- WD 2004/ 004310 PCT/ USZOOS@WWWED | NTERPOLATI ON OF VI DEO
<COVPRESS|I ON FRAMES CROSS- i F LATED APPLI CATI ONS [ 0001] This
appl i cat i wo 2p@v/0a4330nt i nuati on-i nppart application of UprStnfppisiogessr on
serial No. 09/904, 203, filed on July 11, 2001 and clains priority- to U S.
T. |. P. AIMPROVED INTERPOLATION OBNMIDHEGCOMPRESSIIINFRATGRS CAL
FI ELD [ 0002] This invention relates to video conpression, and nore '
particularly to inproved interpolation of video conpression franmes in
MPEG- | i ke encodi ng eROSEREFERENCY 36 R L LB RPN ATIBRG Vi deo
Conpr essi on [ 0003] MPEG 2 and MPEG 4 are international video conpression
st andar dE0@RE] ni nglhip applisatnon e a poriiepatigmimpastanphaatiop o6 Ui Sl égpplinateinfsedalent
way to rgpr thl C [ 2 form r ct. caded dat a.
The 1 angoBunep 103 BRE sRARKS ) afg bl hRBYIL LIS CLERRPRSH0R ER, Gkens
can reprHsa]sdBosiled funsl28ck000f sanples (e.g., 64 sanples for MPEG 2).
Bot h MPEG st andards al so descri b%ﬁi decadi_n reconstruction) process where
the coded bits are mapped from t %gﬁﬁé&lﬁh‘é&?esent ation into an
appr oxi mppo@ of thgs Bivetiditrklated IdWRleo Bmpr&sidd BAEMS R PRI ERr] Eﬁr exanple, a
flag in the coded bitstream may signal whether the follow n& its are to
be pr ecermovadtipterpobationiof vidgn cempyessiathivapes wMPBGHEE aucodgand dewiditg a
di scret es}g{%ﬁjsne transform (DCT) algorithm The al gorithns conprising the -
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 r ; enpor al redundancy, uniform
notion, spatial masking, etc. An }fﬁég@?&\gr& nmust be able to parse and - -
decode aMPEGKiden Ggmpessiost ream but so |ong as the data stream conplies

with the espondi E ntax,. a wde variety of possible data
structur é@gé\%]d 20%&2‘5& Bﬂ‘ﬁ[\@?ﬁrﬁ B dRteEgHoB v Q&O%Prélss("ﬁ'bﬂﬂlﬁia{dé@ﬁﬁ?’éél |y
this deviegieRfivd viaBd biiRmeh aneplodtidsd HCOHERRt WEFR tepesentinfagh elqueRRE & ARNT) -

It is also possible to carry the needed semantics within an alternative
synt ax. fopoed more eerapagbrededdatadBicdangiage af thgcoded bitstis he fipméaxsi B net hods,

i ncludin | 1 : t oyl t he
backar oI E Tk B EDEh ep Sl LA ERIIRET sl B, o RS T REPRC
f or egr ouRx BofindPE&citgrdards clsoalgscibe & dednding(repoasttuctiedl process where the coded

bits are mapped from the compact representation into an approximation of the oniginal format

of the image sequence. For example, a flag in the coded bitstream may signal whether the
following bits are to be preceded with a p'rediction 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 rhotion, spatial masking, etc. 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 since the semantics are not conforrriant).
It 1s also possible to carry the needed semantics within an alternative syntax. |
[0064]  These MPEG standards use a variety of compression methods, including
intraframe and interframe methods. In most video scenes, the background remains relatively
stable while action takes place in the fdreground. The background méy move, but a great deal
of the scene often is redundant. These MPEG standards start compression by creating a

reference frame called an “intra” frame or “I frame”. I frames are compressed without
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of the scene often is redundant. These MPEG stan dards.start conpression by.
reating a reference frane called an "intra" frame or "I frame". | frames

are conprg§§§51,4mj3l;@ut -1 WO 2004/ 004310 PCT/ US2003/ O%Q?%zoogﬁgﬁg;?ence to
other franes and thus contain an entire franme of video infornation

franes pcﬁgmndetoeothmfrqmmsmné thustcontaindat eatifyi frame e%mddoonfqrmndm &rawess, but
can only be rm‘gg_rrate

ssed aII e dat a ent ng |
frames | PPONGEERn Re i P OB R oy o abeoss Wiy PR Bl BRHRAGAIH T, |
al so usefcyinptddsdOTPpicalng ﬂﬁﬁfa&ﬂ@@‘és&ﬂng$ ﬁamum plicd@ in tHP BitstEmbREMEIRRo 115
frames). Thereafter, since only a smal]l portion of the frames that fall

bet ween tiFEgsétltough & 15 alse awé%l 1B SAME CEEUFISEANCET (o415 eh Widss RRacingpetwerp Anress,
only the 4 age 1ok ngéFBﬁéé%xﬁ%lﬁf@er gHﬁﬁﬂ ’oft}fé é%}%ﬁ@e}u ﬁéwee%tt?é F‘e?ere&\ép types

of franes are use Oof suc nces - |ct ed franes ranes and
bi - di r ectlifomees apr diffecnefiomdhe bratkatipg I fitamdy, dﬂ)ﬁth&m(@ differamce} are[dap@fed, P

frames generall ar e ed with.reference to a frame (ei r an |
frame. o AT BT BORAE) DPsha FEneGEn a0 ek dflessneft nefisted Hars 1 or
subsequenp fildnfek): mbl-(ﬁrécﬁaﬁmgred&m coeuaerﬁalhfehyfrhmmmw) of conpression.
B frames provide the highest _anobunt of conpression but require both a past

and a fut 5r]eferé’rﬁé@nﬁfsrﬁﬁ@au}ﬁa@reﬁé?deé&‘%efeé%ﬁmpaspﬁaﬁﬂ {¢ithey 3es are
"refereng Qﬁﬁus PREALS nd, ??%erfé@ﬂ a@@u&l%fa@r E%&%&% gu bqRnt f T ames.

[ 0006] Macr ob| s are regions 6 mage pi xel s nacroblock S
a 16x16 Ppﬁramd:s grfmrms nepenfe affainty MBgtBariiint bf cmkwpssiangBtﬂ‘meS\mmhdalhehrgbest on
vector for n vect Oéeﬁ for

Vot ol o A0 Stor PP fulrerut hothS ity 4 e lsferisd B if AeRioter

i nfra-fraggodet. P BET friréRe (Rf@ehcehE framesh Bi@aushiissy@ah 86 kéfereddeld by &2 B I anes
may be individually encoded using intra-frame coding, forward predlcted

codi ng, HEeedar d predi cted coding, or both forward and backward (i.

b1 - 0 T ecticll v | MISAGALA e O 0 phatl oo Hodoslbddggent but
VPGBt et S

simlar structure is used codi ng After coding, an
MPEG dat d6bi6 mb(elwaummgrpf fwe&x&Dﬁé“qﬂmks,aogﬁthntr wifh, ommnbtan vectmnis P fanssguence
nmay consi s

t th f
m nor ser?ﬁaf’f]%o rs]o?r?]?té‘fq oeﬁ r%%’ H:%mfles Mect r?e%ctq(f th&Bﬁgng Srlnf? r aggnﬁone:/vn
i ndust r i ahdipidasity &rodddousipvsthar ﬁux&dﬂdamepMemedxeteg) codiri3BNREERBRIREBPBB) .

within B frames may be individually encoded using intra-frame coding, forward predicted
coding, backward predicted coding, or both forward and backward (i.e., bi-directionally
interpolated) predicted coding. A slightly different but similar structure is used in MPEG-4
video coding.

[0007] After coding, an MPEG data bitstream comprises a sequence of I, P, and B
frames. A sequence may consist of almost any pattern of I, P, and B frames (there are a few
minor semantic restrictions on their placement). However, it is common in industrial practice

to have a fixed frame pattern (e.g., IBBPBBPBBPBBPBB).

Motion Vector Prediction _

[0008] * 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 of such frames can be predicted by any one of the
following three methods:

[0009] Mode 1: Predicted forward from the previous I or P frame (i.e., 2 non-

bidirectionally predicted frame).



Moti on Vector Prediction [0008] In MPEG 2 and MPEG 4 (and sinilar
standards, such as H. 263), use of B- type (bi-directionally predicted)
frames hay n.to benefit conpression efficiency. Mtion vectors for
each macro Pgé({%%g\[}“}such frames can be predicted by any BREUS003/$p8397

fol | owi ngréduce metMeRs: PRt bavkeerdroPtietiubécdert 0 b¥BhEmer om t he previ ous
| or Pfrane (i.e., a non- bidirectionally predicted frame). -2 WD

i.e :
2004/ 004318PIBET/ USHrsis/H Brduectionaliy predigtederam bothythasubsestens aokprevidus Fom  t he

- subsequeng ghmor P franme. [0011] Mbde 3: Bi-directionally. predicted from
both the subsequent and previous | or P frane. [0012] Mdde 1 is identical
to the fol@Rk2] pr edMadeilols ideatibad tb thedorvfand predictiamestholhgeal foPP rameh MsRe
concept, .except working backward from a subsequent frane. Modde 3 is an

i nt er pol & ﬁs\c%eo eco?cﬁgg X RbIVRENg lﬁﬁ‘g]}"ﬁﬁits# PRt ﬁ%?-&?%‘séﬁd |
‘subsequenrefpodme modk &4l 3mbifefileiriniafibn FOm! B¥AS Frel RLLMIRILJuenVBERF¢ 2l SO
supports a second interpolative notion vector Predi ction nmode for B’
frames: di¢®et) noddn pldserioithasse thypnmodese MRRG-dralspsurnorts afseeond ierpelatise quent
P frane, : ' 2 - m.t he co-located P
macr obl ocrllilni%z1 ‘%6 ﬂ’rtelalﬁ%{gﬁ glggé Fg[l; eﬂ&%@é?&?{&i 'Xn(ga%ltpgédf'%{?? ursrlt[r)lgﬁhc)cnmc\’}éoé’tvc?pgrf or

t he 16x1dronrticrsubdequdnt P framenplube dekd value 6f thpphdtied veaonfrém fielo-lbsuieprendent

notion vectors ibn the.B frame). _The. subsequent P frang' tion vector

poi nt s atm%cﬁoebsl?o é@@gﬁénl%?’ségmlc’)d? Fé??é’.ﬁm,& 'B?%‘gd?‘lq%ﬁ' e?tgrerﬁrs‘gG rlT?’E’)“S\/vei ght the
Mot i on v endesblédkorthem e welts RGpHINEd B allrfodfEindePeRddt RIBAEE V&Kbrt f thOB ffledt i ve
time pomﬁ on of the current B frane with respect to the subsequent P and

previ ous PeEybsepyent P fTamess mptigm veptqr pejntsjatithe pravipps R of § fizmefA propertign &nd
MPEG- 4 di j ' ' DI . _The
concept o%e&w%lgg;?%ﬂé%g?&nﬁﬁg&?g@dggi @slgg tnﬂgt t e\gﬁgr:%{bpgﬁ%%sqge %gatgrv Bbl ock
in each itimaeposiionofthE cirrameB framk wkthl rgspeot toshaadbsequire Pratdipoevidus #t (onhs used
to code tfﬂ:?néane | ocation in the following P frane. A delta is used to nake
m nor corrections to a proportional notion vector derived fromthe

cor r espongbolg Inot i 81G.Veigtaime KAJf ks afd MPEG -3 ddeQ G mbtiohvabBrs ishown in
FIG | is th roportional | ghtin lven to. the notion vectors 101, 102
for each alc?ﬁrgarﬂ?fﬁﬂll?tgtﬂée B e el‘E?J’&quf%W Be-4iregimeededmade 4) sithas the

motion of a macroblock in each intervening B frame is likely to be near the motion that was
used to code the samé lc?cation in the following P frame. A delta is used to make minor
corrections to a proportional motion vector derived frorri'the corresponding motion vector
(MV) 103 for the subsequent P frame. Shown in FIG. 1.is the proportional weighting given to

" . the motion vectors 101, 102 for each intermediate B frame 104a, 104b as a function of “time
distance” between the previous P or I frame 105 and the next P frame 106. The motion vector
101, 102 assigned to a corresponding intermediate B frame 104a, 104b is equal.to the

assigned weighting value (1/3 and 2/3, respectively) times the motion vector 103 for the next
P frame, plus the delta value. ' '

[0015] With MPEG-Z, all prediction modes for B frames are tested in coding, and are
compared to find the best prediction for each macrobiock. If no-prediction is good, then the
macroblock is coded stand-alone as an “I” (for “intra”) macroblock. The coding mode is
selected as the best mode among forward (mocie 1), backward (mode 2), and bi-directional
(mbde.S); or as intra coding. With MPEG-4, the intra coding 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").
31— :



di stance" between the previous P or | frane 1.05 and the next P frane 106.
-The notion vector 101, 102 assigned to.a corresponding internmediate B

frame 104a 4b is equal to the assigned weighting val 2/ 3,
respecti v&’%]“gf’ﬁ“ﬁé@ the notion vector 103 for the next P%q{és;z{r)r@/& s the
del ta vaps§Eed 0015F heWtﬁﬁbeWF&c%essﬁ)e'B Ra@ed fid Meﬂﬁﬁ@%ltﬁﬁmﬁsfde&imﬁleafb?

tested ih €odl ng, and are conpared to find the bestéﬁedl ction for each .
nacr obl ab& M fparmqwre@iucthPE . Mowthus ohets thepumpgrof hiTwags hetwearagh P

st and- al gne as I nter i

- sel ect ed™¥E° ?’ﬁ%&l’ﬁ@s’ft Prr&ﬁ@ By f°‘i?%4rl\%/an?’§ a%g%(?)fp;ggesc%%\&/aér}g ?%lggé&s%) and
bi - di r ecfrafie|als ilfsiraea iBFIG @rTl&Smbjmtlrrﬁxtamﬁil in gestrviting mp&@mfmhmd therefore odi ng
choice is not allowed.. Instead, direct node beco he f ou "hg? ﬁpm ce.

Agai n, tthe ng@ber fsanuegtiads Fames.dn habipe am%l@ao{maw © BIREeRB(Y

criteri AeEE hfhoBAE ¥F B behii@nipest
match lgﬁ%&%er%swggfa?é & hy gp/ﬁD%%né??Eﬁ( Sum olﬁe%{b)ﬁs);(‘) ute Di fferencbe, o?lpe
"SAD'). (oB I)Vﬁxﬁm%ﬁwﬂ&wﬁaéﬁdwommmﬂimtatms niimiotion yéctanscreateshee B

franes | a coded data bitst eaml rmned by the "M paraneter val ue
in MPEGY W%%“Bﬁzl’qwbr‘?y E‘?e%%f%‘es bet ween each P frane and

the nextifsE® It WS mé,rﬁﬁcer%o n&tla@ﬁae Pt fndsMarr e endigy WRewardasth P (or
) frame;—as rffustrated in FIG 1. The main [imtation in restricting the
val ue of thmawing pibmiredtesrm, singrecash rds@:rdeéfP Guge sisehes Be FREHREPOIRdo pregict t he
anount of nog i o cha g

nunbers g’“f 3 E%Sf%—]al}?%‘r%géﬁng%ﬁﬁf ggrb?j td?gnégﬁgg '? ﬁé}gﬁé Imso%y tﬂs?x? gdmes
Thus, the @édit Blﬁ:'ﬂitﬁéﬁ adghed ofiynfor ﬁﬂng‘&nlej andtdut ico peovide contectoonswbatast s creat e
the wultimate limt on.the nunb intermedi ate B frarres [ It is also
Si gnl fi cagepding of subsequeat frﬁ“%é‘ﬁﬁg géﬁaﬂ?s’ change energy" forward with the
novi ng picture stream since each decoded P franme is used as the starting
point to predict the next subsequent P franme. B frames, however, are

di scarded after use. Thus, any bits used to create B franes are used only
for that frame, and do not provide corrections that aid decodi ng of
subsequent franes, unlike P franes. -4 SUMMARY [ 0018 1 The invention is
directed to a nethod, system and conputer prograns for inproving the

i mage quality of one or nore predicted franes in a video inmage




conpressi on system where each frame conprises a plurality of pixels.

-Speci fic expression of the invention can be found in clains 1, 5, 8, 10,

12, 16, 17, 19, 20, 22, 23, 25, 27, 28, 29, 30, 32, 33, 35, 36, 38, 39,

40, 41, 42, 43 and 44. [0019] In one aspect, the invention includes

determ ning the value of each pixel of bi- directionally predicted franes
as a wei ghted proportion of corres I pi xel values in non-
bidirectionally predicted frames 5&3@8@?&%9 a sequence of bi-directionally
predicted feomEggs. Ihe ﬁﬁentmb@ditdmatto ahﬁ&omiyg&heﬂldmbﬁpﬁéx{pr@ﬁmhﬁ a function
of the distance between the cketin I rection IIy redi cted
frames. | nlPAHBR'RERE @’ﬁ‘b‘Bﬁﬁerf’é‘ﬁ]t“yo AR RSt ﬁf’@ CteSE’&B’(’i? tnlbao‘g cioém bl elnfled
function oforigiessidh S§semc eviRel daeteRathheonifrRedesliagry@pidisdi recti onal |y

predi ct ed g)lh ; an% ag equal . avera Iﬁﬂf t he brackgtlgg n?njbldlrectlonally
predi cted ‘?‘:&gg%"press["ﬁd’ 8% UG SR RE PRSP ERI™Sdt O Bhk: I le it dR% #nt er pol ati on
of pixel vzl oe37.i28, 39e30f Ty beds, 3688y Bpslesent at aing. in a | inear space, or in
ot her opti pp@ges Nonid bitedpect BRGATentbl RSN ten@iRimithe CoketifR@h phRNotdinear
representatlongH®0021l Ot her aspects of the invention_include systens,
conput er Hopatly PEfed fRMmedefst wREHADEDRPTHGR of Burssonding PReylupkigaon-

conpr essi Oﬁidfr%ﬁbmfi)?é&idf&i @anﬁ@G%la&ﬁngsed'\ﬁB&r&'Bﬁgﬁ&'n@nallfy fAIREd GAMRE ! S1 Ng
picture regions, in which at |east one picture region at | east one
predi ct ed Mropgembedimpriciie weiglted gropeBieads 2 Bnetign %ﬁherﬂeﬁt@ce petvesndirceabl e
frames. [ Of2dletifl ¥dndh@irdc HBRy HRARI QSRS Iﬁ}ﬁﬁétﬁépe%g&lﬂﬂn@th%%{ﬁﬂ pge of
referenceable franes c rising picture regions, in wni -east one

pi cture relgfpmﬂlzlbts a@ienﬁ@gn% }t@n@ W@eﬁaé@%bbl:wﬁwﬁb; ;?C@mzéwlﬁﬁcgmﬁv eggesh gh
one or A Sqfaf ARl oPirdiviikhoQH GibEPRlm QN

ref erencea Fg&grgégaﬁg notqfae prS&?ous re?efeﬁcea ? gﬁg néa res &

di spl ay or 6@92@lo t hdn anothepespect ohtheppustiian, averpolatinm. 0fﬂ)0@2¢ll}es isherforded | _mage
macr obt okl Pt ARG R SRR oBl: (oA AR AR ot o R '
predlcted ¢n9m¥nmshencmueﬂmbmonnterpolatlon from two or nore referenceable

frames. | Q06 A viflsoul IBoRe AL ASSIANSYSLED BAN 0GB a80uenCe O

CO
ref erencea and. bi I ona rangs énprls ng plcture
regi ons, imethods encompassmg

[0022] . A video image compression system having a sequence of referenceable
frames comprising picture fegions, in which at least one picture region
of at least one predicted frame is encoded by reference to two or more
referenceable frames.

- [0023] ) A video image compression system having a sequence of referenceable | _
frames compnsing picture regions, in which at least one picture region
of at least one predicted frame is encoded by reference to one or more
referenceable frames in display order, where at least one such
referenceable frame is not the previous referenceable frame nearest in
display order to the at least one predicted frame.

[0024] . A video 1mage compression system having a sequence of referenceable
frames comprising macroblocks, in which at least one macroblock
within at least one predicted frame is encoded by interpolation from -
two or more referenceable frames.

[0025] ¢ A video image compression system having a sequence of referenceable

| and bidirectional predicted frames comprising picture regions, in

which at least one picture region of at least one bidirectional predicted -
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whi ch at | east one picture region of at |east one bidirectional predicted -
-5 WD 2004/ 004310 PCT/ US2003/ 020397 frane is encoded to include nore than
two notion vectors, each such notion vector referencing a correspondi ng
picture region in at |least one referenceable frane. [00&_@@ A Vi d§:o i mge
conpr essiBH 2889084 havi ng a sequence of referenceable ¥ QO3B i si ng

picture regions, in wighhak h&sl tOMRIRE Gldté Grah @b HdtioR hedtérs) @@tucne
predicted frame is encoded to include at |least two notion vectors, each

such notion vector ref anetig vegtoareferncneisp 8 SETETPOnGING PiGFUSe Fagtfindh af lgash
ref erenceabl e frane, V\/noe%eefea%g\eaﬁpec@ icture region of such at |east one
predicted frane is encoded’ SV rnterpolation from two or nore referenceabl e.

frames. [@§2g] Awidem ivf&ﬂﬁ’mﬁ%ﬁﬂbhﬁﬁ'édsﬁiﬂ sy3temcHiving 4 sBguedcSefrefereneebie
referenceable and bidirectional predicted franes conprising picture
regions, in which at |frames compriping Piftareegipnsy ilowiigh ay I35t pngpigture region

pidirectional predi cledye o [ARnL SOl fna R HlodA0 B! RBLIDG Of

sel ected picture regions om or nore referencea rames. [0028] A
vi deo i mage conpressi onmetymi wtiong eiachsuah sexjor iveetoofefarafcargenae@ipoadingnd

bidirectional predicted. franes conprisin icture regions, (n. which at
| east one picture regi JHCHBEE r&%‘OPé‘hngfefﬁrﬁ’ége’Bf’) iTFARG MO Iea{t]}%‘&}‘&c&ﬁerefgi’% is

encoded by interpol ati jf shéPsNidadPor pro@ibRd HRhRNi6 BeRaBd By nterfdlRfon digr € at
| east one of the two or nore referenceable franes is spaced fromthe

bi di recti onal predi ct edworoamorieferenteablstiragies. i nt er veni ng ref erenceabl e
frame in_dj ay order,,and where such at | east one pi I i
18o2f) i Pt PREE oty SR R PhheE S ERRBEIE,

(]
encoded unequal ec I'ons 0

| east two or nore refergaeadlktodal predicted PAREY cotmptistigPidtiregegiomin essi on
system havi ng a sequence of referenceable  and bidirectional predicted
frames conprising pi ct uvkich aideashene pigturgragian oftat jeastone Bidurestiqopl predictedi on of

at | east one bi di rectional. Rradidehedan LAEME WSiRREOSERIRA bRhEE RRAGHS ON

fromtwo or nore referenceabl e
from two or more referenceable frames.

[0028] ] A video image compression system having a sequence of referenceable
and bidirectional predicted frames comprising picture regions, in
wﬁich at least one picture region of at least one bidirectional predicted
frame is encoded by interpolation from two or more referenceable
fr'ames, where at least one of the two or more referenceable frames is
spaced from the bidirectional predicted frame by at least one
intervening referenceable frame in display order, and where such at
least one picture region is encoded as an unequal weighting of selected
picture regions of such at least two or more referenceable frames.

[0029] o A video image compression system having a sequence of referenceable
and bidirectional predicted frames comprising picture regions, in
which at least one picture region of at least one bidirectional predicted
frame is encoded by interpolation from two or more referenceable
frames, where at least one of the two or more referenceable frames is
spaced from the bidirectional predicted frame by at least one

-intervening subsequent referenceable frame in display order.
[0030] . A video image compression system having a sequence of referenceable

and bidirectional predicted frames comprising picture regions, in
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frames, where at |east one of the two or nore referenceable franes is
.spaced fromthe bidirectional predicted franme by at | east one intervening
subsequenwg ahgssweabl e frame in display order. [0030lpcHusiesarzosorage
conpressi on system having a sequence of referenceable and bidirectional
predicted frames conpri¥malyatdeast opepicays wawn of gt leasponoburegpagdmyedicted

PCT/ US2003/ 020397  whi o ' re. ' - one

bi di rectional predict egé]mﬁgr?ggﬁcflgg%ég@gma‘gelgﬁt%&qg%ﬁg?@vg %gttﬁl}eng from

sel ected picture regi aegiond ofitwo cvmarerefereadeabierfeaabl e frames. [0031] A

vi deo image_conpression system having a sequence of predicted and

“bi di rect TBR3H] pr edt ct ed MSRPBAESLINATEHANI SYFIEY havingle sequenesolaredipigdand i n
nmacr obl ocks, wherei n, aty,; : TRC K Wit hine: i.di LQ

predicted frame is det e"r‘ﬁﬁﬁg‘g“ﬂg’?‘%‘g&%‘f ?g%]tgscér(f‘g ggﬁkgﬂﬁ%ﬁxginva%%gg&g%d noti on
“vectors fromtwo. or norie macedilakedvliaranasleaft @08 Bicrabiock eathimaigdirectional
~conpression. system having a eguen of. referenceabl and .bi di recti onal
predicted franmes each dU Fﬁeg%ﬁﬂ' e3¢ §%FW§Tcﬁléséng Fq;hwagedpqe 'CH‘EU???B&BEks,
wherein at |east one nagb@iH RetordirbmitWodr mirélpreBfctddtmtespr €di cted frane is
determ ned using direct node prediction based on notion vectors from one
or nore [PE32Lted ¥ r aned viden imaggtampresstharsystaimdaring asequenasof refeeenseablaich

one or nore predicted fr S I.S previous.in display order. to fhe
bi di rectional predict eoanld%g@ﬁc{’ﬂ%gff]‘im?%s@;ﬁ%soeaflﬁﬁ‘aﬁ?’l%%?‘égjsvia@"r‘_?s system
havi ng a sequence of r efrhgaC®ahictoblédid, Whettinet ldaiivak niticesblsek @dtHik anes each

conprising pixel values arranged jn nmacrobl ocks, wherein at |east one
macrobl ock within a bitifiesond pasdigied grme arsteranged; usingstiptmesd using

direct mode predi cti oy @skth RRedB ndfol $EhGHs Frobd &{Qd?ﬂﬁor@gre?m& Rifgi cted

frames, wherein at |east one of such one or nore predicted frames Is

subsequent in display ondeplayordérewhirdinragdastomslof puchdingtog thoke predictedd

?gfa g?gnzégg} teh]? r glm(;l ' ecé'!arg&aié p e(n%%ls ?r;[ &Qpﬂ;{, Sider R)y thé Eid&rgghsc;[na%]reedictlegtﬁ%n\é?m ng
[0033] . A video image compression sjrstem having a s_eqﬁence of referenceable

~and bidirectional predicted frames each comprising pixel values
- arranged in macroblocks, wherein at least one macroblock within a

bidirectional predicted frame is determined using direct mode
prediction based on motion vectors from one or more predicted frames,
wherein at least one of such one or more predicted frames is
subsequent in display order to the bidirectional predicted frame and |
spaced from the bidirec’ti.ohal predicted frame by at least one
intervening referenceable frame. |

[0034] J A video image conipression system having a sequence of frames
co:mprising.a plurality of picture regions having a DC value, each such
picture region comprising pixels each having an AC pixel value,
wherein at least one of the DC value and the AC pixel values of at least
one picture region of at least one frame are determined as a weighted
interpolation of corresponding respective DC values and AC pixel
values from at least one other frame.

