WO 03/ 007119 PCT/ US02/ 22063 Interpol ati on of Video Conpression Franes
TECHNI CAL FI ELD [0001] This invention relates to video conpression, and
nore parwioosloarihy to i nproved interpolation of video commoaasooR206sr anes
in MPEG | i ke encodi ng and decodi ng systens. BACKGROUND MPEG Backgr ound

[ 0002] MPEG 2 and MPEG 4 are international video conpression standards
defining a video syntax that provides an efficient way to represent inage
sequences i nlficerpPalatins fpNirdeajlcompressi onnfxgnes t he
coded bits is the "syntax." For exanple, a few tokens can represent an
entire block of sanples (e.g., 64 sanples for MPEG 2). Both MPEG st andards
al so describe a decodi ng (reconstecmticry) EXEITESS Where the coded bits are
mapped fromthe conpact representation into an approximtion of the

ori gi nal [9Q0kht Thil st Haviemddens eglates. toFgideraspimeregsibag endt hereoded
bitstre j ef he o] ' | o) . Wth a
predicti nﬁéig%gir%m %r%%épﬁée%e.l‘lﬁg& %%%)%idénwa%ﬁ %ldlcgc#)%ﬁreeg%%%

transf orfir4i¥d) in allpoE+1 hke dheodl goratdinge comixid S$ g dre. decodi ng 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, tenporal reduBdeKGROUNDI form notion, spatial masking,
etc. In effect, these MPEG standards define a programm ng | anguage as wel |
as a dBEF oPRekITARRPEG decoder nust be able to parse and decode an

i ncom ngp6lee Sy SR, Ry MPHRNY A% ke dakha iShhea de8NMBbhgsWst Bnt he
correspondi ng MPEG syntax, a wide variety of possible data structures and

conpr ess$oandecdi debsntag devidsedsyratdhotipt teediided [an tdf &l diesntat es

from the, st 2L 8, V0. 031 00119 ECTLAR02L 2200 ShIEE HSnSEldbhSseare N
conformanty. Tt 7S also possible

coded data. The language of the coded bits is the “syntax.”
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 algorithm
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



to carry the needed semantics within an alternative syntax. [0003] These
MPEG st andards use a variety of conpression nethods, including intrafrane
and i nt erWoasreoT®e hods. I n nbst video scenes, the backgr®amdSopamens
relatively stable while action takes place in the foreground. The

backgr oustngaytheveemaptica greanotleabnbbrmbet scekle 1s aksnpastibldhese

MPEG standards. start_conpression by creating a reference frame called an
oamat By ke pERdRa Ao 3 SRR A B i e Vi ence to

"intra" frafe o

ot her frgoee3pndHdues MEOE ajtardareiy ivse o vareetly virdeomprbesAahi on. |
frames provide entry points into_a data bitstreamfor random access, but
can onl y"BENAB8er 4Rl YI1RBnpRESIEHANT YRS al PLET § FRNQY AU hePy esERIAFT |

frames |9iaphacednty,  BfcPbLEKEEOREVELYa s  Foda IvaIpS{alidanamit 1

al so useful 1n sonme circunstances to use nuch w der spacing etween |
franmes).adheoratékes siace onl yha Somédrpendi chhefbatherdumdesay havvé al |

between the referepce |.fr are different fromthe br ing | franes,
onl'y t he®} 6egrﬁ?£f§?%‘1nc%§n§$% eapttred, - %%%%%%'ed, %%%q\g}%ﬁ%% ed. Two types
of franesanferusedthot somprdsbienepgesreapi gyl £tedrore& rarmse and

bi-directional Interpolated or B franmes. [0004] P frames generally are
encoded GRthefepBrehcbrao ArpEStorfrankramet het Brames rare emrr?esdous P
frame), angdy,oi e ef eqencss f ﬁéjP%e € rames.
P franes rgbé%{ll?/ergggglé?{ci ﬁ?gﬂygﬁguﬁ?aﬁ?éc‘%ﬁ%r eSS oér)lé.n raﬂrrgs&%f%%/i de the
hi ghest anamat obf vidapr esfoomabiivont efuiremdotpravigaséntang pofrutsirento
reference franme ip order to be encoded. Bi-direction frames are never
Used forSraFEr cRtbSPFaRBs oR Tebanar cCEsTprass| ot tEehhdrgi s 1 b,
Macr obl ogkspae€sE8Qi OBSi Oh11 YRUEHBI At S rEPFedBEG Ry P riBREPDiHCk s a
16x16 pi xel grouping of four 8x8 DCT bl ocks, together with one notion

vect or fBlaPefréBEEhea}théﬁéeém ‘P\A@Wnb?ib@l Vectomed ofaB-liougresit is
Macr obl 0gksoW,L0KR: PifT 86RE ERYcuRSeAAALY! EALLY RNGRIARELLST o Sl AT

intra-frane or |
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-

i,



-2 WD 03/007119 PCT/ US02/ 22063 franme (predicted) coding. Macrobl ocks
within B franes may be individually encoded using intra-frane coding,
forward pwedsotAaw codi ng, backward predicted coding, or bech/useremssd and
backward (i.e., bi-directionally interpolated) predicted coding. A

sl i ght | yExamé efepedbated] ntddingt rlectekl sk sethiin BVFEGHEy inks0 lwodi ng.

[ 0006] After. coding, an MPEG data bi e 0 i Ses sequence of |, P,
and B frhﬁgﬁvliu%gg%e%%%o%%g Tons? thrtn?)‘#g %Qnr%%{@ %%@n%aﬁoerr%gro I, P, and B
frames (phedecese@ eodeng, NbaCkwSedant¢édidtesd re@dimons ©n ddeh rfphaceqent ) .
However, it is comon in industrial practice to have a fixed pattern

(e.g., |TEPEBPESPBEPEE] : S Mot PHIAVEREbIOP B ctoRr RO P tedind
MPEG- 4 (ééﬁliﬁgmi\aéﬁ%ﬁ{‘ﬁﬁ“??%fé% asut Hs 263 ar User Bl Bd YR used in

(bi-direction y predicted rames have proven to benefit conpression
ef fi ci endREGMbt Vodevectdingfor each macrobl ock can be predicted by any one

f the f ' th t hods: 08] .1) . Predicted f d f th
o oo e POOGH et SR TR 0% (ROROBL ) TEst sl cLgruard, from e
[0009] 23edtnedisted backyastd fE omdmes subsesmesticd iy Rdrisig: of 0010] 3)

Bi-directionally predicted fromboth the subsequent and previous I or P
frame. [®HMAFL e Rat&eretfi tal Pt 2 RRB fhFaReT prieanetash aefidivd used

for P irames, Mole,2ibs,Lhe: SR, ONGERne X CEMIRIK N0 o ARKIAS d; ¢ rom a

subsequent is an interpolative node that c
i nf or mat i ®ncoémmoom bom hipdest oisl geda csids euemdvd rantisked G2 erdm addi tion

to these, three 4 al so supports a second interpolative notion
TRt tarh dad)

vect or pf*%d?cti node prediction using the notion vector
fromthe subsequent P

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 from 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 supports
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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frame, plus a delta value. The subsequent P frame's notion vector points
at the previous P or | frane. A proportionis -3 WO 03/007119

PCT/ USO2/wp0B®o71used to wei ght the notion vector fromthepeahsozuma: P
frame. The proportion is the relative tine position of the current B
frame V\jmmde’sq»eq:@iglmtttﬂee snmsbqrmev&c’@blanﬁrqm etheoumusdaqrent) P ffamgs.
[0013] FILG 1 is a tine, nl? 1 mes and MPEG 4. dlreé:t hm)de not i on
vectors 1H¢ a%’é%?%’fﬂ:%nmﬁ h* e ?%Jrv%rttlmeﬂ'%ostloﬁfcoerbt o VPRE LR rRct

node (nogeade WStk haéspder md i ele Oduids e sk O agkd igrBacdud Nt efyening B
frame is likely to be near the notion that was used to code the sane
| ocati onf¥3eHe following P frame. A delta is used to make ninor

correct | fig1af 048 1PLIPQr Lignal ARt lan evenar ar iyed-hr amLRE subgequent

P frane. i's the proprotional ghting given ion "Vec
101 102nmotiD3n foeceach 1nnt&¢<crcerldaarh<ee Bvitr}antduelqzha:,orjaoﬂd:) aEhea damedpton of
"di st ance” between .t he ﬁrewou P.or frgme 105 and the next P frane 106.

