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For example, a few tokens can represent an entire block of

samples (e.g., 64 samples for MPEG-2). Both MPEG standards

also describe a decoding (reconstruction) process where the

coded bits are mapped from the compact representation into an

approximation of the original format of the image sequence.

For example, a flag in the coded bitstream signals whether the

following bits are to be preceded with a prediction algo;ithm

prior to being decoded with a discrete cosine transform (DCT)

algorithm. The algorithms comprising the decoding process are

regulated by the semantics defined by these MPEG standards.

This syntax can be applied to exploit common video

characteristics such as spatial redundancy, temporal

redundancy, uniform motion, spatial masking, etc. In effect,

these MPEG standards define a programming language as well as

a data format. An MPEG decoder must be able to parse and

decode an incoming data stream, but so long as the data stream

complies with the corresponding MPEG syntax, a wide variety of

possible data structures and compression techniques can be

used (although technically this deviates from the standard
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*ACTI ON* WO 03/007119 PCT/ US02/ 22063 since the semantics are not
conformant). It is also possible to carry the needed semantics within an
alternative syntax. [0003] These MPEG standards use a variety of
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scene is ?%Rﬁﬁuﬁﬂé{Séﬁgéggz%Pégg ég%ngggggP%?é#% conpreggﬁ%L%byscreating a
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anount of feameressvidec Brffcametiopr.ovi deanbe pignede empuhtPodMtSodpiessi on
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standard é@ﬁ%eﬁé@n t@shnol10gi ehe Ha@a5represent ksl afmamesgiiens of i mage
pi xel s. ngacegcig’tﬁg bitstream every 12 to 15 frames (although it is
also useful in some circumstances to use much wider spacing
between I frames). Thereafter, since only a small portion of
the frames that fall between the reference I frames are
different from the bracketing I frames, only the image
differences are captured, compressed, and stored. Two types of
frames are used for such differences - predicted or P frames,
and bi-directional Interpolated or B frames.

[0004] P frames generally are encoded with reference to a past
frame (either an I frame or a previous P frame), and, in
general, are used as a reference for subsequent P frames.

P frames receive a fairly high amount of compression. B frames
provide the highest amount of compression but require both a
past and a future reference frame in order to be encoded.
Bi-directional frames are never used for reference frames in
standard compression technologies.

[0005] Macroblocks are regions of image pixels. For MPEG-2, a
macroblock is a 16x16 pixel grouping of four 8x8 DCT blocks,
together with one motion vector for P frames, and one or two
motion vectors for B frames. Macroblocks within P frames may

be individually encoded using either intra-frame or inter-
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macrobl ock is a 16x16 pixel grouping of four 8x8 DCT bl ocks, together with
one notion vector for P franes, and one or two notion vectors for B
frames. Macrobl ocks within P franes may be individually encoded using
either int oOr inter -2 WO 03/007119 PCTIU802/2206 063
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Motion Vector Prediction

[0007] In MPEG-2 and MPEG-4 (and similar standards, such as
H.263), use of B-type (bi-directionally predicted) frames have
proven to benefit compression efficiency. Motion vectors for
each macroblock can be predicted by any one of the following
three methods:

[0008] 1) Predicted forward from the previous I or P frame
(i.e., a non-bidirectionally predicted frame).

[0009] 2) Predicted backward from the subsequent I or P frame.
[0010] 3) Bi-directionally predicted from both‘the subsequent
and previous I or P frame.

[0011] Mode 1 is identical to the forward prediction method
used for P frames. Mode 2 is the same concept, except working
backward frbm a subsequent frame. Mode 3 is an interpolative
mode that combines information from both previous and
subsequent frames.

[0012] In addition to these three modes, MPEG-4 also sﬁpports
a second interpolative motion vector prediction mode: direct
mode prediction using the motion vector from the subsequent P
frame, plus a delta value. The subsequent P frame’s motion

vector points at the previous P or I frame. A proportion is
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subsequent franes. [0012] In addition to these three nodes, MPEG 4 al so
supports a second interpolative notion vector prediction node: direct
node prediction using the notion vector fromthe subsequent P frane, plus

a delta val ue. The subsequent P franme's notion vector

previ ours] [’-W‘EP RN Panme. A proportion is -3 WO 03/007119 P%‘Fﬁjé(gg? 3%63 used
to weight_t e r t tScH.b e Pef . ortion is
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derived fn{m&m%%tf&%qqanhccBraéﬁ@@ witOWhel pribe proprTié arwrcep ghting
given to notion vectors (W) 102, 103 for each interpediate B frane

104a, 101ﬁ0 1"H?sa"'--(ié\"if lﬂ#&ﬁc&nmﬁﬂe" &m@@%n%)e"lso%eﬁhﬁh@°5+%l @Por | frane

105 and the Ik AR ch00nt EBFeADhd & P1RGIOR 5235kE1Q 0o tise GRMIY
|nterrred| ate rarre 104a, 104b is equal to the assigned weighting val ue

ti mes t heheomarioredhat wes uhednb&t00¢8 fihensamg| yecahéopein LRl ue. [ 0014]
Wth NPE% é.d. al lrﬁ)k’gqﬁlrﬁ | O”A”BQTE % dd ¥ haRkCmih&5! C{b&%}i?g’ and

are conp “pest pre ion for each macro I'f the
predi cti ap ithiwprepettivhadl mbeiomevectdmderivedofiedmstizedsutbsemguers an "1 "

bet vieen Torate-( FORETL S BRECREPRET it oo ghG B SEvPl tf i hmde 5).

or as i ntyghtdVd W\MWBEG0, tlbe,i nbBafor each intermediate B frame 104a,
104b as a function of “distance” between the previous P or I
frame 105 and the next P frame 106. The motion vector assigned
to each intermediate B frame 104a, 104b is equal to the
assigned weighting value times the motion vector for the next
P frame, plus the delta value.
[0014] .With MPEG-2, all prediction modes for B frames are
tested in coding, and are compared to find the best prediction
for each macroblock. If the prediction is not good, then the
macroblock is codéd stand-alone as an “I” (for “intra”)
macroblock. The coding mode is selected as the best mode
between forward (mode 1), backward (mode 2), and bi-
directional (mode 3), or as intra. With MPEG-4, the intra
choice is not allowed. Instead, direct mode becomes the fourth
choice. Again, the best coding mode is chosen, based upon some
pest-match criteria. In the reference MPEG-2 and MPEG-4
software encoders, the best match isldetermined using a DC
match (Sum of Absolute Difference, or “SAD”).
[0015] The number of successive B frames is determined by the
“M” parameter value in MPEG. M minus one is the number of B
frames between each P frame and the next P (or I). Thus, for

M=3, there are two B frames between each P (or I) frame, as
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choice is not allowed. Instead, direct node becones the fourth choice.
Again, the best coding node is chosen, based upon sone best-match
criteria. In the reference MPEG 2 and MPEG 4 software encoders, the best
match is detern1ne using a DC match (Sum of Absolute D or
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codi ng raRdetimgi batvers Brf (ptilo org B5 eatle (L LA4ENeY 879 i nit on
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predi ct t%ﬁ ?thé%%&w% n‘l?.i‘@?nta:ctrrfﬁ?és,thﬁQV‘@VEEamééecQt§§ardEd
after use us, bits used to create B franes are used only for that

frame, andcbéngstepﬁDQYdef@twazﬁmwkiﬁstﬁﬁamoaiﬂg BiMsER ST eePamsdncenl i ke P
[rames. SAMRRILALA], TPfathnytq]s%ra a3 @haegfsﬁi DI predien and

comput er prograns |ty one or

bi - directthaahbytpsaﬁseQEdntnmefnamﬂ aBeftamaes hwwewemxkareldngyarded

conpr essi 0 stem ere each fr rlses a.p el s.
[0018] In?& %ﬁ8¥a5580t Phe WY qsr¥seﬁb dggeﬁg?eﬁrﬁé%Wﬁft %Fﬁe of each
pi xel of eaah Wordthatt fpame) yand b mmdpraveaee@bm@ﬁnrm thata adei ght ed

proportion of correspondi ng ,
subsequent frames, unlike P frames.

SUMMARY
[0017] The invention is directed to a method, system, and
computer programs for improving the image quality of one or
more bi-directionally predicted intermediate frames in a video
image compression system, where each frame comprises a
plurality of pixels.
[0018] 'In one aspect, the invention includes determining the
value of each pixei of each bi-directionally predicted '
intermediate frame as a weighted proportion of corresponding
pixel values in non-bidirectionally predicted frames
bracketing the sequence of bi-directionally predicted
intermediate frames. In one embodiment, the weighted
proportion is a function of the distance between the
bracketing non-bidirection?lly predicted frames. In another
embodiment, the weighted proportion is a blended function of
the distance between the bracketing non-bidirectionally
predicted frames and an equal average of the bracketing non-

bidirectionally predicted frames.