[0035] . A video image compression system having a sequence of referenceable

frames compnising a plurality of picture regions having a DC value,

—7—



[ 00341 A video inmage conpression system having a sequence of franes
conprising a plurality of picture regions having a DC val ue, each such

pi cture LA ri sing pixels each having an AC pi x : erein at
| east on%?@ﬁ’ggg% val ue and the AC pi xel val ues of a?qTég‘és#Sm%%é@pi cture
region of at |east one efdhasieh piceire edgpsmichgstisary mxsteeghtiadingan e pirkiat i on of
correspondi ng respective DC values and AC pi xel values fromat |east one
other frame. [0035] 'A"%li“.a’e‘B"Yh%’ﬁb%I%W%gghwcsww}ﬁ@?ﬁﬁl‘éﬁl@é@ﬁ@nce of
referenceable fr anes | Gomeinsdl . |11 el ur j - kng a
DC val ue, -7 WO 2004/ 064316 P‘é&c—{%’%@%g/? %ﬁ%%g%@%rggﬂ%&guc ?S‘?%’?‘Eb?%&?“é%i on
conpri sing pi xel s each fieaviamespendix@ nespestive DEI vabjesiand Wl mikelatlueeaftvo- one of
t he DC val ue and AC pi xel val ues of, .a | east one picture region of at

| east one predicted frSnEo% SRS % from corresponding respective
DC val ugpoel AC Rpi xel ivplovais E ithi qualityBTa8eqihes 8NeRA% ok r ames. [ 0036]
| nproving the inmage quality of a sequence of two or nore bidirectional
predi ct ed intermedi at e bidirgawenal predicieddatsredigie frapespr 2ssieomagest em each

frame conprising a plurali . i re regrons. _havin val ue, each such
pi cture region conpri sfﬁrap%%%%grf @sge%ﬁa&ﬁgwgéorgﬂnﬁﬁg gPﬁﬁq‘%mCh’& teIRBF udi ng
at. least one of the fakViaph DL valdeleatiniuthpirtird@edén PoniShisiy@pivdseth each

picture region of a bidirectignal predicted internediate frame as a first
wei ght ed proportion of2¥Bg A éSoriaeiigluscinsiudimng afdgagieans of theolewingeabl e

frames bracketing the : facod: L L. . Letedej nternmedi ate
frames; and determ ni ngé@ﬂ%ﬁﬂ%ﬁ\r}gfxﬁblg?l @g%%gg?&gbt?rl&;ﬁ%gg@%ﬁgg such

bi di rectional predict edidimeteonabpiedictedfinwmediate frasecsndirsevepitedl  proporti on
of correspondi ng DC val uesrti n "rgef er enceabl eqrfg.r almsai bracketi ng the sequence
of bidirectional predi ®I®HRUCIBEPIPITEAHREC! Valussiih Eeferengeghle essi on
system having a sequenétackétirgtAeBsqueRs@ alTbiditeBGorml Iy préditted Mitémediatee! S havi ng

an. initial representation, in . ) )
frames; and determining the DC value of each picture region of such

bidirectional predicted intermediate frame as a second weighted
proportion of corresponding DC values in referenceable frames
bracketing the sequence of bidirectional predicted intermediate frames.
A video image compression éystem having a sequence of frames
comprising a plurality of pixels having an 1nitial representation, in
which the pixels of at least one frame are interpolated from |
corresponding pixels of at least two other frames, wherein such
corresponding pixels of the at least two other frames are iﬁterpolated

- while transformed to a different repfesentation,. and.the resﬁlting
interpolated pixels are transformed back to fhe 1nitial representation.

[0037] . In a video 1mage compression system having a sequence of
* referenceable and bidirectional predicted frames, dynamically

determirung a code pattern of such frames having a variable number of
bidirectional predicted frames, including: selecting an initial sequence
beginning with a referenceable frame, having at least one immediately

- subsequent bidirectional predicted frame, and ending in a referenceable
frame; adding a referenceable frame to the end of the initial sequence

- 1o create a test sequence; evaluating the test sequence against a
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‘which the pixels of at | east one frane are interpolated from corresponding
-pi xel s of at least two other frames, wherein such corresponding pixels of
the at | SHQR0MAN3A0 her franes are interpolated while PERVSEWIMRFT 0 a
different representatiq and the resulti Lnt.er ted pixels. are
transforned back to théalbcr%f: F‘ﬁ’ltlueﬁ%gbrc seélﬁ’tfg? F%h.sgf%%géf?sgpr? _gvav'i'a e 'ﬂ?errage
conpr essi on syst em-havitésgseiﬂuswyi@mﬁng)ﬁ bidireétRinehfeaadbbeforrnbe fddedr ect i onal
predi cted frames, dynam cally _determ ning . a code patternof such frames
having a vari abl e nunbé&¢ferpceagledramscanddargatips bigistep Of eYaluates: andit| udi ng:
~selecting an initial segyence mORH LHAEe Winb R RACRR R dor havi ng
" at least one immediately subsequent "bidirectional Ppredicted 1gra , and
endi ng i n a referencealdsesequerzneas a auutentgode pattenr. enceabl e franme to the end
of the initial sequence to create a test sg%ggnce' eval uati.ng the test

" sequencel®@PBlnst & -8 NOISBRVINIESFIATBrIsEN §)S PpsErauencs of Fergnesle uat i on
criteria; for each satigafRekRc¥d B} SRet oRVBlitEitoRA Préficted Games SRR,
inserting a bidirectional frane before the added referenceable frame and
repeating the step of evernumher pfisuchhiflitettional pledigied ftpmes variessin ssdguence i-s
unsati sfactory, then acc in he pri t est . nce current code
pattern. [003%] A vi dé%q‘%ﬁ%}ﬁ%eggnézgﬁpe@r?@sagﬁegﬁt oglégfczlﬁﬁgg%ﬁnn%&g legtsatqoﬁlgr?g% of
referenceabl e franmes $ftieetonay petictedafidmenis deteimline®adin®athnegusididgitihg

frames, wherein the nunber_ of such bidirectiqgnal predicted. franes varies
in such sequence, andoﬁﬂ’é‘FleaA“CétCOF%%’gPd‘Bﬁ@i?i??,"tsh?"g”reg&?‘ﬁﬁa ?E@H‘eﬁ'east one

such bi gggati ongl predi; telsiOf bRt RRGnd'S bdidertd of HEHHE! :
wei ght i ngddﬁ pi xel va uelgta(ggxrlZI g%g@ﬁ(ﬁ%%g 'EL))% at -eaéth t o reo?erenceabl e
frames. [0039] A vi deo encraigé bgarnpdarder dacoding b mdhenden gvieraeaileast eneof f r ames
encoded. by a coder for -decoding b decoder, whereip at le one. picture
regi on of at |east onepfcﬁ‘éfﬁéeg’g" %éé&?sbwevmﬁgﬁegﬁgﬁwtﬁgﬁéﬁmwgtm or
more other frames, suclfwes 84h6f otk FaRfehautioWeighRdBlepdREOns Biin@bask@ast

one set of weights available to the coder and a decoder,
on at least one set of weights available to the coder and a decoder,

wherein a designation for a selected one of such at least one set of
weights is communicated to a decoder from the coder to select one or
_ more currently acti\?e weights.

[0040] ° A video image compression system having a sequence of frames
encoded by a coder for decoding by a decoder, wherein at least one
picture region of at least one frame is based on weigh_t.ed interpolations
of two or more other ﬁ‘ames,.such wei ghted ihterpolations being based
on at least one set of weights, wherein at least one set of weights is
downloaded to a decoder and thereafter a designation for a selected
one of such at least one set of weights is communicated to a decoder
from the coder to select one or more currently active weights.

[0041] . A video image compression system having a sequence of referenceable
frames encoded by a coder for decoding by a decoder, wherein
predicted frames in the sequence of referenceable frames are '
transmitted by the encoder to the decoder in a delivery order that

differs from the display order of such predicted frames after decoding.



wherein a designation for a selected one of such at |east one set of

-wei ght s %ﬁﬁ%ﬂi?iocat ed to a decoder fromthe coder topé,g/hgzg)%@@%pr nor e

currently active wei ghts. [0040] A video inmage conpression having a
sequencgoefa2fir anes  enaodesd i g@c&ﬂﬂ@gsiér@yséﬁmidﬁ%.éﬁﬁué}mgﬁ%ﬁ?énc_ewr ern
‘at | east one picture region of at |east. one frame is based on weighted

i nterpolations of tworamenenmprisingmx¢ls amanged supihtuygeiegionedn whicbaplshsit i ons

bei ng based on at |ea set. of -wei ght s i1 at. | east.one set of
wei ghts is doml'oadedg{‘eo&gt%fferg grOfgﬁﬁ%tt ﬁre’?%r\ag‘?}%{eeﬁ fJpa“%e‘ ierécr?é%ﬁi%h for a .
sel ected one of such adferema3b tvoder mete efersteestdd famss, WMFFN¢CRbEH t 0 a
decoder fromthe coder to select one or nore currently active weights.

(0041] A video inmge cBWPFewEsogs doerpinedusingan urequgjsigiimg et petkr enceabl e
frames encoded by a codﬁﬁesf&he&ﬁmgﬂgngs@ t#obR BRHEFeferbhRLBE Frami! €di Ct ed
frames in the sequence of referenceable franes are transmtted by the
encoder [004B3le deeoder Aivniden ideke vempresmatesystenabavirg £ fegnenck vHpredioeddi spl ay
order -of such predict eg. franmes, after .decading. -9 2004/.004310

PCT/ US2003/ 020397 [ 00%4irectRongl ig °‘ieﬁ’aad’g IR BARESTA5H CUPRENAS WS g a

sequence of referenceaflofonsfwikd¥Eis a€ RERIONS ifier mee%d%cﬁﬁm%ﬁqswpa{igg ure
regions, in which at |east one picture region of at |east one predicted

frame is encoded by randsafisaiagditersip apnliedde at lewst encpicaisbiegion odfres, wherein

each such picture reg'ggici“ﬁ] Mol AT s BTt lléralec % fLd ot%ivggtot ng of pixel

val ues corresponding to such two or nor rencea ranes. [0043] A
vi deo i mage conpr essi opomspatand hredichgn af sel periiadedédr pdizettions gredicted

bi di recti onal predictegi and intra frames each conprising picture regions,
wherein at | east one, er selected fromthe set of sharpening and

sof t eni N@ofaialjt er s The detril bfshe o8 nithe LBBSHMEMNS oPtiielikveRtibh @¥eQBt Bfth # ther edi ct ed
or bidirectional predicted franme during notion vector conpensated

pr edi ct 2EFPIRRNYIDE HravyingR addhe dascmptinnrhedaw. (ther fsptuees catierts, prdgdyantages of

the invention will be apparent from the description and drawings, and from the claims.

DESCRIPTION OF DRAWINGS

[0045] FIG. 1 1s a time line of frames and MPEG-4 direct mode motion vectors in
accordance with the prici)r art.

[0046] | FIG. 2 is a time line of frames and proportional pixel weighting values in
accordance with this aspect of the invention. '

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

[0048) FIG. 4 1s a flowchart showing an illustrative embodiment of the invention as a
method that may be computer implemented. o

[0049] FIG. 5 is a diagram showing an example of multible previous references by a
current P frame to two prior P frames, and to aprior | frame.

[0050] | FIG. 6A is a diagram of a typical prior art MPEG-2 coding pattern, showing a
constant number of B frames between bracketing I frames and/or P frames. |
[0051] FIG. 6B is a diagram of a theoretically possible prior art MPEG-4 video
coding pattern, showing a varying number of B frames between bracketing I frames and/or P
frames, as well as a varying distance between I frames.

[0052] FIG. 7 1s a diagram of code patterns.
—10-



[ 0044] The details of one or nore enbodi ments of the invention are set
forth in the acconpanying drawings. and the description below. O her
f eat ur es, WOBPEONE10 and advant ages of the invention w PCTRSZWHMRMBENt from

e A G e P

vect or s wikh D@Qﬁﬁfpdmﬂaﬁbmghrshh& figth IC aterpoldtdd6] FIG 2 is a tine line of
frames and r opor nal pixel wejghting values in _accordance w t h this

aspect of0Q3f | nv&]ﬁ% D 2 fayishart shewing gng embodimgpt qfizfaethed fof mgrRolation

. bl ended, ;i ARARe RO usi aqg%klvp}gf,gésemwrghtl ng val ues in accordance wth
this aspect of the invention. [0048] FIG 4 is a flowhart show ng an

i | | ust r at98A5enbodilGettis efflomtebat ﬁmmng one ersbedimemstoi @ dnetlival formterodatomnput er
i npl ement 004 agram.showi ng an exanpl e of mul tiple
previ ous’ freg‘Y é‘ﬁaepdézl“%‘gﬁaé‘g urr?allIlva pﬁgfﬁﬁt T'to two prior P frames, and to a

prior | foese} [ O0G3G]11Rk@didpfarh Shewiilp agiqgaemmotion véytei régibn Bizésfor éach oFPEG- 2
codi ng pattern showi ng a constant nunber of B franmes between bracketing |
frames am@/Bofapest [ anes. [0051] FIG 6B is a diagramof a theoretically

possi bl ergdpr ar tr1t/FEGy & didER shéilk AdeqRhECE k119 Waidls Bitk HtpGguToeT

of B frarres bet ween bracketing franes d/ or franes, as a
varying \dmghtarﬁmrehebBtfmeeﬁd¢temmlamaas a fupodmiofidistancg fiom a2dwag subsequentddbde

patterns f{arg%élat ﬁ\é\ggren%g n%@g%gr%b%q%ep%%OBI 020397 [00531 FIG 8 is a

f I onmchar At erpolation method wth DC

i nt er pol ppose] bei MIGAI Bik lanifdgrim Ghowiag aRt@lepcs GitR ail B Er@ﬂr'éélﬁrrtﬂrﬁerp&ah@n a
fl owchart show ng rraodl rre of a net hod for interpolation
| uni nanc¥eights derd %%ngwa etawer a3 4 frectionpldistenes fiogna lrawessqbsmueltlio is a

f 1 owchargshau ReraRe £1808) PRAVowR!P fanfet hod for i nterpol ation of chroma
pi xel s using an alternative representation. [0056] FIG 11 is a diagram -

showi ng L0033k rmtEIGnM/lé@td@ﬂgwegh@MmglaEwehmOfel%whi B framewip whith anes. [ 0057]
FIG 12 J se%hxgﬁt%%a%@ ﬁa@%lﬁ&e%o?%ﬂ%&%% erferenc%g 4B braks wth

I nter poI
' ' [0060] . FIG. 151 isa diagram showing a sequence of P and B frames n which a nearest

'subseqhent P frame has a motion vector referencing a prior P frame, and a next nearest
subsequent P frame has multiple motion vectors referencing prior P frames.

[0061] FIG. 16 1s a diagram showing a sequence of P and B frames in which a nearest
previous P frame has a motion vector referencing a prior P frame.

[0062]1 . FIG. 17 is a diagram showing a sequence of P and B frames in which a nearest
previous P frame has two motion vectors referencing prior P frames.

[0063] FIG. 18 is a diagram showing a sequence of P and B frames in which a nearest
previous P frame has a motion vector referencing a prior P frame. | |

[0064] FIG. 19 is a frame sequence showing the case of three P frames P1, P2, and
P3, where P3 uses an interpolated reference with two motion vectors, one for each of P1 and
P2.

[0065] FIG. 20 is a frame sequence shoWing the case of four P frames P1, P2, P3, and
P4, where P4 uses an mterpolatcd reference with three motion vectors one for each of P1,P2, -
and P3. | |
[0066] FIG. 21 1s a diagram showing a sequence of P and B frames in which various

P frames have one or more motion vectors referencing various previous P frames, and



wei ghts for the B franes determined as a function of distance froma 2-away
subsequent P frane that references a 1-away subsequent P frane. [00581
FIG 13 is a diagram showi ng a sequence of P and B frames with

i nt erpol at | Wel s for-the B frames determ ned as a function of

di st ance f?@g?gwﬁ@gaéy subsequent P frame that referencggmgsapy o7

previ ous EhdwingBiffdr&¥wHight 4ssighdd loSespetlivtioniirs RaNbASwardSefiaiesrYf P and B
frames in which a _ subsequent P frame has nmultiple notion vectors

r ef er enci PYUpHAOR fram& anes. . [ 0060 ] FIG 15 is a diagram showi ng a
sequence @hoB7§Nd Bric 3/ alafhgliil e fihee oH4D IniwHdPLpas a
noti on vegt or ?ef erenci ng 3 p |or&BN??§rre,q%§rl1°cf a n%?ﬁyﬁgg?g(:}gt, Sll}Esequent
P frane hbsstreaintarpereofitie P drames differssfrone ther @sglangrdpr.i or P franes. [0061] FI G
16 is a diagr show a sequence of. P and B fr S, 4p which a nearest
orevious EOPPANe hablQ 3ids P ONEAT M PER SreRsef T-angH Bpmes Yihypsiened | 0062
] FIG 17weghaingd agram showi ng a sequence of P and B franmes in which a

nearest previous P _frame has two notion vectors referencing prior P
frames. [[00681 FI GFIG.@4iisagraphfpemtiarheidnmpiest weluenitanoyerfusaimet. B f r ames
in which est } ion_ V. JTef.er ing a
prior P f?garrzaﬁ [ OOG&P&E%%?&A%%%J% } rt%éugoélga{éar@%gsslﬁ%\%maéai? %gmgrz’}g'e of three
P franes P 1, P2, and P3, where P3 uses an interpolated reference with two
notion vectors, one for each of P1 and P2. [0065] FIG 20 is a frane
sequence showi ng the case of four P frames P1, P2, P3, and P4, where P4
uses an interpolated reference with three notion vectors, one for each of
P1, P2, and P3. [ 0066] FIG 21 is a diagram showi ng a sequence of P and B
franmes in which various P franmes have one or nore notion vectors
referencing various previous P franmes, and -11 WO 2004/ 004310

PCT/ US2003/ 020397 showi ng different wei ghts assigned to respective forward
and backward references by a particular B frame. [0067] FIG 22 is a

di agram showi ng a sequence of P and B frames in which the bitstream order
of the P franes differs fromthe display order. [00681 FIG 23 is a diagram
showi ng a sequence of P and B franmes with assigned



wei ghtings. [ 0069 ] FIG 24 is a graph of position of an object within a
frame versus tine. [00701 Like reference synbols in the various draw ngs

i ndi cate WidksoeebAsRNtS. -12 WO 2001/ 004310 PCT/ USZOOS/p@%g%W LAl LED
DESCRI PTI ON Overview [00711 One aspect of the invention I's based upon

Yecognition that it is compnDEFAILEDCBESORIBEIGNVal ue for M of 3, which
provides for two B franes between each P (or 1) frane. However M2, and
M=4 or higher, are all useful. It is of particular significance to note
t hat t heOvawiege of M (the nunmber of B frames plus 1) al so bears a natural

rel ati onshj o the frame rate. At 24 frames per second (fps), the rate of
film m)vfgé?li he 1PBaEIPeCl SrimYIIEn 13 pase 'I‘Rf’é”g‘é{%@ﬁt FABSOIBIAN  esul t i N

subst ant prattidetBdse £ ARG QS M bABBwHiOh proitRs foliw B fridfes befdechRich Plorflj gher
frame rates, however, the tine distance between adjacent frames becones .

~ cor r espoamadigveves ieed andris4ras igher, jase alhusefuhilyised patintler sigwficaBet toanes
(i.e., hy I fi fiGl LN _C £5Si on
i 11 o et Blae HE VAR it (M nRSEATE BB piD) B By S BHURERT Che

i nvent i othe ifsnteased Aupo fratbeperaemaai( fipis ) mhet faetof ik ino i Re A /2atigl sdvBidGirde Vi deo

conpressi.on utilize an oversinplified thod of interpolation. . For
exgprrpl e,é'F‘GPCWH%C@,gﬁ%S Wf?ffqﬁé‘bﬂbéﬁﬁg‘ﬁb?’égﬁ %ﬁﬁq"gfe"@a@ﬁ“?’ré’éﬁgﬁ?sock of a

frame i s7afps, Sigher RatHeasRs, Howe®, hbBHRAUE R ce BB dRh Bl fhmBBecomes
‘macr obl ocks, as displaced by the two corresponding notion vectors. This

equal averEgRendingdy Fdyerd: Zhereswt isNkat highepnumbegrpgf B frames randugher val@esfafanes) |

since thg : i Yol ' i N § the V.. ous and

subs equgﬁlt) %E&{( or f?ﬂlfbgﬁgnseﬁgﬁg&ec\?ﬁe@?&fs 189 egth&r?&@%emre va ea‘é{sae ‘6%“°T\7r"5°§n| y
symet ri @072] cent Anattier 88pdot afiths ir{viengon istblasednipdi tle ecamitionfthdttedth 6, 8,
etc.) w opt | y edi cted .usi ng an equal _.weighti . Simlarly, in
vhea 4 RSS2 SR MPEO X Bt CoRplrion H et S aelitirnahed Stinismaiatobnal | v
wei ght edfortd@mplee fhir @it cid 3pieai-duadtiénst predic®RCor bathehdmslisdkeorR a8 aRr € an
equal proportion of the correspondi ng pixels of the previous P (or I) and
subsequeffualavieraggof thesubsppuent arghprevious fiamemaseablecksrasidisplaseodbethe two appl y
an appr oQyq -1 i [ r . e ,pr edj. d pi xel
val ues f%ﬁeg%%ﬁmﬁq?%%%iﬂﬁ% T\éfs'o gélta{%gﬁaé{i%a\ﬁgr%ﬁta ﬁ%lt lP%fz Régb#}%?xel in a
current Btarmadmeteddfrrmsosine: the Btfteme wilhbivd agpidiasittin amedfont e provivusand B

:‘\Ar:grre W éu%séq%%x?tepror&)Oﬁ&Hgs. o.%‘v\él/cg,u for gﬁ'%i g%xlélszéa?u le%? ,%ng)P £ | et];icr:ae}{;'%seﬁteljénus’ : a

' B frames (i.e., the middle frame if M=4, 6, 8, ezc.) will be optimally predicted using an equal
weighting. Similarly, in MPEG-4 direct mode 4, even though the motion vectors are
proportibnally weighted, the prédicted pixel values for each intermediate B frame are an
equal proportion of the corresponding pixels of the previous P (or I) and subsequent P frame.
'[0073] Thus, it represents an improvement to apply an -apﬁropriate proportional
weighting, for M>2, to the predicted pixel values for each B frame. The prbpor‘donal
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 corresponding pixel value from the subsequent frame
(motion vector adjusted).

- [0074] F‘IG._ 2 1s a ime line of frames and proportional pixel weighting values in
accordance with this aspect of the invention. The pixel values within each macroblock of

each intermediate B frame 201a, 201b are wéighted as a functuion of “‘distance” between the

previous P or | frame 4 and the next P or I frame B, with greater weight being accorded to
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the first B frane would use 2/ 3 of the correspondi ng pi xel val ue (rmotion
vector a fromthe previous frame, and 1/3 of ndi ng
pi xel vaﬁ}lfdejﬁy?'r?/gaﬁ]ntohe subsequent franme (notion vector géljﬁﬂg 55’(’4@%9%00741

FIG 2 ilose [or PerdmeseTiodt i, esvligsxcnalup bOp of-Birestiohal3i predicte@ Bdinidig aval ues in
accordance with this aspect of the invention. The pixel values w thin each
macr obl B’él&hEﬁi Cog‘é’(‘:‘}‘i’t‘PﬁP theeamespanding pihvalpes cgbrazqus ngpdidisrionadly as a
functi ogrefcte Cﬁa’?‘rﬁe%% }?%VM%?E'x f&rl@l\%oéﬂé\af’ next P
or | fr rr??ecltB, w th great er wei g&?ﬁe Bei ng accord eé tmgfgr%&% %ﬂg

PCT/ US2:0:gt820 3BA + ¢/3d% dre wéightmgHorf the second Bnfiame 201baaequapioxiédA4 vad/ 3 of a

bi-dire | ) al red| ted Bfra I nation of ]
correspg‘asl &WB)(%(& 3e%ra%efw%PgE %etf’?t 'ﬁﬁh%‘?%ﬁ“?é&ﬁéﬁ&’fvewoﬂ?ﬁ%ed
frames Aystonth; the N/LBEGhl 9, wmwbtghmﬁg)forws& B tf¥ien eVl 801 B §roliRibeteldfallth T St B
frame 201 a is equal to 2/3A + 1/3B; the weighting for the second B frane
201b is4fd2-to 1/3A + 2/3B. Al so shown is the equal average wei ghting

t hat woul d be assi gned under conventional MPEG systens; the MPEG 1, 2, and
4 weighting for each B frane 201 a, 201b would be equal to' (A + B)12.
Appllcat4P waf'en&E@W&@d%ﬁ@fﬁ%ﬂ'ﬁaﬁgécaﬁaawﬂngast Range [0075] |f Mls

greater 2, p

frames vEnblaﬁgll rrprog(emti%llegtgf ect 1 Eﬁedsrggm? epé%ﬁk Hlﬁxga]lde?d @{ ?@3@&9{6 di rect
( MPEG 4 framdewillimprovs thg effnctrmngss oé@e@reclima’rmmdcamsl direct| (VREG-6mmaie novi e
and vi d?? %dltl(r{}%neffectﬁ 1 lag and .cr oss- di solv % These
types of” SAYED ST R %qugsrﬁngbx FﬁM&é&“‘WW‘B‘E “%nd MPEG 4
due to g5 29 fade- Gt 1Rl decrbds-dib Vb, Mhes] @pes dfrumeoaermc&a@prsmmadmgea&fs M=3
(i.e., two internediate B franes), resulti n%%n equal proportions for B

fr arres ferbath i PE-3 arhMEE s dpe tOi 456 P59 sy Diksmaghing a\@emhima aad e fr ane
i'nt er polghingh ubdlof MSS @féiat%qn%ﬁéam&@g fnfm@sggeeanmg&%@l Hmpw Ligwl B

frame interpolatyron al'so has direct app lon to ¢ | CI ency

i mpr ov e fremes. Godingdfench Wge&ixy mamoaedabbdusmglpmsmomalri@ﬁramAuﬁerpManomncur rence
in i rragg ({:f%?‘i ng.th?kba %‘3 ge in illumnation. This occurs when an object
noves ¢ of f?/ f emt' 1%But from) shadow (soft shadow edges). If a

| ogari t lpobeegodi ngrdpenroﬁsmlﬁ%b(imelpﬁlaUSﬁdlsf)(hﬁs dibéch gipliogseh 16 8sdiggbodi ed by

| ogarit hég ¢ lum nance Y, for nple), then a |lighting brightness change
wi Il IC|SACY FIRRIQY STRAY fgfeeXiop mtgﬁlé“‘HPichj (feBEashFANERd\ FQTERPR AGFUFICBESTt o

hal f, t Raddi b8ing is a change in illumination. This occurs when an object moves gradually into

y.)

