WD 2004/ 004310 PCT/ US2003/ 020397 | MPROVED | NTERPCOLATI ON OF VI DEO
COVWPRESSI ON FRAMES CROSS- REFERENCE TO RELATED APPLI CATI ONS [ 00011 This
appl i cat i wo 208#/@4%10nt | nuat i on-i n-part application of U SCTAMbOG302039DN
serial No. 09/904,203, filed on July 11, 2001 and clains priority to U. S

C. 1. P. AIMPROVEDINTERPULATION/OFVIDESGICOMPRESSAVNR. FRAMESAL
FI ELD [ 00021 This invention relates to video conpression, and nore

particularly to inproved interpolation of video conpression frames in

MPEG | i ke encodi ng eROSSKIFIRENEYSTORELEAMBHIREPNRC AYTERsV deo
Conpr essi on [0003] MPEG 2 and MPEG 4 are international video conpression

st andar dE0@@%1 ni ngThis epplestivw s adodtinuatipniinspes applidatipn off Uds g\ppiicafoni serialnt

way to rgpr t,Ad S enc in e form of r ct .coded .dat a.
The | andRgD SRR AT TE 3! rleliay, piaRorlonl s EanRPaicaySR Sertbkens
can reprseny1 & endled guld X3¢ R0 sanples (e.g., 64 sanples for MPEG 2).
Both MPEG standards al so describe a decodi n%i[éreconstructl on) process where

the coded bits are mapped from tHeC BPesent ation into an

appr oxi "F(#e 6’%‘%8; dt 'Eﬁts e iR le1 BT de'o% V\ﬁéﬁ%sm%ﬂ n?cfi‘g k&?o%ﬁlarlg% exanpl e, a

flag in reammay Sl gha W ng'bits are to
be pr eceidpaowddtihtespodateai oftvideo calgeessibh firapres ar MP(ECbhkmgwd&m(gdﬁd de¢ddinga

di screte COSI ne transform (DCT) al gorithm The al gorithns conprising the
decodi ngYpB¥ess are regul ated by the semantics defined by these MPEG
standards. This syntax can be applied to exploit common video
characteristics such as spati al redundanCﬁ; t enporal redundancy, wuniform
notion, spatial masking, etc. P nust be able to parse and

decode afypridpasd B, PRkE gtream but so long as the data stream conplies
with the correspondl gg NIgEG syntax, a wide variety of possible data

struct ur EGO@3H conMEPE:ﬁsP. and I\/ﬂtﬂﬁmqmmtarmuobel vddedconfabsstomustpndhels daficiag | y
this deviates fr. ard. e semantics ar.e not confor

he
It is al'§PIEBESY! F% S%a’&e& %p’f"l’( eﬁé’éﬁglk?l%‘é??ﬁ?{tt? ERDTRFRHMAS S PPIHFRGSS Ml v)e

synt ax. ﬁaﬁQQﬁ}noT@e&ﬁpﬁé?g&ieﬁtcﬁfad%éifangﬁﬁge%f\fwmwbﬁ; isARIRAR "G et hods,
including intrafrane and interfrane nethods. In nost vidéo scenes, the

backgr ousxdmpdsraifen toleing canvespiesens anlghterabivdkeofsemplen (¢ akes Sfplllldcﬂafor MRE(G-
o T oauranet FRECE MR PR S el G FBAIER) e ifrs RS
r ef er enciitsfar@mRpped e thélcompict RprekédiiorOinto dn dpped@matidn b tBEBS giAkIformat
conpres Soefc’!hf\:/\qr;[lat]g%ustequénlce For example, a flag in the coded bitstream may signal whether the
following bits are to be preceded with a prediction algorithm prior to being decoded with a
discrete cosine transform (DCT) algorithm. The algorithms comprising the decoding process
are regulated by the semantics defined by these MPEG standards. This syntax can be applied
to exploit common video characteristics such as spatial redundancy, temporal redundancy,
uniform motion, spatial masking, ezc. 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 conformant).
It is also possible to carry the needed semantics within an alternative syntax.
[0004] 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 foreground. The background may 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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WD 2004/ 004310 PCT/ US2003/ 020397 reference to other frames and thus
contain an entire franme of video information. | frames provide entry
poi nts i Mvo 2a04dmzobi t stream for random access, but canpromlys2tms/opader at el y