pi xel values in non-bidirectionally predicted frames bracketing the
sequence of bi-directionally predicted internediate franes. In one

enbodi ment, the weighted proportion is a function of the di stance between
the bracketing non-bidirectionally predicted franmes. In er

enbodi ment WQ B8P ght ed proportion is a bl ended functi onggf’b§<f2ﬁ§°63i st ance
bet ween t cketi_ng.non-hidirgc 'qnﬁlL l.Cct equal
aver age o&spﬁgTbﬁgﬁf@tFﬁﬁrnSSPeﬁﬁd%$ec |3%QFR§§gbéd?g%é%8§$§%£§€ @%) :
03/ 007119pk&kEl Usa2hER0568 pé¢ Pfdxed wnamephesemtspricinofin lee liimeant i on,

i nterpol ation of pixel values s perforned on represent.atdons in a |inear
space, or SPACEt h8F b‘bt??ﬁ‘%’éoo%ﬁ‘-ﬁzfﬁeg?msngé%%asr dtH¥eH r#gaf;fregﬁ%ga%rgﬁ gi nal
non- | i neaanr 8pLg3AAL ahbeALifdM¥? Glepresedessids. of one or nore embodi ments of
the invention _are set forth in the acgggfag%iag drgmﬁngs End t he . :
descri pti 4R0203| he detdilFeafuPBe, CHfUE SMRAAMERY SnPhgE €otriygption |
I nvention yil kebergppRr eRtchd %aoh%aa?%?l Q4w Chril ae\Me“Qfescrfi?diBhom t he
claims. DESCRI PTI ON OF DRAWNGS [0021] FIG, 1 is a tinme |ine of franes and
MPEG 4 di bedpwap@therpfeaturest obsechsacabd drdeantages e th8 or art. [0022]
FIG 2 15 gL i f ' d BOAPPRE ! Q88 r ffeidn M WHahiBigwal ues in
accordancéﬂymgbggghf{)%? %ésp oe?{it he i nvent‘?onr.ﬁ% 002n3] FI G a3 i g atine
i ne of feadeframdthéeabi®ims proportional and equal pixel weighting val ues
in accordance wth a second aspect of the invention. [0024] FIG 4 is a

flowchart showing an illustrative enbodinent of the invention as a nethod
that may be. conputer inpl en@RSERIPTEONSOF | DBAWINGS:r ence synbols in the

various d&%W&EQS Pl GaLe ol itk fe® BB S frames and MPEG-4 direct mode

motion vectors in accordance with the prior art.

[0022] FIG. 2 is a time line of frames and proportional pixel
weighting values in accordance with a first aspect of the
invention.

[0023] FIG. 3 is a time line of frames and blended
proportional and equal pixel weighting values in accordance
with a second aspect of the invention.

[0024] FIG. 4 is a flowchart showing an illustrative
embodiment of the invention as a method that may be computer
implemented.

[0025] Like reference symbols in the various dfawings indicate

like elements.

DETAILED DESCRIPTION

Overview

[0026] One aspect of the invention is based upon recognition
that it is commén practice to use a value for M of 3, which
provides for two B frames between each P (or I) frame. However
M=2, and M=4 or higher, are all useful. It is of particular
significance to note that the value of M (the number of B

frames plus 1) also bears a natural relationship to the frame
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DETAI LED DESCRI PTI ON Overview [0026] One aspect of the invention is based
upon recognition that it is conmmon practice to use a value for Mof 3,
whi ch provides for two B frames between each P (or 1) frane Fbwever Me2,
and M=4 or gher are all useful. It is of particular Apse to
note that WA&3%M% of M (the nunber of B frames plus 1) aI so ears a

natural relati t he fra 71 AL USQ2/ At 24
frames pe %%C%}:dl’ﬂ(fpféﬁ%met%ge Eg %Fd ?#%qno\]}:?leesp%tg Q’%l%g%?ﬁ‘“%gg%ﬁd time
di stance bleé \Afzm'a‘n asmnaarumesdhssame Mtty@teantframeshaagesesuhh% im-frane.
At 60 fps, her franme ver . t he di sfance

bet ween ‘dl‘j’ laf]raﬁh%‘ cgﬁég‘ cB?r %%%d V{I'SI@ fggucgg rt!ﬁﬁé %asult i s
that hi ghg{qraibersndfradt ey, am@wevers. thdi iy disltamseobelbeeheconme usef ul
and benef|C|aI i n conpression eff|C|en §s the fra r%he | S |£creased :
[0027] Anddhecents feamest b(emsmneﬁvsﬁifréﬁp ‘%fﬁ%‘ﬁ PetBENtLi bR t hat

both 'VPECtﬁa@% éGM&%oo@ﬁpfesﬁegnum | inaRyhE w&ﬁ&srrﬁflm ed met hod
i nterpol ation. For exanple, for node 3, t'he bi - directional gredlctlon

for each bﬁ@@meﬂﬂSﬁﬁ@kﬁaﬂﬂ'ﬁﬁ@#ﬁlpéaénl%qﬁﬁﬂp%ﬁﬁﬁﬁﬁﬂeeéﬁlFﬁéngﬁbg qtR%t  and

previ ous %ﬁgﬂg écgg(ygg%edggddlsplaced by the two correspondi ng notion
vectors. I's equal average Is appropriate for M2 (i.e., single

i nt er medi §082H f Ramtber aspect ehetl® finyeatipn| isebaged dtRYMANG n tinme from
Vo el S RESoRIY R el YR A PR SV coibhont 01
if M4, 6utBligécan ovddsieldifiiedninethsd nof aimteppwilabdioght Fay. Sinilarly,
w6l ght ed. SHEREL by R (Hife eIt RSaPYSg: FBTE LT (RRGTRCH: €05 PRale are. an
equal propgrkbBTo®f dH1es MkiieOys Bn(egual) @vstageefudet skbsequent
and previous frame macroblocks, as displaced by the two
corresponding motion vectors. This equal average is
appropriate for M=2 (i.e., single intermediate B frames),
since the B frame will be equidistant in time from the
previous and subsequent P (or I) frames. However, for all
higher values of M, only symmetrically centered B frames
(i.e., the middle frame if M=4, 6, 8, etc.) will be optimal
using an equal weighting. Similarly, in MPEG-4 direct mode 4,
~even though the motion vectors are proportionally weighted,
the predicted pixel values for each iﬁtermediate B frame are
an equal proportion of the previous.P (or I) and subsequent P
frame.
[0028] Thus, it represents an improvement to apply an
appropriate proportional weighting, for M>2, to the predicted
pixel values for each B frame. The proportional weighting for
each pixel in a current B frame corresponds to the relative
position of the current B frame with respect to the previous
and subsequent P (or I) frames. Thus, if M=3, the first B
frame would use 2/3 of the corresponding pixel value (motion

vector adjusted) from the previous frame, and 1/3 of the



frame. [0028] Thus, it represents an inprovenent to apply an appropriate
proportional weighting, for M2, to the predicted pixel values for each B
frame. The proportional weighting for each pixel in a current B frane
corresponds to the relative position of the current B fr | espect
to the preWQWHR4 subsequent P (or 1) frames. Thus, ifgﬁifggﬂzgzﬁ%&fi rst B

it i ol o

adj usted) Trom ous  frame, an /007119

PCT/ US02/ 2e8dr eddinespdhdi ng pi xel value fromthe subsequent frane (notion

vector adj ). 029]. FIG, .2 is.a.t] ' : | ona
pi xel vvei[éﬁhsﬂg *\"/%‘?'ugzz 1% aa&%nggﬁgg emgfﬁiétrﬁss%fgg)é)%{sggfégﬁgﬁ ?ﬁ%én I on.
The pi xel wedlgheding vhluesath amesoddroek withedbhs aspectrest athe B frame 201a,

201b are i ght ed as fupctjon of "dist.ance" between, t he evi ous P or
Frane A afBveREIABe: The BLNL (Tt WLAHP FachoReteariars i S8ch a
bi - di r ect ijgRakmédiBtedBCESEME F0 PR 209b2 avei GBLGHL 6@ S natfiwiztalont bE
correspondi ng pi xel val ues of bracketing _non-bidirectionall predi ct ed

frames A addsBance”t Re§wesRnphe PISHAMS3 P Okel fEABALARNYG Ihe MEXLi Pst B
frame 20l g %%\%%3%9}421;6 s 118Rn ﬁii%l?"@'agﬁé' 88 §9iidErexaqond1Byf rane

201b is equal to 3B. Al'so shown is the equal average weighting
that woulpdeddciedi §nédanadés @ orsdaitieshgompppatignt @fisthe he MPEG 1, 2,

and 4 wei i for.each. r ' LAk - .
Applicati%%Efgggf?gﬁggdBtyﬁgnfgﬁﬁégégﬁé%%%%gﬁﬁpgsgaékééﬁf ?ﬁﬁggfﬁﬁF Mis
greater tipredictedoformesndl angi Bhtimdhdfs pkrapleyaforedM+dy itheer medi ate B

frames will .i opr.ove the effectiveness of gi- Lr | ént ) d
direct (MYE oG £9F Egai ﬁbrsﬁ'ﬁé]rﬁsﬁﬁf“ecgsp g géx§§%1l’gn€%sés | ﬁ'ci’itﬁ?)commn
nmovi e and thed@@ighting for the second B frame 201b is equal to

1/3A + 2/3B. Also shown is the equal average weighting that

would be assigned under conventional MPEG systems; the MPEG-1,

2, and 4 weighting for each B frame 20la, 20lb is equal to
(A + B)/2.

Application to Extended Dynamic Range and Contrast Range
[0030] If M is greater than 2, proportional weighting of pixel
values in intermediate B frames will improve the effectiveness
of bi-directional (mode 3) and direct (MPEG-4 mode 4) coding
in many cases. Example cases include common movie and video
editing effects such as fade-outs and cross-dissolves. These
types of video effects are problem coding cases for both MPEG-
2 and MPEG-4 due to use of a simple DC match, and the common
use of M=3 (i.e., two intermediate B frames), resulting in
equal proportions for B frames. Coding of such cases is
improved by using proportional B frame interpolation.

[0031] Proportional B frame interpolation also has direct
application to coding efficiency improvement for extending
dynamic and contrast range. A common occurrence in image
coding is a change in illumination. This occurs when an object

moves gradually into (or out from) shadow (soft shadow edges).
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editing effects such as fade-outs and cross-di ssolves. These types of
video effects are problem codi ng cases for both MPEG 2 and MPEG 4 due to
use of a sinple DC match, and the conmon use of M=3 (i.e., two
intermediate B franmes), resulting in equal proportions f S.