The noti®h Vekfof A5EFgheirde o BAdH lf)ntje? SR B RGN £ 104b is

equal t anidEobBSSk INEde yEh O £ 8v¥ R 48 B | MBsnd hes NDikON, viestiy {1 t he next
P frame, plus the delta val ue. <g0014] Wth MPEG 2, all ‘prediction nodes for

B fr anesthe enot bt ebhah ¢l wed ael eede corpararte tkpdd P Hen bdwe
Dol o 14O g e PRAL O 06K ¢4 Ty L NFo B S0 SAIRD o SdiP it 10D L0

macr obl ock™ 1S coded stand-al one as an ntra

codi ng nosdlethss setesdetiasal heobest vweckeor bﬁmemu fﬁcwartdle( dssdquent
backwar d (m)de 2) .. and bi - d| rectional (node 3), as. intra. Wth MPEG 4,
the intri TEHBF ces}il%"”ﬁo’ts ath %V\IéEOplf?l%%%ré&ll W%%?l%d@‘b%rboqﬁénqq‘?ém ourth

choi ce. Qfgaidrst h@vpesticothng @slecrds £NAseihtLAREH HROTE SO Ee 4a mat ch
criteria. In the reference EG 2 and MPEG- 4 software encoders, e best

mat ch i sl ez s defunst hon aoDC'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 coded 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
best-match criteria. In the reference MPEG-2 and MPEG-4
software encoders, the best match is determined 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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match (Sum of Absolute Difference, or "SAD'). [0015] The nunber of
successive B franes is determned by the "M paraneter value in MPEG M
m nus onewiostohA1Inunber of B franes between each P frane pamdsobyeoaext P
(or 1). Thus, for M3, there are two B franmes between each P (or 1) frane,
as -4 WO D0oFldd RCTTUS0R/ 2Rgs3nain | Listitateibn nirFlte gt r iei mai the
limtation inr ricting the_ value of and_therefore t unber of
sequent i%?nlkﬁef?gﬁ%’s,an sg?%?f?ﬂee éa*?%dh%“%) T ok | SIS Bagt P (or 1)
frames pecones {188 emolhgher mewrhed sciind® fsamseriaan donoers st s of
time between P (or 1) frames. Thus, the efficiency and coding range

li mi tat iRFEOTEES MRTDRN- ViEEIRRE RWRRRES thk RilTHaRf® Meam fonge mngiunber  of

| nter medl e, [ ARSen [901G] 1 ¢pafle0 Al figaled o nolg, thay P frames

carry ange energy" forward wt e noving picture ream Since each
decoded ®ddirmgrerarsgelskihasat henstal tmotgi groi vecttar pradkate tthee uleximate
subsequent P franme. B franes, however, are discarded after use. Thus, any
bits us LR oR c‘?r_égt!ti?se Ignfr?}%‘?‘r‘ésé%rjen dJo‘?ﬁ%/dé o]fratr?'i?a‘i'_ frane, and do not
provi de ped1&Ft iT@ns st hakoaisd gnshsaduerb hbaBEShatinbi keaRekr agREy SUMVARY
[0017] The invention is directed to a nethod, system and conputer

progr ans $angemert oy’ t Hervard e bual thy IVieHe RCt kg estieatir exitnemal |y
predi ct eq int | at S: i i i e r ess| Sysi em ere
ach 1o iomrraed & HEESL iy €8 bnd G RSBl NSteRohe

i nvent i orhé nedxidesulteé uemtni Pigf tdmee . VRl fieantd s ededweprece] afe ebicdrarded

bi - di rectj onal I%?predi cted internediate frane as a wei ghted proportion of

cor r espoidl g UHF xet P @Y i B o $7 Y f_R IR 15 IRt fHshfbs

bracket i gygn § heo 5 SQSNCEr She DI sl r&STh SNty RIS L S Rkt i SHLTHTRN 8 £y f ranes.
I n one enbodi nent, the weighted
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 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. In one embodiment, the weighted
proportion is a function of the distance between the
bracketing non-bidirectionally 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.



proportion is a function of the distance between the bracketing
non-bidirectionally predicted franes. In another enbodi nent, the weighted
proporti owoies/oa7ied ended function of the distance between PCraiSoz/aamket i ng
non-bidirectionally predicted frames and an equal average of the

br acket i BQOT®h- Ihi dinoddisiromaidertpodditéced niveafréon, - 3nWOred/le@idh9of

PCT/ US02/ 22063 0019] I n apot her p. of the invention,,interpolation of
pi xel vaﬁ’%fé%ﬂ %a%%??o%’ﬁe%e{) OP@}T’)‘F e%inf%?%%%n?antﬁorﬁ near® spade or in ot her
optim zesbaoa; | bneds spreesopt {mesedogndm-ol nedr Mpgtddl dPfetim@afrom
representation. [0020] The details of one or nore enbodi nents of the

i nventi oi? @FEIERRLfRPRNALIRCR Rl BREDFPRAMT HOP dr awi ngs and the descri ption

bel ow. C§igsof S et LY ondnd AdKAR AGEDdhehilS oleNER! kOB eHlilnPe
t an

apparen romthe description an raw ngs, romthe clains.
DESCRI PTa 3N €Ft DRAVWINGEn [ 002 13 cEdripadyisg adtawind s nendftie adescanot: MAEG 4

di rect d notjon vectors in accordance with the prior_art. [0022] FIG 2
is ati ef?‘?‘le %#h?’?aﬁﬁﬁt‘éﬁﬁspr ??F%haﬁ‘n% ‘3‘(‘2 an?\%‘%ﬁt?%&%l ues in

accor dantevaht hod filstbaspesiroht t Pfomi tWeNdd St i hO0Z3]arkd Giradvisgd, ti e
line of franes and bl ended proportional and equal pixel weighting val ues

i n accordmckron the ackat®pd aspect of the invention. [0024] FIG 4 is a
flomchart showing an illustrative enbodinent of the invention as a nethod
that may be conmputer inplenented. 0022; Li ke reference synbols in the
various draw ngs indicate |DEICRE F HIRAINGS DESCRI PTI ON  Over vi ew

[0021] FIG. 1 is a time line of 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
welighting 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 drawings indicate

like elements.