(or out from) shadow (soft shadow edges). If a logarithmic coding representation is used for
brightness (as embodied by logarithmic luminance Y, for example), then a lighting brightness
change will be a DC offset change. If the bri ghtness of the lighting drops to half, the pixel
values will all be decreased by an equal amount. Thus, to céde this change, an AC match
should be found, and a coded DC difference applied to the region. Such a DC difference
being coded into a P frame should be proportionally applied in each intervening B frame as
well. (See co-pending U.S. Patent Application No. 09/905,039, entitled “Method and System
for Improving Compressed Image Chroma Information”, assigned to the assignee of the
present inverﬁion and hereby incorporated by reference, for additional information on
-logarithmic coding representations). |

. [00771 . Inaddition to changes inillumination, changes in contrast also benefit from

' proportional B frame interpolation. For-examplé, as an airplané movés toward a viewer out of

..a cloud or haze, its contrast will gradually increase. This contrast increase will be éxpfessed

- as an increased amplitude in the AC coefficients of the DCT in the corresponding P frame
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val ues w II al | be decreased by an equal anount. Thus, to code this change,
an AC mat mgp(%gg be found, and a coded DC di fference %plf%al ed to t he

regi on. ifference being coded into a P frarfé 32438

proporti &ﬂéh acRBRLkE A gath, EGHifAsH dhbfTeY SMinf&vEhihd BTRNRS willBt nost(cRREly

to- pending U.S. Patent Appl I cation . 09/ 905,039, entitled "Met hod -and
System mrommptpd)by ﬁ@rmﬁw@h@mqlmem@hpmmvmgfcgdlnateffwncy assigned to the
assi gnee h qr.at. r ef er ence,
For addi 108TE": PRSI nshiR 5 e PR 468 Ek SR B Wik c) T 0077
| n addi t propottiona Baﬁrg&smmmlhﬂmmbdaame dritreasinghgesgnificanc anframsiates bsewnixenef i t
from proporti at[lthB fra Jnterpol ation. For exanple, as an airplane noves
t owar d ah’ﬁhg\ﬁ@ vahue of Moisdpiaedsed-haze, its contrast will gradual |y

I ncrease. Th| s contrast increase will be expressed as an increased
arrplitud effl |ents f the DCT in the corresponding P frame
-14 WO 2 2&1@% W@?b&@?”"éoded macr obl ocks. Again, contrast

changes wowj er vqnulﬁgexﬁoémm§ oMbk imk&ti S Slloved mﬁ&rxase%p%%u%mﬂ al%/ a
proportional i1nterpolation, thus inproving coding efficiency. 0078

| pr ovenkance themuemberof B framagbetwaen hrackering 20d(r hgawts, vdile maymumng@r
propor ti I%t’lg @wfng%%c CH%)? rSBQl% ﬁéaggg l}%??s Qé}ro? h%gt!ﬁln %BI & I %S;qﬁahf erIame

rat es be asvar rease
Val ues tlayamgaﬁmedxaﬂnmeem us§. Pﬁeﬂmo G$8ﬂg6errémmealré’nérsp@il athescnmmmt i on
al | ows ag?l ncrease, i n tgl% val ue hence the nunber of B franes

bet ween BPEERE{I AYvERCE] 3)erV‘SI‘°'T r(?ﬁhg?ed Wn‘g?ésweﬁf’ thsiPReseRyinvegtiohiafd, codi ng

ef fi Ci enfitorpStatdd byTa@RenbONR Wk HioRd MuBefarils ADRbiifudld Ahanism Fody de
terrporal | ayering. For exanple, in US. Patent No..5,988,863, entitled

" Tenpor atempaesl (s fatppd he @ayémth of sush rater s relalgd ethe pumberpf corsseutysdd t o

the ass'gmgat hildohe FBF Esfilie,'s gwta e ggdﬁ)uacsg@)m &ths¥c de%{j?Jﬁb?agl) It

was note ranes are a anl's ere
(frame) laaeresxthxﬂ' @2 fpsestichm|or &30 dps deaodiedrtamperaﬂ hyexedzﬂtmd 60 dpd dveamunitisle of

consecutive B franmes availa For e fra can

support . hzﬁ% %%&HB@W%%SP&?S anflgiégi’n? p?rZ" ?S&ﬂi&%‘%h’ a 30

- fps decogiedm, engsw b ah(ﬁl/ﬁfps\/ﬂe&&deﬂt Jﬁﬂalﬁaﬁerw«mmﬁm k&k@m Bsingaviero (M=4)
can support. both 36 fps and 18 f oded tenporal [ayers Wltﬁl na 72 fps

stream YHENZFO 20 fRs St ogn F'|H§’°Helc2cfél%&4tfé-‘hﬁ8¢ &f fﬂsafifé‘?%ed\ﬁﬁf{lmfﬁ layesn M3
stream Lisi pg, tduily wmhum 5% &%M@ﬁﬁt&%ﬂh&%&é&ﬁe%ﬁ layérs &P fp€4nd PS, and
60 fps decoded tenporal |ayers.
36 fps.
[0080] 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 cq-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. |
[0081] Even higher frame rates can be synthesized utiliziﬁg the methods described in
co-pending U.S. Patent Application No. 09/435,277, entitled “System and Method for Motion
Compensation gnd Frame Rate Conversion” (assigned to the assignee of the present invention
and incorporatéd 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 'frameirates can be derived, as well as other
_usefui' rates such as 144 fps, 96 fps, and 32 fps (and of course, the ori ginal 72 fps). The frame

rate conversions using this method need not be integral multiples. For example, an effective
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al so can be used with a 144 fps streamto provide for decoded tenporal
{1 ayers at 72 fps and 36 fps. [0080] As an inprovenent to taking every N h
frame, mwob@heofsnames-at 120 fps or 72 fps can be decadad:e0020397

bl ended, as described in co-pending U S. Patent A8pl l.cation

proportional l

No. 09/ 3480 12350 fpsroen be eigatef Hoah e &HrHftSouICcs and sy wiPd andlsaseoloubeB AV MRy er i ng”
(assign b %nﬁ the present invention and incorporated by

r ef eren%£e19 Qfﬁmtcg? thgj notion blur characteristics of the 24 fps

resul ts.[qoE2q1] E\Iéms hhgdnene ttmnpoml lag¢ras eaefits ¢o sptirhizasy the derfirmbnceiof@ t he

met hods descr | be endi ng S Pat en | icat] 0 /435 277,

ont 11 odrares oo Tk HORORIRab RIS 1 eHRBAR BEORE LAt e Make tielc

Conver sifihbefsdTTbARBive®B ﬁaﬁ.eaﬁﬁlbﬁ&ﬁﬁoaa‘efﬁaemw ARBLYy dralBny hee beﬁ’éﬂi‘s

i ncorporated by reference). For exanple, a 72 fps camera original can be
utilized. with notion conpensated frane rate conversion to create an

ef fect i Vifledde@ BRFFaM EmRpAdford PApBRIdET Second. Using M=12, both 48 fps and

24 fps frame rates can be derived, as well as other wuseful rates such as
144 f ps, [mf‘—f]ps &mg regson fhat emawaﬁo‘wg}émgthﬂé bgeri ¢fied an capventpnpl, The franme

b o VSRR A e P48 ch bRy BH ARk PO A Etaulh b BER 50

can be qy éainedeforoon Aier 2 phnisulao Bricane maylbé hsy, a8é theafore repmsme:m‘ or both 60

fps and 24 fps rat ( 0 0821 Thus here are oral

| ayer i ng™BeHest F‘laé‘:%tg B"dgf‘?ﬁ’agﬁgn‘ﬁ‘ﬁ ‘%‘i’é‘“{ﬁ%“r‘%ﬁf‘?‘?ﬁﬁt&‘é‘ nogge 1p fdool at i on.
The propRshdnm eﬁsé‘té@tﬁ@cld %@feﬁ?h@iﬁ&&w@%‘sﬁfu‘apﬁ% RRey& J@rﬁqh@q%ﬁéed nunber s
of consecutive frames function nore efficiently, thereby enabling these

benef i t PCT Binstide OBFoprsanthe pritarthomatch drenrihe pantionsamPE RS Prapetiane on t hat
equal av Lgh 0 ti th
ot on CENSEREERRE bRt S o B8 Bt Ry SUNE L L BT AR T,
(or 1) focewm bef Q@i eases waéxteethera afrootéotmavingid arahaait msﬁyhddewrwhme, a e
therefore re resentl\ﬁ nferf ct match. ual e WI|| |m'ze.the
reduct i GRORRTIARIVEEEM 4 PrEvidst 8 BT Rreskict P\f{ﬁvecro\‘fg "é’éani There is
a di f f er@aggs bfSiclBadurfitibqhal Weddfifhe WedyHotd 8 vauddtibZmddiclekidcget i on. O
course, the better the match fromt ﬁe noti on conpensat ed proport ion, the
fewer didmicss efifoevingsmegrablaskferwiid plopg amayion veetor wHbibe teraged it thhe -
resul ti ng in
Frd out ’L?—% Pﬁ&gow Bl kﬁa ZdedxépQQc%é]bldc'il H3S RRuHE R SRR & ALE b BAIE Hyven WPV

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.

[0085] 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 luminance and color), as described above. In other circums.tances, .it may be more
optimal to utilize equal proportions, as in MPEG-2 and MPEG-4. |

[0086] Another aspect of the invention utilizes a blend of these two proportion
techniques-(equal avefagé and frame-distance proportion) for B frame pixel interpolation. For
example, in the M=3 case, 3/4 of the 1/3 and 2/3 proportions can be blended with 1/4 of the
equal average, resulting in the two proportions being 3/8 and 5/8. This technique may be
generalized by using a “blend factor” F:

Weight = F+(FrameDistanceProportionalWeight) + (I1-F)+(EqualAverage Weight)

The useful range of the blend factor F is from 1, indicating purely proportional interpolation,

to 0, indicating purely equal average (the reverse assignment of values may also be used).
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‘proportion where M>2 provides a better prediction. However, when |ighting
and contrast changes are not occurring, equal weighting may prove to be a -

better pr\edizmm4316i nce the errors of noving a nmacro kcaakémnyasd al ong a
notion vector will be averaged with the errors fromthe backward di spl aced

bl ock, tHR8Tleduciil§. ? ke tme breof ﬁiﬂr@%c@dﬁi}eﬂdaqi foropoyiegnak @nd equal pehpr e
likely t\t)%%,btﬁx fJaﬁIEE 1&%%51%911&%2}1 {E?s,avfsﬁéﬁ%( (ﬁgen* idn. fﬁ%%&% eﬁéﬂ at € nore

to that nore di stan rane is
desi r ablmadroblecke each qtemiednedd framaéblaswﬂlegneovmghtabntzr tagttionrof “bmeg ht ness

- change, to utjlize a true ortion for fra roblo pi wei ghting
Cror  bolifatebriires e peviBdr o | S es s BT S i @ fanction O

Ci I CUNst GMkESHual h&@é&ﬁ 28BS In BRtdxARIpId, %r%ﬁih?deaﬁ%@fac%?P@/ﬁtﬂhQns as in
MPEG- 2 and G 4. 00861 Anot her aspect of the invention utilizes a blend

of t heselendgd me«gmng.fthe fiest Rritameel) 10 dgjequial @?\féfﬁfégé/&fh@ef, péhefthl st ance

proportlon L t| X the 3 case,
3/ 4 of tHe Qf; i %(ffléﬁgg o{r:)%/)‘s’grt |/§%§ﬁ€sanﬁb ﬂ%leé‘n ea'er%ﬁ‘fgﬁg’fﬁf%?ﬂfihe equal
aver age, Smﬁ*ﬁﬂytt}mgzeighnh@&)rmmwcnﬂmmm@lbw d4@al3b 8/8&nel sBB3.  Thi s techni que

b I b "b d_f "
E‘(a;/:r ane ‘S‘?%?ﬁrﬂ?e;ce;ﬁt? ‘%l%sﬁif; f]?cetgﬁ C%:%%tﬁﬁam@ﬂ\ﬁ%{@éomﬂf@ﬁwmfbﬁg Fsef ul

range of gt bfchtglr&ﬂ)doff § chp)safrmgmotB frﬁ}ﬂéscééchﬁﬂfr%é R adH Rp8h Widhad

I nt erpol ati on, [ nd| cat’ing purel ty equal average (the reverse
assi gnnehfrage (mludm fragxanple. d5dinglyeas)for each gnapbirpbot,00481@se of MPEG-4

PCT/ USZ 8?&?&98’@ lgsmo £ QQ'ggt])r 1|r:1|8§8 n?odﬁ e\f’aen 1ﬁm1dul r3§8?r§ot105 ('fjgaci and bl ended, .

proportiona val ues 1T n accor c)e with this
aspect ofoo#s i nvdntthd]nteréﬁhefmt eﬁahomgj uﬁmﬂécmgm facrahat alvd viehd mbp@acﬂn

‘internedi ate B ame 301 a, 301 b are wei.ghted as functio "tinme
di st ancée's RAkY lr*m?étabtrﬂ'@w@u@]hg cgRveyed wifh.eagh maeroplogk, r?@}efmgu%?rof | frame B,

and as apibptied éHe0Id B refalt@ 16 BHed pPIaAREs BfingcotiesBed. IFBr EXNFIE¥G RIaBes f O
M=3 and a bl end factor F=3/4, the bl gndedng\ib/el ghti ng fE)r t he flrsta e|5§ frame

301a is thefest fadings dBsolving/q@myhere cé/erallshghtmgorh@traptrlégwﬂualmanmg,@rhlmg of
2/ 3A +
S | ar | 500 FBebr a2, sl Bhor AU SR SRLON Jh Dfhents sl Py,

5/ 8B. [O:ﬁlﬂﬂmgTrhegazamueum‘uch hehtblgandoftagst ohanges; drenhewadieravectad valdesy a
conpl ete e far roup

Franee, WERRC 22 Pan 1hr gaERTT aded okt rireL basetSrsvie AEPARERSE vor

exanpl e, pr@ﬁorflbﬂlzﬂ litediation aeRelD adReiedT thE BerRfits dfRqhdl QvérageinipdVitiske: All
blend factor values within the 0 to 1 range generally will be useful, with one particular value
-within this rénge proving optimal for any given B frame.

[0090] For wide dynamic 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 averége, interpolation.

[0091] An optimal blend factor is generally empincally 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
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direct node using a P vector in 8x8 node, even individual 8x8 notion.
bl ocks). [0089] I'n the interest of bit econony, and reflecting the fact

t hat the vihendppizeportion is not usually inportant en pnveyed
wi th each macrobl ock, optinmal use of blending should ggg}rhesP&?}agngo t he

type of benmegk® detschiye bestrpales &edhe blond proponion, Afcahbihme@fbdtmaﬁagarcﬁarfgadl ng,
di ssol vi or. where overal | hting or contr is gradually changing, a
bl end g%ﬁ"étrenﬁt“i‘?é’ﬁgc%%gé}f‘alftyfkg e“cyscéPé{‘?f’l?’ﬁg‘s%r oportional -interpol ation)

- is genergldge N0St BRbhneFlear H0middid¥FiaR8qABISS m&ouheéuﬁn 'ﬁ'oﬂhbwg or .
contrast change then | ower bl end factor values, such 5 /3, 1/ 2, or

1/ 3, ni gﬁtueﬁ @?M arees effegiest vesy mugk by myommw@} mteng:lasmasxmte thheotpured  t s of

_proportl S | S benefits.of .equ aver age
i nt er pol atl gﬁb&ﬁf Bpébaﬁgéh%?fl& qggl }%/vgf%e ﬁH@ |’n {]lﬁéheé VEde1° pgln&@%a&ﬂ@? ally
will be BJﬁ'erhalppsmmsfnaolhe smmﬁtcamly aAfecval bﬁhe%dldfﬂ of bidnidFadtern Ptthemthe g

90] For. wi de_dynam c range and w de

timal f
cont r s 3R ShaEi s 5 s ersipoRAPS. UG RBTea IOt eEgE oER |y,

dependi nge MBRIcenkEl ﬂo@ﬁh@hs WSO e A% 18 bRt Gom deolagiﬁg%f %phe DQugver, a
wi de range of light and contrast. recomends toward d tactor Val ues

f avor i ng'\ncp ey ajrepiolraye blgbmmnormmsmboﬂhml@quag P gard) &gmes iFor exaquaplatif on.
00911 _ det d,
gl t hougﬁ‘Li se)fx Iﬁ%%%@eﬁﬁ% Eaf%&{mic%’lt gr@%&%‘éés tag. orscehflu‘%’ablgé gé“eq&géﬁ&‘f’o Create

a tabl e eghalkiverade, fbacﬁxelsecobyancsmﬁﬂemtdyltbaa ﬁEﬁxlés A 03 tRe st@icEZYE @hdB/5adguan of
i mage chaﬁlge characterhiFl cs can be used to select the blend proport| on

for a frXHaspProPayioss 1 P’é’tpﬂﬁ‘c"invt@fa?' erage plepfdactqr Yangseas adyBenonaiie  a nunber
of candipdsitien bk & BrinchQrsequedtd vir?fngtxﬂﬁxe"&?ﬁle%lénﬁefgﬁor @cfn lfe%g%\&g@& )

with each ‘then being evaluated to optimze the inmage quality term ned,
for exartpt @mprgssed bitfifegRes es sid¢ yeymationriothealecader.o, or SNR) and for | onest

bit cou ese 200 4310 °

PCT/ usz%offggos97%@%@5%%%?‘%@%%(:%&? Bt Gl ol R {mgpf i gty

pr opor t itieevalde)cthaintheakivenf 2 ibodialiy megeoptinailgad cm@wce:rdlastalmca/ame coded
qual i ty/ ef i.Ci enc n al so used 92 ranmes near. the mddle of a
sequencd®of B %‘ﬁfg’é’?“fi?“f%%tﬁﬁl ‘?err(?ﬁgldf)‘!ﬂ e%%f”ifé‘gmé’f RFing FE20der et ect ed
very rruairenlawa@bgmrmwmalsuwa&wep@é:aé pRIportfinB &&ll bOE1 8 QTSI exl3 *QyPPQy3ts ons
are already near. the equal ave e. However, for higher values of M

t he. ext rlé%“)éndélflrgéwlﬁ)osz(:ltl 843(5 i He)-significantly affected by the choice’
of blend factor. Note that the blend factor can be different for these

extrenme positions, utilizing nore of the average, than
Linear Interpolation _
[0094] Video frame pixel values are generally stored in a parficular representation
that maps the onginal image information to numeric values. Sucﬁ a mapping may result in a
Imear or non-linear representation. For example, 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 (commonly used for
video signals).
[0095] Over narrow dyn-amic rangés, 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 reasonably approximated by
linear interpolation. Howev.er, for wide variations in brightness, such as occur in Wide
dynamic range and wide contrast range images, the treatment of non-linear sighals as linear

will be inaccurate. Even for normal contrast range images, linear fades and cross-dissoives
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~-fromthe average

the nore central positions, which gain | ittl é or no benefit from deviating
, since they already have high proportions of both
nei ghbor%z"@‘/g‘ﬁ?ml) franmes. For exarrpl e, if M5, thePGWES0031Bourth B

frame : ch bl.ends in ual

.averag(rerL d@d ngrﬁ eaf‘rargé'%ﬁlal: ogloﬁ fgdﬁq‘n ﬁoéggoﬁﬁévffs‘gﬁ‘tzﬁgméﬁ?‘?aét 2/ 5

and 3/ 5fa£elq|aad dxssmesna@ qidopduithed @Smplekityhe proportion-to-average bl end

factor iﬁhbgi function of. the S|t|on of a B frane in a seqguence,
al ue

t he var ¥, ahaadyiqualimproye “&'a’nt BEsTYRIRRAsPIRhbleRdseOTFPr essed

bi t St r eGP praforfioAA o B %A@%t%@oi%ngqgmﬁon{l QQ&elhtebJolﬁlo% &t tﬁ lgener al
bl end factor is re%;ured (due to lack of a nmethod to convey F

t hen t h¥alyes rgeregsntesl/ig ajlineyrsspagdel gr ineter opummﬂ nonfidea apackediffeting freth as a
static I I in both the encoder and decoder.
8o fBinal R ol ARt Sz

For exarrpl e, usin end factor, for M=3 the successi've

frame ptopenyi OnSTms maylbe aZdoi:ﬂ:hé}Yddlﬁar%xgﬁgle b)lﬁ&t donbering Hedvoadidf-1inkarl 8
'(11/18 =2/3* 2/3 +.1/3 * 1/ b near Interpol ation [%094] Vi deo frane
pi xel VHHWE%“CEF’@“@@&%?‘HIW?PTQ‘E‘B‘I‘W iSHoseapentd) (euDdrames e adineait i on  that naps

the ori gsp%l:mhﬁageraaxfffahﬂghbrpnnéapréwa%ﬁﬂaaoe{aﬂhuﬁ%pr%ﬁtbna STBRAL BgpifEY result

ina linear non-|ineaf representation. For exa um nance val ues
used i na%@m@s%liemeaqe@onmm isapplred, mtihnlséletbierrdai fesulinftbe mEageTs non-1i near

repr esegﬁéf‘xﬁl\%{&{] lﬂ]%larul aggealre xtep ﬁloneﬁg\(?vg\efgrtih 50&)33}03?‘5“%?‘."8@‘;) HE?\%%Q S;jmd

exponenti h~a bl ac cor on (comionl'y
[ 0095] Brearperfarmaiomdy mard aptxrrmh@p&semandrodsf thémﬁnﬁﬂ{catsigﬂﬂs of nearby regions,

it or pot QPPBRS.  cRPARSE i EmaRay IR AHS et PpBTak B iemvarisd © sl |

vari ati esiér QcHrolﬂ{d) 95‘[5.18@%ﬁa«ﬂiﬁtﬁmﬁ@ﬂﬁﬁ’iﬁﬁkﬂc}’wﬁ&%&&s% ﬁgmb)far bédo more :
I nter p0| ation. However, for wde variations in bri g tneSS such as occur 1n

wi de  d§aterEed, asorgEs #hepnirag ehangas psgaciated ivgth vamaters, in hive and eueroashit  of
non-1linear .signals as linear wll be inaccurate. Even for normal contrast
range i mages, |inear. fades and cross-dissolves -18 WO 2004/ 004310

PCT/ Us28%Brmle§adpdimenn be degraded by a |inear interpol ation. Some fades

and ¢1 03808550 vAf Wik b EGeAfnbhifAD inhAEERHL SR8 Mne LR, 290 NS

further conplexity. I onal 1 nprovere A& lse of
proportmﬂ@tiﬂmtawd@ecompewemplgnwmde proportional or equal average

I nter I:)Ol[ 66&88? I §te Qof qnfa%lf o?nqgghe éorr]rgp(aigs%)()lnasgrlstgrrr]lsforr&rgct ané interpolative
mode for computing B frames, determine an interpolation value to apply to each pixel of an
Input sequence of two or more bi-directionally predict_ed intermediate frames using one of (1)
the frame-distance proportion or (2) a blend of equal weighting and the frame-distance
proportion, derived from at least two non-bidirectionally predicted frames bracketing such
sequence input from a source (e.g., a video image stream).

[00101] Step 401: Optimize the interpolation value with reépect to an image unit (e.g.,
a group of pictures (GOP), a sequence of frames, a scene, a frame, a region within a frame, a
macroblock, a DCT block, or similar useful grouping or selection of pixels). The
interpolation value may be set statically for the entire encoding session, or dynamically for
each image unit.

100102] Step 402: Further optimize the interpolation value with respect to scene type
or coding simplicity. For example, an intérpolation 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
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val ues represented in a linear space, or in other optimzed non-linear
spaces differing from the original non-linear |um nance representation.

[ 0097] Thi¥0a/0pB81icconpl i shed, for exanple, by first cerwesfbigoestdre two
non-linear |um nance signals (fromthe previous and subsequent P (or 1I)
franes i ﬁTCBEQha}’Fﬁ&%?“CSTSé’ngE% esAndgoss dissalves; fdypamigg In@nd lacaBerbased on
repr esenighl i | i |4 fter. which the

i nverse convg?gfg{lﬁﬂaéﬁf)(?%%’g@ aéltﬂr)]%'i‘? %deﬁgfgﬁdg%q‘ri&%f'f ”linﬁ\é:? Te i mage' s
ori gi nal dyamitallyeand ﬂqmﬁn)em@d vpspreodimgtpetfoomanchigavely es highdse caded [SNR) 21

function_ . 13V n rformed on a nore optimal representation of the
| um nanc{an\{\féngurr{g&scEd[bgtgggT&%F&i s also useful to beneficially apply this

linear of00aD3)i ne8teptIBYEs®eYthd &ppréplaff proFtiiof Bholiits HABe dbdbaddef fd;on to

| um nance, .when col ors are fading or becom ng nore saturated, as occurs in
contrast“&%%ﬂ]l‘(}jé‘gteé@é‘!?@i ated wth variations in haze and overcast. Exanple
Enbodi ne 9] - OSt ] n,ill.ustrative enbodi nent
of the i BoSPRD o3ieh 408 Dptichal; WG tnc3 AR @Pa Rl B bist®a Goto0)
Step 400infommation feterach frage tc o lipea o5 almaty sbeMinedratprééen@eibn,amd coRve/AR! at | ve
node for ?cl)_g%%uti ng B f.rarreg, determ ne an interpolation value to apply to
each pi xEferpte epresentation todhe decoder. Hmof saticallydsteamisied di r ect i onal |y pr edi ct ed
i nt er "ediabeo$ T AMESIeHHOFDABANIAL tHe-phportidi) I;ffx@r%h?és%gﬁg% RhQReAL on or (2)
a blend of equal weighting and the franme-di Stance proportion, dérived from
at | east Infsipolpfen valeg.r ecti onal |y predicted frames bracketing such sequence

opti mi zet PREOSh e S 208 ol et AP B Gt B0 eshrilginiEndle. o

group of repres¢ntatem. (GOP), a sequence of frames, a scene, a franme, a region
within a frame, a macroblock, a DCT block, or simlar useful grouping or
selection of pixels). The interpolation value may be set statically for

t he ent iExemded B0fravge sgaznan, or dynam cally for each inmage unit. [00102 ]
Step 402; (gurther optim ze the interpolation value with respect to scene
type or [y si‘ﬁgp?tﬁl ?@RVCF’GrPf@X&ﬂ‘S@@?GdHZJWWHGSSm metheds, Reianies set :
stati cal feferéb et Fevi td el; |
proportionally folﬁréf rggﬁggpaggﬁé’tdﬁgrhzgﬁrgFgrae\ieeré%ég%&{&yﬁ{egﬁagé%"% th equal
aver age fesaqueid andyerd dramep. Tl saime téchangs is usedamited gl fasER68 pasiicaver al |

-19 WO 2&9;,%9&%%@&%{,}3?&8%%/58%93857, which encorhpass low bit rate compression -

techniques.