conpresseqd. Typically, the data representi | frapes |s pl.ac in the
b1 {1 r o HFIGETH P St fames ad Bheorealn an Uk am o Ao EmRR e
Cl r cunst 3p6iae eﬁﬁ?’ F@igtsrlﬁfb*'h dﬂt&'@i&st&@ﬁ%f‘ﬁn@&h%@é@s,:but E&PORS be mbasfagay t er,

ortion of the frames that fall A
frames agommessédrlyntcally,ding ddte rdpresentong Inipmesfis almeed inghe pitstream evagel2 to 15

differences are captured, ¢ ressed, and stored. Two types of .franes are
used f orianen iRy bl uel RraomEienfafnces to B muglyyder Shgine belween

bi - di r ecfrarRés) THQalicE sBide 0By d SMiAT et 6lthe Fifati¥e that Balf bedwes) the [dI6lehde P
frames gIeneraIIy are encoded with reference to a past frane (either an |
frame or! fEamesaye dierant froanthp bragketing hirgeefe paly theipaggsidierances aregaptisstse f or
subseque ) /T8 i f al Lok _ i on.
B franes&éx}dg‘\alglcségqﬁﬁgw%%hest%%qn)ggﬂﬁ%ﬁ %?r ec‘%h%@efssgélg%f%%g%teq llfefh(e&%ggf%%a past
and a f uPuraneskfand db-dizedticanipredicted darinteepddsted)fraostg®. frémahpd | franmes are

"referenceabl e franes" because they can be referenced by P or. B frames.
[0006] MO ocks’ P@e?%@ebai@aé?e w&aﬂwaﬁfg?gemq:@rawe e (¢theha? obl ock i s

a 16x16 ﬁ)&:ﬁ%r RYRAEY Rfnd) Ok, BXRnBGT ARl Rl s 2 tGBRhEEfor WilsBqRAg Mot i on
vector for P franmes, and one or two notion vectors for B franes.

Macr obl o frsmes. PHramd? reccavees famly high amonuf ofi cdomir¢syionnd dhetts psovadg the highest
intra-frame or_.inter-fr redi ¢t ed) , codi ng. robl ocks. within B franes
my be TG By eaR s R Ry s SRFs e SBiERe RarRn BldsF sthec e
codi ng, dRedaPdndl edinet akt ‘cEdicnteably friiRdsh beodusetHéy 264 bb adleRded blylP & B
bi-directionally interpolated) predicted coding. A slightly different but
simlar %ameeture is used in MPEG 4 video coding. [0007] After coding, an
MPEG dat itstre ri - o ) .A_sequence
may cons| RE08F o naefiBiREkEER s GRUSHAG Ml FENPACA 0 dcBISl a0

m nor sergxnbipixet g@upingtdf dmng a8 DICTE blockd, aspetienivith driewestidih, vettor fog Pofaimesn i n

i ndustrial practice to have a fixed frane pattern (e.g., | BBPBBPBBPBBPBB).
Mot i on \AABE oppeRImetipp Heqtorsdey B ifivmepddaeroblogkavertand’ franes mavds ar

standar dagiRially 8dded fisthe e iftka-dme _BYHﬁer(ﬂrfé?@%‘g(g&lemldkr%hpffa@%f&cﬁg)

frames have proven to I't conpression ef . ‘Mot vectors for
each macwithih @ fraroés may he frdividsal lyanchdedpisegiistrefraby cadingpfoewad prédicted

L R T S b AP [ RSBt o o

interpolated) predicted coding. A slightly different but similar structure is used in MPEG-4

since only a snu I bet ween the reference |

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., a non-
bidirectionally predicted frame).