DETAILED DESCRIPTION

Overview

[0026] One aspect of the invention is based upon recognition
that it is common 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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[ 0026] One aspect of the invention is based upon recognition that it is
common practice to use a value for Mof 3, which provides for two B franes
bet ween ewotvs@ofies 1) frane. However M=2, and M=4 or hi glpemjusaz/e208$ |
useful. It is of particular significance to note that the value of M (the
nunber ofaBe.fhAan24é pramed)patssebends(fomnat Utk ratatodnShimp novide, frame

-6 WO 03/007 PCT/ US02/ 22063 .rate. At, 24 franegs_per second s), the
rate of 4?? nf%?)%}és?ec?rﬁ% %Iﬁﬂt‘ﬂliéﬁr&%% RE RS rsf%‘?f@ Sb%‘i”%ve%?‘?‘ﬁ ) N can
resul ts subssalsiant tehnghangesnérapertamér ame. c A £99, fps, g2, fps, or

hi gher frame rates, however, the tine distance between adjacent franes
becones kbghespbragryteedueercvare FeRutime sdistrnceikgievestunbers of B

oo s taface it IFEEIS HEBORts NMor PECORALIET Y r ERGOENIAST ALl o

conpressio ciency as t frame rate Is” inhcreased.

aspect othébehighentnanbéssbafel fipames héi. e ecdynglieonvd hats bof MMPEG 2 and
MPEG 4 vji deo conpression utiljpze,an oversinplifjed hod of

i nt er pol REFIRS %‘? ugx%%lké‘?n?%fcﬁ"i’) el%,c?rﬂ%np%?s-h‘?rﬂ e%%’o(h]a?nw&ﬁcﬁfi‘%n f or
each magrohbocktoOf1a fhapBatSgan equal average of the subsequent and
previous frame macrobl ocks, as displaced by the two corresponding notion
vect or s. [GPR 2] edagit here eggedts ofafieopnivand itsr iREPagiede uposi fifee

intermediate B: {]ames) LDge Q@? @r’ﬁ%l{be u'(g\il % time from
at - PEG— .
the previ ous %}nd su%sequ%gﬁfI FM%or )‘;Pérarres. wlec\ileg(?,é J?E%F lé%l gher
val ues ofit M ipal yn syveesinchl fyedentéetied &f fimmespolaton. ther m ddl e franme
if M4, 6, 8§, etc%%) wi || bg ogtimal, usi ng, an equal weighting. Simlarly,
in MPEG- 2% TP +&¢ aem%?e eve he Btghtf¢e W‘?Jo_ ?/%%%%?J_so%r%olbr?ﬁ)%kﬂti onal | y
wei ght ednactbis1 pERUGEL £dr PhE! i ¥ahNESGhOT £3CPa O MKl Al @R disE are  an
equal proportion of the previous P (of |) and subsequent P frane.

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 intermediate 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



[0028] Thus, it represents an inprovenent to apply an appropriate
proportional weighting, for M2, to the predicted pixel values for each B
frame. Theomsopunei onal weighting for each pixel in a cumcansoB2iocane
corresponds to the relative position of the current B frane with respect
to the pteviosgondhdgspbxeduealue frem|jherawesequents, frame¢kQrothenfirst B

frame wo use_zl he correspondi ng pi xel value (notion vector
adjusted?égF%%1?ﬁé§%?%9§bus frame, and 1/3 of the -7 WO 03/007119

PCT/ US02({@@DSB FIW.r espendi ndn Xenevalfud famem Enhel pubgegiadhafllr ket i on
vector adjusted). [0029] FIG 2 is a tine line of frames and proportional
pi xel  WEPHBRT QI VERLESS| AN aRePEARRES Wit i t R LS 2PRREt 0PL tHRE i nventi on.

The pixeinvéﬁyfénwﬁ@nén?@ﬁgb_ogfﬁgglﬁgghpﬁ E2ER méafggﬂ@ﬁkasf Sdfame 201a,
201b are weighted as a function of "distance” between the previous P or

frame A bmderhedheke P foame 20haer B)llThatrciweighcdd pixed fahceiofl af
bi-directionally , predicted frame.is wel ght ed conbi nati on of the

cor r espondt PGP §e|b%gvﬁ%2 ngb?5iﬁé??%gpn%ﬁ-€igf?%%tlo%%#l@hep?%ﬁFc%ed
frames Aoand Brah® Bhishexaip| ecatlrpMedl vheuewef ghthngdf esctiwniirst B
frame 20la is equal to 2/3A + 1/3B;  the weighting for the second B frane
201b is REe@AICEed1B3hrame/ 38 aAV8pIRhRINCPRO Rt BoaP L able® age wei ghti ng

t hat woaéﬁ¥§§%@§§%ggggﬁyggeGafee e&fiQPQék@@ggﬁsﬁéﬂ—tOd%%é@i{gﬁ%?ﬂy 2,

and 4 wel g frame 20l1la, 201b | qual
Appl i catpoadi ot &t Engmds Dinand cBRahgetlans ©omtphst Rangdé=3[0a3D] If Mis

greater tha , _proportjonal weighting o i xel values in,inter iate B
frames V\W’?Jrg]?ﬁb?‘gvggfhtk%f ?é’éﬂ:y ntgggeoéog?-ﬁ?r%%‘f?fmﬁ? %]/n%ﬁe“LS gﬁd
direct (MPEG4igRdend)r600tRE séBoR@NY £ASRS . 2 FXANDS e §@sEStd ncl ude conmon
novie and video editing effects such as fade-outs and cross-di ssol ves.
These 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, 201b 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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types of video effects are problem coding cases for both MPEG 2 and MPEG 4
due to use of a sinple DC match, and the common use of M3 (i.e., two

i nt er nedi woesBofmanes), resulting in equal proportions f®CTBSoz/22085.
Codi ng of such cases is inproved by using proportional B frame
|nterpoléfl®n109®OB§WmF¢o@@d%h@néﬁpEﬁ$¢@ﬁﬁ¢4Qﬂe#imﬂ%ﬁ@oﬁpajﬁanhﬁﬁQh$ect

apl i cat} o0 Li,GorLac, 6f {1k enekni IPTOXBRENL: for Xt endifg o dynap,e and
ng G%dhg

contrast range. currenceé 1n 1nmage S e'Sh
illum nali@htlfrgllsrbghunsss\hehaﬁ@eom}abtbe na)vlms @fmhnal chyandd 0 {Oreipat
from shadow (soft shadow e 03/ 007119 PCT/ US02/22063 |If a
Iogarlth9¥bg€éﬂ?ﬁ§ ?EpFE%e%%g?F%%g grﬁg%dt?oﬁa i gt ek @ bddi ed by

| ogari t hygi ¢q | 4 n@é'céec\,{reilgéde%?@ﬁeéquéf'e&néhnijs' g Hg &8 1 idess; change
will be a DC offset change bri ghtness of the lighting drops to

hal f, thehphgel mal&@smaw;hlsh@ul@eb@leﬁ@e@@edarw ancedgdl Dambuhferdies, to

code this hang n AC match shoul d and 2 coded di fference
appl i ed ?%pgﬁ%grgaig%. shen A Eéy #f?eﬁ nce %ﬁ?ﬁf%xxﬁﬁpﬁrﬁ%) & B9 ate

shoul d be preperthonndi| yeappbpedtiongdlh appEia@nimgedh fimr@rasnved IB (See
co-pending U.S. Patent No. 09/905, 039 entitled "Method and (ﬁﬂgen1for
| mpr ovi nb* EBApResee! t mhges EATBRR +%$0Vn%t|%%ben?|W%d ot 1y

her ewi t hen@§§18&edMé9ho& hen@ssigper Bbrt fifo PEESRNcddy her eby

i ncorporated by reference, for additional |nfornat|on on ?ogarl
codi ng @bp@msehMé@rmas;onfDOBQ}edncamdurremtlp m¢mﬂmmﬁhﬂraséiqmamat®on,

changes jn contrast alsp benefit from pr ortlon ranE i nter i on.