[00108] In the H.263-+—i- and H.26L standard in development, B frame referencing was
extended to pomnt to P or I frames which were not directly bracketing a current frame. That 1s,
macro blocks within B frames could point to one P or I frame before the pre\./ious P frame, or
to one P or | frame after the subsequent P frame. With one or more bits per macroblock,
skipping of the previous or subsequent P frame can be signaled simply. Conceptually, the use
of previous P frames for reference in B frames only requires storage. For the low-bit rate- |
codihg use of H.263++ or H.26L, this 1s a small amourit of additional memory. For
subsequent P frame reference, the P frame coding order must be modified with resﬁeét toB
frame coding, such that future P frames (or possibly I frames) must be decoded before

intervening B frames. Thus, coding order is also an issue for subsequent P frame references.

[00109] The primary distinctions between P and B frame types are: (1) B frames may
be bi-directionally referenced (up to two motion vectors per macroblock); (2) B frames are

discarded after use (which also means that they can be skipped during decoding to provide



scene characteristics, such as fades and cross dissol ves; dynanmically (and
‘1 ocally) based on |ocal inmage region characteristics, such as | ocal

cont rast Waaol4®es0 dynam' c range; or dynam cally (and PoTaBiogdodosesed upon
codi ng. performnce hi ghest coded SNR) and_  mininum coded bits

‘gener at d8MPPBORYTNE taeﬁ (3 ﬁ%ﬁeweﬁe HBRRIBHIPRESe PF PO PPErSIBGFIRRR s t o
the decqdgime hfusttRldecsdedlibGAL hYa AgLEALE fBPE’ach[sngs%&%f; Plighe404: Optionally,
convert the lum nance (and, optionally, chroma) ‘information for each franme
to a |inE118] al tAsranether aspert of heanventpm, é‘sﬁsmhest(beoppmrdiodbfnm) akei s

alternatg repre atio he decoder not l,cal I ed.
00205 ErfRaBETRRnEe Ik o8 o Rbrs PESIE? P ohd aBies i PR O ThE

determ rﬁﬁlne fefdr@icigl oaty e nyabd previdde PO i), A6, fot éxaﬁﬁﬁ@a%\dsryméxbecause of
Step 404), reconvert to the original represent ation, Extended P franme -

" 1 ef er endBOYWOVESTPTS PG Magroblpck My de used foF p SprTERtP Wﬂ?owméh@k&’aﬁb‘ﬁpressi on -
met hods, e i {]r 2 She dr i RE BROBubYeBIRY ifAHRs P SBEh P fhin QOB Qtal% d rames

ref erence the nearest previous and subsequent P an ranes. The sane
t echni qusteppingsote’i ¢hataater. fIG61 issndiagiamgBowtg a@rﬁxamphwé nadmpédp@@ﬁus

conpr essi n.s ndar ds L.ch ompass._ low bit C r essi

Cechn: e ooncar e ¥ RamrsBR G Yt Pt sehi PR B et L eBent, &
frame refogrencing was extended to point to P or | frames which were not
dlrectly bracketing a current_frame. That is, nmacro blocks within B frames

coul d pof M1} on&uphey itfs gossihls te aprly dheqeacsters Barzobiogk igterpolagien, a5 one P
or | fraf@eritieh @bove sﬁé@ﬁ%ﬁ\%%feﬁm&&aﬁ‘ﬁus Wi(ﬂht?d?ﬁo@f PR Csildd R fd&ices
macr obl ock,  ski pping of the previous or Subsequent I§n frame can be signal ed
si npl'y. t@@meﬁmam previonel gs bframe, lpxs@lqomsvssxbiefuv bleng propertion$ efrrmdueleu n B
frames t t 263++
or 1 26l é%éﬂusex%'ﬂ I fgﬁge%,alf{ r?go% n'»i§{50 Jé‘ét Ir?"]\*egér;]hafucﬁ‘t&%me‘%é’f%fgnge ¥3Ce exam (?E' Tt
frame reaheteehtgue deberited fabevefasiaicnd ﬁmde ﬁntefpstanbﬁmaiﬂdhimﬂgimm fiding espect to
odi ng, such t future P fr S (qQr_.possibly I frames) nust be

B frame
decoded rSéf‘B‘F%S Y, PLARP éﬁ(?wgaﬂe‘"f%%%m in ado{iprmg g EFETCE VOTERoNn P ssue

for subsgayan: ofe hreddBs P GhaficQng 8fe premqaQ%hnlhesnryrw@&ﬁ&hoq'v%&tbﬁacmens
between P and B frane types are: (1) B franes na e bi-directionally

r ef er encleehniqus IRIErPPlaes BB CER WRBI0HPR VErders hud isomit ébﬁly ectiopgl iptime Garasther e

case with B frame interpolation), since both motion vectors point backward in time. Memory

costs have decreased to the point where holding multiple previous P or [ frames In memory
for such concurrent reference is quite practical.

[00112] In applying such P frame interpolation, it is constructive to select-and signal to
a decoder various useful proportions of the previous two or more P frames (and, optionaliy,
one prior I frame). In particular, an equal blend of frames is one of the useful blend
proportions. For example, with two previous P frames as references, an equal 1/2 amount of
each P frame can be blended. For three previous P fraines, a 1/3 equal blend could be used.
[00113] Another useful blend of two P frames is 2/3 of the most recent previous frame,
and 1/3 of the least recent previous frame. For three previous P frames, enother useful blend
is 1/2 of the most recent previous frame, 1/3 of the next most recent previous freme, and 1/6
of the least recent previous frame. .

[00114] In any case, a simple set of useful blends of multiple previous P frames (and,
optionally, one I frame) canbe utilized and signaled simply from an encoder to a decoder.
The specific blend proportions utilized can be selected as often. as useful to optimize coding

efficiency for an image unit. A number of blend proportions can be selected using a small
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di scarded after use (which also neans that they can be skipped during
decodi ng to provide -20 WO 2004/ 004310 PCT/ US2003/ 020397 tenpor al

| ayering); and (3) P frames are used as "steppingstones one to the next,
si nce eacWO 204%04H8 nust be decoded for use as a ref er ePCEHUS2003/635h
Subsequent .P_frane. 00110]. As another. aspect of the inyention, P franes
(as opponsuecP 9 BFEQS?P’g[r%ls né? gon"&é%(g%ﬁ)e e\c/\fcf’ﬁgr”gl?eé’%ﬂéﬂu?bde g’ﬁé’ dgsirefdpase
previ ousunit.or | frames (excluding the case of each P franme referencing
only the nearest previous P or | frame). Thus, for exanple, two or nore
mot i on VERTB perATAROHHRABER ¢hille aentvadt fsolsouseli tepwiteh-felearingleaP|

poi nti ngr-DACkEERE el Bom! theTokt refent pheicR9® (8f %%tgraq'}ﬂ)rguﬁils ntd§9Q/goqng
frames). Such P franes still mai nPaln a "steppling stone" cCharacter. FIG 5,
i s a di dgr Briragieoint this way, Exfeampdsev@fld ntilizei yFireglpmevion wsctor ef afacroblesk oy, a

current P fr 5 WO Lor, P fra 02 4, .and to a prior I frame
506. [ o&fi‘f?gg’g P?rﬁé)é‘?fb??é‘ I é‘%%@‘éi S&(‘%"?%Eép‘g‘rty*‘%‘ﬁ‘guﬁm’ﬁt% mgFe RSP obl ock
i nt er poliadicae thab the refefentt Rgets eDo¥iagleisPectiChrefiohis BRI BHEME AGEDblotllg, 1N
addition to signaling single references to nore than one previous P or |

frame, itfusimodgiweyigpatdepnterpolatine.dng nsteasd youldysteretce mselerted previoneframas P or
| franmes,e;ddsd i X f ref erence. For

exanpl 0.7 el tpiel Mo E b B, Bired B wREpe b (G Bl BOPRIEE o at f on
nmode havefegenceud of ezamepie.racd-bit endeesouihdesippata ok o€ dp tofoat pewoanfamecssaid ock in

a P frane to reference t previ.oys.P fra or on revious P frame and
one preViS HTEICs s euosf;gﬁﬁlcf'\ﬁ%"?r%%ft(?ﬂd?/‘éod’ﬁﬁ%‘.’haf‘ﬁf’ at any CARYCHiGRt image

i nt er poluiites between two notion vectors, but is not bi-directional in tine
(as is the case with B frane interpolation), since both notion vectors
poi nt backward in tinme. Menory costs have decreased to the point where

hol di ng AdaptivNemberey Bdrames or | frames in nenory for such concurrent
reference is quite practical. [00112] In agp%i ng such P frane
X

i nt er pol Q%Y1 i t 1§18 topagad iy M ding tgasee fixegpatiang Afl, P; and B frawe ahes.

vari ous ' g%‘,g Iﬁ%fﬂ% YA [ franes. (and,
optional?ﬁgumgﬁgéf?%&elg ra%r%#. nggsaw}!%m%\??ﬁgaﬁ%ggf%%ﬁtdgg&l ?ames i's
one of th 2(flodipg ¢muise rodh Frmieo hewesiol (aenihfrpines. Rt A tiswodipgremiadus P

For ¢ r IS a0 E AT FEGD B padtrs, BRI + RonaREBimbens BB Gp dolon
Anot her hesedenlbrizketing Idtaniest0P shd/@iPSrantes 803 of the nost recent previous

frame, "and 1/3 of_t .east _recent previous franme. For three previous P
franes, 1o AN usﬂ[@F (E—e ngdeo coding standard conceptually allows a varying number of

B frames between bracketing I frames and/or P frames, and a varying amount of distance

between I frames. FIG. 6B is a diagram of a theoretically possible prior art MPEG-4 video .
coding pattern, showing a varying number of B frames between bracketing 1 frames 600
and/or P frames 602, as well as a varying d'istance-between I frames 600. _

[00118] Thus flexible coding structure theoretically can be utilized to improve coding
efficiency by matching the most effective B and P frame coding types to the moving image
frames. While this flexibility has been specifically allowed, it has been explored very little,
and no mechanism is known for actually determining the placement of B and P frames in
such a flexible structure. _

[00119] Another aspect of the invention applies the concepts described herein to this
flexible coding structure as well as to the simple fixed coding patterns in common use. B
framés thus can be interpolated using the methods described above, while P frames may
reference more than one previous P or I frame and be interpolated in accordance with the:

present description..
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Is 1/2 of the nost recent previous franme, 1/3 of the next nobst recent
previous frame, and 1/6 of the |least recent previous frame. [00114 ] In

any case,w@ 6ddoadgoset of useful blends of nultiple prewraisoRoidées (and,
optionally, one | frame) can be utilized and signaled sinply from an

encoder. EQP IR Qlecode particTlare mepwbiddke whthenB framep cart utizs puiportianeiblesn be

sel ected as oft ag useful. to optimz oding .efficiency for an imge
i+ A RATMBEPGP DGR sPpb frraie s srenRebar B bR Sl T - 21 Vo
2004/ 00483pork6dd] bRAAOUNIRIR itiliRedRAED Bf frdihds SefedbiCh o PRakies iaNYeyed to the
decoder whenever suitable for a desired image wunit: [00115] As anot her

aspect dirtheraway\hagithe peargst bragkesingd® Qrsldramest o swi t ch-sel ect single P frame
ref erenc f4om t t.. DAL e .di stant”
br cvi oust P IAEf" | SiplBat P RERR ol AU ALEmBr Rl b Srb B & Br DrdihE ) S

not i on xitde coriing stachub koeflectively as spthi oived|patterp erudm8. Firtiek, biend VPEG- 4
style coding)., but would utilize one.or re bits t indicate that the
et er enduondtionsi g Bouifeqls macRICRS i eRE! s s dhes sOrE R PiEP I ook
in thi onepekeidiH Farie {plie optiinal padnetli iene)but i nst ead woul d reference a

sel ected previous frame, being selected froma possible two, three, or
nore previous P (or 1) frame choices for . reference. For exanple, a 2-bit

code coul d-dqg) geakRirEPatenta: iroFkoible O5hNg Butterhy ames as the single
reference frame of _choice. This 2-bit code coul d be cha-n%ed at an

conveni ell0%4lge  Thfitelloving prethad algmsen catodsr woropkmaze the effisienpy Of@){kt Wgi cal
i n MPEG ol DiidOpdtsfh & wdIlR I PiehEpfbpstiohs uff ﬁeemdorﬁ sE{cBf3B ringP OF framds €

nunber of B frames between P frames is typically a constant: "For exanple,
it is tyshwsaber of eanifEE vdinggiatigrns carube triedotoRlefermime an loptimakor réar aptima)

frames. FLG QA is.a diaaram of typical pri rt. MPE codi ng pattern,
show ng (zriel%bvﬁg?a %Cliﬂel‘}r%@%agf’a%r?ﬁgﬁéz ‘i?&‘é‘.g‘%“t%f& %Eg{\é%‘-}s%gt&a% ket ng |
franmes GR@mined/ an iftidlrsaqeacSTR, ehdiff Il P of D&aMBH6arbitvirile eeleqeli, agd ist andar d
conceptual ly all O\I?grﬁggyarying nunber of = B franmes between bracketing |

frames d1969 8y2 pase ing 4diugna dr ARy B Famat Whichhrs thep cxaluped (Ben | franmes.

FI G 6B deScribedi@Bid MnQne 3mbb&Redt, iafrhMe ROSALPIGh P | sédulendd G 1d cidhid €0
codi ng, pattern, showi ng a varying nunber of B frames between bracketing |

franmes GOOrst gpcedenpe 9% for svabigpional theevalyagon issansfacieryd s ingeneeningdd ween |
frames 690yc is inserted to creaite a second test sequence 704. For each satisfactory evaluation,
additional B frames are inserted to éreate increasingly longer test sequences 706-712, until
the evaluation criteria become unsatisfactory. At that point, the previous coding sequence is
accepted. This process is then repeated, using the end P frame for the previously accepted
coding sequence as the starting point for adding a new P frame and then inserting new B
“frames. |
[00123] An optimal or near optimal coding pattern can be selected based upon various
evaluation cntena, often involving tradeoffs of various coding characteristics, such as coded
image quality versus number of coding bits required. Common evaluation criteria include the
least number of bits used (in a fixed quantization parameter test), or the best signal-to-noise-
ratio (in a fixed bit-rate test), or a combination of both.
[00124]  ltis also common to minimize a sum-of-absblut_e-difference (SAD), which
forms a measure of DC match. As desérib‘ed in co-pending U.S. Patent No. 09/904,192,
entitled “Motion Estimation for Video Compression Systems” (assigned to the assignee of the
. present invention and hereby incorporated by reference), an AC match criterion is also a
useful measure of the .quality of a particular candidate match (the patent application aiso
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[00118] This flexible coding structure theoretically can be utilized to
inprove coding efficiency by matching the nost effective B and P frame

codi ng t ywesobothie noving image frames. Wiile this flgxidhhisiyshas been
speC| fically allowed, it has been explored very little, and no nechanism

is knomm$mb®a©th9ah$ﬁﬁlld@tlemzntlnns)gﬂnthethp IC eI msfictBeriterih, Bodurmmbatsi dver  such
a flexi bh’) bés,sttr %béhgg ﬁf aI{ gggrgfgl]o{; Asn%nkt?eelr eﬁtto ge eIIIIIﬁgC th?e\l/?grg{ﬂl maic pq%g‘ es the

concepts escri erein 1% “toarfig s e as "W as to
-the si rrpcbfaeaéh wﬂlchmohoﬂgxgpﬂttémr 'mEISIAC/Dm&l 8sithiqu cahlaagienttdi bplazathebe

i nterpol ated usi.n crlbed above, while P franmes may
r ef er encBEGIEPA WI'BZ@U% %‘tﬂd - 'BFedI tegty Whe Ussd t?ﬁé‘heﬁt"éﬁhﬁale%‘t"éﬁﬂe ph

accor dange niinb& d8dedyiR I8 ¥acH keipaiéaRype. 1 %%yg@ aPBB40RA Mocks within
PCT/ US2003/ 020397 [00120] In particul ar, macroblocks within B franes can

utilize lérﬁ@pcs withradnghisr eneslzatapmwmt(@m yalug thaip deg Mremso@ffngmgtbpmct ure as
ffect P | end _
eheed s uﬁﬁ&%éﬂm%d Oh)élfgs §E157H:ﬁ gisf rq[tl%g dttlhg %gtnbar ¢ 111,55&(?:@[ h“é‘ “é&}gy t han

ut|I|zed ranes reference

t he near\eﬁtoubcardkhtemcginlgpettems.frarres. [00121 ] Simlarly, P frames can
reference nore than one previous P or | franme in this flexible coding
structure as effectively as with a fixed pattern structure. Further, blend
proportions c(a?plBllmdaPpmdr&dz OprimizatiabinoElksible CoglighPditeisames when t hey

referenc th . 0 revious P frame ( pti ona frame).
(%) Chet oFadBasy  DmisfiRy Rorresel tndinelsd el Btopainedih e PRt b e

fol I ow %ovehﬁﬂﬂdam&mﬁopdmeﬁmdﬁbe feSre@ RiristicbRith 18 g S bpfimhieR aiar@btilgt h t he
frame coding pattern as well as the bl end groportlons utilized. For a

sel ect edPlPRhREPYTIORS EFIRL/C 0 gUADTABET HHEra kbl aan e dens frg cperplestydestian be
tried, @ ek Gl fofit SRIR) MR/oPEARALY APK! BTRluscd) Fhetblodt dhPorlEe! T | e

crlterla) pattern. I's a diagra eptternsthat can be
exam necdereyinusg mfamrabs @eq@émmﬂﬁ]@qk lerPdﬁrargesican als® be deterrhinadrin, the smeer\bayt rarily
sel ected, and i.s addi ti nal P and/ ﬁgﬂ 3 arres

o o otestideabPcantBEE rBtre Pt 4 REM PRiOn 1h B Rmie A el

frame |Smati(ieﬁam@retfd%eqcem tial sequence 700 to create a first test sequence
702 for evaI uatl o] eval uat on is satisfactory, an intervening B
8}6&35

frame i sIPPE28} ed A15¢ W patermJAgthisext Serfrimre 070 S ICFDhag heh

sati sf acstethrctedeﬁsa;t #hakiiBquenstdpd (SepaloB 715 aAR 8e @erseedl B8 edricRd cdrdidalcRRliRg
i ncreasingly | onger test se(‘i{uences 706-712, until
patterns. In this way, a more efficient coding of a moving image sequence can be determined.
Thus, efficiency can be optimized/improved as described in subsection (A) above; blend

optimization can be apphed at each tested coding step.

DC vs. AC Interpolation

[00127] In many cases of image coding, such as when using a logarithmic
representation of image frames, the above-described interpolation of frame pixel values will
optimally code changes in illumination. However, in altemnative video “gamme-curve”,
linear, and other representations, it will often prove useful to apply different interpolation
blend factors 1o the DC values than to the AC values of the pixels. FIG. 8 is a flowchart
showing one.e.mbodiment of an interpolation method with DC interpolation being distinct
from AC interpolation. For a selected image region (usually a DCT.block or macroblock)
from a first and second input frame 802, 802', the average pixel value for each such region is
subtracted 804, 804, thereby separating the DC value (i.e., the average value of the entire
selected region) 806, 806" from the AC values (i.e., the signed pixel values remaining) 808,
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the evaluation criteria become unsatisfactory. At that point, the previous
«codi ng sequence is accepted. This process is then repeated, using the end
P frane WP 20H&0PARVI ously accepted coding sequence asCThé208/a2039Mg poi nt

bot e O RS AR LS LR R R AR bR o T ous

eval uat iifRrpldtiog Weight@ps €10, Bm@‘@hfféré‘lg ﬁdrﬁdeqﬁﬂ‘eﬁmmnoi«%@ﬂﬁgmdl 804" used
characteristics, such as cod 838 ﬂlxlallty versus nunber of coding bits

requi r ed® MRS H‘ee‘\‘r(él(%&eﬂbl%‘x@‘r Ya(héqsl Udhe Tewly infepodatedqtyaiue Si2 pnd s used
(in a figehediyantingfldidc ReREIBIELan RS Be c&ﬁblﬁéaealh%%umggﬁaa' elW0- Nnoi se-

ratio (in a frxed bit-rate test), or a conbination o 001241 It is
al so corpredictuan Sﬁorfpmhzeelemghwgwﬁl absol ut e-di fference (SAD), Whl ch forns a

h. nd No. 09/ 904, 192,
ontit] edfaoRton Ay viBeR SRS b Eopialat BaE BB et B EPPRSHF gred 1o ¢ he

assi gneeweightidpe carpbesigatedi ta\aejatadmpmdxa@e ORiRYA bMSIDHRARbEBItIVAnIsBEr ence) ,
an AC match criterion_is also a useful nmeasure of the quality of a

parti cu|bo?wzeaﬁmue&’@é°ﬂﬂtem %‘t%‘é’ab&ﬁ e tvellsiseieetinedhe ldersndens u\»@pgbgm 004310

PCT/ US2QQ34, P 283%us L BgE Hegdsul optim zations). Thus, the AC and
DC match criteria, accu Iat ver t e best matches of all macr'obl ocks,

can be exam ned to determne the overall match quality of each candi date

codi NG PahsST@NoA MimeafSiédooliBbr N techni que can augment or replace the
signal-to-noise ratio (SNR) and | east-bits-used tests when used toget her

with an E®Q32fdt e diterpolationimblincap veghthsichvibiags. Sinpe teaipterfalative opetatien is t ype.

It |sty|ca bl ocks.w t hi B.fr S Wt . hi gher.

quanti 201 s Sad e PRI B £t Pamard iR e spelin't Al ¢ ne
qual i ty forfeasidh adviaéd ganras oﬁlogmgmhc tepraientaonsy irther apttnizigonsfier of bits
used within variqus candi d%t e_codi ng_patterns. (B Bl end Proportion

pt i ni zdDiEqP t‘%‘wnrpr%f%%e@wq%a IsaF e XImPI akerpylaien oiqiealy fpr apaticalae h
candi datgqpatd 6f farf&l & WeINSinterp RS SHEHE Saitlkd fpiatly @J?R\A% vRidiogy bl end

proportlons may be tésted for suitability (e.g., optimal or near optinal
bl end prsophmedhsyptitadl ot neas opumahwitive lmearepixgl Npmspraatlﬁﬁhl'bwm foe ohene, for

exanpl e’ﬁMe L gﬁ%cgg_f_ﬁghq{%texé&?%f n%ﬁlbletoéogapxpr?etax Mal ?ﬂ G(elgfaI | ci ency

(least bits u one or revi‘ous re ences for each
macr obl oepresamtdad o degmathnoamalaksor 1betkd:epeaemapmslentmotnhéustaﬂeth&wpnmat &sting
g? anga[]dl déiﬁtﬁmfl ?e]:cp%s%rrllt%go saf{); %{er}po Qt(ljngb eng Vp{cl%%mag sfg)xrl]al cgr%pgx%%tesrnq;vne a set
differ from the optimal or near optimal representations for the Y (luminance) signal
component. It is therefore a useful aspect of the invention to convert a pixel representation to
an alternate representation as part of the interpolation procedure.
[00130] FIG. 9 1s a flowchart showing one embodiment of a method for interpolation
of luminance pixels using an alternative representation. Starting with a region or block of
luminance (Y) pixels in an initial representation (e.g., video gamma or logarithmic) (Step
900), the pixel data is transformed to an alternative representation (e.g., linear, logarithmic,
video gammay) different from the initial representation (Step 902). The transformed pixel
region or block is then interpolated as described above (Step 906), and transformed back to
the initial representation (Step 906). The result is interpolated pixel luminance values (Step
908). "
[00131] FI1G. 10 1s a flowchart showing one embodiment of a method for interpolation

of chroma pixels using an alternative representation. Starting with a region or b]ock of

chroma (U, V) pixels in an initial representation (e.g., video gamma or loganthxmc) (Step



nore suitable references. [00126] Once the coding pattern for this next

step (Step 700 in FIG 7) has been selected, then the subsequent steps

(Steps 702-712) can be tested for various candi date codi na Ratterns. In
this way WR2WHPE3E £ i ci ent coding of a noving i mage seBtERERERAMBe

det er m - fi gl L ' dy; f in

subseot {000y ¥ HiE dBe' FrRRhes fah et PLARHIGRIIYE, 1S BREIRRES, ca

codi ng sidep.gafmfha)sliffehét ifrotrethp alittlireprefeftatioR {3tep HNOMXRThedmssiormdd pixelge

codi ng, such en usin I ithm.c, repre ation of i e frames,
The nboretenernphot e nRihofud Bty She < Rl O0h iRl Rk
‘code chang@sial Fepréskitaii ARiStepN.0061 WaY edsult i infdrpR4te@pikMehvdmiemlug aBwlp- cur ve",
| i near, ‘and other representations; it wll often prove useful to apply
differedf08nt erpolation blend factors to the DC val ues than to the AC

val ues pi xak | ; | OR5mfe i of an
i nter polo[fé)tqltllc’)% ]r_ret ?(1)13 ﬁ%@%ﬁ%ﬁ?&%ﬁ%ﬁ%ﬁ%g‘%%ﬁ nct H?r?%dr%ﬁﬁi%ﬁ C?

i nt er polvatt tha teaFlingsnofdé Sekited Apphgaionddn. 08/90693% enytlea ‘IDFthodargickystsm

macr obl Q¢ fr.o first..and cond i.nput. frame 802, 802 . the. average

o el vaAPAPRRTIE COmPEed 1PRgs SR midiBdat Attt wdiiert 8fuf,

separ at ipagehtifvdiiod ahdiRerly iicorpblateddyat ey dNdiethaf tht Aikerfativer e sel ect ed’
region) 806, 806" fromthe AC values (i.e,, the signed pixel values

r emai ni AEPrESFOLRLion XansfpIAyon AehUS eIt IIn piEnPs P UsHgE SIPRlelepkUBe| ect ed
‘regions.pihe respective DC values 806, 806" can then be nmultiplied by

i nterpolation weightings 810, 810" different fromthe interpolation

wei ght i niPIBRA, 81¢ a wasiation efdhimgbpdcpefithe invemdry dieghermntiys (p¢arpaneres 808,
808'. The newl y interpol at . 81 e i-0L er pol ated AC
val ues g%”ié#?_sﬁ’%tﬁn rgs‘p@%en%?‘r?gj% nge%#ﬁ}ogsﬁ?f&gfﬁr frarﬁé&n%ﬂv?/& al;[)]?éedi ction 820 for
t he sel agjrestntatigh epace forB Afidrpdlation.t h t he ot her interpol ation values in

this invention, the appropriate. weightings can be signaled to a decoder

por i mag@QAFAl  AASTHER RHEEPIaKen BEAEtpEn e dF Beon BENRA T W unber of

i nt er poligkhAhiba i Ssen@ion'8hé ?@tﬁsheﬂ%@é%kh Bgtr{eh@ninmq%ww dfdEnrbith @0 RAY §Y 1 ON
p e

of the AC versus DC aspects o pi xel val ues. Linear & Non-Linear

| nt er polpixg! oepresguatay)s man berspgmaledite thej deceder ppiag p sSwall grTBe oA PEs Rj6achS| nce t he
i nt er.polsgfeaggilgp%rlgﬁti_ onis linear, and since the pixel values in each
image frane are often represented in a non-linear

Number of Motion Vectors per Macroblock

[0013.5] In MPEG-2, one motion vector is allowed per 16x16 macroblock in P frames.
In B frames, MPEG-2 allows a maximum of 2 motion vectors per 16x16 macroblock,
corresponding to the bi-directional interpolative mode. In MPEG-4 video coding, up to 4
motion vectors are allowed per 16x16 macroblock in P frames, éorresponding to one motion -
vector per 8x8 DCT block. In MPEG-4 B frames, a maximum of two motion vectors are
allowed for each 16x16 macroblock, when using interpolative mode. A single motion vector
delta in MPEG-4 direct mode can result in four independent “implicit” motion vectors, if the
subsequent corresponding P frame macroblock was set in 8x8 mode having foﬁr vectors. This
is achieved by adding the one motion vector delta carried in a 16x16 B frame macroblock to
eaéh of the corresponding four independent motion vectors from the following P frame
macroblock, after scaling for the distance in ime (the B frame 1s closer in time than the P
frame’s previous P or I frame reference).