-2 WD 2004/ 004310 PCT/ US2003/ 020397 [0010] Mode 2: Predicted backward from
the subsequent | or P frame. [0011] Mode 3: Bi-directionally predicted from
bot h t he wolmeuwestv and previous | or P frame. [00121 Moaasstoa3s2edenti cal

totheforward predi ct] met hod used for P frames 2 is the sane
concept, [QOERht mglglj?g?‘n%p}%ﬁg:‘ﬂﬁgg’ ckwy f’é’néﬁ’ﬁﬂé?ﬁﬁ@’r‘l‘fntilpéﬁgm%de 3is an
i nterpol pgove) ”DdeMBHél@ Epdﬂ%c%l%allﬁr@dﬁ% Ifidh ‘f)JtH@Béj@bgqul'éﬁt\/dn@lfﬁeﬁ&glor
subsequent franes. In addi"tion to these three nodes, al so

support sP framecond |nt er poI ative notion vector prediction rmde for B

P {rame, EOFEET o aoveBt 15 Gv b ke R AR LAY b ord I Bt i RRER "

macr obl ogls thésammd ddncépif ékc &vd‘fﬁﬂx@b‘ackﬁﬁ&ﬁdnﬂlsﬁ%e Wk fiaiel PIRJAY86S &1 S for
the 16x 16 macroblock - then the delta is agﬂlt to all four independent

mot i on viétarRalativermedecthy qomhm mfomn@tl%fb@wg IeYIORY afifbsubsemyentofamyesct or
pOi .nt S aL (% pr Vi, amon% thesé {h?é%‘h?r S It'afgg S p%)orfésaes%c&% ﬁ%hﬁ)h%lvtehe

noti on v fromt e subsequen rtion relative
tinme posnbnlmﬂv@tortplmhawnrrﬁdm for Brfaamesvxdztrémmp@ﬁddldtmntd@mgahbﬁmquenécta and

previous_P (or fra [ 00141 FI G atinme line of frames and
MPEG- 4 dﬁ“?ré&]i‘ waf&uth amw!m eelranval%&fldﬁagwegnmtﬂr A the %}ocaﬁea P The
concept QfMiE&k f s gh{l‘ﬁ SABHE W%é@mﬂ)g, ih mwloh%ctofg%fﬁfemlé macr obl ock

in each 1 ntervenin rame 1s likely'to be near the notion that was used
to code mhreolslaqle— thendhe deltaiis ap;ﬁedftolall @wrmgﬂeperﬁdeahmotlm sledtoms in ﬁleLB;&dIan make
' ortiona vect or romt

d
Ty espolle HESHBER S Pl Barotnvesiof pulRis: eGSR SELIHEE A PRfe iz n i n

FIG 1 igwed REwWBIAPOE iddidalved¥dt b tHYsils¥@idnt P frahRETH®pioPOrtionGs tegeldfle 102
for each internediate B frane 104a, 104b as a function of "tine distance"

bet ween tirAepesiten efibe Furgent B framenwithgespasido theesuhssauen B anghrrevigss P ford) not i on
vect or og. 102 assigned to a corresponding internmediate B frame 104a,
104b is ‘equal to the assigned weighting value (1/3 and 2/3, respectively)

ti mes thpoowd4] on VEIG Otis 4 Gihefling of fiames xid M?EJ‘G araltrzctpho@e fhbsordedctas iml ue.
[0015] Wth MPEG 2, all prediction nodes nmes are tested in coding,
and are acé‘bfﬁ‘ﬁ%ﬁeétﬂ‘th @etprlﬁaalit r{%hetf@§eep§ PéMP&G 6ﬁlrﬁgrm%%ec@9¢§c4r)%ﬁha@ke If no

pr edi ot | ABidrPoPAtkrobBBRit e BSEARL AkorhisIRURHo 3G Ao Aas |

(for "intra macro I'ng node 1S | ected as est rmde
anong f arsedtalcddenhiesatie, lobmiokva the tblhmdmga frarae A Beltadis used iocmdie miwonde 3), or

as intra coding. Wth NMPE thelnt ch0|ce|g not al | owed.

st cad COTGFTRLo AgboBRTaHEL PRE AT eS HamaLS Rp@prn SR GapReredt ng

node i s GIQPEIB foPARAAbRAEN 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-2, all prediction modes for B frames are tested in coding, and are
compared to find the best prediction for each macroblock. If no prediction is good, then the
macroblock is coded stand-alone as an “T” (for “intra”) macroblock. The coding mode is
selected as the best mode among forward (mode 1), backward (mode 2), and bi-directional
(mode 3), 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”).
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sone best-match criteria. In the reference MPEG 2 and MPEG 4 software
encoders, the best match is determned using a DC match (Sum of Absol ute
Di fferencwp 2004/008M0' ). -3 WO 2004/ 004310 PCT/ US2003/ 0203@‘1‘/{[5201021)6{1397‘he
nunber of,succeSS|ve B franes in a coded data bitstreamis deternin