For exan%?%,aﬁil%%e%i? |§%% ﬂﬁ%%%n{oh%an %?ew%?éZRﬁr Eﬁﬂf) %aze,

its contpastepbeléngspdest| ¥ddDEL1E6ASE. idhbEma €DEH r@&tld;gwfﬁ@%@ld\n ééd%?gr _
in

expressed as an increased anplitude in the AC coefficients of the
the P fraperesgebatH@efbbl ocks. Again, contrast changes in intervening B

frames [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 Teﬁporal 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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wi |l be nost closely approxi mated by a proportional interpolation, thus

i nproving coding efficiency. [0033] Inprovenents in dynam c range and

cont r ast wmﬂmmgnlﬁfficiency usi ng proportional B frame intrerasozatioen becone
increasingly s gnlflcant as frame rates becone higher and as the val ue of
Mis inceehsbded Appeppragat ghdMRvaplesien Iayipbiad t@ye@sdm@mﬁ@@M] Usi ng

enbodlne?gz §£ EQS” Zg ntégg8$§8L ﬁéeg§§}%nd g@l %@ and hence the

nunber rames b ing or i | e mai nt ai ni ng

or gai ni ngveﬁedbﬁg eh8i ﬁ:neaepopa@wdby aef\elf@lecepf :&@p&zég:a;ﬁd)@é@ thaxel gdi ng
nporal _| ayering. For in US. Patent No. 5,988,863, -9 WO
03/ 007115r FUSB?/%2683ta€ ?|¥IP§Bamr%IHp6%| AV TR SEEIRP HRL LAGEITRY f or

Advancedraisg.eVTﬁéomeQmwe? oFOsh8f Asebgnes 9$1£@§dp£85€}% niYEPL T On,
and incorporated by reference it was noted that fanes are a suitabl e

nechaniSfoBrfraWesedvaéhpblaL Féraeseymplat esinghe Blémmmm$|tw-bf sach
rates is relat avai e anpl singl e

B franes® (R3] c%n96 Eﬁﬁoa?c8d§% %%@pag%gﬁg%y?ﬁﬁﬁb? fnl%yz@ RS2 f ps

stream et a 30 fps decoded temperal Layer withim a 60 fps stream Triple
B frames (M=4) can support both 36 fps and 18 fg decoded tenporal |ayers
wi thin aTy72PipsBsfrennp éﬁﬂ4BOC?BsS%RH°rQ5b@%% @c%@%da@@n%%r%Pslayers

1oL 0, 0o45 ELGESTL A0 N IO I By 2Bl ppel g sSR! 12
144 fps 1§tfpandeoppedvtdmpbnaldbepdgd WEnmbmai bayErs strddnf pssomgl 36
(>, DOEL g5, A, AT PYETRLL Lo, Laking, cveri N Sraps, mplfgle frames
descri bedoi ﬂp§0d@@66éﬂgtéln§or5’§t ane!ﬁ@plmwtwﬁl b0y s 89/ wHen 2a3314@nfg>§| 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 uti on Layering"” (assigned to the assignee of the present invention,
and incorporated by reference), to inprove the notion blur characteristics
of the 24wDps/eAasults. [0036] Even higher franme rates canPog/tGsynedoesi zed
utilizing the nmethods described in co-pending U S. Patent Application No.
09/ 435, 2Fqr exanpled asysttachide M2t df ok2 Wbk rcarCmensettienh fnan Fr ame

Rat e Conversipn”' (assigned to the _assignee of e present, i nvention, . .and
i ncorpor%tz% %fls r%‘f“écr:%’nc%r)“.5 E&?n elisé%%l‘%? B ]%%es ﬁ%ﬂ%%‘%r%bgi%a&f ¥ be
utilizedzai thsnpitos cospegsated) frane rate conversion to create an

effective frame rate of 288 frames per second. Using M=12, both 48 fps and
24 fps fFePR7} affdsiscakhsEedéniovégmpresalndpyegdngt Reneddésultor at es such as

144 1ps, 5964031 ngdNhS%pd PPorhANCe Ob £ COUE Sne &h&@f'&ig@iog? ﬁrpé)- The

frame rate convefsions using this nmethod need not be integral mnultiples.
-10 WO 08r 0t BoCll/ BISORARS 053t e Foo 1 &tkarp| des @aniledd eatdwe malte lofgHLO f ps

can be created fr 72 fps source, and then used as soyrce for both 60
f ps and n‘fﬁb?f)i ?g&sgfﬂg?%g]?%iﬁ?n [B057]° l,erftﬂ]éf’e tj?eeref or al
| ayeri ngeRgpeihd St hose pénaTzt g the performance of B frane interpolation.

The proportional B frame interpolation described above nmake hi gher
nunbers of B frames function nore efficiently, thereby enabling these

benef it sp1Bheaded-Brihanent 8t pot abh opr&peOpeIsnons [0038] One reason that
equal average wei ghting has been used in conventional systens as the

motion cb batae msaeorpitdditceauaflopvBreganeepokEingahassbesnt Haedt he P
(o L) or ATy UELOLDT, AbeLng RECACUESS, TR OF S, o0
reducti opreficapobsefon Bherame eppod At eall wed | D-ticonpensak etobl DckErdhere i s
a differggggréegédg?%eﬁhgipégticular 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



coded using the quantized DCT function. O course, the better the match
fromthe notion conpensated proportion, the fewer difference residual bits
will be regusmediand the higher the resulting imge qualPCtnusod/enad] | n
cases where there are objects nmoving in and out of shadow or haze, a true
pr oportlbwnwmm%e nei2d peevordes Enbether chpredngiantes Hovewery hwhamo e ghting

Dot tor BRBHTEL of S SFhEEe? RESRTT ot ST PHiTig 3 reis Gk T WP &1 ong a

nmot i on vpmbml wial bleedavamnagadonibchmabe efr aheskr awo plRepbatkear d di spl aced
bl ock, thus reduci n%; the.errors in each by half, Even so, it is nore
likely tFRENBLARSSE AR bHRERKAIC Nk B1S of PG rdt St FemePRRRIr teittled at e

more to ﬁ%ﬁteig AFe | NAR 4O WA-5DLLs ] S3pLof 41¥ 1)3 T4, /4 0040] Thus, it

is desirable I n sone ci rcunmst ances, such as regional contrast or
bri ght ne[ssopcbuatlg@;s toanthéilzkerded ueltlprb/bbr@f orhd crqu ¥ raxmeraeer obl ock

pi xel n for th -11 WO 03/007119 PCT/ 0 nance and
col or). % h\g? c%?c@ﬁ%t%‘ﬁ%e%m??r ?/n%éb?ﬁﬂ% yﬁ% rﬁi §/3% L#i”ﬁ ze equal

propor t i ©&shn 8gué MmaPESe 2ganslr APE =4 by (W9 A el ceir@ds0 e made of

t hese two proport| on _techniques (equal average versus frane-distance
proportion). FoesBchHAT %’""Dl’sﬁ‘”fe]’i’é’l’mi@’“@’é‘fégé’) +§? W GruafAyerogePgighthd 2/ 3
proportions can be bl ended with 1/4 of the equal average, resulting in the
t wo proportl ons_being 3/8 and 5/8 This technique may be general i zed by

using a lbq?e‘h%ief‘éjf:tﬁﬁ‘ng¢ obet b Lo Framiedy SF a%%efp?%o]rrtlﬁ‘r%ﬂ ) +
(1- F)(E%@%éy L 90bhaThen ﬁ%&’iai e Qf éhelme@& {25 LR p%s fromi,

i ndi cati'ng proportiona t'erpol ati on, di cati ng rely

equal aveqla@b weh:eagevétlse Ja@sememsnjnmmmw nxewlmsonda)e almed)e [0042]

FIG 3 igsgd)ti.rre i ne of frames and bl ended
[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 wvalues of each
macroblock of each intermediate B frame 30la, 301lb 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



proportional and equal pixel weighting values in accordance wth this
aspect of the invention. The pixel values of each macroblock of each

i nt er nediwpa3Bofinane 30la, 301b are weighted as a functi @aTafSo2tione

di stance" between the previous P or | frame A and the next P or |I frame B,
and as a4 upenrveyed ofitheeaguahacue beek of opt amall Bisd nof hbkerekiampl e, for

M=3 and _a b d factor F=3/4, the blended weighting for the first_ B frame
30la is ser(ﬁ%%Jrg?%e 5?%%&-‘3%/%% the e@,’p%/%Pojfm%%eeg%ﬁjd'g%r‘f‘?%?s%%é'gh"???lg of
2/ 3A + 142EBnppé pstdt 4imdgédetegtiddre aved Bge, VeI Y IVh@f A whdd 2) .

