further comprising receiving a slice header associated with the
second video picture, wherein the slice header comprises an encoded value that is based on the

order value.



a plurality of encoded order values, wherein a
particular order value is a p r of two val ue,
wherein an integer value of t power of two value is
stored in the bitstreamto represent the power of two
26. Vﬁ{(?ul%t,[ 10§4)1 cIh8 IREN hnfa c&ﬁ@qﬁ& %ai%&lg{lﬁgg Iﬂa%l]u\'f@c% 101 the second
claim 33, wherein sal er-val ue stored
de)!ctﬁgbhﬁﬁpggl Itpe19|tstrean1 35. A nethod for
Bhdodin &’ﬁ g? ¥@ of video pictures, the nethod
conpr|3|ng encoding a plurality of video pictures;
encoding a plurality of order values; and
storing the encoded video pictures and the encoded
27. o[ri’@eiﬁlt&]a{j vdsclaim 36 Pintlgy r(@mnmmgecraéqmatalgpamhec uhatron vector for the
order value is a power of two value, wherein an
secondiviid@qectunayuesigf saiderdpovitiic.of two value is stored in
the bitstreamto represent the particul ar order val ue.
36. The nmethod of claim 35, wherein encoding the
plurality of video pictures conprises using the
28. pll'hlérﬁl,t b @ eighd g&], \\Gﬁ\& 7S dtl lkéiﬁ*{;@c qggmﬁl 9&%1 01 1?{ g&,ond video
nntlon vect ors. eco ing a plu
plcuue copgq] ggso%ﬁ?%%%}g{gle%‘)ﬂghtgmp}/%w qaia dé?ﬂ: ghgg"l?éleolaé%%%lua difference
pictures and a plurality of encoded val ues,
bctwccgﬁagd)d{% e "r@5[ié’édéﬁtﬂlﬂ@iea%?ddmd%iju\ﬁa’ll%ﬂ 1%&%[\/};1@9 picture, and

particul ar order value 25
(i1} a second order value difference between the order value of the second video picture and the

order value of the first video picture.

29.  The method of claim 28, wherein calculating the motion vector for the second video
picture further comprises multiplying a motion vector for the third video picture with the

particular value.

30. The method of claim 24, wherein the exponent is an exponent of a power of two integer.
31.  The method of claim 24, wherein the order value is a power of two integer.
32, The method of claim 24, wherein the position of the second video picture with reference

to the first video picture is a temporal position.



is a power of two value, wherein an integer val ue of
the power of two value is storzp inthe bitstreamto
represent the power of two value and ecodi ng the
bitstream 38. The nmethod of claim 37, wherein

33. dﬁﬁ%@hﬂg léﬂﬁb@'s&ﬁﬁéﬁﬁgﬂl g%i@eﬁ’mgg‘@zﬁﬂ't bﬁﬁu%ﬂ%ﬁnpnsmg’
val ue decod |ng one of said~enco ues usi
sai d |n e t hod of claim 38,
wher eii 13%%668ﬂ1m9% %g?g?ag“ﬁi?ﬁﬁther conpri ses using
t he dec a to calculate a notion vecﬁor
40. A‘UgﬁhU®éP TREAtS @g“ﬁ@@NOﬂW Fbmwh%ﬂﬁuﬂﬁﬁﬁGWéwLwl*dpowwim
programthat is executable by at |east one processor,

two valpe emgintasr ingosy vake contbe ipohy of dve \elud hstiengd tin dhs bitstream to
for inplenmenting the nmethod according to any one of

represal diemepwk0ol2B8vandud5- 36.  41. A conputer readable
medi um storing a conmputer programthat is executable
by at | east one processor, the conputer program
conprising sets of instructions for inplenenting the

34, @kﬂﬁ&}ﬂﬁ%%ﬂﬁl&t&q c,aﬁll)édl‘aﬂleoi({flaiﬁll ﬁ %m?(,?n Sfd ﬁp&,c?zaiﬁg is stored in
conput er syst %n1conpr i ng e

2 slice LOPLEMBALE NG steps according to any one of claims
dﬂ““%ggg %ﬁbg%‘ 43. A conputer system conpri sing

nmeans for |nplenenting steps according to any one of
clains 24-32 and 37- 39.

35, A method for encoding a plurality of video pictures, the method comprising:

encoding a plurality of video pictures;

encoding a plurality of order values; and

storing the encoded video pictures and the encoded order values in a bitstream, wherein a
particular order value is a power of two value, wherein an integer value of the power of two

value is stored in the bitstream to represent the particular order value.

36. The method of claim 35, wherein encoding the plurality of video pictures comprises

using the plurality of order values to calculate a phurality of motion vectors.

37. A method for decoding a plurality of video pictures, the method comprising:
receiving a bitstream comprising a plurality of encoded video pictures and a plurality of

encoded values, each encoded value representing an order value, wherein a particular order value



26 Met hod and Apparatus For Variabl e Accuracy
Inter-Picture Timng Specificgi'on For Digital Video
Encodi ng ABSTRACT A net hod and™apparatus for vari able
accuracy inter-picture timng specification for
is a p(m/cg' Jiﬁtkvo}/\'/aqﬁé) vﬁ%ﬂ;&g!aﬂgi ale ud{/cﬁffcl a9 ﬂ‘ﬁ 3(%&&0(;1;&\}%)&!&{11'15/ 'St s[%(?red in the
present inverntion i‘Scl oses a syste that” al llows 1 he
. relative timng of nearby video pictures to be encoded
mw““?ﬂt%ﬂvé??“éF%P%W%ﬁF1Wﬁﬁﬁ%?vﬁﬁn one enbodi ment, the
display tinme difference between a current video
gicedige ghqisgyaind a nearby vi deo picture is
deternmined. The display tinme difference is then
encoded (180) into a digital representation of the
video picture. In a preferred enbodi nent, the nearby
38.  Vilgde@edod todiregains3 1, hehot@®s tdet ®EeN tHeybitshana MohteleS§@0BG an order
pi cture. For coding efficiency, the display tine
value )i {68180 68 Waicb&m%ﬂ&?@ﬁ%s%hﬂ%a% 1}4@{;&6@&&. lengt h
codi ng Systemor arithnetic c& Ing. 'n an alternate
enbodi nent, the display tinme difference is encoded as
a power of two to reduce the nunber of bits

transmtted. Fi e . . . . . .
39. I'he method 0‘% cla1mg %, w]%erem decoding the bitstream further comprises using the

decoded order value to calculate a motion vector.

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

method according to any one of claims 10-23 and 35-36.

41. 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 24-32 and 37-39.

42, A computer system comprising means for implementing steps according to any one of

claims 10-23 and 35-36.

43. A computer system comprising means for implementing steps according to any one of

claims 24-32 and 37-39.
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Method and Apparatus For Variable Accuracy Inter-Picture Timing
Specification For Digital Video Encoding

ABSTRACT

A method and apparatus for variable accuracy inter-picture timing specification
for digital video encoding is disclosed. Specificalily the present invention
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 between a current video picture (105) and a nearby video picture is
determined. The display time difference is then encoded (180) 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 aliernate embodiment, the display time difference is
encoded as a power of two to reduce the number of bits transmitted.

Figure 1