Codi ng of NRI2HRs is inproved by using proportional B%T@ﬁ‘g’ﬁ%

| nt er pol atgzon, 1%%%%1%}3;1?!086&&8@3% ddeHtatiBhei POhSd gﬁbxa' daedisr ect
application to coding efricrency 1nmprovenment .for extendl ng nam ¢ and

contrast r(@sgembadiednby dogarithmic iluniinagse ¥odfem ¢xampleiandgdenna

from ShadaREel PRRAHEReERoRfRad - beBoK | 4F BRAF  bribio s r

| ogari t hmbxightinegsr efir ekenl Aghting dnoped thohabfi gthengsike( amlawdsodi ed by

| ogarithm ¢ .l.um.napce Y, for exanple), then i | g brightn change
will be a'Bélo ge?’ecﬂﬁﬁﬁg‘?‘s?g ?%ean bérq“(ﬁat ﬁ@ggn%f %%S’Igitg%ﬁ%r?[ﬁ %?%55 tog
Code thi s e ot ch ahoul 0 be Ty and & toded DG qLiference.
code this change, an mat ch sho e found, and a code i fference
appl i ed { RPFA Stk §PoRPeSEERLan PCORR rin S TEEFRRCE JoRANY Aed BT A

shoul d be poregRae! isﬁaahhybapggbgér'ibmqu lappei¥aninGedbh firv@vaniwegl B (See
co-pending U 'S. Patent No. 09/905,039, entitled "Method and System for

| npr ovi ng Taemer @gseglimageee cRpoRend D Undti Batent iNed CYRAMIS% | y

herew th, iltg_@ad“pethwea §5590¢ Hor HepREESRG! cofpyRdd e 1nidlyd her eby

I ncor porate y reference, I'tional "information on logari'thmc
codi ng r&hregentlatosmeriohtipn3filed cantiutirentiy berewyeth, myslanednioi on,

changes i cQntr al.go nef | ' ti I e r tion.
For oxampitde’ $iiRke oo cBE Brbbent MRIAGN, | GHE neb ey Fhobptaated |00
its contrast reifelregradudblkyaddit basel ificxmatdohrarstlogaridded onidod ing

expressed as an increased anplitude in the AC coefficients of the DCT in

the P f rarﬁ@pgg&g&tatlonssj.

[0032] In addition to changes in illumination, changes in

contrast also benefit from proportional B frame interpolation.
For example, as an airplane moves toward a viewer out of a
cloud or haze, its contrast will gradually increase. This
contrast increase will be expressed as an increased amplitude
in the AC coefficients of the DCT in the P frame coded
macroblocks. Again, contrast changes in intervening B frames
will be most closely approximated by a proportional
interpolation, thus improving coding efficiency.

[0033] Improvements in dynamic range and contrast coding
efficiency using proportional B frame interpolation become
increasingly significant as frame rates become higher and as

the value of M is increased.

Applying High M Values to Temboral Layering

[0034] Using embodiments of the invention to increase the
value of M, and hence the number of B frames between
bracketing P and/or I frames, while maintaining or gaining
coding efficiency provides a number of applications, including

temporal layering. For example, in U.S. Patent No. 5,988,863,
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macrobl ocks. Again, contrast changes in intervening B frames w | be nost
cl osely approxi mated by a proportional interpolation, thus inproving
codi ng efficiency. [0033] Inprovenents in dynam c range and contrast codi ng

efficiency _using proportional B frame interpolation beco | ingly
Si gnificanwoa@"‘ﬁ?‘é?m rates becone higher and as the val [ECWW2?@§

| ncr eased 9B KNGkl gl VAL HGSede FSBROLSY e AP TA0 AAAAE LS 1O

enbodi nent's 0 I nv ron"to 1 ncrease t hence t he
nunber of TBlewvdsesnbetlasshgnéd aok ethiengsbigneé oof |tHe gmesenthi | e mai nt ai ni ng
or gainin codi,ng effi,cLenc rovi des a_punber of .applications,,ipcluding
t enpor al 8V8Pgﬁaﬂ'FSPdekﬂﬁ%¥E§E$§F4ﬁ%§.rEﬁ?E?RC?&j.’§?§§§,§€§?QVEPBQ/ 07119
_I?C|T 1 US02/ If%e(ﬁ%s apei gl gdiﬁiﬁn@%@dhmdm}?ﬁeﬁl Layewed ayipora lf qErAdeanced

el evision" (assignhed.to the, assignee_ of the present jnvention, and

i ncor por aF@4 ey F‘gﬁe?éﬁﬁé?}lJ-FY\I%E st datfsit P% r e'lraatr‘F'é’s tor és"ﬁ SHPEHI e
nmechani smefrol lra%RE8da8MPabRé . (FdrBhmpla} esindle B | fpdnis! i(b29f caHch
rates is related to the nunber of B franes avall able. For exanple, single

B franes SMPPPr&and 3§ufperdecodss fiempesaddbayeeipiin |day@r RSt BEAeaM72 f ps
stream ot,..a,3qnf d t %ﬁgg I T3 m Triple

B franes %ﬁti)ggaﬁagu§%§§§g o? 3é§?bg%§§g %%éﬁggiﬁégggfeds?gﬁggfal | ayers

within a Tzippe Bt frampsalid=4D ¢35 ssapgortsSbéps Iedimedndehfolals | ayers

fbs, 24"r §8ooBRa" taBBPhat aliBend ikl 4 T oshe 4yt SRR S0 e8 HREY
144 fps 46r €as tecpdedi temporadeneed weéhpimad 6Qyips sitredd.f Psiagd 36

Ny R s T

descri bed gion fpe- feadtag tefporsl ciyeien! Meat éam bdusdidnith a3344enpbt | ed

"Enhancenents to Tenporal and
stream to provide for decoded temporal layers at 72 fps and 36
fps.
[0035] As an improvement to taking every N frame, multiple
frames at 120 fps or 72 fps can be decoded and proportionally
blended, as described in co-pending U.S. Patent Application
No. 09/545,233, entitled “Enhancements to Temporal and
Resolution Layering” (assigned to the assignee of the present
invention, and incorporated by reference), to improve the
motion blur characteristics of the 24 fps results.
[0036] Even higher frame rates can be synthesized utilizing
the methods described in co-pending U.S. Patent Application
No. 09/435,277, entitled “System and Method for Motion
Compensation and Frame Rate Conversion” (assigned to the
assignee of the present invention, and incorporated by
reference). For example, a 72 fps camera original can be
utilized with motion compensated frame.rate conversion to
create an effective frame rate of 288 frames per second. Using
M=12, both 48 fps and 24 fps frame rates can be derived, as
well as other useful rates such as 144 fps, 96 fps, and 32 fps
(and of course, the original 72 fps). The frame rate

conversions using this method need not be integral multiples.
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Resol ution Layering” (assigned to the assignee of the present invention,
and incorporated by reference), to inprove the notion blur characteristics
of the 24 fps results. 100361 Even higher frane rates can be synthesized

utilizing ods described in co-pending U S. Paten ' j on  No.
09/ 435, 277,“%(;%/@?{1& "System and Met hod for Mdtion Corrpe?gg‘t%iggir{%%jd Fr ame

Rate Conveigyl @xampdesi gRedsidctfiie Rte ofee20f fhdecsdr asenirddteantign and
i ncorporated by reference) . For exanple, a 72 fps_canera original can be

utilized it DS sRuUESRpeRAttther Uaes gt 8. 88RLet sfon hath GL RS And

effectiveﬂr%?;\g LAt 8s0f 1488 fwms, per second. Using M=12, both 48 fps and
24 fps frane at 65 cgn(ge d%r*ve ., as well as other useful rates such as

]}44 fps, 9d®0AYY, Tk 3xhepe agentevporalrkayenimg bengifass ¥2 fps). The
rame rate_.,conversi ' | S, 0 d; | .0t egr I tiples.
0 v 0RO B PR B e, B e R B A 100 ps

]tc:an bedcrqmoqxd:rftriorialalanrérps Foterpmlagidnt Heacoiked asbave owaloe Highdiot h 60
ps and 24 fps rates_(uysin 10)... (0037] Thus,.there are t oral layering
benefits t"B”'R’c?ﬁﬁ r‘?%z?_ngrf"ﬂgs 'r\)/glf'?%tr*ﬂ(ihg@%f eggf’Féﬁ‘ét{%‘t 2%%?% on. The
proporti onaB infgaBesat BeR@E 2t on descri bed above make hi gher nunbers of
B frames function nore efficiently, thereby enabling these benefits.

Bl ended B-Frane Interpolation Proportions (0038] One reason that equal

aver age \A%wﬁdfwma'i-gheemnuembléﬁmﬂm@pbmmahssystems as the notion
conpensat ed node redictor for B franme pixel values is that the P (or 1)
frame beflB038, ¢ res P thatypgra ?Yé&ﬁgﬁnﬁFﬁiﬁi%BﬂéQ?SahﬁentHEF ore
represent @ domR@nhtechalBbgbtedsiunl tleeR@itABnWebhpeRPited ztoddie reduction

of noise in the interpol ated notion- caonpensated bl ock. There_ is_a
di f f er encePyestictex] foxaP frame pixel values is that the P (or I) frame

before or after a particular B frame may be noisy, and

therefore represent an imperfect match. Equal blending will
optimize the reduction of noise in the interpolated motion-
compensated block. There is a difference residual that is
coded using the quantized DCT function. Of course, the better
the match from the motion compensated proportion, the fewer
difference residual bits will be required, and the higher the
resulting image quality.