Simlarly, the weighting for the second B frame 301b is equal to 3/8A +
5/ 8B. [ 00¥R2aThel YA bENSfO¥ Heomt &Rt f bt DFatel be duangingald Hpnd

conpl et e eNCOMHI RO, QF EPr €ach group of; o : range of B
franes, each B l?r a?re, or aegc #eg‘?o’ﬁ V\%t%%%g ?réeﬁ%i?lﬁanlcl udi ng, for
exanpl e, imsefpokiyias) f s gacdrahly oot komrimah. tiher casen iig MG s di r ect
node usi nﬂi vect O{ in 8x8 node, even individual 8x8 ti or]O bl ocks).

P )
[0044] IHEERRUE nTRT RS IEFEHT Soormyta Snd BHITERt i ThER NS M  he

bl end prepefdi onalSe HOtstisniabd y2 J PO tANto €NOUYN fht 12 M0 HHH07119
PCT/ US02/ 22063 be conveyed wi th each macrobl ock, optinmal use of blending

shoul d, Bt atdeeXePy Herespev by | e sobeilig dssedf For exanple,
Por i | ? ol . . iy
cont ras i BRI | A dhoth SRl [ dthe P A0 She REI A RpEac¥ S

sel ect i negyoa bpovée ramal int et s bot &bn 011 solpaner#d dtyo 1mosd 1w iwiedh idor
runni ng j nages V\ﬂ'ct hout such lighting or contrast changes, then | ower bl end
u

factor VeSS, EQuchr 399/ %Enqrally whll beiuitly Hithedte RHGI I 13her eby

preser Vi $OMei Ohid h@hmn@éﬁ(%é @fovﬂﬁ@%ﬁir&ﬁﬁ'féﬁt&{ﬁ%ﬁﬁé&% asrpel! as
some of the benefits of equal average interpolation. ‘AT blend factor
val ues WP e vide dynarmge geneecabhy wWiide bentsebtl ramgehimages,

particul%ﬁe 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 blend 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.
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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
det er m neworoegoamal | y, dependi ng upon the |ocal region chrarasoeeiosdi cs. In
general, however, a wide range of light and contrast reconmends toward

bl end fat@@47] v@fuesuraegr iBnd ramesl yegropdet mddalle odt hesethancequalr

aver age, _int olation..[0046] An optimal_blend factor is generally
enpiri caI??ufgg?%rIrf%dIé‘él Yhough %gp%’ri%ﬂ%en%t‘?fg%ﬁ‘?%u‘f FY (e Ty
scenes Cgropertiséflal 0igt&AbS1aciah) esDicd! end Eanh e Sd byr S5eREL dyPear&or
exanple, a determ nation of inmage change characteristics can be used to

sel ect thErer@Nndnprbpbiei sauRbravaragameioreyeyi ofor Ariehemt Vakies & franmes
can be cpded,ysipg, e ngﬂjr@%m&f §anclopl b and Sagh of s dpliNel QL L he
1 Ty), W fien bei 0 op%lmze

whol e franme, or regiona each t ng” eval uat ed’ t
t he | magey quia¢ i tyo{det ef nbhedd factexanpbee tiyat hehe b drestfsctgmal cd® noi se
rati o, or SNR% and for lowest bit count. These candj date eval uati ons can

then be 23l tb 5P bCctOT t HRSPRsEXVEFTR POFLHHa M el bt ohod theke A

conbi nat iy &fcbold, tHBICrEDANGE COSKBELEIHpSS1 €500 woded gain
quality/efficiency can also be used. -13 03/ 007119 PCT/ US02/ 22063

[0047] CGkiteleser mofhapefihehromndeyd aldlrg of rem segpienceraas, $Ezedting
f I I . fi I
rom O%N&?Sélrjl?fr&rad)y 1;(1%%@(3@%%%%8%59913&% yo%gt}?yn?f@gg rrlrllcg?@t ho

i nt er pol at sinc roportions are a y ne &° equal
aver age. I Hofiexees . f Bor heghepleal LEsMoF, thetherextamderdiftiane peshéi ons
can be significantly affected by the choice of blend factor. Note that the

bl end faBtHRt cafe PePUFRFetamtorof YhbSh RLeNdHel HIeEs ok, tRR 19993 hg nore

of the ayerage, bhan-fbesSDELy Cenrahi POShiAQNS, Wk he Jafdy, hdd tigs or no
benefit fromdeviating fromthe average, since they already have high

proportiohsiot D6®hamei ghboedwyl Rayerage 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 the 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

[0048] Luminance values used in compression are non-linear.
The use of various forms of non-linear representation include
logarithmic, exponential (to various powers), and exponential
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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) 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 thirdwoicddba1B frames may use the strict 2/5 and 3/ 5 pequebz/2aes age
proportions. |If the proportion-to-average blend factor varies, it can be
conveyedreagonpl ¥ opppeasima bed sy ebhhn @R AN B¢ ERO} 3 Bt Hewe Tar « hgor

decoder. (180481, 1L, posLath oo e0etAL bl eodof agt oty Teguied dimto | ack

of a net t 0 convey e value 0 s u a?nily near
opti mal , range cand beidel estedass ﬁaxs@atmagm uethé otr& e ohtesmpol ati on
in both the encoder and decoder. For. exa usi ng F=2/3 for the blend
factor, foheME3SIARALS RReEINGRE (Y LhE F ‘f?mt%mwvm Bngqrmag = 2/3

* 1/3 + céﬁ@rasé—lgin@@duﬁ-éé§ (11Ad8r =£ 24S8s *artd o fodd Jf's dd Res Ld8e

I nterpol ati on [ 0049] “Lum nance val ues used in conpression are non-|inear.
The use @égvade@ulsyf@rhsnmr nontéipehatiepr e%@m afades i and ueleoss-ogari t hni c,
exponent j, al é o vari owers% &—QQ g One%is/ ] Y "t,eh a bl ackcg rrectl on
(used co % %/V?s(’)r vt %Iﬁa 5‘ [ VB0 harT ow 0%/?1%7110

for int Ef@ﬁtlaérodﬂémpiexﬂeﬁr by regions, the non-|inear represent atl on |s
acceptabl e 5| nce these nearhy inter poI ations represent piece-w se |linear
i nt er pol E905H 5. Thawfs, adnaddifdonadi gReroyepenghitRes8carse. o4 WO 03/ 007119

PCT/ USO gggéﬁléﬁﬁoyfl@wsapgr%'ﬁ@f:@@rrpytﬂlénﬁ%em% éﬁta&% ifopever,

e variations 1n brightness, such as occur I'n wde dyna range
and Wi deV@bumwasepraﬂgetqacﬂragesa lhreeareapemce@t of Imrptlhaamecaptmgzmﬂs as
linear will e i naccurate. cont rast. ran i near

fades and®r o8Sf sEBTTES %bﬁg%]ém%eglf%%etdh% OLLgHRRT t]eJr E%,Iéltlon Sone
f ades antugi®sscedirssptyestatibhze non-1inear fade and di ssol ve rates,

addi ng further conpl exity.
[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 representation 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,