the " Qlfkt or MhemenoNmEerssve B FuReod joded i Eﬁﬁﬁ@m isdefsrming g

bet Ween ﬁ@%” arafn{e%ﬁaﬁl@qn Mﬁ(?%tmﬁué Bhe s)the rittSer g?ﬁrﬁMfgsabemgéheea@ﬁP two B
franes bet ween each

rane. Jas jllustrated in FIG 1. The main
i mtat iftamd zmdrthshextd’c(lonb Thus, &l Me3 ghetlareatwd B fimmef betaveen kechRi(dsd)y  of

Framse. tesnas IREREE PG TR B BHOR i Pl ik 15 SHdheE hr
tine betyeRimber dfRéquchtifl EAFES es, 19 ihas tht BRo8AT dfGh@I¥RYchanst wRReddp (1pe

limtations of notion vectors create the ultimate limt on the nunber of
i nter rrecﬁ@l@@ bBcdmemiarge. Hizhernymbars pEB dtages segniléngeaamonns abtime bptteePPf r anes

Ceebea O DAEREATEAY ok OBk Bog R IR R B LicH AP sBhTse "

SUbseqUQﬂ'ﬂimBean@lﬂBntf@rfuﬁ%ﬁ&flnfb@lm&ﬁefe,B&ﬁﬁxedl scarded after use. Thus, any
bits used create B franes are used only for that frame, and dg not

provi de Q9% Bkt i odtisalasigiidcanbogmte habP fanmes sane rehapgesnsssy darvard wth
frames. ?e %10 g?@%{e%@éﬁljx 1Ecgr4aH'§a %ﬁé@?%e is wsdMeRle Lt?x@l%glpo;m?o Ayt i on
is direc sSystem and conputer programs for 1 nproving the

i mage qubd néxt sobsequemt Briranme B fipanseh hm\eeivef,meréiscairdnechaﬁdraie@ Thuagmydaasrps@sm on
system where ch frane ris | ur i xels In one
aspect, ﬁ’éeaferﬁ Aed AT U3 E %?r)ig gf‘%f?arﬁg"n ﬁ@ do tRf&Y & CBW%%?E‘ﬁﬁEIt ﬁ‘bl of bi-

di recti QRgddidg Bf &Ms&uest A anA& Pr¥REght ed proportion of corresponding

pi xel val ues |n non- bidirecfionally predicted frames bracketing a sequence
of bi-directionally predicted franes. |n one enbodi nent, the wei ghted
proportion is a function of the distance between the bracketing
non-bidirectionally predicted franes. In another enbodi nent, the weighted
proportion is a blended function of the di stance between the bracketing
non-bidirectionally predicted frames and an equal average of the
bracketing non-bidirectionally predicted frames. [0020] In another aspect
of the invention, interpolation of pixel values is performed on
representations in a linear space, or in other optimzed non-linear spaces
differing froman original non-linear representation. [00211 O her aspects
of the invention include systens, conputer prograns, and




met hods enconpassing: [0022] A video inmage conpression system having a
sequence of referenceable franmes conprising picture regions, in which at

| east onewpizwoame3wegi on of at | east one predicted framreTiss2enmesed by
reference to two or nore referenceable frames. [0023] A video inmge
conpr essi on syst em having a sequenc%JWABVer enceabl e franmes conprising

pi cture i €, one
predicte rarre i thg‘é@%%ﬁgﬂ%y&f%féd rtgr%gléa?(g&g sgel{lorgir(rioq'lragl p%er eoréé%gig)tgl e
frames iimpeovipgd tie imagequaliphef eneair rﬂmaptedmml Samés meif\edmblcempreamm S not
the previous r fere ceabl e frarre di splay order to the at |east

one predVEf¥d% P‘%?rﬁ?c B@Qg])mpg\s% cbtjé’”f:‘ﬂ?rpresm on system having a
sequencer qifa g]ﬁf er qRGagRlet, iHﬁH%ti%ﬁWlh&és ASteFRIhe GKie olfeac\rmm o&bi-l east
one macr obI ocC within at Ieast one predicted frame is encoded by

i nter po|ch:tepmnaﬂltymdmtmfrememeewp@h@dmmmreoﬁmmmnd[ms‘}l vajyey irgean-i mage

conpres st.em hay uence of referenc rectional

pr edi ct }d&ffiggﬁﬂ ieycl?)r ¢ g%ﬁ‘éneﬁggﬂ}g Fa grae%qu%ce ?E SWCU(?Ha pﬁeglacgefi oar%espl cture
regi on gh ogé emBadiment) @hdiveiightea i ok adufdtRd of Thelht2RRADOLATRe