[0039] In cases where there are objects moving in and out of
shadow or haze, a true proportion where m>2 provides a better
prediction. However, when lighting and contrast changes are
not occurring, equal weighting may prove to be a better
predictor, since the errors of moving a macroblock forward
along a motion vector will be averaged with the errors from
the backward displaced block, thus reducing the errors in each
by half. Even so, it is_more likely that B frame macroblocks
nearer a P (or I) frame will correlate more to that frame than
to a more distant P (or I) frame.

[0040] Thus, it is desirable in some circumstances, such as
regional contrast or brightness change, to utilize a true

proportion for B frame macroblock pixel weighting (for both
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coded using the quantized DCT function. O course, the better the match
fromthe notion conpensated proportion, the fewer difference residual bits
will be required, and the higher the resulting imge quality. [0039] In
cases where there are objects noving in and out of shadow or 8ez & true
proporti onWHBOBIA%2> provides a better prediction. Howev® F’qﬂﬁﬁ?? i ghti ng

and contr changes t curting quA) ti el o be a

better i&’&f‘%?%? s'?‘%cceOJt%g ‘erc’llfnolréghog Frll)gl ng %gﬁn%%%ob{%@ormr along a

gFtiEn Vﬁepeimﬁiltob@tfmﬁﬁéutham propbettonsy sasd r inmMPEE-D axidvMPREGH4spl aced
oc t hus reduc errors in eac Even so, is nore

li kely th&B ﬁllréhggﬁﬁgrﬁﬁpoé 80 hedp ég%tpﬁﬁelfwPrgﬁﬁpﬂf#fOEorrelate

more 10 tRakhhigids ! (@dual %@ﬂaa_;reev@tsuanfranéwléﬁaﬁé@rﬁe:o;{dl&li@n)Thus it

is desirable in"sonme circunstances, such. as i onal contrast or

bri ght nesEoghakgEPleo in ithe &3 CRGe: 5/6p8f‘t?16% ¥Yor a9 & macr obl ock
pi xel wei %%Pﬂgti&% &9 e Jo]le\PQe@?’&Qgﬁli% PSR 4150 24 206 ?avéﬂéfq&ance and

col or). cl rcunstances, It nmay be nore bé)tlnal Ize equa
proporti ons;‘»u&tln@ WPER ted HVPE@rlLlOHFODQlIPGAﬁ enrf cHB alBd e made of

t hese two, QH% u éyg;mh t ance
proporti on?l:;gllql@é‘Sé a’ﬁpkfé: il(z%g B agg% ?Iéﬂﬁ% 1% nd FZ'/ 3
proportions can b’@lglul%ﬁmeﬂlsmm&rbﬂbﬂwall”h&!ﬁ)e‘c((r&l'(EaWagE,WelznbsuI ting in the
two proportions being 3/8 and 5/8. This technique nmay be generalized by

using a "blend factor" F. Wight = F(FraneD stanceProportional Wi ght) +
(1 F) (Equihavesafel \eirge Jofr euévéfemi fargerof isefppent fldtﬁlcﬂatllnigs from

L e CaLL00: UL SLY: BLOREY R BEbRO! B0 O 148 Dae ddlisaidI0 PUrel y

equal ave age everse assignnent o ues may a 10042]
FIG 3 isegutlnevérage oftlie aresersed aslségdment of values may also be

used) .

[0042] FIG. 3 is a time line of frames and blended
proportional and equal pixel weighting values in accordance
with this aspect of the invention. The pixel values of each
macroblock of each intermediate B frame 30la, 30lb are
weighted as a function of “time distance” between the previous
P or I frame A and the next P or I frame B, and as a function
of the equal average of A and B. In this example, for M=3 and
a blend factor F=3/4, the blended weighting for the first B
frame 30la is equal to 5/8A + 3/8B (i.e., 3/4 of the
proportional weighting of 2/3A + 1/3B, plus 1/4 of the equal
average weighting of (A + B)/2). Similarly, the weighting for
the second B frame 301b is equal to 3/8A + 5/8B.

[0043] The value of the blend factor can be set overall for a
complete encoding, or for each group of pictures (GOP), a
range of B frames, each B frame, or each region within a B
frame (including, for example, as finely as for each
macroblock or, in the case of MPEG-4 direct mode using a P
vector in 8x8 mode, even individual 8x8 motion blocks).

[0044] In the interest of bit economy, and reflecting the fact

that the blend proportion is not usually important enough to
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proportional and equal pixel weighting values in accordance wth this
aspect of the invention. The pixel values of each macroblock of each
intermediate B frane 301la, 301b are weighted as a function of "tine

di stance" between the previous P or | frame A and the next P or | frame B,
and as a fWEWB/08HI9 of the equal average of A and B. In thESTARYAINE for

M=3 and a blend factoy, F=3/ t he Ien h t B f
30la i s eRBaFORBeYFS A ity eagh magTro :%PE of oﬁﬁé‘%ai)r‘b %r?fot?% cI/%éﬂgahtl ng (r)?me
2/ 3A + 1/ 3BoubdUse L1 Hied D e;qiéaltyp%valfagﬂa@esgbém% &mpressdd)./ For

Simlarly, the weighting for the second, B frame 30 Is equal to 3/8A +
5/ 8B. [0083amEhe, vEPX elFgeshdhate fdFerf ééfiapgcaﬂiﬁéo%\@en@«/é?ram ¥ a

conpl ete goﬁggi?gh&qtiﬁ SRLERUR 9k eksausfiy(éﬁaglﬁg rangerdf B

frames, eac rang, or each region within a frane (including, for
exanpl e, ﬁectonef‘yn%@rf@w atacdh (nla(,er ObISGéECW-nQIFIr@mrUa@eaJOf IVPEG—4 di rect

node usin Kk
004l | nipfefpatEFiah s Hherally BKsh GBELN SR FuiRlPRAIASe)
bl end pr opbthoot snschnohgtsuaig yon rqonrtiraat ehaughst othd® mmmmg

PCT/ US02/ 22063 _ be convey W t crab tl use of bI endi ng
shoul d be*PEF8fe a%‘be?’ne "f &% 1&/:3 gégabgirng%bnlﬂ @gfsg%o TS PeSfanpl e, for
i mges thahotte, f Blilergby M@ miing someWbEr eheobenatitsighti ng or contrast
is gradual ly chang bl end .factor ear or atﬂé éhq:gq sel ecti ng

I

proport i oBéPP°FE%%?i‘)gI’arf‘?%‘rﬂ°]1as,tltj’é’nélsalwﬁ} nBSt SOPE sn@ i mages

wi t hout Ségballghét&ge Oin%dl%%tldhhamgsbléﬁénfé@@@f vARigk Wfiasier val ues,
such as 2/ 1/2, or 1/3, mght forma _best choice, thereby preserving

sone of thBebBnkeilsrange ganedallonaililnber BELEVE orWhED RN PAFtIGWE-AE t he
benefits 951&%%?«66@&6 fd?{%‘:er PRt opedl}nabl £5¢ sﬁft@{vééals@sfawet hin

the O to range generall be use wth one particular
[0045] For wide dynamlc range and wide contrast range images,

the blend factor can be determined regionally, depending upon
the local region characteristics. In general, however, a wide
range of light and contrast recommends toward blend factor
values favoring purely proportional, rather than equal
average, interpolation.

[0046] An optimal blend factor is generally empirically
determined, although experience with particular types of
scenes can be used to create a table of blena factors by scene
type. For example, a determination of image change
characteristics can be used to select the blend proportion for
a frame or region. Alternatively, B frames can be coded using
a number of candidate blend factors (either for the whole
frame, or regionally), with each then being evaluated to
optimize the image quality (determined, for example, by the
highest signal to noise ratio, or SNR) and for lowest bit .
count. These candidate evaluations can then be used to select
the best value for the blend proportion. A combination of both
image change characteristics and coded quality/efficiency can

also be used.



value within this range proving optimal for any given B frane. [0045] For
w de dynami c range and wi de contrast range inmages, the blend factor can be
determ ned regionally, depending upon the |local region characteristics. In

general, however, a wide range of light and contrast reconmends toward
bl end factWP039eMiks favoring purely proportional, rather P¢HERZE4M3)

aver age, | ol ation. [0046] An optinal_,blend factar is general
enpirLcaIk@agﬁgtg&nFﬁéa?galPh%ﬁ@ﬂeixﬂﬁﬁ¥eﬁﬂﬁaqhqﬂ+ep8?tPcﬁ?g?e?ﬁ%eégﬁf
scenes CapeHQ1EERE £ o R A detPloF o Brenflot ast sty wergnmulcypey For
exanpl e, a determnation of image change characteristics can be used to

sel ect t hBr@PRREL PRdODOHEIPFIGT10R/f FARESOFIE GPBRUL oY (RFIRATNIONF, 3BSf r anes
can be Cogfgeé'%ﬂ( NYead Wuaq_f Sadigdat aohbesd, f 86t Wiy Waahekob st he

whol e frane, regionally), with each then being evaluated to optimze -
t he i mageMguthe t gx¢rRnerbiframe mosidigns eanbhet Hronifiganfil siaddgcted noi se
rati o, or a i un heggr candi iyt i.gps can

t hen be ugggﬁ}% se?Ie% Af\é%s%]eésjtfta\?a%gé PSFZt Eegif)l end %@o% olr(ls. XQB
conbi nat i ba difbHetént i fmye e gectaeneapreitiongs el icidwgi more of

quality/efficiency can, al be used. -1 19.P /22063

[ 0047] CILB%U?E%fX%?Tg%ﬁ¥§%ﬁghﬂm?ﬁ%Cﬁpéagévg?ggég%%ééﬁgggyéggqﬁesuIting
fromlow yattbe of N bemehit ffdreddeedatény fuoh tye gvexmwe,i eriakce

i nterpol atjon, since the caonputed propqrtionsg are al dy .near, the equal
aver age. FRREvR}red Wﬁ%g}l&;’alﬂf&‘?% iope Pﬁeb%‘%}t’rré?@%%/ Pod€ti ons
can be signi tismet! Yrod foedmfl e, DY MR5Gheheerofsbl ol fanityy B Melamet hat the
bl end factor can be different for these extreme, positions, utilizing nore

of the abéghbeyseharbiend ctagerft Mlchoblenddsin iees faithe EE¥ale or no
benef | L1 £00L4GY) 310 ild BLdIY B R8GraShildle | BOHr Loy BKe hiedh
proportions of “both nei ghboring P (or
strict 2/5 and 3/5 equal average proportions. If the
proportion-to-average blend factor varies, it can be conveyed
in the compressed bitstream or as side information to the
decoder.
[0048] If a static general blend factor is required (due to
lack of a method to convey the value), then the value of 2/3
is usually near optimal, and can be selected as a static value
for B frame interpolation in both tpe encoder and decoder. For
example, using F=2/3 for the blend factor, for M=3 the
successive frame proportions will be 7/18 (7/18 = 2/3 * 1/3 +