[ 0051] Thus, an additional inprovenent to the use of proportional bl ends
is to performthe interpolation on pixel values represented in a |linear
space, orwor3mbhey optim zed non-linear spaces differingPpCmarsot/m®edri gi na
non-linear |um nance representation. [0052] This may be acconplished, for
exanpl e, dgyefinige agohmeerpadathent velnentdi ety Lo eackepsxghadf {fir om

the previous and subsequept P (or 1) frapes into a |inear .. representation,
or a dif}%??ﬁgsﬁ%ﬂ?P?ﬁegf Egﬁrggeﬂ?ﬁ%i%ﬁ.gﬁﬁ%%tl%p%}%%o?f??ﬁﬁﬁ Yend is
appl i ed, i atéehe¥ha€d thEMEBVEESRg 6QBVEFStRE fHam®pdisdanyé ehdbpgrt hen

bl ended result_in the inmage's original non-linear |umnance
repr esen®ht # oalerduefepdualheehgbpordi dndf thet F 6amew 4 shewee been perf or ned

on a MrSro0BLLIBL GEPSFEANEEbOR: OlelBE L AAACH; 91 0AL fond PP9S] Tt 1S
al so possible to beneficirally apply this ['inear or non-l1near tonversion
to col orpveduesedi iraddst boacketihgnmsunanceequdene cohputs frenfadsogr os
becom ng, nore saturgtedi as occurs in contrast changes associated with
vari atioh€ ¥n Ra%e98Rd1B38F ca5f”Bkanpl e Enbodi ment [0054] FIG 4 is a

f1 owchar fosen rg g 401 :Usgatdive @baditaaplo 10k ilhe vialentiieh aespomet hod
that nmay be conputer inplenented: [0055] Step 400: In a video inage
conpr esst®@n2Bysnage Bbit, dfrektaand ragéppovhihie apfeanerotommeitéhg B

frames, glpe \APrgﬁéQE)?%ﬁQ Eﬁé}:@fé\g%&’é%aﬂﬁé Sy e A NLELPRL 2§ Pneypl ue
to apply to each pirxel of an nput sequence of” two Orf nbre
bi - di recthenaht yrpredcotitdg saseiordi atedfnamisa by nfooneacii $dene,

[rare:di shance, BROPOLLL SN ofr rablend of eqbal eGP Lng andcihe ity

predi ct eflodspres Acost: N YT SPAUSNGR ithRUL nfte@Pod a3t &alue 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 dynamically (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 value.



(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 nwoasfioaMes. The interpol ation value nay be set steatriwsat/byes or the
entire encoding session, or dynamcally for each scene, GOP, frame, group
of franeE00&t] réﬁle@néloﬁy Wift mer¢e§srarrafnébecpmes7pfsﬁépp4eg4 Furekenvepti ni ze

the int e£ oiﬁélgpl frl.é’f %1\@ resér?éel%fcg to scene type or coding sinplicity.

For exarrp ron val te nay be set statically (such as 2/3
proporti onal and 1/3 equal average); proportionally for franes near the
equal av§ men? bI ended with equal average near the adjacent P (or I)
franes; dmyﬁ fy Based upon overall scene characteristics, such as

f ades anﬂocsmss TheS S@VeRs:i ondygmbealipleardtkacahl nhrbased er | ocal inage
region characteristics, such as local contrast and | ocal dynam Cc range;

or dynani;%%‘F‘f’@/r%an%lrl%c%‘l’m%n%*é%‘é@l ehdrPEddl Agd - perEFTRINREL 1 D 3

hi ghest N opm sod geg,% 1+ 403:
Convey tﬁnggprﬁo?r]?g%lge]s Bar)gﬂf)ortlgg a %J)inffge?o 351?10%%%81% r%ng?de(g)
staticaldy petrerof nelde [0089%1i&h eprédOdot Coiherait y mwmokatweed tdeardywm nance

(and, optional information for_ each near_or

P o nat B r oG b oh TP e At 20BN o iarfiy 1 et P o iy e

repr eseng@hé o8l tputhes desodei nes fmaptost@dégarivh Q%ﬁmmmrl&wﬁ%n Step
405: Determ ne the proportional pixel values using e determ ned

inter pol%@?%d%ﬁ%emtaathmw@mqqm@mmsm 232‘061333/ [km)eqqr%t ep 406: |f
necessar 0, resent ati on.
don ﬁy}?gogé] th £06L o e %@é%aelfl%%# e nt e | n a'

| npl ement atl on e Tnvention rtdwar e 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
is applied 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 compiled 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

i nvent i onwaros/opmti9 i nherently related to any particul ar ceamusez2me3 ot her

apparatus. In particular, various general purpose nmachi nes may be used

wi th progeassdereédten ba imptencdabted astd ¢drepdsamctremdalhbs estorage it may
nvenient _.to construct nore specialized apparatus (e.

be nore ¢ .,
integraI%%gﬁ??tu??g§l?%r%§rVb?%1%a??m%iﬁéﬁ 9{ﬁﬁﬁqmﬂu¥hQW%s?het?éb??ﬁ%ntion
nmay be iRl eaRNESAcONT OGErOH 8RN Ee§OAPHSMREUL OF O SFEm XS CAd Mk ON ONE OF
more programmabl e conputer systens each conprising at | east one processor,
at | eastspaeifdatandtpradef sned ara naE| 1ol PR MMt the funrchiomsol atil e
menory a@QéQ%iﬁ QrAgg.glements), at [east one input device or port, and at
| east one oufpuf device or port. Programcode is applied to input data to
perform {0@65Lnct inumd ede o idmdehd iemntisn odnd hgehavahe iout pakrei BEennat i on
The output information 1s applied to, one or re out put devices, in known
f ashi on. def@%@TdEa@ﬁV§ﬁElﬂeb$§@r aht gyl hePs H'B?%ﬁéﬁi i thahywaeseied

conput erpbangrage: bh8chadi P8 ARG PErh&SS A ¥rt Bg N b | @Y€l spPrOcedur al
| ogi cal, or object oriented programm ng | anguages)”™ to conmunicate with a
conput erargstepre | af aplye cageent hen. | Bowg uexprmpsg, beore cofpiiedteps

interpre a 0 ]..Each c 0 er. pro is preferably
tored oiter PP Eaue e s e S e AR g B st et e
nmenory openBdimedoinnagnetderodidpéieat fbsch ajhdteadeddeibyd a Agesedal or
speci al purpose progranmmabl e conputer, for configuring and operating the
conput er 1 \Wheh tﬂgh%o?ré@%dh‘éﬁﬁnés dF e debieEn | e 3 PRFy ?%et%r%ﬁjé?wk%tem
to perfogmihe. procedures described herein. The inventive systemnay al so
be -17 WD 03/007119 PCT/ US02/ 22063 considered to be inplenented as a
conput er -readabl e storage nedium configured with a conputer program
where the storage



medi um so configured causes a conputer systemto operate in a specific and
predefined manner to performthe functions described herein. [0065] A
nunber ofwermBedimments of the invention have been descri bedT/USeyerbhel ess,
it will be understood that various nodifications may be made w t hout
depart i NGHATF oF$ t GRAEMER| IS: and scope of the invention. For exanple, sone of
the steps described above may be order independent, and thus can be

performed iyn r di, I - d ri:bed. -Accqrd- i ngly,. other
Erbodi moat & BESTd mex dRETeiabg G4 Ratbst FRRiY oAt ey ots 007110
PCT/ US02/ 22063 oW el BiCdAIndRilcRally Areetibaddf dnhtietpediiatg tthamesage

quality of .a sequence of two or nore bi-directionally predicted .
i nt er medi att@ farg( O ilage, i CPER LSRRG SHSIEETsi SACSY SEBME SRBRTASARE 2

conpri si ng A uRhyal idey AfkliXelihclvaghddiagdat ahimgnitRg thg walbye gfpeach
pi xel of each bi-directionally predicted internmedi ate frame as a weighted
pr opor t i onpéfxedofespeiditig ddinesit ivalddy prredacihieli dintecmiednaltey fpaeei ct ed

frames bracketing .t ence., .of hi-directi I, | redi.ct ed internediate
frames. 2 Stng hehans el BIRR 1 At S ErE e By pegn Tl s
functi on ohonh®idiisteandenzative e ddie thiagkaneng brarkehiidigr ekl eaaiulkyice

predicted franes. 3. The nethod of claim1, wherein the weighted proportion

is a bl en®&d PRafdEEsT 16N alHy dirscastebdnhesRedre thr 4&RBESng non-
bidirectionally predicted franes and an equal average of the bracketing

non- bi di § eaticOnRlthh Prediatad fir a@eredn the wetibedeaf pehabP3onhgrein the
bl ended function for each bi-directionally predi'cted internediate franme
wei ght ed pgrugsddonoefi $hensiigitancerpetagenditbeabsacespoct nonal wei ght) +
(1-

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) + (1-
F) e+ (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-bidirectionally 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.