PCT/ US2003/ 020397 frane is encoded to include nore than two notion

vect or s, bregketing pembidinsetionally predisted Gaaese e prrihes cadodisrgnbibe wgighicd: ur e
region i O;?otrtl!)x? Sz;[ bl 243 f{lr?cftl%{l of ﬁféa&?étgnc]fcerb% een[tg%%lfetfﬁg g%‘?dlfégﬁgx‘fally
conpr es n sys aV|ng a sequence 0 erencea ranes conprI'si ng
picture ;rragcte@ §r,amel aidharc équat a\}emtofmhtebxpclcdtmg aonéghmntlomnﬂlyqiredlaack framee

predi cted frane |s encoded to | cl.ude at | east two m)eé vect o fr deac
such not§WEQ&ect or raé?‘g‘Fre??B?“ﬁQ edBY‘f“é’é’Bo‘mﬁrﬁ‘Féa“% ofpiryel valugs Spertpme
ref er encpabh@sddiflRs ih) ﬁﬁ@ar SRMcB, tUR BiHRE 6ptithBrel 80h-Minear@pacll Ai¥fedng! iR bn ONE

predicted frame I's encoded by interpolation from two or nore referenceable
frames. C{r@dmﬂmon-hnvardauesm&igencorrpreSS| on system having a sequence of

et OoRL, A el LNE et B RS SPARGLB ARl

bi di r ectrh@Réds dicembsdsiig: frarre is encoded as an unequal weighting of

sel ected picture regions
[0022] . A video image compression system having a sequence of referenceable

frames comprising picture regions, 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 comprising 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] o A video image 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] 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
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fromtwo or nore referenceable franmes. [0028] A video inage conpression
system havi ng a sequence of referenceable and bidirectional predicted
frames cowpraoei/oeg3ipi cture regions, in which at | east omeTgiSeesneo3vegi on of

at least one bidirectiopal predicted. frane is encoded.by interpaqlatjon
fromtwo or nore refer afsicacoded dagncludgperg than tW@a‘E‘PUQS’n‘?CB’FS’teE@‘ st‘\ﬂ/b or

nore referenceabl e f rar’iﬁ&i&r?vec&?@%f%nf:iﬁ%@ Joﬁ%sgmnmrfge;ﬁéth&']@ﬁiomrﬁﬁi 164sed frane

by at |east one intervening referenceable frame In display order, and
where such at |east onmepefetanceablefjamwer i s encoded as an unequal wei ghting
of sel ected icture re iohc&s.of such at.least two.or nore reference%me

frames. | A Vi ded VIS AMAGHTATEESSIN BYCIERAVING A SRIuencs o frdfreacaple

referenceable and bidi ' sRieSflitGle8doibh IdaSi dI2 Pt
regions, in which at I%ﬁﬁgégn S?lgﬁtg&re%%oﬁq%fahgﬁmlgegst orll)gd gion

bi di recti onal predictedf a ieastone preshaediFdmbys ¢nvodedotol inglirdmatfleashiwono or nore
referenceable franes, where at | ea .nore referenceabl e

t f the t
franes is spaced f romTﬂtéorbYeﬁﬁorr%@flabﬂ%F?%&@&Vc??té’a\rl\é[}?rgr 15§ caFePAI Eone

i nterveni ng subsequent gighRS BFi6R#Ph CefblecAb@blefrathS Ri1RYe &icHefich fiORROkgiof
vi deo i mage conpression system having a sequence of referenceable and

bi di rectional predi ct ecfistelneideasbons predigtpdgrameyis eneasgil i dntefpelatign ygom