1/3 * 1/2) and 11/18 (11/18 = 2/3 * 2/3 + 1/3 * 1/2).

Linear Interpolation

[0049] Luminance values used in compression are non-linear.
The use of various forms of non-linear representation include
logarithmic, exponential (to various powers), and expopential
with a black correction (used commonly for video signals).
[0050] Over narrow dynamic ranges, or for interpolations of
nearby regions, the non-linear representation is acceptable,
since these nearby interpolations represent piece-wise linear

interpolations. Thus, small variations in brightness are
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1) frames. For exanple, if M5, the first and fourth B frame mght use a
bl end factor F which blends in nore of the equal average, but the second
and third mddle B frames may use the strict 2/5 and 3/5 equal average
proportions., If the proportion-to-average blend factor vggi hi..can be
conveyed YR BN npressed bitstreamor as side inforrr:att?(glﬁ[E 3/2?%8

decoder. ' j | & e UIHoRdveduerbe | ack
ngégi%%%:?/ ﬁ*%ﬁ}f@ 1hhead facéMpolst iy vegyes

of a nmethod t , then the value of 2/3 s usually near
optimal , whdecuarbatseheciredrghinsssy 6UGhAI @8 P B Wide dyparpsl ation
in both the encoder & e, NG Femeint ber nbhe bl end
fact or, fﬁgpsmggghvéfg%u%%gtg%#e 2 ?‘r ﬁegﬁ?gﬁ%h‘%‘ﬁs{% 1T be f?/ 18°(7/18 = 2/3
* 1/3 + 1iBedrlé2gnabsl dd/lihdal il l-ba/ 3nac@iate.1/Fyen FpoZ) nokmadar

I nterpol ati on [0049] Lum nance val ues used in conmpressi. re_nqn-ljinear. -
The use 0F°95F$655r B?ﬁslmﬁg?ﬁﬂr%ﬁqﬁéir%Pgﬁ?egg té§§%n14#%§415§5 ggﬁa Ft hni c,
exponent i gbgfhQed ab{ 041S1 POVEYF Sintexpblaxponensomé faddsh amchlaaolsseorrection
(used commonly_for video signals). 0050] er, narrow dynam c r.anges, or
for interPdFaPLBAS BFllh%%r’b?PT]e‘d}e&é,fagﬁea%n%??%]a‘fe FaneSe e AELEPEN i s
accept abl e\, rt R PCEohPESLL }par by interpol ati ons represent piece-w se |inear

i nterpol ations. Thus, small variations in brkﬁgtness are -14 WO 03/007119
PCT/ US02/ 200531 Thasonam pAdasioRaieiBRroienantetP theelssi @i on. However,

for w de ¥§{>B§E§8ﬁ'§1i191@6&9h{s‘.‘Q:tﬁﬁg:e?f%'}maﬁhecfﬁieéﬁbwt%rﬂma@iﬁe1r ange

and wi de Eontras range I mages, treatnment of non- linear signals as
| i near wi vhlbesi nepresented Buera flameasdr $RRCE 0Pk r HB tothafy©@ntFRdEsd | i near

fades and"GPatinéar oSt eas st EaRR tnlY oLl iel pd P adeREL L es,

addi ng f aoinhrancenpépxésgntation.
[0052] This may be accomplished, for example, by first
converting the two non-linear luminance signals (from the
previous and subsequent P (or I) frames into a linear
representation, or a differing non-linear representation. Then
a proportional blend is applied, after which the inverse
conversion is applied, yielding the blended result in the
image’s original non-linear luminance representation. However,
the proportion function will have been performed on a more
optimal representatioﬂ of the luminance signals.
[0053] It is also possible to beneficially apply this linear
or non-linear conversion to color values, in addition to
luminance, when colors are fading or becoming more saturated,
as occurs in contrast changes associated with variations in

haze and overcast.

Example Embodiment

[0054] FIG. 4 is a flowchart showing an illustrative
embodiment of the invention as a method that may be computer
implemented:

[0055] Step 400: In a video image compression system, for

direct and interpolative mode for computing B frames,
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[ 0051] Thus, an additional inprovenent to the use of proportional bl ends
Is to performthe interpolation on pixel values represented in a |inear
space, or in other optimzed non-linear spaces differing fromthe original
non-linear | um nance representation. [0052] This may be acconplished, for
exanpl e, bWQ9¥W¥{1%converting the two non-1linear | unmi nancECyP%‘azlz%“(f rom

the previ suhsequent or_ 1) +frages.| | {.near. . presentati on,
or a di ffg%;éﬁé%ﬁgﬁ- ngnég eFB%f%élegnr% e{%allélr?. hae%mg i%?oépé(;(:r ipolr,éleﬁ' t%’l?egl S
appl i ed, dnpet weigabntbeofntes ser mmxey drisdénectiamppl 1y dredicteidng t he

bl ended res%l t i a&t he .inmage's original ngﬁ-l anearWEun;:i nance .

r epr esent Al ERAMeAIRES FXAMERUSIRH NG SF FHRcFFIRSTHIT LGS PEEBRT54PPor med
on a nor eorORt byehdr 6Br egasl ahé ghting did URenARske sdigtadee [0053] It is

al so possible to beneficiall¥¥appl this linear or non-linear, conversion

. . y
to col or PEPREFticA dBHLVRENTEY ItiriaddtcEWouReR R viactd@alddi ng or
becom N9 §RkaisALY 2kafles BRaOREMT, IShcHOBEGAShCE NNIARS ARH0G! Sogdal th

variations in haze and overcast. anpl e Enbodi nent [0054] FIG 4 is a
fl owchart (shaowi-ng aAdep| imagatsveea™nbodi nent of the invention as a nethod

t hat may | 4wl : 5 ; V| 'gﬁg&
conpr essi g§o§§g?;§n?éq odrdmdi eg'%nqgﬁdkﬁgt g%tpo %&aégg#ogglggrhgg?m%t I'ng tB
frames, -15 WO ALQe70hdt PCTuLISORY 2006%icdewdthinea afrdng epongt ben val ue

to apply to_each _pixel pf an._input, .seq t :
bi - di r eot RS Fyapeka; Thgq I strdtanin YER5e Riv B B oty for
frame- di sthecenpiepoehcodingrsasdiand cof dggamicakl ghfomgeanid sceae,

f -di st ti derjpved f t | t wo, .non- bi i ti |
or ot o1 eaCOPamEEoBRac REPRRGOE EFA R e SABURLHY i b i arelie’ °"% Y

[0057] Step 402: Further optimize the interpolation value with
respect to scene type or coding simplicity. For example, an
interpolation value may be set statically (such as 2/3
proportional and 1/3 equal average); proportionally for frames
near the equal average, but blended with equal average near
the adjacent P (or I) frames; dynamically based upon overall
scene characteristics, such as fades and cross dissolves;
dynamically (and locally) based on local image region
characteristics, such as local contrast and local dynamic
range; or dyﬁamically (and locally) based upon coding
performance, such as highest coded SNR, and minimum coded bits
generated.

[0058] Step 403: Convey the appropriate proportion amounts to
the decoder, if not statically determined.

[0059] Step 404: Optionally, convert the luminance (and,
optionally, chroma) information for each frame to a linear or
alternate non-linear representation, and convey this alternate
blend representation to the decoder, if not statically
determined.