F) (equal average weight) where F is a selected blend factor ranging fromoO
to 1, "frane distance proportional weight" is a function of the distance
bet ween tWwe mmemketi ng non-bidirectionally predicted frames/usameosequal
average weight" is an equal average of the bracketing non-bidirectionally
predicted frames. 5. The nmethod of claim4, further including optim zing
the bl ehd Thecmeithedf oxf & lsdimedt edurélesniorladingasprtonézfingnehe 6. The

met hod of c¢l.aim 4, further includin pt.icm_zi t lend.factor F for a
sel ect ed r%&&@doﬁ‘:a rtéjﬁe?as- g © C(ng 0%15%5%% 6@85?5285&5%??STH¥ {’hod
of clai m4atf urlaker onrclfudimag optim zing the blend factor F as a function
of scene characteristics within at |east one frane. 8. The nethod of claim

4, wherein the blend factor F varies as a flrJTE(ition of the position of a
bi - di recti GR& MEthodaiodt &daimnder #Barate fPEnRLRPCNIRESPECE VBTriRE as

bracket i ng ;ngn pirdignecld epal by spredncted af b@ﬂea-re%_tizhgm?t Bedg9trekai m 4,
further including: (a) selecting at |least two candi date blend factors F;,

(b) appl yi ngtehmeddrdieddftrams! endhf gespestFtiontdet bracketgngphrel val ues for

at | east one hi-directiqnally predicted internediate frame to determ ne
& 1Y paedh

correspondi AG L ETatdEene 5 efjr gﬁf?gl;es(c) codi ng each eval uati on set of

frames; (d) evaluating each such coded evaluation set of frames with
respect 9o Tak measiodond clrphedsi durcharadhelusiing;: (e) sel ecting one such
eval uation set of franmes having a desired conpression characteristic; and

(f) sel ectilig, SEECE P PaRt bt @l f BES oF AL HeR catifiYat FFE DI 2ty factor F
correspondiRg 19,1 PEngetREt LLhEYR LIS DEING 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 havihg 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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set of frames. 10. The nmethod of claim9, wherein the conpression
characteristic is the nunber of bits generated during coding. 11. The
met hod ofwoloaioon199 wherein the conpression characteri sti ecrassaz/sioghal

noi se rati o neasur enent.

a video

pi xel s havit

i ma,glelcomgressi on system each franme conprising a plurality of
§ UG ¥ance and chroma -20 WD 03/ 007119 PCT/ US02/ 22063

charact eri gti)CSomve 2t fhd Sit NDHast NG SEPFIRSENIinMee Al (a)
converting at |east one of the |um nance and chroma characteristics of
such pluralitycaratkerssticsa ebcowme phprakent £f dnixgly Hetaersgenndy t he

val ue of each Pééfés&fltgﬁg pbi- directionally predicted internediate frane

in such

second T'epresen i'on as a weighted proportion of correspondi

pi xel val ugd)i de twimbm th ¢ ectié onal by oPpredlilcteikd Y anesedtaaket i ng t he
sequence of bi- directiopal Ig/ gredi ccﬁ ed int er(gg%i ate franes; and (c)
b ‘ot

converting suchlpehbPredl of

%eFseq rOhr T HE

to

ng

the first represesi@tiOPredsnt Iheomesogd wdi gh@ddnddopdief & bt he second

representation is a linear representation. 14. The nethod of claim 12,
wher ei n the secondeseprétentRixeh vakues non-noneardiegetebeambly on differing

fromthe first Pé)%i_

on a conputer-tea

a ium i provi ng image quality of a

12. A method for inproving the image quality of a
sequence okhagreteristriesbiindiar €dtrisGnabhy lpnedirctregrestatatdpat e franes

in

T3 rEs ettt i on back to

AT SR A0 e e oo am stored

sequence of twdipsctDoeal by -dlie@rtt@ial hiye priedi £fedf taries methdte franmes in

a video

(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-directionally 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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i mge conpression system each frame conprising a plurality of pixels, the
conput er program conprising instructions for causing a conputer to
det er m newDlg/ovalivue of each pixel of each bi-directional IpgTarSeziecweed
internediate frane as a weighted proportion of correspondi ng pi xel val ues
in non- bidirectionally predicted frames bracketing the sequence of
bi - di rect7onaThy pewpiuteedprogeamedf atkbaimahes. whére ihetlvompad grted ogr am of
claim 12, wherein.the weighted orti.on i function of .the di stance
bet ween t h&T BRAKRE g r?or?ltﬁ”(ﬂel%%t%in ﬁiéPPy O%r g&ﬁc@éﬁtﬁpgﬁe?‘ewﬁnv@ e
03/ 007119 REHMSIAR R -oliai rERe 1eoputepbredagtam ehamkai ﬁhézanW@@[ﬁ%iln t he
wei ghted proportion is a blended function of the distance between the
br acket i ng averagiediafe dthcoraokedriad AOBTPEAdreStaraada Yeguadickeedr age of
the bracketd ng non-bidirectionally predicted franes. 18. The conputer
program of claim 17, wherein the blended function for each
bi-directionally predicted internediate frame weighted proportion is:
wei ght =1%(frEne dospaher progoamni ohatlawnghl) wh¢deirr)tlegual eraded age
wei ght) where F.is sel ected .bl end factor. .rangi fromO to 1, . "frane
di stance p%rélb‘&rtﬁoéh%oﬁ/\@atﬁ%‘t %Ji_ﬁécefc&&@ﬁa&r]fyop teﬁga&fistl&ﬁgémﬁmgn t he
bracket i ng fiQfebivd il@ttd o paldps riirediigt:ed frames, and "equal average
wei ght" is an equal average of the bracketing non-bidirectionally
predicted fra@Eght 19, FTRELeBApdieFapEogPaPR@ft EPRa mUBLIHL) theflT ncl udi ng
i nstructi onRg .f(%r a_Lusdivlrégca L QULRT to optimze the blend factor F for a

i at lea

9 .
sel ected regi onqo one franme. 20. The conputer program of claim

18, furthemwhiemre ddiirsg a iseslteaictd trenidorfacawsi mgng iangniuber Ot aocofti m ze t he
bl end “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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factor F for a selected range of franmes. 21. The conputer program of claim
18, further including instructions for causing a conputer to optim ze the
bl end fawomB/0#71as a function of scene characteristics w Phirrusar/220bkast one
frane. 22. The conputer program of claim 18, wherein the blend factor F
varies as a function of the position of a bi- directional Iﬁ/ predi cted

i nter med2at e Thaneompeher egpegtamoof hel dimcket | figr Hoer binkthedinonal |y

predi ct ed f.rargar%. fg:o%%uvt\?%g%/aqlosgl% 9an54n#§Q%/r2%g§3 23. The conputer

progr am of “¢1%&im rtHer"3Wet Gdi°ng 1 st ructions for causing a conputer
to: (a) selegtsaleteast 1awseandddesirdbiend $haidrsadtofd)rapply the

candi date bl end factors F in determ ning_pixel values for at |east one

bi - di r ect i didl RRP Y ettt edndife ke et ef 15EMES th Rt TR HRl g dbsmbi ng

eval uati on Se&él‘ﬁésffégeét %83&9091%e@fruﬂ’@é&%ﬁﬂ‘l;ﬁ%r&cﬁié{@&res: (d)

eval uate each such coded evaluation set of frames wt respect to at | east
one conpressi onntéanadieresfrane (89 deteotinnecaucdspoad g | orn st ofn

frames having a deskrfd conpression characteristic; and (f) select, as a
final blend fattb? B th2"¢andidate blend factor F corresponding to the