[0'0136] One aspect of the invention includes the option to increase the number of

motion vectors per picture region, such as a macroblock. For example, it will sometimes
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form (such as video ganma or |ogarithmic representations), further
optimzation of the interpolation process becones possible. For exanple,

I nt er pol ayhosn+@bs3Ri xel s for a particul ar - sequence of braRBH0s@3el | as
interpolation of DC values separately from AC values, wll sonetinmes be

opt i mal poeverhsaeficagtté hatle mprelthaa tviormegiionpiesters rree Prfeaenmadrobinck. fibess\cen be f or

ot her frame  sequences, ch_ gt er at | wll,. be optimal or.near opti mal
7t the gPRRNEPRRREER bR 3 PR PR P 3R TR

r epr eserih el vsightedsuint. additidriabmofién vieztorotan d18a5e HPliedra) allo®@pinépendent | ons f or
I nt erpol ati n% U and V (chronma) 'si}g al conpagnents 'ma}/ differ fromthe

opti mal VSFIoRdgr thg5x$ P&(I blagkset dhit B {Tamg nacrblegke Alsoq joyrindapradgnt deltassan

conponee.ystd tol ckich MedifkEmBdd iRkt b?%ﬁﬁl‘}fngojse?mt_cidg}f@fbtéaeﬁ'ofttﬂ gRipvert a

pi xel representation to an alternate representation as part o? t he
" i nt er pol&8Biregiommotieniueators IOONBO putEpq@entP framg. f | owchart show ng one

enbodi ne a t hod rinterpolation. o um nance pixel s . using an

o ter nac SR, oTutp b BameBH A RO GR g B LT AR FReRalR SR ERiance
(Y) pi xatferdnte more thar 618 preeipiisefsané atanGhtefpdlgive nvddde@ingaioB-fradfe twadgar i t him c)
(Step 900), .the pixel data is transforned to an alternative

r epr esenfigtrogop-gerg techniguedescnbgd gbqven s techpiaye sanysadity) bexiendsdiqtmare om t he
initial f8P%e &l (SR IR L reshlificti : ni ' k. bl ock
i's then tli&nt er églg%?lesdpgs descri ggd abggg l%%@g%g%%"ﬂ%ﬁﬁéwr;ﬁ? g?wgclr back to
t he i ni tthaiveigbisdewant ati on (Step 906). The result is interpolated pixel

| um nanc es t 8 0 | C 01is fl owchart i Nng one
enbodi maﬁ{d/lgﬁa maéﬁlg@ ?t(g)tgr';)r %%?Césr%éﬁ%h\gﬁt%% e‘%*rPr"é%é"’Pﬁ?%? ﬁago asnlsd%(\fman
al t er natviewsas A€pihesRNdtRini methods), patticnlgr weighted sufgicambeconhagikataf to achr oma (U,

V) pixels ip an initial representation (e.g., video ganma or |ogarithmc)
(Step -2@“?/‘%2?3%?6‘531 TB‘“P‘%‘P? Bﬁgmé‘b‘g@? 1000), the pixel data is
transfor mﬁ)atga ?n hﬁhﬁpﬁﬁﬂ@ﬂﬁé’%ﬁ(e&wfﬁﬁﬁméﬁibﬁﬂhé gorgestrkdeHS'e%etwéeH%Bl bl c,

) di

vi deo ganma ferent " fromthe initial representation (Step 1002)p. The

t r ansf orPE8 bjsickeand thegiogan vectay fisddknsed nohbmay siriesrap Witht MBEGS ard MPEGeld above
(Step 1 . n C v cdTnlti I ' Step
1006). s crsif it H7BE AR, BRGHchyt Ror B oBler BERER AT Bk Bl =

[ 001321.onThwith irseriice MMEPEGRS), bet Siciefor meppe senbdrat $wwhsiltemytives mpghitfimsiaded i n

ERTERC RTINS T ST e E N R

| nf or matid4ana 2456 isgPe G2kO 1R 26 Ustpeesr@dll Aligber of such useful sizes, a few bits
can signal to a decoder the correspohdence between motion vectors region sizes and DCT
block sizes. In systems where a conventional 8x8 DCT block is used, a simple set of
correspondences to the motion vector field are useful to simplify processing during motion
compensation. In systems where the DCT block sizé is different from 8x8, then greater
flexibility can be achieved in specifying the motion vector field, as described in co-pending
U.S. Patent Application No. 09/545,233, entitled “Enhanced Temporal and Resolution
Layering in Advanced Television™, assigned to the assignee of the present invention and
hereby incorporated by reference. Note that motion vector region boundarnes need not
correspond to DCT region boundaries. Indeed, it is often useful to define motion vector
regions in such a way that a motion vector region edge falls within a DCT block (and not at
its edge). ‘ | |
[00140] The concept of extending the flexibility of the motion vector field aiso applies
to the interpolation aspect of this invention. As long as the correspondence between each -

pixel and one or more motion vectors to one or more reference frames is specified, the
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present invention and hereby .incorporated by reference. Note that the
alternative representation transformation and its inverse can often be
per f or reW QAUHY4310si npl e | ookup table. 1001331 As a VvBET/ES1003020897t hi s
aspect of the invention, the alternative (linear or non- |inear)

T epr eseHtEPPIaPIsHSthed fescriped ahove e sanPdAd fathe dull flexibifitoef usefsl mpbtier nat i ve
represe | A . |.Qn 0 L t.h the
i nter popif?‘?r_%ﬁa&gugg%? }%&En%@@é%{%@# ?l]glrﬁ)?lb?_v%%&’% :ﬁiéépfglf 'rrla%“ghs i nt erpol ati on
r epr esentradspanlingtoteacthmotisr dedtarcar differ 66r dabie prewiGus tafe réf¥encewhenhisiipn (U

and | xel representations.my_be signaled to the_decoder using a snall
nu nb}alz 8&' amef’sa’ﬁ%raabﬁrgﬁwui %?‘i%‘f“é%ﬁf“ﬁﬁé TERFS Whe piveg Béﬂmq%ﬁf@ﬁ T%gﬁ brs per
Macr obl gigks HhPRbAEH védlorYBEERr whe aﬁplgﬁ%itﬁ}gggmrmie&o@ddog\ﬁ%&e& thi6X 16

macroblock in P franes. |In B franes, allows a maxi num of 2 notion
vect or sinyentiongshen ghaiaterpiatpiectlectsihe cepmeniregion of eveslapiTheicomutanagegibn
i nt er pol.ati ' : ' odi to .4 noti.on veetors ‘are
2l | onea poyetip PR drbatloterliel B 6O MDA abfhe B o R 0D HE B o
vect or paietdBmbeBhehlsemakatellyrintbfphlatidg BJ araln®€ pixee]l WabiesTum of two noti on

for each 1 16 macrobl ock, when using interpolative

vectors §r(?=,I 1o %‘)(() B

mode. ALSPAGEE not o lUeR FGET2HRIONENS pifRsEROMO Y ST regienitizedn 00.d P t i n
four i ndgReare Hvo H MithésCi 104, MW B&foMEhPuting iftedpBBitios VAS&IN &ordance
correspondi ng P frane macrobl ock was set in 8x8 node having four vectors.
This | ¥1thdhF sveation, theadienyl k08« f Gieeneninn vestoy cegion sides|is deteranmnéde@hé n a 16x16

B frame"?ggi ﬁrlg@éh&)gfpj 1 o£8Eh {, (T RTo e TR ' yr i ndependent notion
vectors fromthe S% PlO\?VI ng fé? Tane. %gr oﬁﬁ%gi%a;v?ea? S EFS rr?é) l_f)r(l)?’ectt?{é
di stanc¢obm4el ne Thisefds ekarapie, indnteipoksting Urd D Eregivan of /B fRmef rape’ s
previous P or,. | frame reference). [0 0136] e aspect of the invention
i ncl udeEactkPP'érdéﬁ? &Py li).i éﬂf‘?ee{aﬁg 3 i egIoper 1. iad ‘t}ﬁ%ﬁﬁeé‘ﬁlo\‘)é&%}@mﬂéﬁse Biect ur e
r egi on, mivkieh v@&oxacomg;mai Q6 theF8N 6 BRI B4 ih thd\bridr PORARL TffRSdictig® WO
_ 3/ 0203 prove beneficial to have nore thah two
2004/ 004310 PCT/ US2003/ 020397 b f | to h than t
not i on $&werk hegegion 1} Hyrithindhs Wiern E108 widd aise ths nintion apgsbi eadrebpondaizer enci ng
addi {1 0o B rebich! 7% Sh A GRD fifle A oR OB IHRILAL 1k $RhiE 1 N
t he wei ght 8' xs-urr%b Al 3} ti.onal em)t | one'vect or)g’ ta c.)a_aI SO og{eh%e{f)%?lll gQS ‘f’gﬁlgl | ow
i ndepenthentnionvidO8 backwWapds whald uBx@e BOTiobIvectks caxfespbrgiin thisnsx 16aegion| ock.
Al'so, f ?lllf4, Iwr}]ﬁg %?e%gc%%tg t}lgeesla%naésreglgr? forward would use the motion vector corresponding
to the 12x16 region 1117.
[00143] In one embodiment of the invention, two steps are used to .accomplish the
nterpolation of generalized (i.e., non-uniform size) motion vectors. The first step is to
determine the motion vector common'-regions, as described with respect to FIG. 11. This
~ establishes the correspondence between pixels arid motion vectors (i.e., the number of motion
vectors per specified pixel region size) for each previous or subsequent frame reference. The
second step 1s to utilize the appropriate interpolation method and ihterpolation factors active
for each region of pixels. It is a task of the encoder to ensure that optimal or near optimal
motion vector regions and interpolation methods are specified, and that all pixels have their
vectors and interpolation methods completely specified. This can be very simple in the case
of a fixed pattern of motion vectors (such as one motion vector for each 32x8 block, sbcciﬁed
for an entire frame), with a single specified interpolation method (such as a fixed proportion
‘blend to each distance of referenced frame, specified for the entire frame). This method can

also become quite complex if regional changes are made to the motion vector region sizes,

and where the region sizes differ depending upon which previous or subsequent frame is
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be used to extend the direct node concept by applying a separate delta to
each of the four 8x8-region notion vectors fromthe subsequent P frane.
[ 00137] PUPLME0043M f r anes can be adapt ed using B-franmePCH{BIS2068/A20317 on
techni ques to  ref ergnce g\r'g)rre t han one previous frane in an interpolative

tode, udPiEIEHEEE XA NeANT tetearpatratipeniaras. and dexhblgels feedepeed above.
fhi s ! eGidiedifoViait AR Fifthlf tRShAMAl dhIndRIPmay DEfelobRPLRUARN Yidhin®"
frames, with a resulting interpol ation having tFlree r no terms In the
wei ght edhsfreme.[ 00138] As with other aspects of this invention (e.g., pixel
represen i an : AC | ati.on: hods) articul ar

wei ght edltdsa(%}r‘r;g ric anq@g%c?g}rﬁﬁg#zté?&& J{ﬁ%858’9grécé)ga%tpr%grmj‘e&h%g%r?al AURBEr of

bi t's peroptifapesewTittic. bils @6 33&1 bétweapmoyion gedtdrirsgias Bepes Afd i, inBVE RPN, the
correspondence bet ween: 8x8 ix%{ﬁg DCT. bl ocks and the notion vector field
need nothpepteal OF peaz pptimal inteppoigirenmethady Asiegrunatiop gy alsoagayred to precifyray  be

usef ul tife HiRblah@HiRRhEYEr the AL RtFERe® THREe HRARARN @?,b %fa@e[r&ﬂ?eﬂgyi onl y

with interlace in MPEG 4), and 8x8 for notion vectors. altern ves

m ght i rexhagave gayngrfainamber of candidite magionvegprregionsirel casdidad fraBesdd, 8x16,
6x12, 2x8, 4x8, 24x8 %32 4x24 . 24x16. .8x24, 32x8, 32x4, etc., Using a
smal | nuiser o ébnc%rpﬂlgé?nu?]btg P%Sefé(),r e%ichfsg% P veegr r@%dﬂ"t‘f@ PURA Fger '? he
cor r espajedesititma) ebdieeis fomid Optimalifyqredativedo @ Beledté®éritand) R be dabdfikeddyzes. I n
systens ere a co ntjonal 8x8 DCT block i's used, a sinple set of

corresp H@&%@%leﬁﬁ%a%@%ﬂﬁh%‘?lﬁ?‘? o the jqyest pumphes p{pits for afingd i f y
processidmnmfi&mgaﬁa&depﬁp)%ep@d&?gttheonck,rbryi%.?@mti&@gf&oft sifhiel! ock size

is.different from 8x8, en greater flexibi can be achieved in
speci f yiTagpseie noti on vector field, as described in co-pending U S. Patent
Application No. 09/545, 233, entitled "Enhanced Tenporal and Resol ution
Layering in Advanced Tel evision", assigned to the assignee of the present

i nvent i direghdlodpdriension ncor porated by reference. Note that notion vector

regi on b% i es . oolg p . %! region bau Les. Indeed, it
is often usceh?{ll toda gg%u%gglr%rt%ﬁorﬁ\&\sleég{}grlﬁ %r €01 ons f’ﬁlo ﬁc‘ﬂ%‘?’ R a
not i on wdfidien in piionvetigeoliak) rovidingithe BerldtiE dfl3as bloch Atbds afithalsimples edge) .

[ 00140] The concept. of ext endi the fl exibility of the nptiagn vector
el d aIBBm e e eon Bt Y B AtT ST SROHLRBD g Vo o PE MISEHETAS. | ong
as the cednieSPUMdeREACRIhNERMAAAR franfd), X&he adifbsPEIRIitY mERbBlo8ObLERdnvVECt Or'S tO
one or nl;)aggd Jp%]:x %Es?arx]](c:g inf tggﬁsor Lxsarr?pqg% lf\dl=%(%z".e.:[ tI::VeO i;1t2<3Zvef1jng B frames), with - |
simple linear interpolation the first B frame would use -2/3 times the subsequent P frame
. motion vector to determine a pixel offset with rCSpeét to such P frame, and 1/3 times the
subsequent P frame motion vector to determine a pixél offset with respect to the previous P
frame. Similarly, the second B frame would use -1/3 times the same P frame motion vector to
determine a pixel offset with respect to such P frame, and 2/3 times the subsequent P frame
| motion vector to determine a bixel offset with respect to the previous P frame. In direct mode,
a small delta is added to each correspon'ding motion vector. As another asbect of this
invention, this concept can be extended to B frame references which point to one or more n- -
away P frames, which in turn reference one or more previous or subsequent P frames or |
frames, by taking the frame distance into account to determine a frame scale fraction.
[00146] FIG. 12 1s a diagram showing a sequence of P and B frames with interpolation
- weights for the B frames determined as a function of distance from a 2-away subsequent P

frame that references a 1-away subsequent P frame. In the illustrated example, M=3,

indicating two consecutive B frames 1200, 1202 between bracketing P frames 1204, 1206. In
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WD 2004/ 004310 PCT/ US2003/ 020397 i nterpol ation nethod descri bed above can
e applied to the full flexibility of useful notion vectors using all of

t he gener aPOt2044318i s i nvention. Even the size of the rPQI/US03/020397
correspongi ng_to eac ati on, vectar can, differ for each vi ous frane

Tor er onodnisahfier B Aiboft oS Rdn nois Shastd suRSvent b B, 20k (o,

r ef er encer=ghafighipong tthHeﬁﬂtﬁB&nin'gZi. & NeafeBQIPORam® 1 Z0S ahPfhe TRItrIH BUBEH&A' S

di ffer when applying the inproved interpolation method of this invention,
then the ]ierPefz;%&“é%)i TsFerence taepaxt pepsest ibseanentl ifismed208 vashdrahan thithaeacestmon
regi on 198 | f n b idiz S..t he

ragi on over REAFAC L% B0 ARG lond NPEER TR, A Bt By 08 RS t f ng
DC and Adrpnashlefedcties 5/ @gsitht nfeitiGn véctor /v frodi thg hennehew saBseliint BeraRt i On
vector r gziogn Si zes 1&00 1122ff for each of t'ﬁv’\%]P frames 1104, 1106. Before
conput i ngl ORonibhersed as o Rixrl ettt withaeipactie & framne H48nand the secnnd Brirane,e

uni on 110809 fwdulttusdRhioPRetVdE @/ Dlime e HaOdmz B&iFord veclRt €r M ned. The union 1108
defines all of the regions which are considered to have an assigned notion
vector. [QUAPI THlanearest subsgapineP fiameirpferanoed by a Bofraimelpdials to tiginexts of a B

frame 11 t B P.fr 11 a 4x4 reqion 1110 within

t he uni onjr%irf%g&%s?gé%et @gn Qéf%ﬁhgﬁlm elggegplecdoé?lbcg SBNEF Hifgtt%o e 185 16

regi on 1kbitablefraine sgié fractorf toapply b themi@ibinolecdgs. FiQr ¥k @ didghen EIRBViAGa11- 10

wi thin the union 10%3 \glpul d u%e. the nption vector corresponding to the

4x16 regissRUeRga el b ang Bdramssviih injempplatiogywrights for the R feamss determainedas 2 he

region 1 Ioh ldiF R i _ | : or
Yinotioh dF Bistdnbe frop Qnade&ltﬂl 1}2{:’# \jﬂﬁﬂ‘é@h’%?e%ﬁeﬁcés Sz IPLY ABvi8ECH

- corresponding to the 8x 16 region edictin sanme region
forward Vicame Inuthe iflystrated exampleed=3r ansld? fremes 300§ 302 eftrhmetRarddarasegi on

accoml i SheRet P ATRA WARR o Sim el TR 2% PR OB B, B

noti on vdrstd framd hB00, ithspixslt efbei Sadtion ittt Eaffies@alt HRACHBT 2/8 Pnlffife@bydROTON
regions, as.described with respect to FIG 11. This establishes the

cor r es poreRiB eHRt Tk dvPmh iiediearest ybspgren A fTase b4, and e seqond Britame t 3Q
nDtion  V&GhPOkS cRGixed BEGLTd etk FhnielcaleSPHcRBn qyézﬁ}lln%ggzd B?ﬁ'ﬁt %1%\/1{18% or
subsequent frane reference. The second step is to utifize the appropriate
i Nt er pol XEFIOR SMEE HisdAnetinh Yagtas op Bledichres stibssnuent Paftame £304f ointewahe 2agiagn of

pi xel's. Ltolicus® 2K 86 1E0E es iR gpsure that optimal or near optinal
nmoti on vector regions and I nterpolation nethods are specified, and that all
pi xel s haweD1isai r - Iivegateoalsindhelcisabés Bdtanid eferamitosdsingle Pokaheih\igpeci f i ed.
This can be Vﬁrﬁyﬁ Si r&;lﬁe in tge casE of a.fixed pattern of notion vectors
(such as "6 NEEREF dsiancsmethed seliifRe BUneratr 9¢ r fragseale fragtion equal to the

frame distance from that B frame to its referenced, or “target”, P frame, and sets the

denominator equal to the frame distance from the target P frame to another P frame
referenced by the target P frame. The sign of the frame scale fraction is negative for
measurements made from a B frame to a subsequent P frame, and positive for measurements
made from a B frame to a prior P frame. This simple method of applying a frame-distance or
the frame scale fraction to a P frame motion vector can achieve an effective direct mode
coding.
-[00149] Further, another aspect of this invention is to allow direct mode to apply to

" -multiple interpolated motion vector references of a P frame. For example, if a P frame was
interpolated from the nearest and next nearest previous P frames, direct mode reference in
accordance with this aspect of the invention allows an interpolated biend for each-multiple
reference direct mode B frame macroblock. In general, the two or more motion vectors of a P

frame can have an appropriate frame scale fraction applied. The two or more frame-distance
-30—



for an entire frame), with a single specified interpolation method (such as
a fixed proportion blend to each distance of referenced frane, Eem fied

for the eXPiP®%P#dhe). This net hod can also becone qu?FE’%?Pﬁ“é@?
regl Onalm&hﬁ&gﬁl 131‘; eeaég%g dgﬁ-n%altl Bgu%ml IBOQldI qgt'ex?x@la% seq stafafez\{(\:ﬂere the

Tegi on sizes ng upon preV|o ranme is
-28 WO mﬁamemdfsm@clag:w UERODB G2 D 3Bime, as ddseriimddetbw(, e genera%(&téﬂmatks Bf or the
near est @mew ous, frame,. and 32x8. bl ocks for the next nearest preV| ous

frane). § MAFroPioRK MOHOR COMPERSAIAY- net hod may be regi onal |y specifi ed

within téegorme FIGO04 44 divhen seoegdiant@qudnte bEP AR raMe@in Whehgncoder to
determ ne the optimal or near optinmal use of the bits to select between

not i on \ABbsegre Egframe hagyaplapleameiiogiveetors f&f?ﬁellcﬁlgslélpéfiﬁaﬂtehdndpﬁ examploa near
opt i Ml s Befre AGE}dran BR aNGthoafin PERITE PATHADY furfl B9 GAU N Shlolify SPECT Y

t he nunber and di st ance of ranmes referenced. ese specifications can
be det ervectoesl by ané v ot referdnes mrrtgpmidmg puiortiefrarnds R2aRdi ldahie exatiplgn vect or

regi on. S|zes refere nd interpol atjon nmethods
for each?&l é’i‘?ﬁf&gﬂg%&ig miéq byen bgpierpo edo‘ﬁ?}frf:&lm‘?ﬂe Uspg it i"6*|c5’(f|“f‘i%1l -
codi ng. i GeibiidemQtriaRhithyatioh of alch wiginuchgd ect ed criteria) can be

determned b finding the least SNR after encoding a block or the | owest

nunber oEOCb'li 1) f orEagh mageablogk denthe Bifrasee hf0avmdbe ¢apptyucied asra end ﬁmgnt he

bl ock, pplicati bl rect
Ext ensi o (?%Et@ 45] Convce&ﬁfr?% a{m%pr elcstowrl;;o ﬁdl? aceﬁg?é&feqé 1%‘bks in
MPEG 4, can be effician ofmvmmhemhu@mewm)omemge man@‘ﬁwbylgorﬂae benefits

of 8x8 bl ock nbde with a si g i(éﬁnjsmﬁﬁdelta Direct. nmpde wei ghts each
correspondi ng notion vEEPRATIGMabwEiER) @ §8E{8%’HﬁdlpgPlP‘P‘éﬁéframmPéHhSplaced

references-the previ oua:yl?héﬁﬁﬁssca@etﬁééir%nC@/@roew@e\dhé?Qtﬂs%{&Phﬁfhueh‘BQat' on
based upon distance in tine. For exanple, if ., two 1 ntervening

frames), with sinple Imyepliedbysemsarepdroenal Welghijl),simdB frame woul d use - 2/ 3

times th equent P franme .nptiQ ctor,.t m.ne. a pi x of f set
with resEoe Ug@o sich P msr’[r’émdlgﬁalegé) ?Tafﬂacsp I ac§§h§gbfuﬁéaﬁ?gfga§rm°'}mtl on
vector to determ ne a prxele6)dfinaeiwhtrelihé Si%E alaytikntveeniltifNddBiSsofe f rame.
Simlarly, the second B frane would use -1/3 tines the same P frame notion

vector to determine a P5?BOEONS} weight Rlinles Gomssronting pixelpaf fPerrPa'fn‘iﬁP@ﬁéi 2/ 3
tinmes the subsequent P H(yrtﬁé@amgg’éa'lé)f?ac\fﬁxﬁt Vi (t%)%?%gb TR&Ge tdPixal maj f set

vmth respect to the previous P frame. In direct
‘ then be multiplied by some proportional WClEht D).