[0060] Step 405: Determine the proportional pixel values using

the determined interpolation wvalue.
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(e.g., a video image stream. [0056] Step 401: Optim ze the interpolation
value with respect to an imge unit, such as a region wwthin a frame or
one or nore franmes. The interpol ation value nay be set statically for the

entire encodi ng session, or dynamcally for each scene, , group
of frarres,WQrO?'/B@dponal ly within a frame. [0057] Step 4021’%%%’??@“ mze

the inter { 0 I W t in i LGity.
For exanprgé,é%L gitépe?ggr a%?or}lé va| uegynégegggggtégﬁgtﬁw ,(g&%ﬁﬁglgr /3y
proporti obal tlmmddiRiredualepreseageiiopr oportional ly for frames near the
equal average, but blended with equal average near the adjacent P (or 1)
frames; dynam cally based upon overall scene characteristics, such as

f ades andImpbemenmitassidives; dynamically (and |ocally) based on | ocal inmge
region c eristics uch as l.ocal rast a | ocal . dynam c range;
or dynani Egﬁs%i(fﬁph& FBX%P?WI‘ H&%c?euggﬁiggépﬁaé lprgg-faorragfgarfcee?érsuch as

hi ghest ﬁ@dﬁﬂwéf&i &N rdonbinatdodedf bhdtsh @erer,apedgrpffaBle Stegid03:
Convey the appropriate proportion anounts to. . .the.decoder, if no

stati cal |?FB£Y%M .S%)ﬁy%ﬁ‘wéﬁspsaﬁﬁl.é’ﬁfi'i &he By 9oLd k}'@#tl?‘ﬁj;m?%% nance
(and, ophisopatt Yof GiHeO MventfiohNBie Ooflof cintRaehtiyarelheed tongey or
alternate non-linear representation, and convey this alternate b|end

r epr esent BRFBHCHIRY (RO ST Pr PERAB: 2RRAFAWUS | JNIBREEHFHERE, TRBEOIS Step

405: Det e{;é'?.élfai hSu B RO W M sPinX §! bdf Al 485 WG robbSmdelel £ 88din
i nterpolation value.” -16 WO 03/007119 PCT/ US02/ 22063~ [0061] Step 406: |f
necessar ya¢terdanee ofith dhestepchinaggnierein,t on B& BaygbPRalO¥e@pr esent at i on.

I mpl ement ab i 00y 5 L,8062] i o AL b8 SBY- 16 i 0y appatetukn (Bagdware or
integrated circuits) to perform particular functions. Thus,
the invention may be implemented in one or more computer
programs executing on one or more programmable computer
systems each comprising at least one processor, at least one
data storage system (including volatile and non-volatile
memory and/or storage elements), at least one input device or
port, and at least one output device or port. Program code is
applied to input data to perform the functions described
herein and generate output information. The output information
islapplied to one or more output devices, in known fashion.
[0063] Each such program may be implemented in any desired
computer language (including machine, assembly, or high level
procedural, logical, or object oriented programming languages)
to communicate with a computer system. In any case, the
language may be a cbmpiled or interpreted language.

[0064])] Each such computer program is preferably stored on or
downloaded to a storage media or device (e.g., solid state
memory or media, or magnetic or optical media) readable by a
general or special purpose programmable computer, for
configuring and operating the computer when the storage media
or device is read by the computer system to perform the

procedures described herein. The inventive system may also be



software, or a conbination of both (e.g., programable |ogic arrays).

Unl ess otherw se specified, the algorithns included as part of the
invention are not inherently related to any particular conputer or other
apparatus. In particular, various general purpose nachines nax

with progr X¥R0MO7Hen in accordance with the teachings hEF@m§ZQﬂmﬁi: Way

be nore conveni ent o const speC| al i zed appa us

i nt egr at e(‘]:°6‘isllg3|rf"§) PoP 5e?"|" ‘?fg)e[qe@&l ar CPIRLETS 'Eé)a s%%%qenvent i on
my be i mMpledTRRt €dohfi§iLe@ wilth & Gotiputer pﬁb@g&irﬁﬁ&vmﬁtﬁhmgt@’ra@ﬁe or
nore programrabl e conputer systens each COHBI’I sing at | east qne .processor,

at | east S®EiumaEq §PBFh§Br§‘}s§@ﬁeﬁ Rc CQBPHESE 0P R TFR & PRAFASOILE: Al e
remory an%’g%l%&er afle gks&sﬂﬁéd iinrle3a%b BBErbARUERLOMiL& i¥ns POrt, and at
| east one Output device or port. Programcode is applied to input data to -
performt id@SfombEIdohsreleeerl bed herein and generate output information.

The out put i t | i n known
fashi on. [[d&gég]r% seuﬂc%fg%éjg%m%gtgg(gf th n&ﬁggggl&{nhg% géllnred

conput er |desgudped( | Nebedthglems:hurte wlaisbabhydemtmcgrthaax/eiarlmedur al ,

| ogical, or Q oriente 2 W|tha
conput er JPSEEAC attr]ioﬁﬁy 52% e écrl?%l‘fa gg#%‘gg%egabg%& Iegp(\i%%

i nterpret aghd a&gp&gef [:ﬁéGzﬂ:]w&adbrs.ucmrcexpmpbe ps crge aof |tshq3r$!:feapr=ebl y
stored on or ed to or age r deV|c |id state
menory or q?é&’lr&%egr &ﬁe‘i“?% %‘iﬁfl a}r%ﬁﬁ?af‘ Dt 6 ayX ‘(ehLb% d?fn Sheral or
speci al ptﬂe&%@m@aomﬁagﬂabk@eﬁmeqrentf @romCORAL Odé s el PRozid-ng t he
conput er when the storage nedia or device is read by the co;rfép:tjter system

to perforingly, ptbesdemegdieents ALe WALALA. U‘Fﬁesi:%rﬁfr Vs al so
be -17 WO (3/,0Q7119 PCT/ US02/ 22063 considered to be inplemented as a
corrputer-read' I'e storage medium configured with a conputer program
where the storage
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medi um so configured causes a conputer systemto operate in a specific and
predefined manner to performthe functions described herein. [00651 A
nunber of enbodi nents of the invention have been described. Neverthel ess,
it will be understood that various nodifications may be %%ﬁ? L1 hout
departing WPAMYRE spirit and scope of the invention. FAr“ e’ sone of

t he step§m‘gf |&<§&1&2}0 .may be order independent, and thus can be
performed in Z%or er |¥[%e'rent fromthat described. Accord- ingly, other
enbodi nents are within the scope of the following clains. WO 03/007119
PCT/ US02/ 22868evied fSr ClmpheHingS:ithe imaget avality 9fipr RAavgncie ofmage

quality of 8,sequenge.ofs Ano. A1 IS Pbidhi e6Ld N sl SICteednes

i nt er medi at ramesS o tnoa Vi deo i nagé-conpression system each frane

conpri sing an pl widebt imade ptorgdressioal sgshgmde¢aecm frane tdomprdlsiegod each:
pi xel of eag& bi-direc%ional predi ct.ed in%ernediate#fra as .a mehghted
proporti on BRUEBLFE¥pBRIPHESHT xein BY ARCSHBREHRY; The Y P SPE8I ct ed
frames brackekieNdokheask M ErEEreidaldiy’ pebdOobed Vit thaditde Framgedi at e
franes. 2. The nethod of claim1, wherein the gﬁi hteﬁ(gﬁqportion is a

function of 3ha WPighRed BEARRIEAMOLHLIEREEPARCHON-PHSH rédiiesndn y

predicted fpapesid3redPEoR®L 1P G RdiTtadMeLamub b £ Sk thihyveiteh iseuBheROr t i on
is'a blended function of the distance between the bracketing non-

bi di r ect i ongfl pipféupet tonalhipradicted dgtarredtrtyel¥Ameshe bracketing
non-bidirectionally predicted franes. 4. The nethod of claim 3, wherein the

bl ended fanehiopetfbae88Nc1Pin di," §H @Rl k¥ePREdiRtEd piddrmdinatie &rane
wei ghted proportion is: weight = F-(frame di stance proportional weight) +
(1- F)- (equéungtépagef wehghdjstance between the bracketing non-

bidirectionally predicted frames.

3. The method of claim 1, wherein the weighted proportion is a
blended function of the distance between the bracketing non-
bidirectionally predicted frames and an equal average of the

bracketing non-bidirectionally predicted frames.

4. The method of claim 3, wherein the blended function for each
bi-directionally predicted intermediate frame weighted
proportion is:

weight = Fe(frame distance proportional weight) + (l-
F) * (equal average weight)
where F is a selected blend factor ranging from 0 to 1,
“frame distance proportional weight” is a function of the
distance between the bracketing non-bidirectionally
predicted frames, and “equal average weight” is an equal
average of the bracketing non-bidireqtionally predicted

frames.

5. The method of claim 4, further including optimizing the

blend factor F for a selected region of at least one frame.

6. The method of claim 4, further including optimizing the

blend factor F for a selected range of frames.
-19-



where F is a selected blend factor ranging fromO to 1, "frane distance
proportional weight" is a function of the distance between the bracketing
non-bidirectionally predicted frames, and "equal average weight" is an
equal average of the bracketing non-bidirectionally predq] rames. 5.
The et hoowegyEWéPm 4, further including optinizing the cpmgyﬁa%for F for
a selected region of at least one frame. 6. The nethod of claim4, further

i ncl udi ng, ORLi.M Zi t f 3 T, e frames.
10 wo 03 Ugg“f%é%ﬁgz‘i%%'7%’%%@6%%%&%?@%%%%&&3% ttﬁér i ncl udi ng
optini zi ng bhendbfeatiofaFtay & famckifmnofi enené characterisidrer withis
wthin at Igait ope fraﬂe. 8. The nmethod of claim4, wherein the blend
factor F vaPtres®d8% GPfuht?Ton of the position of a bi-directionally
predicted internediate frane with respect to the bracketing non

bi di rect i®nghkymptrddcodciaanes. whertlie nbehbilend fdction & vagiekeas

I ncl udi ng: (a). selectin t | east .two ndj dat.e nd f.actors k. (b)

appl yi ng thé g&ﬁﬂkﬂﬁ?eoglékﬁiﬁ%ﬁﬁﬁﬁ9§ ﬁ&?ﬁ éét8%ﬁ§¢ﬁﬁﬁfaﬁ;¥x§F%9éF58§ for at
| east one biinderpelignal fyams aditt aéspectetoethatierdaleste igo ndat-er ni ne
correspondi ng eval uation, sets of franmes; (c) coding each eval uation set of
frames; (d)bégarastingabhyPeedirtesidda®esl uation set of frames with

respect to at |east one conpression characteristic; (e) selecting one such

eval uati o9, 98k pbthbanes FEYiMa,a fulesierednedipiggsi on characteristic; and
(f) selecting, as a final blend factor F, , the candidate blend factor F

correspondi #g) t3 kRt iNG @&t dgashatyat Fepdidake Hlendafactors Fi .
(b) applying the candidate blend factors F in determining

pixel values for at least one bi-directionally predicted
intermediate frame to determine corresponding evaluation
sets of frames;

(c) coding each evaluation set of frames;

(d) evaluating each such coded evaluation set of frames with
respect to at least one compression characteristic;

(e) selecting one such evaluation set of frames having a
desired compression characteristic; and

(f) selecting, as a final blend factor F, the candidate
blend factor F corresponding to the selected evaluation

set of frames.