2004/ 004310 PCT/ USZOO:%/&{,%O()C%ZJor %&Pce%lelf?ﬁﬁés one picture region of at
| east one bidirectional pre iCte rane 1s encoded as an unequal weighting

from sel pgd2r) pi ctdre A&gicdmpagd coniretion8ysRn Ifviiensgadice of kefBRBceabR0311
A video |1 mage conpression system having a sequence of predicted and

bi di recti onal predictedn tiered prodisiest frampycqmpesing RiryesTegiongiBed in
macr obl ocks, wherein at_J. g AT i i :
predicted frame is det evyﬂrlﬁgﬁéﬁe‘ﬁsg?ﬂgﬁgﬁ?gt‘:&?@oﬁe& géragtd‘?l gﬁlgk&ggé%gp%lhaedmt ion
vectors fromtwo or norfeanx B&hcdded ab aammequal WOigAfing 6f seleded picragaegions
conpressi on system havi hg a sequence of referenceable and bidirectional
predicted franmes each BV PhEO sefirensspbleframes anged i n macr obl ocks,

inere D Sodgrst o TR ALl e el SR SR SREG B a1

or nore predicted framesd 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 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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in display order, wherein at |east one of such one or nore predicted
frames is previous in display order to the bidirectional predicted frane.
[ 0033] Awveviremosstage conpressi on system havi ng a sequemca/uskompt@enceabl e

and bidirectional predicted frames each conprising pixel  val.ue rrapged
i n macrobl ocks, wher ei nVEEh pllsayt oBfRICHEE Fesi I@t\]/ﬁaﬁ‘lﬁ)ﬁ% dirggfign QE“taql%?fél

predicted frame is det erhdRdntisiolds dh Ak REBNRE B iRRaRAEEE on Mot i on

vectors fromone or nore predicted franes, whereinh at |east one of such
one or nore predicted fregiopsof tsvo awuhweneferencéablediraptésay order to the

bidirectjonal predicted frame and spaced fromthe bidirectianal,. predicted
frame byl kast ne. A P FART LRSI RYSEE) RaVinemiea g oh prediiss 4

i mage conpressi on syst gukaYiohs pRe SR EIEEs eichfcbﬁg?ﬁing%mwﬁé%&ged _

plurality of picture regions having a DC value, each Such picture region
conpri si ng pi xel s each ihavdcraplenks Aghquéinek leastl ame macvdtdoaki within albedisactiomsd of
the DC val ue and the AC E'.xel val ues of .at. | eas i re %gédoon of at

. t
| east one frame are detPSrdiFtfdfame 15 dgiprmined.ising ﬁ‘f%ﬁ?grgﬂdgtpg Ct{?Prb n

correspondi ng respecti gotida Wtdde fomteoNe niry ledicted f@ged.r om at | east one
other frame. [00351 A video inmage conpression system having a sequence of

referencE82] frames dpich snage eompiressioni systenif haying asequensgiobreferensdably a DC
val ue, -7 WD 2004/00431 P[ﬁIT/ Us2003/ 0(%0(1337 eacg sucaﬁsi ct u[e 1regi on

conpri sing pixel s each MAViqfFetipnalpredicled Fameyeaeh cpmPHANE RIXgl VAASESt one of
the DC val ue and AC pi X@fanye afacedblédks, WBésin fMsPorieiti@obIBed Rithiafa at

| east one predicted frane are interpolated. from correspondi ng respective
DC val ues and AC pi xel bidirestiendipredigied Gpmeiy deteratinecoyrinmdbirest mederes. [ 00361

| mpr oving f[he | mage qua{:*,r!e&ié(tio(}lf ba@e@grgﬂlgﬂgﬁ VQJtOlIS\m)n? bnd'Gf Iﬂoreﬁirgdiétg& h'a&@?l
predicted internmediateTranes in a video i nage conpression system each
frame conprising a pl urialdisplayrédrpwkeremgit deast orfeadfistch enelXe iark peedicdeth such
pi cture region conprisinhg pi.xels each  having an AC pixel val ye, including
at |east one of the fol é%ﬁsr*gyrevwefg’r%ﬂﬁham%ﬁ@ tﬂ@:%tfﬁ?éﬁw‘v‘lp‘i?éé“%g;"é’é%h
Lot ure (AN of A D AVIEE Aol dloH el SR bk of Fferdfcdinfe T '

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 bidirectional predicted frame by at least one
intervening referenceable frame.