sel ected ev@)uabd®neseh &Falhsai®s. s@d. ofher&meput er program of clai m 23,
wherein the conpression characteristic is_the nunber of bits generated
during codidigevabuatpecaehpitel pPegd anydiutomn 93t ohefeanes Heith

conpression  ChALACLEriSthe isase ShNAohO 0L 86, A LaSpAS RNt . 26 A
conputer program- stored on a conput er-readabl e nedi um or inproving the
i mage quali(tey s¢lacsequensechbfevatuatiomrget 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



bi-directionally predicted internediate franes in a video inmage
conpression system each frame conprising a plurality of pixels having

| um nanceward/oectinoma characteristics in a first non-Ili ne@&CTn&oz/ement at i on,
the conputer program conprising instructions for causing a conputer to:
(a) convert ats¢eand beprefenhatiom aantevekghiedd dmererakertefistics of

such plurality of_pj .10 a.seco present ati on; ) rmne the
val ue of each %%E?géghé%ﬂ Bi”-(ggi{r?gel%:'f%%n%rﬁl@%%ﬁ%%%@%@a:fr%édi ate frame
in such -23 WWr631602419r&ads USP¢R2OGY sles asshuapresentiai+ on as a

wei ght ed proportion of correspondiagnggxel values in non-bidirectionally
predicted fran®sr8rhiRBeLhY PRedieh LofMeilates rigedmenal #382 predi ct ed

inter”Ediaﬁ%)fé@ﬂ?é&tagécﬁcﬁlGPQY§£%_éPQ@iQ@P&aiféd'fﬁeFEéE%ﬁdfr0”1the
second representation back to the Tirst representation. 27. The conputer

program of cl arept@senhatedn bhaeksteobhle r £pr e ererpte oFntiat poh i near
representation. 28. The conputer programof claim 12, wherein the second

representati S -lin pres i i i 0 t he first

non- | i ne%?' r g@r‘%s%ﬁ?ﬁ??%%. pggéréﬁségtgfr%%rf?’n%f%%/gn%g?%%é i %%%“%um ity of
a sequence refprdsamtart T € Diax diirecid arpldeysepradioned i nternedi ate franes
in a video i mage conpression system each frame conprising a plurality of

pi xels, jpcluding: (a) nmeans for inputfin | east two non-bidirectionally
D g o1 ol £ 1 anRS BPRERERT NG PREABeqbanLeLTr Thi Er Tt DI 35 bal ot od

i nt er medi atre Jrici@tataildh () an'_@ﬁ‘i?ﬁ—lfif?lrea(ietr%g_’fie@ieﬂgattli%nv@'i‘f%e@ﬁ_n%acflioﬁli xel
of each bi-directionally predicted internediate frame as a weighted
proporti on the dersds pondi lnidh 95 Ix éleprgisged aitid onhe
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 predicted 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.



non-bidirectionally predicted franes bracketing the sequence of
bi-directionally predicted internediate franes. 30. The system of claim
29, wher ewp owlhe7inei ght ed proportion is a function of theprdiratsanemebet ween
the bracketing non- bidirectionally predicted frames. 31. The system of
claim 29, wherein the weighted proportion is a blended function of the

di st ance3bet welem shetémacketiagm Bbn-wiehiebrtilomndblengeddi wiedidn afes and

an equal average .of . the bracketing non-hidirectiagnally predicted franes.
24 WD 03/ @@f%‘lg’lpéﬁrﬁéé/oé’?ééé’ P%.dlfﬁggs&&%ﬂ%%lé% 3RS WREFBIERS he
bl ended fumtdpmtfiwn gach bi-directionally predicted internediate frane

wei ghted proportion is: weight = F(franme distance ﬁropprti onal weight) +
(1- F)(equal “stghfe=wer §hrnendietinee RrePeererp bleniohtktor (kangi ng
fromO to o (of i c r rtional weight” is a function of the

di st ance b(jafpwe(é3 u{%hrig ag)regif:a%reét ?“r?gg%%ﬁ bidirectionally predicted franes, and
"equal avemhgxrend gl 'a s laretegudll enav grage rofrahkyé nbr dcloet Ongo 1,

non-bi direcgtionally predicted franmes. 33. The system of ¢laim_32, further
e udi ng AR G S GRAEHORG HAE TBiLe N LRGSR GPREtSE e Cled Pegi on - of

at | east oNGthnal®e bedecH@ n2y Hr@Bkel ielgandn32i divelhebnianghudi ng neans
for optimzing the blend factor F for a selected range of rames. 35. The

system of ®rgdncEzd fipapies, iand J¢avg lmears agér weaghithi isngnt kgubllend
factor F ag.a fuaction,of f%%%%ti%?[n%@t—gﬁgﬁge%% i‘é‘n%ﬁ:}'}vgﬁrieég%%tedone frame.

36. The system claim32Z, erei actor
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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as a function of the position of a bi-directionally predicted internediate
frame with respect to the bracketing non-bidirectionally predicted franes.
37. The swetogmoifo cl ai m 32, further including: (a) nmeans fram/iset/ewss ng at

| east two candidate blend factors F; (b) neans for applying the candi date
bl end fact dics Peams fer ecoilinggedtix et vakiafesorn ggetatof easamame bi -

directional)l redicted internedi ate frapme to determ correspondi ng
eval uati on & t’ge%?sf%%ﬁegyaf‘é%gw 0% Jo7 4" chﬂ%ﬁgo%‘f 301 S ?TE%%S f or
codi ng each evalaaésoniset r@épécanes; atf ded@ansnd asomydd sdtdlg each such

coded eval uation set of, frames with respect to at | east one conpression
characteristi cchae3chenhstisi sel ecting one such eval uation set of franes

havi ng a desir npL eSSl agterd st Ca ) cting,
as a finalq%?éﬁ%a gct%r %%Pgﬁgbﬁ%and?d%telﬁ%ﬁﬁpaéié%?§%Pé%§%%g%%%ging to
the sel ected kawinataodesetedfcdmpressi@8.cHdmacystiemtod; cddred m 37, wherein

t he conpression chagacteristic is the nunber of bit enerated durin
codinghDSQf%#Hﬁei?gt ﬂfo?e%?%#h?%7,a%w&nt999ikﬁi%% %ékﬁ?wF'c ?acte?istic

is a signal tocyehs@atalbDeABABIEEIENE . cdPrefoSYSidN €Ot hdPE OV Mg he
i mge quality of a,sequence of one or nore bi-directionally predicted
i ntermedi at e feEAEYAtiANaSeE deb f¥IMBRS conpressi on system each frane
conprising a plurality of pixels having |um nance and chroma

CharaCteﬁéIS_“fﬁeié‘Yg‘téMé% 89?:1#@?arwrﬁgf’é%e{ﬁ@té&ﬁbreéé‘fwdi ng: (a) neans
for converting at feast one of the |um nance and
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:

(a) means for converting at least one of the 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-bidirectionally
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.



chroma characteristics of such plurality of pixels to a second
representation; (b) nmeans for determ ning the value of each pixel of each
bi - di r ectwomalodsi1predi cted internediate frame in such se®omas02/22063
representation as a wei ghted proportion of correspondi ng pi xel values in
non-bidirectionally predicted franmes bracketing the sequence of bi-

di recti oAdl | yTheediveted pfit elatdi 40e Whamein thd geyondanspfesexvateohi ng
such plural,ity qp ixels fromthe . second representati on back to the first
repr esent ati%oif: %%ﬁ?ﬁmfﬁfﬁ%ﬁfﬂﬁé}¥%ﬁ7L502/22063 41. The system of claim
40, wherein the second representation is a linear representation. 42. The
system ofi2cl aTHe48yswbar efncllhémse0pndheepi rsSeRéase66ndi Sepr8®8nt hBLah

representation differing fromthe first non-_linear representation. -27
is a non-linear representation differing from the first non-

linear representation.