10. The method of claim 9, wherein the compression
characteristic is the number of bits generated during

coding.

11. The method of claim 9, wherein the compression

characteristic is a signal to noise ratio measurement.

12. A method for improving the image quality of a sequence of
one or more bi~-directionally predicted intermediate frames
in a video image compression system, each frame comprising a

plurality of pixels having luminance and chroma
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10. The method of claim9, wherein the conpression characteristic is the
nunber of bits generated during coding. 11. The method of claim9, wherein
the conpression characteristic is a signal to noise ratio neasurenent. 12.

A nmethod for inproving the image quality of a sequence of n [ re
bi-directi $29¥W WP edicted internmediate frames in a videgcﬁﬂgaéﬂﬁy)

conpr essi on ste each franme caqupprjsin lural | xel s havi ng

| um nance arftf'%tf %é§59ﬂ0163P08g§i5 ?Qﬁ%ﬁiﬁé%FZfgbgg%ﬁ§£%€{€9ﬁstics in a
fhrsf non- | i figarudigiy:esentation, including: (a) converting at |east one of
the lum nance and chroma characteristics, of suc luralitfy. . of pixels to a
second repr@%bﬁ?&fﬁﬁﬁ}n?bﬁtCQQQSQﬁQHenQ%tHE?V ?Tibéhc%%ﬂﬂ9 ﬁPfQPgof each bi -
directional ly pegdigtedrist£ésesh ahenf g_qmal_ﬂwtwf] piSeONa o apkesentat i on
as a wei ghted proportion of corresponding pixel values in

non- bi di r ect i onzepyesenkatierd franes bracketing the sequence of bi-

di rectionall redi i Lot e el f i ( éé%?/ ;i ng such
plurality ofM%fgggég%ggﬁ#?hgﬁsecdﬁﬁgoFé%?Ese%?gg%Sﬁébac ?% the first
represent ati on. disecthenakl hopredictesi dntermegibats niname diec sugh

representation _is a.linear_representatiop,.: of . .claim 12,
wherein the secgﬁﬁongF8§5% %??%%“§?§éhangﬁfééﬁggr|é§§{£§#ﬁ§?fon differing
fromthe first goBrebposding gpieskntaiiesninlbon-Kidiommitiemadlegram stored

on a conput er-readgbl iy for .inrovi t he image guality of a
sequence of t\ADPGfagﬁﬁgﬁangérg%'? 3 Elqln;? bﬁgdf%?%%flcf%toeﬁlrir’édi ate franes in
a video inage ¢orREE$6haD]$YStedictRar inteanediater frdmgs;a apidural ity
(c) converting such plurality of pixels from the second
representation back to the first representation.

13. The method of claim 12, wherein the second representation

is a linear representation.

14. The method of claim 12, wherein the second representation
is a non-linear representation differing from the first non-

linear representation.

15. A computer program, stored on a computer-readable medium,
for improving the image quality of a sequence of two or more
bi-directibnally predicted intermediate frames in a video
image compression system, each frame comprising a plurality
of pixels, the computer program comprising instructions for
causing a computer to determine the value of each pixel of
each bi-directionally predicted intermediate frame as a
weighted proportion of corresponding pixel values in non-
bidirectionally predicted frames bracketing the sequence of

bi-directionally predicted intermediate frames.

16. The computer program of claim 12, wherein the weighted
proportion is a function of the distance between the

bracketing non-bidirectionally predicted frames.
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of pixels, the conputer program conprising instructions for causing a
conputer to determ ne the value of each pixel of each bi-directionally
predicted internmediate frame as a weighted proportion of corresponding
pi xel values in non- bidirectionally predicted franmes br Lng.the
sequence oWO®B0OYI} ectional Iy predicted internediate fra%‘gﬁ&é"égmfﬁe
conputer program of claim 12, wherein the weighted proportion is a

predi ct od i anbe SOMPGERDPUTRE SEcr Pt b oAt e’ BELERRRN Y oo o
of claim 12 pmfpsrdiion He webgbhedd Puropdon off theadbseass Betwddrorthed t he

di st bet the b t, - hi.di tl, |1 dicted f d
an’ cqual  aPIARNE TIPS AOPOPIEBET PP A AELF BrkF Ry brat b Faos.

18. The conpije¥age & aReObrakbabfidd noMreiditetbeohs Enyeskreditadd on for
each bi-directionally predicted internediate frame weighted proportion is:
wei ght = F(fﬁ%ﬂﬁ?ﬁﬁ stance proportional weight) + (1- F)(equal average
weight) where F is a selected blend factor ranging fromO to 1, "frane
di stance pgoOPOfhiORGhpHesHNbrodrfard ofUBEAIRM Pf WHireiti $hanegehgeyeen the
bracketing non-bidirectiona lé’ predi cted franmes, and "equal average
wei ght" is dinngfisn forceagh bi-dheediianeddyngradichedi inesmidiate
predicted fg W ?ht'glaepgg Pt £6n Prngram of claim 18, further including
instructions for causing a cohputer to optimze the blend factor F for a
sel ect ed regi onedghtt=| Basfrane dissgance2progtwt ienaduted gpitogramtof claim
18, further g\nc I.RO o+ rUGLL for causing a conputer to optimze the
bl end factcﬁ)FJ%Q§Aqaag§P§ FeggﬁgﬁSE of frames.

where F is a selected blend factor ranging from 0 to 1,

“frame distance proportional weight” is a function of the

distance between the bracketing non-bidirectionally

predicted frames, and “equal average weight” is an equal

average of the bracketing non-bidirectionally predicted

frames.

19. The computer program of claim 18, further including
instructions for causing a computer to optimize the blend

factor F for a selected region of at least one frame.

20. ' The computer program of claim 18, further including
instructions for causing a computer to optimize the blend

factor F for a selected range of frames.

21. The computer program of claim 18, further including
instructions for causing a computer to optimize the blend
factor F as a function of scene characteristics within at

least one frame.

22. The computer program of claim 18, wherein the blend
factor F varies as a function of the position of a bi-
directionally predicted intermediate frame with respect to

the bracketing non-bidirectionally predicted frames.
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21. The computer program of claim18, further including instructions for
causing a conputer to optimze the blend factor F as a function of scene
characteristics within at |east one frame. 22. The conputer program of
claim 18, wherein the blend factor F varies as a functioP @@1h@5(805iti0n
of a bi- dWOBOPHMLI 'y predicted internediate frame with FEYSSC* A% the
bracketing non-bidirectionally predicted frames. -22 W 03/007119

POT! 1802133063068 cdfiSu AR 04" am%g;w,l Fupekr fiWdieligne! udi ng

i nstructi ONS fOr causi ng a computer to: select at |east two candi date
bl end f act orisndtrudbjioaspfyrt heusimgli alagampitexrdtPact ors F in determi ning

pi xel values for,at |l east one bi-direcki redj,cted ...i nternedi at e
frane to det )Wﬁbe%%r?%gp & %4 gé@%gﬁ%isée/ Js) j%’Tcgtforrrg‘t}rrer'; (c) code each
eval uation s@) apply aties ;c{riidatal batedefisbtorxF codetd temimdmigopixetl of

frames wwth respect to at |east one conpression characterj.stic, (e) select
one such evaluaY$§He§e °EﬁEQﬁ5ﬁ§§ ﬁ?@iﬁgpgf}%ﬁﬁiﬁQéiiﬁnﬂﬁﬁgﬁﬁﬁﬁ?
characteristic; japdrmédiSed eXtamedtcddbtaamihe etk fespionding dvaloandiotat e

blend factor F corresponding to the selected eval uation set of frames.
24. The conput efeps odf abEaMe®] ai m 23, wherein the conpression

characteri st g Egd%hgaéﬁnguglugtﬂyﬁ:gegeagrg%gmggering coding. 25. The
conput er program of claim 23, wherein the conpression characteristic is a
signal to nol@leeraluatereach ausi coged Avebuptien fatogfarfirafias #dthn a
Co”p“ter'readabkgsgggJ%% NeddPIRE! ggmgbésé{%g i d ok i¥t s&;sequence of
one or nore -bi-drrectionally predicted Internedi ate franes in a video
(e) select one such evaluation set of frames having a
desired compression characteristic; and
(f) select, as a final blend factor F, the candidate blend
factor F corresponding to the selected evaluation set of

frames.

24. The computer program of claim 23, wherein the compression
characteristic is the number of bits generated during

coding.

25. The computer program of claim 23, wherein the compression

characteristic is a signal to noise ratio measurement.