[0034] . A video image compression system having a sequence of frames
comprising 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 comprising a plurality of picture regions having a DC value,

—7—



proportion of corresponding AC pi xel values in referenceable franes
bracketing the sequence of bidirectionally predicted internediate franes;
and det erworzosugodie DC val ue of each picture region of ®arhuS2tiz@deesetcti onal

predicted internediate frame as a second wei ghted roportion qf .
correspondi ng DC val ueseafﬁs't“‘é‘f@FtEFFcré&‘BP«?Ompg gp”ﬁﬁ@??ﬁg?‘?ﬂﬁgf‘ﬁg‘%@ﬁﬁlence of
bi di rectional predictedy g ¢f FRhat Ralt'REBS the FCVaRRAnd MRIFIXxCOFRIEDFLON
system havi ng a sequence of frames conprising a plurality of pixels having

an initial represent atileast onepicture odgianhef apiloest anegiredicted &ase apnisteipalated ar e
interpolated from corrgsponding pixels qf | east t other franes
wher ei n such correspon@?‘ﬁézoﬂ'ﬁ?&fl&n&re?ﬁ‘gwﬁ?ﬁ ?53@?5 %%R&Ph’é V?l}lgsr%nfgtw re
interpolated while transher e@rdnteadlddirithey ent representati on, and the
resulting interpolated pixels are transformed back to the initial

represent@®3®h. [ 0037] Impyowingthedmagerauality ofppesgisnespfdyotoemanavi ng a
sequence of referenceab d .bi d&.rteiti onal %Qr dicted f.ranes, dynam cally
i 4B

|
deternining a code patt fiﬁecglgngld)(fﬁ g ey g VP IMBRber of

bi di rectional predicteddnipeRfon syftemledchFranfdoRiirisi @plutality pishurSRgIHRECE
beginning wwth a referenceable frane, having at |east one imediately
subsequent bi di r ect i ondiavpiePEtvalpes paghsuctnpigtuspergan jompismginirdneashbl e

frame; adding a referencegh) & Leafh LAuLI6RT. AL 1h0%0L B bedbusiaguence  to
create a test sequence; eva uating the tes seéuence agai nst "a -8°WD
2004/ 004310 PCT/ US2003/ dizérnafiming el £C pict] esatsiaitdacin pieirt eggid offaor each

sati sfactory step of evaluating th est sequepce, inserting a
bi directional frame befl?if’éeqtlﬁégléﬂﬁg_ﬁfeé P’é?r@}eé%é"egﬁ‘l“@ agp _“éﬁ‘élt‘idep_eati ng the
step of evaluating; anGyhhorti6Y 8F tittdspShditP AL keI VAME IR fdréndeibia rhdEgct ory,

then accepting the prior “test sequehce as a current code pattern. [00381
A vi deo i mage conpr essitoackstisg tm seananng ofbideeuimmely pfedictfdantenueditte  fr anes

spaced by at |east onep[tF)i di rectignal. predigcied fr wherein the nunber
of such bidirectional prEgfef¥ d‘?(‘%? g@éer]isésva}"r? @ﬁ%‘l’?@&%&ﬁ&é‘?fﬁﬁ‘
wherein at |east one pigliéfiohBPrédicted irdérmlcdmsd frAME as i sétondmeighest | onal
predicted frame is determ ned using an unequal weighting of pixel val ues

correspondi ng to at | ed¥epartien peearespersiang BCrvadues dn referenceable frames

bracketing the sequence of bidirectional predicted intermediate frames.
A video image compression system having a sequence of frames
comprising a plurality of pixels having an initial 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 interpolated
while transformed to a different representation, and the resulting
interpolated pixels are transformed back to the initial representation.
[0037] . In a video image compression system having a sequence of
referenceable and bidirectional predicted frames, dynamically
determining 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

to create a test sequence; evaluating the test sequence against a
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[0039] A video inmage conpression system having a sequence of framnes
encoded by a coder for decoding by a decoder, wherein at |east one picture
regi on ofwat2004msitoone frane i s based on wei ghted i nt er paltatsean®2039f two or

nore ot her frames, such weighted interpol ati ons being based  on at |east
one set of weights avaiScksicd evaluation ¢Hera; fangpch s gé@ggp,step\m'g}/@}lﬁmg the