[00154] As with all direct modes, a motion vector delta can be utilized with each of

© mv] and mv2. | |
[00155] In accordance with this aspect of the inVenfion, direct mode predicted
macroblocks in B frames can also reference multiple subsequent P frames, using the same
methodology of interpolation and motion vector fraxﬁe scale fraction appiication as with
multiple previous P frames. FIG. 15 is a diagram showing a sequence of P and B frames in
which a nearest subsequent P frame has a motion vector referencing a prior P framé, and a
next nearest subsequent P frame has multiple motion vectors_referencing pnior P frames. In
this example, a B frame 1500 references two subsequent P frames P2, P3. The P3 frame has
two motion vectors, mv/ and mv2, that reference corresponding prior P frames P2, P1. The
P2 frame has one motion vector, mv3, which references the prior P frame P1. In this example

b

each macroblock of the B frame 1500 is interpolated in direct mode using three weighting
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a small delta is added to each correspondi ng notion vector. As anot her
aspect of this invention, this concept can be extended to B frane

r ef er enc %0 dMiH@M3pbint to one or nore n- away P framesPCRUS283/019327ur n
reference one or nore previous or subsequent P frames or | franes, by '
taki ng t¢rens{ Inghis cases thgmeationveetonframe feale actwne may he greafer thap Isurdése thianact i on.
[ 001461, FIG 12 is a diagram showi ng a sequence of P and B franes with
interpolation weights for the B franes determ ned as a function of

di st ancgoois®]a 2Thesightingefyt eid fofn dfdiree riddztB frethe hiBRMBTocR inkerPBRYion

subsequent P.frang. In the illustrated Sxa le, M=3, indicating two
consocuCAy Htiligerthe Filkzeer ty of seforpglapiQR 8 descaRedarsity 1 prrtigriss eagtoweightops. | n
- 29 WO 20044 JPthE Wi 35080 R3iEd mee%tpﬁ‘emeL&e éégg E]uﬁ:lﬁ)‘/ Lasat ed

frame 120 )

macrobl ock in the next nearest subsequent P _ ., Nnh=2) mght
poi nt t aumber ofihits) fpe Namepsinage uniseBheutorp@atiqrafiactioe 6t forth impwved deectt wo B
frames 1200 20 f.er ence. xt arest -subsequent P frane' 1208
rat her '-tr?logi(r% CH8° Wéﬁ@éttg ggg%ggrqﬁ’etéﬁ g’lggﬁrn 5rr?§gr1 'S PEILITARE MGy ent i onal MPEG
Thus, forooasg)fi r EactBmbcrabeckl 26he B fiamef 580w oatibbecohitmtddanr aFichdtfrdies t he
notion vector ny fromthe next nearest subsequent P frane 1208 woul d be

used as @RI~ off set CoFtsROndRgRXEls 06 fipme P4 displapedby tedramrscale fatos franme
1202 woul d use an offse%:;gfmg/ éyﬁégﬁégg{%mgﬁgféﬁ%g%ﬁ 1%§%§%§me[ 00147 ] If

a nearest subsequent P frane referenc ol nt 0 the next
near est. previ ous P frapmpottivaal wgghtn) ple corespbmidifig pirels of faa P dsplacke used

to obtain the suitable fr scal e fractjon.to ly to.the notio
vectors. FIG 1.3 is agﬁf@%ﬁ %ﬁ%m’%&og-i/ggaﬂgﬁg\@%@/mpp B2Y '&'ﬁﬁgg with
i nterpol ati on wei ghts irﬁﬂtiﬁliéeb?s&haﬁﬁ:ﬁ)oﬁlﬁirﬁrwﬁ@ﬁq%;as a function of

di stance froma 1-away subsequent P frane that references a.2-away pr evi ous
P frand 00459 he #I | uscomaspendingpinele of eme P3 sispiaced briths fa@@scale So@tion

ref erence the nearest e t fr 1304, which.i.n turn references
the 2-away P frane 13065?&%'32?8?%?% eé’%%fq? -rrngilﬂﬁnggén#énpf%é?' SPRE pi xel -

of fset fraction is thepfopanivnsloadightik) phisicofrespofidifit bixie3lof EAme\P 1tdigplac®t | on
vector ny fromthe neafest ‘?ubseguef?t P -f}'arfge 1304, and the second B frane
1302 woul d have a pi x8 W5t SR TaghoR Lo meedhere thpixels mey ghsmhet i pl i ed

by that sanme notion Vﬁﬁﬂ]ﬂﬂi,ecigiylg&ﬂeE%oﬁmﬂameféﬁp&%dof t he nearest
subsequent P frame 1304 points to the 2-away previous P frame 1306, which

is 6 fraifi9d&dilstant. [ covspeldingpigelnef ameily dispaccdibpthefirameBchiedmetion
Cets the Nonerator or 3 BE) ettt ARl P8Ry ubde el st oo
' proportional weight m) plus corresponding pixels of frame P1
. displaced by the frame scale fraction 1/3 of mv3 (where the pixels may
then be multiplied by some proportional weight n). '
[00161] A-_s with all direct modes, a motion vector deita can be utilized with each of
r'nv1,.mv2, and mv3.
[00162] | Note that a particularly beneficial direct coding mode often occurs when the
next nearest subsequent P frame references the nearest P frames bracketing a candidate B
" frame. -
[00163] Direct mode coding of B frames in MPEG-4 always uses the subsequent P
frame’s motion vectors as a reference. In accordance with another aspect of the invention, it
is also possiblc for a B frame to reference the motion vectors of the previous P frame’s co-

located macroblocks, which will sometimes prove a beneficial choice of direct mode coding

reference. In this case, the motion vector frame scale fractions will be greater than one, when



frame distance fromthat B frane to its referenced, or "target", P frane,
and sets the denom nator equal to the frame distance fromthe target P
frame to WOOWMKEN4ROf rame referenced by the target P frrgmais2bbe2sPgn of t he
frame scale fraction is negative for neasurenents nmade froma B franme to a
Subsequet¥ np(tfnﬁaﬁ?ét,PrawauSp%g?wwefwc%%uwmﬁﬁ@rew&amw wmoBofirane to a .
prior P et R ’E Wﬁ& ' : - dih stan r the
frame scg e Trlé}é?lbgsnﬂti{éygﬁb&?ra %%??’g%%{gc%g%% %%ﬁégg%ﬁﬂ!}"ecbe "%%e%}ffective
di rect npeteiousBdiang. has p 0t vesior teferencirgnoprierP fspe di thid extahipk, b Bvfeathé on i s
to allow direct nod o apply.to |tiple interpolated notion_vector

ref er encégdocfffeécnlse%lﬁgﬁrﬁw d’rré/"é‘?&i %",’e?? @C@?t}%ﬁ@C%gvofﬁ‘fl@F pdl ated from
the near pgéreRs tieaxkt HEGLESP e P QRlawRy FIAMRSo i B §aine TBO®. TiRS erence in
accordance with this aspect of the invention allows an intérpol ated bl end

f or eachapRIPRTIaY: Eame sqals fsartienyiate k9Whode B frane nmcrobl ock. I n general ,

the two RYelg ¥ ave an. appropriate frane
scal o fr 40P TBAF ol heRl ERs alve i RRLIER £p BB TRIRIbH ) 04510
PCT/ US2063hes2 (38 methmidisimidat torthiob@desoréteddan sohjhretionavithrEIGU $4 dpphy tdobtain
correspondi ng. i nterppl ati on ights f.or each B .frane referencing or
“targeti ng‘et"ﬁ‘igic’nl’—“e?tf’g. ,eé‘%alﬂggcé'gpbw il ,t’q‘d”ﬁ%tﬁéfégglzﬁtaéif%‘%t ed B
frame nmagicWmOS keqieride O PGRTIERSALS 18 WhidHDA&Mdst fleGoud B flathethalihvdmdtids how ng
a sequence of P and B franes in_which a subsequent P franme has nmultiple

not i on v¥etst seferencangprerdyiippeso In thistexample, a Brframge 5709 efepsinees the pvionaRe 1400
ref er encgsmaps UBSERLES vd2 r,,g?% | o Wo_potion

vectors, ﬁ?rlvnl aﬁ(g m?2, t-¥|acttgrr e ef?%cpégﬁgl?sr%ggéﬁg?%aﬂcgﬁgorquQ r.gﬁe\ggs 2, P1.
I n this &mmaplewhilethe hearnd nubibo ekctafmilrefdBerfcenthe 21403 previobe frmhePpol at ed

in direc rmdcla_ us'kﬁrslg eithgr of. two we‘%_ghti ng terms or a conbination of
such wei ??Pé’ PR .aT?) S‘a" %Srﬁﬁﬁlbor | ock for the B frame 1400 woul d be
constructed1es] a bEfhdndcksiidck HOHE Bame 07000598 BE Behsudteh §s Phichd HER: P2
di spl ace the frame scale fraction 1/3 of mv] (where the pixels may

then be gﬂg 2/13 Bli e by stomespopdingmixelsoriframelydisplageddivibe fome scaprofiatitiog
e ko ey
[00153] corresponding pirepdrsomsd weighni pRis cdinsgionding pineld dtefrantedtPedi sl adet
fraction by the frame scale fraction 4/3 of mv/ (where the pixels may then be
multiplied by some proportional weight j); and
[00167] ] corresponding pixels of frame P3 displaced by the frame scale fraction
1/6 of my2 (where the pixels may then be multiplied by some
proportional weight k) plus corresponding pixels of frame P1 displaced
by the frame scale fraction 7/6 of mv2 (where the pixels may then be
multiplied by some proportional weight /).
[00168]  When the motion vector of a previous P frame (felative to a B frame) poihts to
the next nearest previous P fra_me, 1t 1s not necessary to only utilize the next nearest previous
frame as the interpolation reference, as inFIG. 16. The nearest previous P frame may prove a
better choice for motion compensation. In this case, the motion vector of the nearest previous
P frame is shortened to the frame distance fraction from a B frame to that P frame. FIG. 18 is
a diagram showing a sequence of P and B frames in which a nearest previous P frame has a

motion vector referencing a prior P frame. In this example, for M=3, a first B frame 1800

would use 1/3 and -2/3 frame distance fractions times the motion vector mv of the nearest



2/ 3 (4/6) of mv2 (where the pixels may then be nultiplied by sone

pr oporti onal ht k) plus corresponding pixels of frame P3 displaced by
t he frané"@é%{F@“'%r’%ct ion -1/3 (-2/ 6) of mv2 (where the PaiTKEs2603mR0397 t hen be
Ml tiplied by some proportional g]ht 1). [001541 As with all direct
Trodes, é’r‘ﬁ%‘?qsé)nﬁ%%B oér ktfeﬁeﬁ%tldc%ﬁra@é 867 WOE@dJSw?Brﬂnéabﬁ fofme dgtanand mv2.

00155 i o L L
E)redl C][ eﬁgiet &nggﬁgtgﬁgeﬁ)s\g:u%lbﬁg{u?gngz%%g&nb%5{’) Fef erenecgggwf’g?%g%mgﬂ'g?equent P

franes, cawifngn threcasastewnme FRGAd. ogy of interpolation and notion vector

frame s I r.acti,on ati nas multiple previous P franmes. FIG
15 is a |0 dm shEW? ﬂgﬁg"‘g’ ﬁs’F’p‘SHEF‘ﬁdfrF‘éErfE%qu?fo%hlk’:WValvPﬁear est

subsequegtingtHer cafi@idh@ Snctle fﬁ?ﬁlhﬂrbt}YeFf‘ a4 fabreqm%ﬂ%'ﬂfﬁ'oﬂ 9nd sﬁ’xgleovec%r fc&frﬂ? , and a
next nearest subsequent P frame has multiple notion ve€tors enci ng

pri or PMqdgpard refefencerfragmes diandirect modg testingethe Bemest efisequae ® ftave (snhsequent
P frane r tlonv tors d. nv2, that
%gP 311a1]§3the Bgﬁ e §re§t 8% B&ﬁ P ﬁ'Me verﬂ)Tor gampéélbﬁqgﬁ%tq)hggn%gne not i on

ref erence corfespondi ng prior r anes
vect or, an@/8r owdnrainormpfcs'ncmsd)e&amdssez cqat beoested by @i@iditts, ahB atshiafl RadePbdits €ach

nacrobl ck. of the 1500 is i rpol ated in di r ect mpde using three
wei ght i REPC3HY 05 3 6%“3%91‘56‘% %0% Merseyaapde R rgfergnce|framedigtancgtseto t he

noti on \be@tséarb}fg@éxedé}cal e fractions may be greater than 1. or |ess than
-1. [001561 The weightings for this formof direct node B frame macrobl ock
Interpolation can utilize the full generality of interpolation as

descrl beénien@éEinterpdlanpaviiel ar, each weight, or conbinations of the
ghts, can be tested for best performance (e.g., quality versus nunber of
b| ts) f $0033Pil ous ltiikreRseifigdin MP EﬁEré 2.né dpas wiell orin thead 26 rand &t 2630r

hunber | SPAdS, Hal BamBRRE o6 AP & BRALE SLALG Auls BEFBIR M) MetrncalBndy e
1500 wobhdkwaed mﬁﬂsmqed(ftaauts,a&s disphdceditly t}reOﬂ?tnon[\?thEsS]Ang?gf m%ammgg pi ?ﬁ' S.
e rTractrLon - 0 ere e

of framg P3.dis gsed t he fvrarre sc]
pi xel s - HRY" T rﬁWF f\‘/ﬂof’é’é f)“yous?dﬂ%f% PRIpErtsighiiaes thet g Slgf}lﬁ?ﬂl%lx
cor r espafstoRgBftandd coditfg dfficiBEeyds WE1P R4 e @dtendidn Bhﬁxcf] Exﬂ&ﬁxa? m§ﬁt11f1 £ tion
-2/ 3 of nmvl (where the pixels may then be nmultiplied proportional
wei ght Jrr)ore than two references, including two or more references backward or forward n time.

This aspect of the invention also includes methods for more than one frame being referenced

and interpolated for P frames. Further, when two or more references point forward in time, or

when two or more references point backv» ard 1n time, it will sometimes be useful to use

negative weightings as well as weightings in excess of 1.0.

[00171] For example, FIG. 19 is a frame sequence showing the case of three P frames

P1, P2, and P3, where P3 uses an interpolated re_ference with two motion vectors, one for

each of P1 and P2. If, for example, a continuous change is occurring over the span of frames

- . between P1 and P3, then P2-P1 (i.e., the piXe] values of frame P2, displaced by the motion
vector for P2, minus the pixel values of frame P1, displaced by the motion vector for 151) will
- equal P3-P2. Similarly, P3-P1 will be double the magnitude of P2-P1 and P3-P2. In su.ch a
case, the pixel values for frame P3 can be predicted differentially from P1 and P2 through the
formula:
P3=P1+2x(P2-P1)=(2xP2)-Pl
[00172] | In this case, the interpolative weights for P3 are 2.0 for P2, and -1.0 for P1.
[00173] As another example, FIG. 20 is a frame sequence showing the case of four P

frames P1, P2, P3, and P4, where P4 uses an interpolated reference with three motion vectors,

34—



[ 00159] corresponding pixels of frame P3 displaced by the frane scale
fraction -5/6, of mv2 (where the pixels may then be nultiplied by sone
proporti owal 2008009310 k) pl us correspondi ng pi xel s of fr aanRdodios@haced by
the frane scale fraction 1/6 of nv2 (where the pixels nmay then be

tul ti pl i-e foyeash o PhrRIpend PDHzus veiicg 4 14 predizted FoRORBPR, awdPY, elapomdiicg

'pi xel s of c{orréiarrr%ine di pl ace bv\{, tpe fr'a_ge. scale fraction -2/3 of nmv3
(wher e t We, TpiXef %@vﬂ‘l”ee B AL PR d‘nﬁglsgﬁﬁeacoﬁ'ﬁ’&b%@%lw%i ght m
pl us coréaptgdivegthi ssed 6f Pémds, @R PPIP1 Wb HRkQGEBotR Y 3LHeard e ShAPEP]
fraction 1/3 of nwv3 (where the pixels may then be nultiplied by sone . -
pr opor t | WARE <3 gath 35 PZERDeed 3 xAP3WDh al | direct nodes, a notion vector

delta ca il At - ?ﬁzgﬁl , . QL1621.Not e t hat
a parti cg?gﬁgi ben?ﬁ?’clwg}‘pal rect Q%Sﬂ%dlﬁoweo%%n%ﬁg%g%oﬁrpsz gﬁ Y%uéé\penem
near est subsequentP4= Pt ardex (R -Rl9roBx ke (DeRipst P (waghs3brnacked) ng a
candi dat a 001631 Direct node codi of frames in MPEG 4. al ways
uses the?ggbgégugﬁ{h%yrefﬁ(fqm?gﬁﬁﬁdo‘wovggtaﬂp?gg’souhﬁPeéference. I n accor dance
wi th anot her aSpeCM@Plmwzkmnpi)eﬂ@/ikP3js(1¢d)]§P1p0§$éiQ{t§1B%dﬁ). frame to

reference the notion vectors of the previous P frane's co- |ocate
macr obl 0ER8L7Ghi chlhginredictiored Pddasedrumpa P3 apd Ramowiddbe: choi ce of direct node

coding reference.pqd Dph his, gAse, t_fkg_ ;,)np-jt i_@y vector f e, fractions
will be greater than one, en -%2 280?/3'004310 P%iggf&& 7 the
next neaf@@17°pl evildewever, firmight also befilzle ime the biarigh enasendae &4 PHimrohvinsP3 r ame' s
P notion tor. FIG .16 i.s a diagram show n sequence of P and B
frames i?lndmvﬁc': argorr?ergfaglsetpre%%’ Pgtzg Pre '°ﬂ%€’va]"ﬁ’§t|oﬂ-ﬁ%gfg’r"‘r}geﬂ‘érenci ng
a prior WeighetoRach of thdiive e aboee ifvoRifig PITRnd 180015116 RNERSinkBRink- aWay
previous P %rgﬁ gz. The notion vector nmy of frame P2 references. the next
previ-ou.sorliLy P ARG ‘YOL’(lcﬁfeé‘NéV’:.rel ative to the B frane 1600). The
appropriate f{ameprohe 4@ pPNEL ¢+ Wg__-[g@ﬁi@l | f the nearest
previous P frane is interpolated fromnultiple vectors and franes, then
met hods si ni 1bd/8th3 t H8F2 -#&SRBY i bed in conj (waightoh.3®6th2Flatd -01625appl y to

obt ain ang .;@#ion vgcdt.ok' f.{ arﬁé scal e fractions and jnterpol atiagn I ghts.
1 A 1 3“5
FIG 17 |2 8 dl agr acr% rdingly, 1t wi some%mes e u_serIC{o use _VVC]gi’ltS othpe%ovels and

below zero. At other times, if there is noise-like variation from one frame to the next, a

positive weighted average having mild coefficients between 0.0 and 1.0 might yield the best
predictor of P4’s macroblock (or other region of pixels). For example, an equal weighting of
1/3 Qf eéch of P1, _P?., and P3 1n FIG. 20 might form the best predictor of P4 in some cases.
[001’7_9]' Note that the motion vector of the best match is applied to. determine the
region of P1, P2, P3, etc., being utilized by the cbmputations in this example. This match
might best be an AC match in some cases, allowing a varying DC term to be predicted
through the AC coefficients. Alternatively, if a DC match (such as Sum of Absolute
Difference) is used, then changes in AC coefficients can often be predicted. In other cases,
various forms of motion vector match will form a best prediction with various weighting
blends. In general, the best predictor for a particular case is empirically determined using the
methods described herein. | |
[00180] These techniques are also applicable to B frames that have two or more
motion vectors pointing either backward or forward in time. When pointing forward in time,
the coefficient pattern describ.ed above for P frames is reversed to accurately predict
backward to the current P frame. 1t is possible to héve two or more motion vectors in both the

-forward and backward direction using this aspect of the invention, thereby predicting in both



showi ng a sequence of P and B franmes in which a nearest previous P f'rarre

has two motion vectors referencing prior P frames. In_fhis exa a
frame 17800 %8V dlces the previous P frame P3. One mobF HFSPEUH 97m/] of

the preyl 3t §onc(19gr'rat rx/%r Ql%%\s?‘e]%ﬂgq lﬁgﬁ(c;opt'imgse VaH3us precLEt?prrrg caF.)nzbe while the

Second notion vector erenc away previous rane  P1. The

appr opr optiizkd apeeclsamlgahd blaﬁdl weighting ehihdast prediQd Gz IndcasBlodkaer ehkock for

the B fra 1700 uld b onstructed as a blend from [00166]

cor r espBH& 'f’?é“’ﬁ??go%“@m%r P3 di splaced by the frame scale fraction 1

I3 of milhohehgre FE NiiXgldfaghRy sKdvafg Reedqiehtd BHP &fd E’ﬁmﬁ@é‘fﬁ wkHElPPé'H&ub onal

wei ght i) plus corresponding pixels of frane P2.. displaced by the frane
scal e f Pdeaniespavg @ﬂftﬁrmv‘c nqmrvectpnsere&rmm myUSMeWOIIﬁeP framks, |aptﬂ| ed’ by sone

proporti nd [ ond | er
di spl acggo%ng ?%9? tsg‘él é"L e(atz . Beﬁggcfvg (\f\lﬁlg?' tr Ereﬂf?gﬁ's may
t hen be pﬁﬂlbﬁlhﬂBlfﬁﬁthyn thiv@&anmple) p& frarpe 21 oor\eméﬁcemu@lpysn@@m fsmensidng

pi xel s of frame Pl displaced by the frane scale fraction 7/6 of mv2 (where
the pi x&VesthsgaueRbh BRES-nul tiplied by sone proportional weight 1). [ 00168]

Wien t hg ggaghqn fopﬁ]erexahplelmrs@rweemﬁafzrlaﬁ&me&»@'nﬁ}sw@déced@d £ f@me) points

to the next nearest previ ous P f rane, It Is not necessary to, onl Yy utilize
t he nextexample tswork: Hvs vseful sbmghmenty- artler framesnpe bistraam ingheordeeedesior n FI G

corpens S Rre  ARDRISLOHE L AT piesRiHE Br off oini B8phgPelT oue
frane i Fosbaiipld)ébla framzeqienagishoding eyttie nidtat(k.9N rdtatdm of aB objeatya t 0 that P

frame.. FIG 18 is a diagram show a seg,uence of P.and B franes |n whi ch
a near e??“ﬁﬁl“‘é(/ré{?g‘elm?%‘é"r@°??a§§“ ”Prgtql%?“f’t fEames tharfodhe ReATRY Subspayeat P p

frame. lgnfehiRs. ©538PlferdnPihoWits a SequbAciof® fHddBah8O witbiHhe bisEeald 3 and

-2/ 3 franme distance fractions tines the notion vector ny of the nearest -33
WD 2004@0@&&@@7@526@@2@@@?froxrpthemsolps( ofdefrr larthis Peampib frasecBhs. B frane

1902, o Pl AT iR MR AR BgiLeen) St
- the cas®efhomn bluﬂdnE;ble Pl%eforé EQJFGSf]sraAW \ehdHP fhune Glidifd sigedlitdithe deckeizr t he use
of dir e%heml(xj Gi] }p%rgg]g E:g'nb{)g leSQa\{‘ e!dv(eé\sg an explratxon of n frames in bxtstream order, or
~ after frame X in the display order).

[00183]  Ifthe weightings are selected from a small set of choices, then a small number

of bits can signal to the decher.which weighting is to be used. As with all other weightings

described herein, this can be signaled to a decoder once per image unit, or at any other point

in the decoding process where a change in weightings is useful.

[00184] It 1s also possibie to.download new weighting sets. In this way, a small

number of weighting sets may be active at a given time. This allows a small number of bits to

signal a decoder which of the active weighting sets is to be used at any given point in the

decoding process. To determine suitable weighting sets, a large number of weightings can be

tested dunng éncoding. If a small subset i1s found to provide high efﬁciehcy, then that éubset

can be signaled to a decoder for use. A particular element of the subset can thus be signaled

to the decoder with just a few bits. For example, 10 bits can select 1 of 1024 subset elements.

Further, when a particular small subset should be changed to maintain efficiency, a new

subset can be signaled to the decoder. Thus, an encoder can dynamiéally optimize the number

of bits required to select amdng weighting set elements versus the number of bits needed to

update the weighting sets. Further, a small number of short codes can be used to signal
~36—



testi ng t he candi date node agai nst ot her avail abl e interpol ati on and

si ngle-vector coding nodes and reference frames. For direct node testing,

t he near e¥P QQJ‘H’é’é’dﬂuent P frame (and, optionally, the RETUSAWIOW397 '

subsequ r b uent P frame d/ or one or

hor e prgd\él;nc[)]tli)osrI %%F[E h@‘g eagtﬁejiét% }é%q?é%%aﬁﬁlﬂl ares? s ﬂg"‘é{“sgm?ani?ﬁ'ber of
bits (t\;cpnsccatd s;grmmmecset ctf\m:)glnmgs lsechussefdr b &- ﬁ;pﬁ@rldfv)éctbhpredicﬁ@xﬁn AP EEme

ref erenc sx ango)& é(i\ %] used ??i a decoder. Extended
| nt er pol th ue%’ [-OPL & -forvardrecias apdl Lkagkyardyyegtor nredition e B frams wel |
~as in tr(a/héfeaﬁin@n%d-kei’e@ﬁ‘ed Fn0dands, . Hheta I@f&r"\ﬁ%%c‘rb?gné'ﬁ _dk@hravei ghti ng

of pixel values of the forward referenced and backward referenced franes,
as di splseegprisdictie impP |f@ﬁle\£é/b§@r1%aﬂ%@rmiecwrfmt0df 21 Bii.s), ab aiertipmn

| ncl udes, f?l?eioédr&ﬂ{ MO (¥ (G5 e ARl oS8 R IR B2 R | 020

significa ove B ney, % he extensi on
of such mryfquathng]ﬁmms) to nore than two references, including two or

nore refere s b d oy forward in tine. This aspect of the invention
al so i ncﬁﬁj"g%e]rret ﬁ;gg""?;{ 5?4‘&%’ SN deeqyerpg ol aKigB fames é’ﬁbé&ﬁlgftfﬁd
i nt er polvadigietinger A B fr&AEB00 Hal Wel}is a-¥NBO vAINE SFwHITH fe b& E)%[eﬁ ﬁgfe

forward in time, or when two or nore references point |n tirme, it
wi sor‘%f‘?ﬁéy%tmgéﬂaﬁw%%é’mﬁéé% h%GeWmehtgm wrlgs valsewflwmaisamel ghti ngs

in exce S fra uence show ng
t he casza§sc§€ltl ree E’QD? %éﬁ%?ﬁg% %@@L%z&& §r“ée' "ﬁ%%%‘ebﬁrf‘%l%ﬁge‘?’pol at ed
r ef er engermartently downiudeirto vieoteoodsr), end signaled Bpaherebilr. Otitr Waightifigs

exanpl e, conti us ch e.l.s occurrlng over the span of frames between
P 1 and qs%yn?'ﬂié:ﬁpbgowlfa%gg‘@d thepignglede| “val ues of frame P2, displaced by

the notipoisect Omﬁmﬁaechﬂlqllﬁbl%lafyib@ Lﬂéd(@ g\‘nﬁllni!ﬁﬁ Qﬁdafter @E‘ightﬁ% sefdl tFp| aced by

the notion vector for Pl) wl equal P3-P Slm arly,
doubl e tSRECHRGAtePglatign Vﬂzuqaicaw@vpbnpg quﬂle?,t@@ﬁe values s be sipealed which val ues

o R, 0 Ay B " (e
- i nt er polrepresentanenyrersusflinearPemotidn Of EanveRed vane (inlantalfetatelineaf ortdh731 - As

e e TN
t hree noippiyro VEEHODE valueSdr WRRAAS 4K AG AR PCHOHRAQ8(H 2@ Hion.

[00187] Active subsetting can also be used to minimize the number of bits necessary to

select between the sets of weighting coefficients currently in use. For example, if 1024

downloaded weighting sets were held in a decoder, perhaps 16 might need to be active during

| one particular portiqn of a frame. Thus, by selecting which subset of 16 (out of 1024)
weighting sets are to be active, only 4 bits need be used to select which weighting set of these
16 1s active. The subsets can also be signaled using short codes for the most common sﬁbsets,

thus allowing a small number of bits to select among commonly used subsets.

Softening and Sharpening

‘'[00188] As with the simple sepération of a DC component from AC signals via
subtraction of the average value, other filtering operations are also possible during motion
vector compensated prediction. For example, various high-pass, .band-pass, and low'-pass
filters can be applied to a pixel region (such as a macroblock) to extract various frequency
bands. These frequency bands can then be modified when performing motion co_mi;énsation.