26. A computer program, stored on a computer-readable medium,
for improving the image quality of a sequence of one or more
bi-directionally predicted intermediate frames in a video
image compression system, each frame comprising a plurality
of pixels having luminance and chroma characteristics in a
first non-linear representation, the computer program
comprising instructions for causing a computer to:

(a) convert at least one of the luminance and chroma
characteristics of such plurality of pixels to a second
representation;

(b) determine the value of each pixel of each bi-
directionally predicted intermediate frame in such

_23_.



| mage conpression system each frame conprising a plurality of pixels
havi ng | um nance and chroma characteristics in a first non-Iinear
representation, the conputer program conprising instructions for causing a
conputer to: égg convert at |east one of the |um nance and chroma

char act er i @ 8#0FK9sych plurality of pixels to a second FEFAEOYA8 | on;

(b) determne the val.ue of eac i xel_ of L= dl | I predi ct ed

i nt er nedi at e fr&ﬁgoPﬁ gﬁ ﬁes?3£?€fébffb67%%SBBE#FLgbé§§§%g§E§%%Ond
reprgsgntatipn @?faeupbggiﬁg gifgnnuakﬂrsoﬁﬁcnonebmﬁmdéogiphably¥aLues in
non-bidirectionally K predicte ramgs hracketing the sequence o i -
directional ly pP@&F&Fgﬁgiﬁfé?ﬁ@mﬁﬁégiqﬁ%gﬁé§,eaﬁgqﬁsycsoﬁge?f'such plurality

of pixels frO”‘Hﬁ@e&@&@ﬂdllpe?féaiﬁﬁé&iﬁﬂte&ﬁ@&ibﬁethEaﬁéﬁstam@presentatiOn-
27. The computer program of claim 12, wherein the second representation is:

a linear repf@sERNYRESNSUSB. PIREA ELHh RfePifRdgr AKPBf tBFaPRFYX! wherein the
second represeqtegfrbgentatiloﬁ%ék NERtHeLRieSeNLabke8eltht €6ANg from the
first non-linear fepresentation. 29. A systemfor inproving the inage

quality of a sequence of two or nore hi-directionally predicted

i nt er nedi &% f ThgeSOMPHLETyPHRS 3R TG d<si UH%?%PeEﬁ‘eeﬁ%‘ﬁmﬁ’ ame
conpri si ng areé%%%éﬂﬁéﬁﬁdﬁ R eehsSn hgckggféggngéﬁidﬁyans.for I nputting at

| east two non-Di |rect|onaﬁly preglcte frames bracketing the sequence of
bi - directionally predicted internmedi ate franes; and.(bg means for

det er m ni %P -t h&hgalcoBputesapropr | oHicladdnh 12p whpreéhi bhal F§SPRdi ct ed

i ntermedi ate . i ght D i i ol | Ues
PR e e L g T e

the first non-linear representation.

29. A system for improving the image quality of a sequence of
two or more bi-directionally predicted intermediate frames
in a video image compression system, each frame comprising a
plurality of pixels, including:

(a) means for inputting at least two non-bidirectionally
predicted frames bracketing the sequence of bi-
directionally predicted intermediate frames; and

(b) means for determining the value of each pixel of each
bi-directionally predicted intermediate frame as a
weighted proportion of corresponding pixel values in the |
non-bidirectionally predicted frames bracketing the
sequence of bi-directionally predicted intermediate

frames.

30. The system of claim 29, wherein the weighted proportion
is a function of the distance between the bracketing non-

bidirectionally prédicted frames.

31. The system of claim 29, wherein the weighted proportion
is a blended function of the distance between the bracketing
non-bidirectionally predicted frames and an equal average of

the bracketing non-bidirectionally predicted frames.
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sequence of bi-directionally predicted internediate franmes. 30. The system
of claim?29, wherein the weighted proportion is a function of the distance
bet ween the bracketing non- bidirectionally predicted frames. 31. The
system of claim 29, wherein the weighted proportion is a _blended function
of the di sSWaMB0HE ween the bracketing non-bidirectional PETHSER2Ed
frames and an equal average of the bracketing non-bidirectionally

predi cted_frames. -24 WO 03/007119 PCT/US02/ 2206 2. - The systemof claim
31, wher eBA- t hEN®| SHIERM rodh G T%J'r' Wﬁ&&ﬁlﬂi E‘Eﬁ?‘%ﬁ?’?%’ﬁilf‘g}‘ & P&

i nt er medi at g fdh2 B -WairglitednaPl POFbd it d S invRireieidiatE( Erae wés§Rpse
proportional weight) + (1- F)(equal average weight) where F is a selected

bl end fact oPTOROFAYNf A6 0 to 1, "frane di stance proportional weight" is

a function of {he,ngdistpnee het wagahbe BrapketissanonsRimtiy actijanal 'y
predi cted frames, and "equal average weight” is an equal™ average of the

bracketing rfor-(siatiadeevegngel yepghtl cted frames. 33. The system of claim
32, Turther Jaglugi ig 4eaasebPba BPLAGT FAdL NarRliged £haql 87c5 10 @

selected region o | €ast one frame.” 34. The system of claim 32, further
i ncl udi ng meYiraneodistpnice progothiomd krkfghdt"ori sk af dungtdehecfetheange of

frames. 35. [The systemof clajim 32 urther_ incl.udi or optim zing
t he bl end féEF§F"%6a§e§wF&Hc?b8n 5?c£%%ﬁl Iklhgﬁgﬁg%%gnﬁggi&}thin at | east
one frame. $redikeesly Frafes! ahai nedgral vinesmide wedghtendsf ant equlvari es
as a function of thefposition of a bi-directionally , .

average of the bracketing non-bidirectionally predicted

frames.

33. The system of claim 32, further including means for
optimizing the blend factor F for a selected region of at

least one frame.

34, The system of claim 32, further including means for
optimizing the blend factor F for a selected range of

frames.

35. The system of claim 32, further including means for
optimizing the blend factor F as a function of scene

characteristics within at least one frame.

36. The system of claim 32, wherein the blend factor F varies
as a function of the position of a bi-directionally
predicted intermediate frame with respect to the bracketing

non-bidirectionally predicted frames.

37. The system of claim 32, further including:
- (a) means for selecting at least two candidate blend factors
F;
(b) means for applying the candidate blend factors F in
determining pixel values for at least one bi-
directionally predicted intermediate frame to determine

corresponding evaluation sets of frames;
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predicted internediate frane with respect to the bracketing
non-bidirectionally predicted franes. 37. The systemof claim32, further

i ncluding: (a) neans for selecting at |east two candidate blend factors F;
(b) means for applying the candidate blend factors F in determ ning pixel
val ues forWaoO3p@at: one bi- directionally predicted interfedP$a2%3 ame to

det er m ne otrespondi ng eval uati o . S; & 03/ 007119
PCT/ US02/ 22085 MeqnS drfAe°£§‘¥§P9c88FHgé§%§‘h&fé%/%’f S of E3pMgs?; rames: (d)
means for eyahuymddriy fACkwlchtingedaehasuct i csderblevalluatianeseni 6h respect

to at | east one conpression characterjistic; ggz means for selecting one
such eval uat i orf EaReSHWitthy mespersy FRgaY t%‘%?t? T SPPEESSERNchar act eri sti c;

and (f) neans fQfaSRleatididc;as a final blend factor F, the candidate
blend factor F corresponding to the selected evaluation set of franmes. 38.
The system d¢&) oedns For wedestingheneodpel sevakiatdioar setepfsframes t he

number of DS GANHA!L bl cohBULEY; o en IR USRI afiba! M 37,
wherein the conpression characterfstic is a signal to noise ratio
measur enent (£4Gweahs irmelectimgr; ogsng fheal nelgmdyfalcdtoy & &heequence of

one or nore bi-directionally predicted | ' fira ' Ldeo
| mage conpressi%ﬁpé%éﬁaﬁé%%ggz gg%% go%%#féﬁgéyéyﬁgﬂtﬁrgﬁ?t§52F85¥§els
havi ng | um nancevaintitdlororset clfarfaemesi stics in a first non-1linear

representation, including: (a) means for converting at |east one of the
Iun1nanceééquiTéQWé§S éﬁugfa%h%&hﬁsbgswgéréﬂgrkﬁglﬂ&ﬁﬂﬂé&s@%np'Xe'S to a
characteristic is the number of bits generated during

coding.

39. The system of claim 37, wherein the compression

characteristic is a signal to noise ratio measurement.

40. A system for improving the image quality of a sequence of
one or more bi-directionally predicted intermediate frames
in a video image compression system, each frame comprising a
plurality of pixels having luminance and chroma
characteristics in a first non-linear representation,
including: i _

(a) means for converting at least one of tﬁe luminance and
chroma characteristics of such plurality of pixels to a
second representation;

(b) means for determining the value of each pixel of each
bi-directionally predicted intermediate frame in such
second representation as a weighted proportion of
corresponding pixel values in non-bidirectionglly
predicted frames bracketing the sequence of bi-
directionally predicted intermediate frames; and

(c) means for converting such plurality of pixels from the

second representation back to the first representation.
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-second representation; (b) nmeans for determ ning the val ue of each pixel of
each Dbi-directionally predicted internediate frame in such second
representation as a wei ghted proportion of correspondi ng pi xel values in
non-bidirectionally predicted franmes bracketing the sequence of hi-

di recti onaWOW399H# cted i nternediate franes; and (c) nean®CHE2@H%erting
such plurality of pixels fromthe second representation back to the first
representation,, -26 Q3/ 007119 PCT/ 0 4 f.claim40,
wher ei n tﬁi'se@gﬁdsyg ?%s%gt%.?%ﬂléﬁtsugg F%éa?§?e%ﬁ%é&§;é§ﬁ3§$pﬁifFi?ﬁe
system of clia ra 4dneshenepreiskataetond representation is a non-linear
representation differing fromthe first non- |linear representation.

42. The system of claim 40, wherein the second representation
is a non-linear representation differing from the first non-

linear representation.