For example, it often might be useful on a noisy moving image to filter out the highest
—37—-



one for each of PI,:P2, and P3. Thus, since P4 is predicted fromP3, P2,
and P1, three notion vectors and interpolative weights would apply. If, in
this case,. a continuous change were occurring over this span of franes,
t hen P2- PIWQ@UH@084ual both P3-P2 an d P4-P3, and P4- Pl pcnsiods/eqgsal both 3

3 - d. 3- P2 741 Th exanpl e .case, a

S odi ot | SFOBRIGS b alEic B BB G S gk sﬁ;)] fv&mzs?éafe;;;soh;maie |
3x(P2- Pl @xith it Basdix G Zatidh (a $ flotPN O
r;4X(based pﬁﬁﬁ)&g}?’?ﬁd Pl)av?/o drgbe aPz gﬁ%ﬁlinn s th%l; P! 1%?3/2 x P3) -

(1/2 x P|h)8frﬁeq‘{jn®éﬂqsaan mwvnslyloclf)ow@v@yamh@r@raeuor@tqfﬁmemfcom, mashed upon
P3 and P3; waitesh 31% 6" s1§%a-l e m?%e(lﬁ uggﬁzbaaof a{(ﬁfn%% Iflor eV %%an tSIt2 0

cand -1.0) [001 Howeve e nost
near to Mals¢ m?@ibh Mgio%loaanulstm tllu matacmfpelurmhanabhm a{reﬂacmaé tiaf the4 t han

P1. Thu n 4 0 each f the two
20 L kLY il S B IR o T Bl
P2, woul chot. €Riwdver, it:willloRERbEmost dPRXktive tycﬂﬁﬁge%oﬁgthe tﬂ{/xﬁatHiL)and" ﬁﬁér4(3 P2-- 2
Pl) 13/8 P3 + 1[4 P2 - 5/8 P1 (weights 1.375, 0.25, and -0.625) [00178]

Accor di ngﬁsﬁmqtqrswmchmil?%%nwaw@mwme wei ghts both above 1.0 and -
bel ow zer@o14910t s LoitRsn Fi'afctlééﬁt%rlﬁe fedu ?o'hlltidﬁefo?/ %{rbr%ta O(me{ Qjgne frame

to the next, a positive welghted average having m coef Rt S et ween
0.0 and With a¢hgbma spesifi ttlmatbesHOvaéeoﬂlctesolunbn E?ﬂélsomcw)bg mmkan(:(intkﬁﬁ her

regi on of a wei each of P.1,
eg “and Igﬁg%l (2%'?‘]!5%4 g@&ﬁﬁgﬂ#%ﬁ.% aluyﬁp‘gg?ﬁog?a%gf °rFf£t;;’12 g’é‘ﬁ\ggﬁéas es.

[ 001791 INesointioh ahilyt Hoeizomally) nCoding eﬁemfveﬁdaecmmaaﬁs@b in SccafdahdeBWhth s
determ ne the [& %on of P11P2 P3, etﬁl bei ng utilized by the

conput at PHFST PEne Fiventiopbyspalyimg 4 dyriamic Rlterprensss disuie melionrrompensationto n sone
cases, abbmvuha@naaﬁaahwﬂaﬂc%de?éﬁaehﬁ Bﬁm%ﬁﬁhﬁtﬂ’ccgsehg Hg{gekgﬁ AC

"coeffl cients AIternatlveIg mat ch (such as sol ut e
Di f f er end@PL99Iusel;S.Patent Lpriirgien No. M‘b‘c@ﬁt entitied t ‘Enbanced Tereporbleand

predi ct egegd) Htl(% enﬁ%ﬁxeﬁdvan&%r Téw\ﬁﬂ fex%];uée@gatsb r} X%gxhgers éﬂa ts?ep?éwblals ¢ form

a best predlct on vari ous wel
pr edi ct ollmpmrve@dlp]aiactmt fBiters haeng seganpe roibesaﬂal tyuindate sint Aedtios) Thest HiGers

11 anes " TEd AL Py BB VR SRBIS, HbPOPS R TR Phroch THEP RV 0 o
forward iofiniotioe vedl*?&ﬁbpﬂlﬁbxlﬁbmtngt b&thWey idtdoBr ik élRiisplacement pomt and at the
fractional points, some rhacroblocks (or other useful image regions) are more optimally
displaced using filters which reduée or increase their sharpness. For example, for a “rack
focus” (where some objects in the frame are going out of focus over time, and others portions -
 of the frame are coming into focus), the transition is one of change both in sharpness and in
sofiness. Thus, a motion compensation filter that-can both increase sharpness at certain
regions in an image while decregéing sharpness in other regions can improve éoding.
efficiency. In particular, if a region of a picture is going out of focus, it may be beneficial to. -
-decrease sharpness, which will soften the image (thereby potentially creating a better match)
and decrease grain aﬁd/or noise (thereby possibly improving coding efficiency). If a region of
© the image is cbming into focus, it may be beneficial to preserve maximum sharpness, or even
increase sharpness using 1argér negative lobe filter values. , _
[00191] Chroma ﬁiten'ng can also benefit from sharpness inqreése and decrease during
coding. For exémple, much of the coding efficiency b.cneﬁts of 4:2:0 coding (half resolution
chroma horizontally and vertically) can be achieved by using softer motidn compensation

ﬁlters for chroma whlle preserving full resolution in the U and/or V:channels. Only when |



t'he coefficient pattern described above for P franes is reversed to
accurately predict backward to the current P franme. It is possible to have
two or nongormdsoddziyectors in both the forward and baciw\auglzodj/aze@tyi on
using this aspect of the invention, thereby predicting in both -35 WO

2004/ 0043 viprdemil istedd Ambl shannelsiis high vaH 4t tegiesassare iy select the shatpahl e wei ght ed
bl end of t he
R R T R A e

regi on) dofraia. current B frame. [00181] FI G 21|s a dlagran1shomnng a
sequence P .and fr. S.in which. vari nmes, have one.or re

ot on velt WY e dp BB o ek B PG i G Bsp copBRRE nath e SRy

differ entarﬁbﬁinﬂ@ﬁrﬁoﬁ’orﬁbl&ﬁﬁiaﬁ@ﬁﬁorﬁ oné BEMEEd thétekiO AMNe ncidd phtters it drame
references by a _ particular B frame. In this exanple, a B frame 2100 '

r ef er encdatetds 24 &sp Pesi LUPIo diglegsceneean have,sizaifisan shaiges 1o metigpddur ffamw1821 | n
the examplg daby f FoPehfple, 24 uphdr 4iFmiEht Ut oRe sE QA8 LBEn nfthe
exanpl en!tjdél%mr eqé%éﬂ#eg uge?)!: seome%1 éréts togﬁt er for anes ?% a %?tnslt reamin

t he or dernemg entielyfdwe to theguationgpf (hbdspl durmgyhmrcbmshl)t;ermecﬂnthemmta Recestsari | y

Showi ng. CYRIaTO N e el e SR By Sondn Pl AlD ER T e

nay be Mywing kﬂﬂnbﬁrcoinpcr%aﬁbxﬁbﬁlmlsoRofhEi%TEdﬁéb@ﬂnil@sﬁehﬁtoﬂl@@d?ﬁﬁienﬁlgbﬁ@quent P
frame. FIG 22 is a diagram show ng a sequence of. P and B franes in

whi ch' t hesofemag. rFé’aﬁi‘a‘EléF’l‘f/%Pg‘ie‘?GPﬂé mgtiop ﬁ@wefmse o FORSPEEOF ARG

di spl ay Oilﬁfgrmatld&eamrﬁca%erﬁpéd% ca‘nrr@é%n&’ﬁ) the movﬁ{g%r§ﬂoﬁgnh§6f£rpuﬁargemanﬁé t han
to frane P4. I's therefore useful to deliver and decode P5 before P4,
but - di splﬁgcrmldyezfegtoes ye8d fapmadtion sbpensatiomcan therasetves hrowidg somgrig¢fuk o t he
decoder uch | n of n
frames i nmﬁo%Ps orne%)%utotfrh %u&%?ngﬁ PE a%? 3%9@1‘%&@§mq%m9§m§§fayé%¢ @er’) [ 00183]
I f the wahetidn bigs, far epaabxﬂa:tm&(room@orswahlh asfﬁmd)fwmhespeexao ahyeftha snal |
nunber of b@?ds gn signal to the decode rE]WhIC ht|n |s§l be used. As
wi th al | SHFRER e RES Q%°”§§B%‘E‘Hgbr§@°ﬁ partg H°‘b rgh FQBS‘t 0 a
decoder QRERNRAF mhi¥RBerwidh P.fraffes AVhif Bho@bMSIar &gmfstfmm Mol &Resi@CARE 1hg Process
where a change in weightings is ‘usef ul . [001841 It is also possible to
downl oad epenshiiegHmegthine Fame.n t hi's way, a small nunber of weighting sets
may be acfddﬂ t anGV?fp%sta'%%h ?b§m@111 prFo@ecetthn d‘ﬁ'ﬁﬂ?@%r@tﬁs thhd. %hEO

signal a decoder whi ch o Ive welghting sets I's to be used at any
g| ven poishutt¢rpffalgemera 1s open only during part of a frame time. Any motion of the object while

~ the shutter is open results in blur The amount of motion blur is indicated by the amount of
position change during the shu_tter open time. Thus, the slope of the position curve 2400
~ while the shuttéf is open is a measurement of motion blur.
'[00194] Tﬁe amoimnt of motion blur ana the direc_tion of motion can als;o-b_e determined -
from a combination of sharpness metrics, surrounding motion vectors (where image regions
match), feature smear detection, and human assisted designation of frame regions. A filter
can be selected based on the determined amount of motion biur and motion direction. For
example, a mapping of various filters versus detenninéd motion blur and direction can be
empirically determined.
[00195] When combined with the other aspects of this invention, such intelligently
-applied filters can significantly improve compression coding efficiency. A small number of
such filters can be selected with a small number of bits signaled to the decoder. Again, this
can be done once per image unit or at 6ther useful points in the decoding process. As with

weighting sets, a dynamically loaded set of filters can be used, as well as an active subsetting
—39- )



decodi ng process. To determ ne suitable weighting sets, a | arge nunber of
wei ghtings can be tested during encoding. If a small subset is found to
provi de hwghwefdouzivency, then that subset can be signap@gyd.fosmabingoder for
use. A particular elenment of the subset can thus be signaled to the
decoder . pEhEnjsys to amfl@weﬁhq rumipgsof bits Apsded to]Fldst begweemths elosthenkfigal s£024
subset eletRD #)?: J ther, when a particular small subset should be changed
to maintain efticil ency, a new subset can be signaled to the decoder. Thus,
an encoder can dynam cally optim ze the nunber of bits required to sel ect
anong "gmrhé;g el ements versus the nunber of bits needed to wupdate

t he vvelg Ing sets. Further, a small nunber of short codes can be used to
si gnal Bﬁomzomrwmo%ﬂymsmwrﬂamgﬁhmwmsu&%w oMBt@Mihain, such
as 1/ 2, etc. In this wa nunber of bit& can be used to
“signal t eboélé e%fpr\%‘ia@‘fﬁbﬁglggm?ﬂré S)ag feé%otaew&feowe@ﬁmmmmw&d. ctionin
a P frangclub¥hsd garkothelinventionsare not) £

L- backwar d- vect or pr edi gt%olr?%larrlea énhér?éanr%grgrategeter‘%q)&) @_h%r ter &d from
0, 1, 2,apparatus, in pasicularkvanonygENETal GUIpmse madunestmu}kbwusﬂd wxmqimgrams edl ction

p f d f.
Funct i onABE (1iRCkfpfsth e Bafl RERRon L 8% bt mirs Srsdipaiiphonsfiene

frame wimbrerspsgieitdedtappdrines (e) 1gt&gmt¢m6rdané)qb poforf ﬂeﬂﬁ&dm fuil&e?e] THIEG 23 i's
a di agram showi.ng a Eﬁﬂgﬁnce of P and B franes with assigned weightings. A

B frane %G)‘ﬁ’ AL Y gmented OREAr Jayre ﬁ?mmpwoaruawﬁ%wgan PROM a t abl e
of B frase ﬁf@%ﬁgﬂaﬁﬁ e%ﬁ{pﬁte? meedeh (bR ?%e%@ﬁnéﬂﬁogggs Bieddt ot%

val ues of whic re asmg froma tab e 0 rane wel |ng set's 2306.
Sore wei dfita starage systerb Engluding volatilecand nOpedommntmyrydmdtdnsmdag& elamdnhae, at

d d ht |1
Gocoer e AN S e T LSOO Bk b Slagnco 1
dynami cabligpuiddatte pevirghthe ﬁglcﬁeﬁ§ddsmbéﬂeieﬁﬁxﬁ andCgénBia€d Aap@lihPAnMInSPhe AC

i nt erpol ati on. Further Pgnge val ues can be signal ed which select nornal
(1i near ) YRridnig B‘T‘%andﬁal( 9 QR OEPIG UG A ssyinkapvadashiand in a

non-| | NePSo1 ST eogiah ke SPbl LiFheh il B0 RLIONAnSPIELLR] val ves

(in an alternate l'inear or non- |1 near representation such
code val @rgdudingmarhing assambbhosiigh l¢vet properdusali logicaipor etppdtyorientedC or

I s t f th di ct 0187
het e CBEARRRRE o b oA Bk AL RPSe R 1R BET 51 Iﬂg?n]?’%g"héﬁess!ary

to sel emby beh veapilddue istetpsetaf lawgwaget | ng coefficients currently in use. For

exanpl e, [661&8 %4 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 computér system to
perform the procedures described herein. The inventive system may also be considered to be
implemented as a computer-readable storage medium, configured with a computer program,
where the storage medium so configured causes a computer system to operate in a specific
and predefined manner to perform the functions described herein. |
{00199] A number of embodiments of the invention have been described. Nevertheless,

it will be understood thai various modifications may be made without departing from the

spirit and scope of the invention. For example, some of the sfcps described above may be
order independent, and thus can be performed in an order different from that described.

Accordingly, other embodiments are within the scope of the following claims.



downl oaded wei ghting sets were held in a decoder, perhaps 16 m ght need to
be active during one particular portion of a frame. Thus, by selecting

whi ch subset of 16 (out of 1024) weighting sets are to be active, only 4
bits need be used to select which weighting set of these 16 is active. The
Subsets can al so be signal ed using short codes for the nost cbR¥BWISEIbset s,
thus allowing a snmall nunber of bits to select anong commonly used subsets.
Sof t eni ng and Shar peni n%é 001881 As with the sinple separation of a DC
conponent fWHATAS SLMMED 18:a subtraction of the average val ue, other
filtering operations are al so possible during notion vector conpensated
predi ction. For exanple, various high-pass, band-pass, and | ow pass
filters can be applied to a pixel region (such as a nacrobl ock) to extract

various freguency mdpodSor W@@éﬁné?f%ﬁiﬂ%’sé&&ﬂ%eGﬁéthbb%nﬁﬂis'ffwii fied when
perform ng notion conpensati on. or exanple, it often m ght be useful on a

noi sy novi [, ! Iy p 4 . .

PCT/ US20037 850382 tsgﬂté%'lﬁ‘tééﬁfc’f ggﬁﬁeﬁhﬁ?@g’gaﬁ)&%5?3{6&%%3@%@@"29}@{%'&9&9 or
blur slightly). the.image. The softer inage pixels, conbined with a steeper
Gt PP A e e 2R B e T e r x| gnor es. nor e

hi gh-frequency noise in the current block), wll usually forma nore

ef ficient WO PhPirdure region of afleasinnepredicied frapesby referencerfariye arn t he.
guantization tilt matrix for every inmage unit. It is also possible to
downl oad cusonprion referenceatle fragnes imthezecuenoe, whereimsaidareoding t he

ef fecti veness of notion conpensation can be inproved whether the tilt
matrix. is comaprissd encoding usingwevemequid waliidHtingf dfeseldutedpidtumef fegizinsve to
change both the tilt matrix and filter paranmeters which are applied during
not i on conppshaaictivo br RIS Previbusd FefeRINERADRY fRgrhb§e t 0 use reduced _
resolution for chroma coding together wth a chroma specific tilt matrix.
However,, the resol ution of chroma coding is static in this case (such as
4:2:0 coding half resolution vertically and horizontally, or 4:2:2 coding
hal f resoluytion_only horizontall Codi ng. ef fecti veness can be increased
i n accor darfte vmnW'? tlgoci 8@%'85? 10&4”?(5%0 \fgﬁ’m%n by applying a dynam c
filter process,duri nq notion conpensation to both chronma and | um nance

(i ndependengS}t'fM'rngiﬁ?QHHGEH?,W%'E H9-ed per image unit. [00190] U.S. Patent
Application No. 09/545, 233, entitled "Enhanced Tenporal and Resol ution
Layering in Advanced Tel evision" (referenced above), describes the use of

i mproved di splacenent filters having negative | obes (a truncated sinc
function). JheseThe hethed of claim 1, wherein the unequal weighting includes weights

15  greater than one or less than zero.

4. The method of claim 1, wherein the frames comprise frames arranged in
picture regions, and
wherein said encoding comprises encoding using unequal pixel values

20  corresponding to said two or more referenceable frames.
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have the advantage that they preserve sharpness when performng the
fractional -pi xel portion of notion vector. displacenent. At both the

i nt eger pixel displacenent point and at the fractional points, sone
rhacrobl ocks (or other useful image regions) are nore optinal |l yLOYD$YSECed
using filters which reduce or increase their sharpness. For exanple, for a
"rack focus" (where sone objects in the frane are goi ng out of focus over
time, and others portions of the frane are coming into focus), the
transition 3s orfemgthed fprgédenimage cempressiers thatngthod coofarisings. Thus, a
noti on conpensation filter that can. both increase sharpness at certain
regi ons i n providingpe sebuércaleCirames muclsdiag pictare fegiaid) ¢he fragiesriaclading nprove
coding efficiency. In particular, if a region of a picture is going out of

focus, it rREdieeed hamekigHdleférenceslsie fRmsSs; dhdr pness, which will soften the
i mge (thereby potentially creating a better match) and decrease grain

and/ or noi s& S & RYtRRSS mﬂoﬁ@éﬁé&; &%@!ic@ ﬁsgjecwmkenctefto%%ﬂi on of

the image is com™hg 1 nto focus, e benefi ci to preserve nmaxl mum

shar pness, eve i i r negative lobe filter
val ues. %[ Odﬁér B@h@@%?&?@??%%ﬁ%gﬁ%ﬁ?;é%qggﬂé%V?ﬁéf;r ?%"r‘?@gg qfncr ease
and decrease durin codi ng. For exanpl e, mych of.the coding efficiengy
benef i ts offMes i eiRaeRbledEATE: ABH bidFRcyRRakRIEHIReE HPMpsagach of
vertically) can be achieved by using softer notion conpensation filters
for chroma S&id frammsdseludinggpikell valvessarrangeshin macrabplecksn furthercomperising:s.
Only when -38 WO 2004/ 004310 PCT/ US2003/ 020397 <color detail in the U and V
channel s i deiehinitg 4t leastienemaessiogk withised bidirettiena pregietdd fraineplsimenment .
filters; softer filters will be nore beneficial where there is high color

noi se or  gfiRich mdde0gi@didtiohbaa@didri #dtibe vebRIRgfBn Bné 8F Hioreipredisted SO
common to have the.direction and anount of notion blur change from one

frame t@_tr}ﬁarﬂg&nd@@aytﬁdgptipn picture filmfrane rate of 24 fps, even a
si npl e di alog scene tan have significant changes in notion blur from one

frame to the next. For exanple, an upper |ip mght blur in one franme, and
sharpen in the next, entirely due to the notion of the |lip during the open

shutter ti in_the canera, For such .nmotion bluyr, it will be heneficial
ot onl v t - havd EhaEde ALCIaNa SsBPEEIN AGIL RCRI 6P es FICORGB U Grot  on
conpensation, but also to have a directional aspect to the sharpening and
sof t eni ng. FoHnequatpvaighting of splectedipdgtuts regiansoifom:aaith&vel of 81afe mselviods
softening or sharpening along that direction can be used to correspond to
t he novi ng referehcggbledraniesan i mage feature.
15
7. The method of claim 5, wherein at least one such motion vector is scaled

by a frame scale fraction of less than zero or greater than one.

8. A method for video image compression, the method comprising:
20 providing a sequence of frames including picture regions, the frames including
bidirectional predicted (B) frames and referenceable frames including predicted

(P) frames and intra (I) frames; and
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The notion vectors used for notion conpensation can thensel ves provide sone
useful information about the anount of notion, and the change in the
anount of notion (i:e., notion blur), for a particular frame (or region
wthin a frane) with respect to any of the surrounding fr arkOYDWISE
corresponding regions). In.particular, a notion vector is the best

novenent match between P frames, while notion blur results from novenent
during the open shutter tine within a frame. [001931 FIG 24 is a graph of
posi tion ofengadilg @ eictyke negipreofatdeastanes éramerby rafeeenashiora priobf a canera
is open only during part of a franme tine. Any notion of the object while

t he shutt errefesengeable fanld » the fdquencdhehemsirusaidgrioroeiecenddable framienidi cat ed
by the amount of position change during the shutter open tine. Thus, the
sl ope of t hgpapegifidn®BaliUP fran?< 80 at Vst enk MteplininFefbferRRAPIE fParfe.

measur enent of notion blur. [001941 The anmount of notion blur and the
direction of notion can also be determined froma conbination of sharpness
metrics, surrounding notion vectors (where inage regions match), feature

snear detecgdion,ran Iﬂg;ga | st i tion of franme regions. A filter
can be gel g:‘t ed ngeslgg n %@gﬁﬁ?eﬁ%h%z§og{%ﬁm%of nmotion blur and notion
direction. .For. exanple, a ing of various filters versus determ ned
moti on bl ur'd%\my'ﬂgﬁggﬂr@ﬁr?fé?é)r@@ag%?mﬁc% y determined. [ 001951 Wen
conbined with the other aspects of this invention, such intelligently

appl i ed fi |signalingzhdecefariwithhpridydentiicatien.conpr essi on coding efficiency. A
smal I' nunber of such filters can be selected with a small nunber of bits

signaled to the decoder. Again, this can be done once per inage unit or at
ot her useful points in the decoding process. As with weighting sets, a

dynani cal | yid. oageehetBdd oh o VilbelirmageRoRfprosasn sy;@ewehéviag P ENCEDf
subsetting -39= WD 2004/ 004310 PCT/ US2003/ 02039 mechanrsm to mnimze

the “U”Fger r@fer@ﬁééat{?@n%ﬁgcbiéipec‘ir%h‘é%r[egjgélté\girﬁﬁ%?If%@?@ﬁ&l!%?{ét%tmlﬁﬁﬁpq gOf

filter paraneters. ment at 1 on nment ed

L ogi o arr e RS Sns el AT b B0 BbeL b fec RRRPARIRAAS par

of the invention are not inherently related to any particular conputer or
ot her appafFaéP%%.tﬁPﬁ“%tBPE’i'% WdRg" vari ous general purpose machines may be

used with programs o . _
selecting an initial sequence beginning with a referenceable frame, having at

least one immediately subsequent bidirectional predicted frame, and ending in a
15 referenceable frame;
adding a referenceable frame to the end of the initial sequence to create a test
sequence;
evaluating the test sequence against a selected evaluation criteria;
for each satisfactory step of evaluating the test sequence, inserting a
20 ~ bidirectional frame before the added referenceable frame and repeating the
step of evaluating; and
if the step of evaluating the test sequence is unsatisfactory, then accepting the

prior test sequence as a current code pattern.
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witten in accordance with the teachings herein, or it nmay be nore

conveni ent to construct nore specialized apparatus (e.g., integrated
circuits) to performparticular functions. Thus, the invention may be

i npl emented in one or nore conputer programs executing on one or nore
programmabl e conmput er systens each. conprising at |east one L;qupwggr, at
| east one data storage system (including volatile and non-volari menory
and/ or storage elenments), at |east one input device or port, and at | east
one output device or port. Programcode is applied to input data
to:performthe functions described herein and generate output information.
The out put11i nf dheamhiethod of daipt 1@ dfurtbepoemeorisimgr e out put devi ces, in known
fashion. [001-97] Each such program nmay be inplenented in any desired

conput er | estadRing(dmtergbRaionasémd propasteidriat Iest bngipittaretegisotdur al
| ogi cal, or object “oriented progranm ng |anguages) to conmunicate with a

conput er sgﬁ%%é%@%%|%%§jte§g§%dmgage may be a conpiled or

interprete anguage. such conmputer programis preferably
stored on or downl oaded to a storage nedia or device (e.g., solid state
nmenory or media, or magnetic or optical nedia) readable by a general or -
speci al purpose programmabl e conputer, for configurin d. operating the
conput er whkgh A MEestiBagLatpRICSSOR Sd’étﬁ"ﬁ%al"@gr%éngc%n@n@&fﬁ&%‘%lgyst emto
performthe procedures described herein. The inventive system nay al so be
consi der ed and h!idired:tiqﬂaénmi@t@daf@rae%@Wﬂi‘@fléhngrpé@éléﬁbr@‘@@%‘%g‘é"%ﬁ%&ﬁ?t
configured with a conputer program where the storage nmedi um so configured
causes a caiHeUpieturs ysgiomdf at fgzst ahe bidirextispalcpredictechfrdmer isdwicoded asemer to
performthe functions described herein. [00199] A nunber of enbodi ments of

the inventigpdiay@eRftiRgdrselddisd picirsaeivakdfmm two lor widre referenceati¢ ood
t hat vari ous difications may be nade wthout departing fromthe spirit

and scope Farﬁ@? invention. For exanple, sonme of the steps described above
may be “order TThdependent, and thus can be perfornmed in an order different
fromthat described. Accordingly, other enbodinments are within the scope
of the following clains. -40 LLOYD WSE WHAT IS CLAIMED IS: 1. A nethod

of 11ams i T) b SYBTLOLAG dguRRen AdeRTLARRPEip SRRk St R Rfea

frames and referenceabl e franmes; and _ _
bidirectional predicted frame is encoded by interpolation from two or more

referenceable frames, where at least one of the two or more referenceable
15 frames is spaced from the bidirectional predicted frame by at least one

intervening referenceable frame in display order.

14. The system of claim 12 wherein at least one picture region of at least one
bidirectional predicted frame is encoded by interpolation from two or more

20 referenceable frames, where at least one of the two or more referenceable
frames is spaced from the bidirectional predicted frame by at least one

intervening subsequent referenceable frame in display order.
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encoding a picture region of at |east one predicted franme by reference to
two or nore prior referenceable franmes in the sequence, wherein said
encodi ng conprises encodi ng usi ng an unequal weighting of selected picture
regions fromsaid two or nore previous referenceable framgsQYDLWISE The

met hod of claim1, further conprising: identifying said unequal weighting.
3. The nethod of claim11, wherein the unequal weighting includes weights

15 greater than one or less than zero. 4. The nethod of claim 1, wherein

t he franmes 16o1iivd wided iraags cammagsidn isgstepi of clain 1dgironbichawghdideastn sai d
encodi ng conprises encodi ng usi ng unequal pixel values 20 corresponding to
sai d two OpnERfiGtuFefejienReaftaidd aas undqualladBhiGhf séleciednmictucel for vi deo
i mge conpression, the nethod conprising: providing a sequence of franes

i ncl udi ng P%@BP% ©f 566k Qf‘%asmﬁo_f)l‘ ATRE réferéntdiant frafedi cted frames and

ref erenceab rames; and encoding a picture region of at |east one
predicted frane by reference to two or 5 nore prior referenceable franes
in the sequence, wherein the sequence of franmes include referenceable
frames and bidjrectional predicted franes, each of _sali [ Lnel udi ng
pi xel VAl ué@-aé‘?"gﬁﬁé'a‘aﬂﬁ r&ﬁ?'88l§§'??%?1?ﬁ'é]9 ac%%%"il‘?nscl%ncgzgrege “"Zdr !F'n[q(?\i ng at

| east one nmacroblock within a bidirectional predicted frame using direct
node predi dliditﬂﬁtlbagblére@wt%frﬁmﬁﬁ/%ﬁﬁrb?%mpﬁ%HB(EW@' YrluesrALTraNassi Bt ed 10
frames in display order. 6. The nethod of claim$5, wherein said encoding
conpri ses enacdblugksswhereimat leastjoné masirgblockyitbin 8 didicactianpl rredicted egi ons
fromsaid two or nore previous referenceable frames. 15 7. The nethod of
claimb5, WigRé s aéteh®aRid @sing glirebt motle predietivrobased snahetibn vectarst frame
scale fraction of less than zero or greater than one.

two or more predicted frames, and wherein at least one such motion vector is

10 scaled by a frame scale fraction of less than zero or greater than one.

17. Avideo image compression system having a sequence of predicted and
bidirectional predicted frames each comprising pixel values arranged in
macroblocks, wherein at least one macroblock within a bidirectional predicted
15 frame is determined using direct mode prediction based on motion vectors from
two or more predicted frames, and wherein each such macroblock is
determined using an unequal weighting of pixel values corresponding to such

two or more predicted frames.

20 18. The video image compression system of claim 17, wherein the unequal

weighting of pixel values includes weights greater than 1.0 or less than zero.
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8. A nethod for video i mage conpression, the nmethod conprising: 20
provi di ng a sequence of franes including picture regions, the franes
including bidirectional predicted (B) franes and referenceabl e franes
including predicted (P) frames and intra (1) franes; and 42OYD@YBEW SE
encoding a picture region of at |least one P frane by reference to a prior
referenceable frame in the sequence, wherein said prior referenceable frane
is spaced fromsaid P frame by at | east one intervening referenceabl e
frame. 5 919Thevideo frodgeicooipaession systenhbaviogapseqienge of iretenengaablg) t he
prior referenceable franme; and signaling a decoder with said

i denti fi cabh@mididdbtioAanpidaiied franfesvéstsocompdsing pinel @akiesrarsyrgjegiinhavi ng a
sequence of 1o referenceable and bidirectional predicted franes, for

dynami cal | Yn%ﬁéﬁb@i(@vﬂger@in 50d8sPeid Ridrétlowhhin’ ABREreBayhAIradictid abl e
nunber of bidi

rectional predicted frames, the method including: selecting
Cnitial L . _ . I :
one | mroai SEETY Raine ey Ml g pRAaERTId ofoidictsom, 073

15 referenceabl e frane;,. adding a referenceable fra oth e

i ni tial 5seQRERENPE ;erlegﬁ%éih'a in Ai3RIA% REET. @O%rl%n% t?&si ﬂﬁeggg?&igégence
agai nst a selected evaluation criteria; for each satisfactory step of

eval uat i ng of moregyedistas, EATES i$ REBAQYHIY (Hsﬁéy@f%ﬁ’rrt@éh?mwoﬂpéﬁb before the
added referenceable frame and repeating the step of evaluating; and if the
step of evaredicieddrarme, ard wherejnat deast onagrasiehindtien vegtor tSfﬁ';Qﬂ%(gb}éﬁti ng the
prior test sequence as a current code pattern. 43 LLOYD WSE 11. The

met hod of Glameénsddle ffastibhef |essnpahieny or desatemtnanrgnean i nt er pol ati on bl end

proportion for at |east one picture region of

10 20. Avideo image compression system having a sequence of referenceable
and bidirectional predicted frames each comprising pixel values arranged in
macroblocks, wherein at least one macroblock within a bidirectional predicted
frame is determined using direct mode prediction based on motion vectors from
one or more predicted frames in display order, wherein at least one of such one

15 or more predicted frames is previous in display order to the bidirectional
predicted frame, and wherein each such macroblock is determined using an
unequal weighting of pixel values corresponding to such one or more predicted

frames.

20 21. The video image compression system of claim 20, wherein the unequal

weighting of pixel values includes weights greater than 1.0 or less than zero.
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the frames of a selected test sequence. 5 12. A video inage conpression
system havi ng a sequence of referenceable and bidirectional predicted
frames conprising picture regions, in which at | east one picture region of
at least one bidirectional predicted frane is encoded as a I

wei ghting of selected picture regions fromtwo or nore referenceable 1o
frames. 13. The systemof claim 12 wherein at | east one picture region of
at | east one bidirectional predicted frame is encoded by interpalation
fromtwo orR2nmA éidepdmagernosairessipn system Waring asequanse offefesenedrble wo or
nmore referenceable 15 franes is spaced fromthe bidirectional predicted
frame by atandesigirectivhal prédicted fianges eder eompdbing Hixelvalies alranged/inor der .
14. The systemof claim 12 wherein at |east one picture region of at |east:

one  bi di r 6544 BBRICKE! WHERIEEL fea8iBné maA6HIBER within abidiretishalqretiioted t wo or
nmore 20 referenceable franes, where at | east one of the two or nore

ref erenceall ¢ (f a0RS I b SRAGErbEOARLUD BB EEhEaIBh SRS Raerifae by

at least o erveni ng subsequent erencea rane 1 n display order.

44 LLOYD WSE 15. The vid i mage ,comr i of . cl ai 4, in which
such at 5 ed¥¥e ordﬁgrquadbqtgg?r@é?%% W@ergﬁcaggé%sqa%ﬁ%?\ftsmq%nﬁ J)'a\/\/'llgl:g‘é ting of
selected picture regions of such at |east two, or re referenceable
frames. 5 1gedigted tn@r@eﬁ@g@bw%&ﬂ@ﬁ%ﬂﬁsm%@@{%'fﬁct%@wﬁ@&ﬁ’
predicted and bidirectional predicted frames each conprising pixel values
arranged i rframeandidpackd fronh ghe bidirgctional predigedisamehyrideastiien a
bidirectional predicted frane is determ ned using direct node prediction
based on nmuhicpvening réfeserideaivle framepanduvherpinaatileastdrier suakemotion vebier és n at
| east one such notion vector is io scaled by a frame scale fraction of |ess

than zero ol LB §frdmedcaRrackion df I¥sdigani 8@ or gREaEPtRINOGNey St em havi ng
a sequence ofa predicted and bidirectional predicted frames each conpri sing

pi xel vg)l ues arranged in rmacrobl ocks, wherein at |east one nacrobl ock
W t hin bi di rectional predicted

23. Avideo image compression system having a sequence of referenceable
and bidirectional predicted frames each comprising pixel values arranged in
macroblocks, wherein at least one macroblock within a bidirectional predicted
frame is determined using direct mode prediction based on motion vectors from
1s  one or more predicted frames, wherein at least one of such one or more
predicted frames is subsequent in display order to the bidirectional predicted
frame and spaced from the bidirectional predicted frame by at least one
intervening referenceable frame, and wherein each such macroblock is
determined using an unequal weighting of pixel values corresponding to such

20 one or more predicted frames.

24. The video image compression system of claim 23, wherein the unequal

weighting of pixel values includes weights greater than 1.0 or less than zero.
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15 frame is determ ned using direct node prediction based on notion vectors
from two or nore predicted frames, and wherein each such macrobl ock is
determ ned usi ng an unequal weighting of pixel values corresponding to such
two or nore predicted frames. 20 18. The video image conpressi t em of
claim17, wherein the unequal weighting of pixel values i nc"ﬁ'@gbﬁ i ghts
greater than 1.0 or less than zero. 45 LLOYD WSE 19. A video i mge
conpressi on system havi ng a sequence of referenceable and bidirectional
predi cted frames each conprising pixel values arranged in macrobl ocks,
wherein at | east one macroblock within a bidirectional predicted franme is
det er m ned 25siAgiddo limate rooteprpssidn cystem hasiad sosequencernfrefdrencedblem 5 one
or nore predicted frames in display order, wherein at |east one of such one

or nore predintd<LebrhpASAG dl)‘éelé)"aﬁ‘éhgéé irh ﬂlc‘ﬂ!rénb%hbn@,r Rewhich dtheadtiofer ect i onal
predicted frame, and wherein at |east one such notion vector is scaled by a

frame scal e;ff,Actd %@Fath Sst SRBr e%i%tedwangérgaérﬁffogren ea?&f‘renb@t@@moérv' deo

i mage conpression sys aV|ng sequence 0 and

bi di recti onal cte franes each co sin X e din
mcr obl SokSTOrHETIPRC G0l EATES SR ER S R B radiBh o PefriR

predicted franme is deternined using direct node prediction based on notion
vectors frW“WUB?QH@}r"ée'EPB@Q et Bﬁe*Y%H%%CPHe%W%‘Iﬂ'ﬁg'tQ)FH@F WRREMATE at

| east one of such one is or nore predicted frames is previous in display
order to thefeheniaabie frames. predicted franme, and wherein each such
macr obl ock is determ ned using an unequal weighting of pixel values
corresponding to such one or nore predicted frames. 20 21. The video inage
conpressi on system of claim 20, wherein the unequal weighting of pixel

val ues i nclagdemhavgidgblimagednfireb&ian sysenPbf Liams 26N WUmersinQhe uABquall OYD W SE
22. A video inmage conpression system having a sequence of referenceable

and bi diyr eGldigiilg 8f Sitbidided il sSAGEnEYrRALet thah RIO6H 1648l 28d. anged i n

27. A method for video image compression including:
providing a sequence of referenceable and bidirectional predicted frames
comprising picture regions;

15 encoding at least one picture region of at least one bidirectional predicted
frame by interpolation from two or more referenceable frames, where at
least one of the two or more referenceable frames is spaced from the
bidirectional predicted frame by at least one intervening subsequent
referenceable frame in display order, and where such encoding further

20 includes an unequal weighting of selected picture regions of such at least

two or more referenceable frames.
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macr obl ocks, wherein at |east one macroblock within a bidirectional
predicted franme is determ ned using direct node prediction based on notion
vectors from5 one or nore predicted frames, wherein at | east one of such
one or nore predicted franes is subsequent in display order lOyptvinge
bidirectional predicted franme and spaced fromthe bidirectional predicted
frame by at |east one intervening referenceable franme, and wherein at

| east one such notion vector is scaled by a frane scale fraction of |ess
than zero @8.d\eethod fdraidemienagedc@Bpressiardigoludingje conpressi on system

havi ng a sequence of referenceable and bidirectional predicted franmes each
conpri sing pi pRvidiey deBgakehss e feferenceablecddbidirectidreal rediated fearsies one
macrobl ock within a bidirectional predicted frame is determ ned using

direct node predppidrRihdertiffe38gidRLI g vectors fromis one or nore
predi cted franes, \&wr eg?g at Ie%st one of such one or nore predicted

frames is sub i i der.. el i redh: d frane
and spaced fr%ﬁﬁiﬁ@é Slli &a%’tegﬁ%a ncéﬁfepn%ggﬁr@cgié%l%?%%ﬁeﬁ@ﬁ[{g ene‘?(sptp ?%dr{gtree
intervening referenceable fra angd. rein, each such macraobl.ck is

det er ni Aed usi ngf%e ﬁﬁ@d’uﬁweq}o%?&f?ﬂgqﬂ@%gfmﬂi 50?%%Pt?g%fecf89+°@§p°érowr?j to such
20 one or nore predicted franes. 24. The video i nmage conpressi on system of
cl ai m 23, wher eimofenefereageable fl@Meht i ng of pixel val ues includes wei ghts
greater than 1.0 or less than zero. 47 LLOYD WSE 25. A video inmage
conpressi on system having a sequence of referenceable franes conprising

pi xel s arranged in picture regions, in which at | east one picture region

of at | eastog@na raet@diddbe didebamagescommsredsidnbiyclogihgr ence to two or 5 nore -
referenceabl e franmes, wherein each such picture region is determ ned using

an unequal wepghtd; ' | BRECHJHAI bPeditten ffaRedbalRr e
r ef er enceabl ebﬁ%adéggécgzegyezlﬁﬁg ot?&ﬁétie‘g%@e@onpressi gn system o? c?ai m 25,

wherein the une%%r#@%ﬁ@{egt@ygg'ﬁ%g%gg}] ﬁfdrb‘ﬁég%&gﬂﬁdes wei ghts greater

than 1.19 or less or Vi i mage conpression

I ncl udi ng: determining at least one macroblock within a bidirectional predicted frame

using direct mode prediction based on motion vectors from two or more
predicted frames, wherein at least one such motion vector is scaled by a
frame scale fraction of less than zero or greater than one.
15
30. A method for video image compression including:
providing a sequence of predicted and bidirectional predicted frames each
comprising pixel values arranged in macroblocks; and
determining at least one macroblock within a bidirectional predicted frame
20 using direct mode prediction based on motion vectors from two or more
predicted frames, wherein such determining includes using an unequal

weighting of pixel values corresponding to such two or more predicted

frames.
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provi di ng a sequence of referenceable and bidirectional predicted franes
tonprising picture regions; is encoding at |east one picture region of at

| east one bidirectional predicted frame by interpolation fromtw or nore
referenceabl e frames, where at |east one of the two or nBfQYDWISEr enceabl e
frames is spaced fromthe bidirectional predicted franme by at | east one

i nterveni ng subsequent referenceable franme in display order, and where
such encodi ng further 20 includes an unequal wei ghting of selected picture
regi ons of 3dudheamethmgksof clainp 36r wherein the enegival argightingageixela@lueOyD W SE
28. A nethod for video i mage conpression including: providing a sequence of
r ef er enceallctudayiwbighits gedatemthlbnpr.@dr t8ssdhbnaems conpri sing picture
regions; and encoding at |east one picture region of at |east one
bidirectional predicted 5 frame as an unequal weighting from sel ected
picture regions of two or nore referenceable franes. 29. A nethod for

vi deo i mg%zcwegfﬁgs\)?m M%%Egg%rﬂbﬁégsﬂjnniﬂcl%dﬁﬁq“ence of predicted and

bi directional pre ranes conprising pixel values arranged in
macr obl ocks; and. determining at least o ma bl ock withi.n i directional
predi ctéd fraeV'aRy ﬁgseﬂf"feﬂg‘f’ o&rﬁqgre&pgaﬁ@ﬁnbcﬁﬁ@ggg 'b%qmpﬁ%(?'fﬂc?ﬁj f\?%@??)r s from
two or nore predicted franmes, wherein at |east one such notion vector is
scaled by a fr&%hSomRIisingpixebyalyes pEaaoed ihmasreplarks @k er t han one. 15
30. A nethod for video inmage conpression including: providing a sequence of
predi ct ed anddétediining ablealst pne dhaarellotk aithin @Mrec@@nplrprgﬁwgeqaframe val ues
arranged in macrobl ocks; and determ ning at |east one nmacroblock within a
bi directional preilgdiesttimede predfiction basedi orenfotiondecpore dicrh iooe drased on
notion vectors fromtwo or nore predicted franes, wherein such determ ning
includes using ediBfedPames in display order, wherein at least one of such one or

10 more predicted frames is previous in display order to the bidirectional

predicted frame, and wherein at least one such motion vector is scaled

by a frame scale fraction of less than zero or greater than one.

33. A method for video image compression including:

15 providing a sequence of referenceable and bidirectional predicted frames

each comprising pixel values arranged in macroblocks; and
determining at least one macroblock within a bidirectional predicted frame

using direct mode prediction based on motion vectors from one or more
predicted frames in display order, wherein at least one of such one or

20 more predicted frames is previous in display order to the bidirectional
predicted frame, and wherein such determining includes using an
unequal weighting of pixel values corresponding to such one or more

predicted frames.
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wei ghting of pixel values corresponding to such two or nore predicted
frames. 49 LLOYD WSE 31. The nethod of claim 30, wherein the unequal

wei ghting of pixel values includes weights greater than 1.0 or |less than
zero. 32. A nmethod for video inmage conpression including: 5 psaywleg a -
sequence of referenceable and bidirectional predicted frames each
conprising pixel values arranged in macrobl ocks; and determ ning at |east
one nacrobl ock within a bidirectional predicted frame usjng direct node
predi ct i on3#adée mathest ofgaine 38 owkerein theowre@ial waighting Fdiele@yeames i n
di splay order, wherein at |east one of such one or 10 nore predicted
frames is prohwdesuweightsigreatenthanded ot tessibabizdfa.ect i onal predicted frane,
and wherein at |east one such notion vector is scaled by a frame scale
fraction of | ess than zero or greater than one. 33. A nethod for video
i mage conpression including: 15 providing a sequence of referenceabl e and

bi di rect | ongl_Rrachel ¢ {itBEwPage ReMmTesmon Fipgxel val ues arranged in
macr obl ocks;  and eterm ni ng a? | east one macroblock within a

bi di rectional predi ' [ t : | qty not i on
vectors from %’ﬁ&'“ﬁ’?gcﬁgghéﬁggé?rE‘Atfé%’&rbésn%sa@g@f@%@y& {%"2? er gign at

| east one of such one or. .20 nore predicted fr I .evijous in display
order to the bi @@FEWQ'”%P%(&[WIBBS ?Frgﬁg?d%&r%ﬁ%t#légﬁg’%\égh det er ni ni ng

i ncludes using an unequal weighting of pixel yal.ues corre nding to such
one or nore g‘PfGHﬂtﬂ"&ja? leastane srAQrokicek gﬂ‘tQE‘ aglé“%ﬁ@”ﬁ'e?"ﬁ%%?%‘iih@ m 33,
wherei n the unequal weighting of pixel values includes weights greater
than 1.0 or | eswsingpdiredmodgpredictian based o matigay/ectri§drad Fpess oS

including: 5 providing a sequence of referenceabl e and bidirectional
predi cted franegpredicted frames, wherein at least one of such one or more predicted

10 frames is subsequent in display order to the bidirectional predicted frame
and spaced from the bidirectional predicted frame by at least one
intervening referenceable frame, and wherein at least one such motion
vector is scaled by a frame scale fraction of less than zero or greater
than one.

15

36. A method for video image compression including:
providing a sequence of referenceable and bidirectional predicted frames
each comprising pixel values arranged in macroblocks; and
determining at least one macroblock within a bidirectional predicted frame

20 using direct mode prediction based on motion vectors from one or more
predicted frames, wherein at least one of such one or more predicted
frames is subsequent in display order to the bidirectional predicted frame

and spaced from the bidirectional predicted frame by at least one
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each conprising pixel values arranged in macrobl ocks; and determ ning. at

t east one macroblock within a bidirectional predicted franme using direct
node prediction based on notion vectors fromone or nore predicted franes,
wherein at | east one of such one or nore predicted io franes #%T@hW§Equent
in display order to the bidirectional predicted frane and spaced fromthe
bidirectional predicted franme by at | east one intervening referenceable
franme, and wherein at |east one such notion vector is scaled by a frane
scal e fraction bfteivesing teferenceablerfragnezanst whereim suele detesmining NGledesod f or
vi deo i mage conpression including: providing a sequence of referenceabl e
and bi di r ect i onakingraduéqubl iweighting efamikeloaiqes somespuindéig teasussonre panged

i n macrobl ocks; and determ ning at | east one nmacroblock within a

bi di recti onal phngcdrgglicfer@ﬁgmag usi ng direct node prediction based on
notion vectors fromone or nore predicted franes, wherein at |east one of

such one or nore predicted franmes is subsequent in display order to the
bidirectional predicted frane and spaced fromthe bidirectional predicted

frame by at_l east ope LOYD W ] ' - | eqfgame, and
wher ei ngs uéﬁ gzleemﬁ&ﬂcﬁéf CrHﬂ'SI] gﬁe\gﬁghes'+ nmgee{éﬁg@nég%%&t\ﬁ{eqe gﬁ@?%g\?acwé%i xel

val ues correspondi ng to such one o r redicted franes. 5 37. The _
met hod of MGHIEBKE g@argerttﬁ\@n 1né(?ﬁgq‘)ss\?bggaﬁfef91g of pixel values includes
wei ghts greater than 1.0 or less than zero. 38. A nmethod, in a video inmage
conpressi on system having a sequence of referenceable and bidirectional
predicted franes, for dynamcally determning a i0 code pattern of such
frames havi3dg A methodbinea nidebemage dunopressioh@yaten hading: @ eqyenaesef
including the steps of: selecting an initial sequence beginning with a

r ef er enceabbréncymle ahavidig:cibnhlemeticteeframesdicatdynpnicdilyedptermining a

bi directional predicted
10 code pattern of such frames having a variable number of bidirectional predicted
frames, including the steps of:
selecting an initial sequence beginning with a referenceable frame,
having at least one immediately subsequent bidirectional predicted
frame, and ending in a referenceable frame;
15 adding a referenceable frame to the end of the initial sequence to create
a test sequence;
evaluating the test sequence against a selected evaluation criteria;
for each satisfactory step of e\)aluating the test sequence, inserting a
bidirectional frame before the added referenceable frame and
20 repeating the step of evaluating;

if the step of evaluating the test sequence is unsatisfactory, then

accepting the prior test sequence as a current code pattern, and
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franme, and ending in a referenceable franme; 15 adding a referenceable frane
to the end of the initial sequence to create a test sequence; evaluating
the test sequence against a selected evaluation criteria;, for each
satisfactory step of evaluating the test sequence, insertingLl®YDWISE
bidirectional frame before the added referenceable frame and 20 repeating
the step of evaluating; if the step of evaluating the test sequence is
unsatisfactory, then accepting the prior test sequence as a cyrrent code
pattern; and ~5getarowbngesEnterpelatian ieng &prﬁt%‘rfﬁbﬁblqaéﬁoﬁﬁ@r‘fguiﬁoportiOn
for at |east one picture region of the frames of a selected test sequence.
39. A nethod for wiegem oithgdraepoba setactettdstdeaden®.provi di ng a sequence
of referenceable frames spaced by at |east one bidirectional predicted
frames, wherein the nunber of such bidirectional predicted franes varies
in such sequence; and determ ning at | east one picture region of at |east

one such bigdir J i i nequal wei ghting of pixel
val ues 10 _g’gf r@g%(lt)w#r% vﬁ)&giﬁiﬂgﬁﬁﬁsﬂlgggﬁl?gblg framas%J 40%J A rrgt hod
for video i mge Eﬁrr]?rg«rss%gqggﬂaéragaLﬂg}é;%éagfeonéé,qbg\%ggcéggy%@%sqgngr anes

encoded5by a 28y odi ng ecoder, ereln"at | east one picture

region of at least one franmg.is. .15 bas i i Al of two
or nore ot her f%ﬁfﬁeﬁtm&aLihfe\%éqtaﬁ%{féa“qsn%"’zgﬁ‘%ﬁéﬁ?6‘%5*%&‘;%%5%@@@&&%8*31 ' | east

one set of weights available to the coder and a decoder; and communi cating
a designation f dredictasl Eameg VaAes § SYekReAeNEa8ne set of weights to a

decoder fromthe coder to select one or nore currently 20 active weights.
53 LLOYD W SEdetermining at least one picture region of at least one such bidirectional

predicted frame using an unequal weighting of pixel values

10 corresponding to at least two referenceable frames.

40. A method for video image compression including:
providing a sequence of frames encoded by a coder for decoding by a
decoder, wherein at least one picture region of at least one frame is
15 based on weighted interpolations of two or more other frames, such
weighted interpolations being based on at least one set of weights
available to the coder and a decoder; and
communicating a designation for a selected one of such at least one set of

weights to a decoder from the coder to select one or more currently

20 active weights.
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41. A nethod for video i mage conpression including: providing a sequence of
frames encoded by a coder for decoding by a decoder, wherein at | east one
picture region of at |least one frame is based on weighted interpol ations
of two or nore other frames, such 5 weighted interpol ati ons being based on
at | east one set of weights; downloading at |east one set oOfELOMEIWISEs to a
decoder; and communi cating a designation for a sel ected one of such at

| east one set of weights to a decoder fromthe coder to select one or nore
current |y 4hchimethedifgnviseoimage compressien IRGHdipBdeo i nage conpr essi on

i ncluding: providing a sequence of referenceable frames conprising pixels
arranged in ppovitlingea sequemss otinemen endpded by d ecdar fondegndingbg & egi on of

at | east one predicted frame by 15 reference to two or nore referenceable
franes using anduesdpralvhevéh gltldasyoné piitur regivruesatdeastespofidimegst o such
two or nore referenceable franmes, and wherein the unequal weighting of

pi xel values i Bﬁ&éﬂigﬁ WS SRS @ 6h86nS BRfvoloPmbre bets fidmes, zrich. 20 43. A

a
conput er program product, “encoded on a conputer-readabl e medi um operable
to cause data prAGasshH GHsei QO8I UrieiR of WBAHISI NO:

pr ocess?ng a se&%mébc')r}%ere %ﬁ%ﬁ%hggagﬁégbi@c}i recti c?nal predi cted franes
conprising pigture re

eqi wh i,n.th i i . 54 LLOYD
WSE  encodr rPHIoRdIRDat et o it of wilgtin R UodRet AP 2 0 di rect i onal
redicted frame as an unequal weightin f | ect ed pj i f
Ito WO Ior nor e r@?@'ﬂé‘ﬁ&'@éﬂgg@qg?%'gr@%tl.'ogns}dﬂ@.gsei?géﬁﬁﬂ?éﬁ Sﬂfgb%ﬁﬁﬁesﬁpbg%ﬁg?enggged

on a conputer-readabl e nedium operable to cause data processing apparat us
t o perform oper sneights te agedosienfrom fheoeasissita gelect eae OrroTsfcUr@ Y enceabl e
and bidirectional predicted frames conprising picture regions, wherein the
processi hg conprctes weights.

10
42. A method for video image compression including:
providing a sequence of referenceable frames comprising pixels arranged in
picture regions; and
encoding at least one picture region of at least one predicted frame by
15 reference to two or more referenceable frames using an unequal

weighting of pixel values corresponding to such two or more
referenceable frames, and wherein the unequal weighting of pixel values

includes weights greater than 1.0 or less than zero.

20 43. A computer program product, encoded on a computer-readable medium,
operable to cause data processing apparatus to perform operations comprising:
processing a sequence of referenceable and bidirectional predicted frames

comprising picture regions, wherein the processing comprises:
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encodi ng at |east one picture region of at |east one bidirectional 10
predicted frame by interpolation fromtwo or nore referenceable frames,
wherein at |east one of the two or nore referenceable frames is spaced from
the bidirectional predicted frame by at |east one intervenipgpyegequent
referenceable frame in display order, and wherein the encoéing conpri ses
encodi ng said at | east one picture 15 region as an unequal weighting of

sel ected picture regions of said at |east two or nore referenceable
frames. 55 encoding at least one picture region of at least one beldirec %naf’j‘

predicted frame as an unequal weighting of selected picture

regions from two or more referenceable frames.

s 44. A computer program product, encoded on a computer-readable medium,
operable to cause data processing apparatus to perform operations comprising:
processing a sequence of referenceable and bidirectional predicted frames
comprising picture regions, wherein the processing comprises:
encoding at least one picture region of at least one bidirectional
10 predicted frame by interpolation from two or more referenceable
frames, wherein at least one of the two or more referenceable frames
is spaced from the bidirectional predicted frame by at least one
intervening subsequent referenceable frame in display order, and
wherein the encoding comprises encoding said at least one picture
15 region as an unequal weighting of selected picture regions of said at

least two or more referenceable frames.
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