desi gnation for a sel eGbadeANGOfinceHAll AliahSaRhadRind BltoR e MRICEN! S | S

comuni cated to a deco t’he coder to select one or nore currently
active weights. [0040] referariceahde fnamgeand cepeataresthostep s eeatudiing; agl if sequence

of frames encoded by a cpder for decoding b ecod wher ein, at .| east
one picture region of eé'flﬁllaﬂﬁ%fheéﬁqg S?quﬁﬂ‘iqu élxﬁ‘giéglato&ﬁ{?\itﬂ @ﬁ?@ﬂlg%e prior
interpolations of two g§ sERleBcOhdEburtenpbRR pafitiph Wei ghted interpol ations
bei ng based on at |east one set of weights, wherein at |east one set of

wei ght s [8038bwnl caded A gidzodmegeieymprashianirysteny havinga stguenpearf referchenable
sel ected one of such | east e t of i.ght.s i.s C icated to a
decoder fromthe code?ftrar’%esssgﬁ‘_‘eeglt%y(ﬂsﬁieaﬁtror‘r‘?‘\érl\e‘é?eé’bp?ae}ﬂ?@%%ﬁ@gs’@ebﬁﬁ? s.
[0041] A video i mage GRERAMBS SIRuSYSiREHIANI f16dieted FFMRRGA& in/sBEEr enceabl e
frames encoded by a coder for decoding by a decoder, wherein predicted

frames in the sequence ssfluenet.candndiezdin et leash npe pituse regiemheft deasicbnigysuethe
encoder to the decoder ,i.n._a.del.i ver. der .t differs fro he..di.spl ay
order of such predict eab“fhf%ﬁt}gga]aﬁr t é%eﬁéggailsng&é%g%%éé ‘(5‘53%‘111@” elg{ ti%%
PCT/ US2003/ 020397 [ 004cdhixehviludeeorteRp@linpoisnak &ast tod rsfesdnesabiaftames. a
sequence of referenceable franmes conprising pixels arranged in picture
regi ons, [903%hi ch %at | hdideodmagpeampesionsyblem kaving a seauenceof &ameedi ct ed

frame is encoded byt eLELENAE, § QudPReRlediRly FHELANCSALG, naFSa, wher oin

each such picture regionis erm ne wei gh g of pixel

val ues correspondi ng t giSiuedregion ofat 6Bt ené fhMeenbsad b weight@intefiiladdins A
vi deo i mage conpressi on system having a sequence of predicted,. .
bi di rectional predi ct ed®! t¥AQT mere ather farpes. sudnveighisd iderpglagprs Reing based)i ons,

uherein at least one fiddgiie3Pifilees [ Egrk b0RIBR olhe SORF BRN Btocdd
g filters is applied to at [east one picture region of a predicted
or bidirectional predi owlesdteifraatesigdatiannfgr astleaed emcdfcuch at least one set of
weights is communicated to a decoder from the coder to select one or
more currently active 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 weighted interpolations
of two or more other frames, such weighted interpolations 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.



conpensat ed prediction of such predicted or bidirectional predicted frane.
[ 00441 The details of one or nore enbodi nents of the invention are set
forth i n wbeoosoeinpanyi ng drawi ngs and the descri pti onPoglusao03@rdser
features, objects, and advantages of the invention will be apparent from
the descfPP82bn anti dr adivirdps imageicemprgssionesysical haymgEssarerer dbreiereneshia NGS

vectors in accor dance BT SRPrsETRf ARl il AT ar

frames and proporti onaloreipiéthrenegiohbrf Bgeastbtiepredittedofaing ancaiedibyh thi s
aspect of the invention. [0047] FIG 3 is_a ti l.ine of franes and
bl ended, proportional, &fEes§iAvyP5EPTE r\ﬁ@%?égﬁ@ﬁﬁ@%é’éhqﬂnéﬁ‘%oﬁu%nce Wi th
this aspect of the inveyti Q48ietiffed GsihSafud - g an
illustrative enbodi nen?ﬁot?l%gio?nflgnﬁﬁgn %gmfg n%téﬁggc‘?ﬂg%u y Be conput er

i mpl emrent ed. [0049] Fl Galgesicsrraspndingdorsisthaworng name esfemepieablefframsst i pl e

previ ous references by .current Pfrar_retotV\ﬁ) rior P franes,.and to a
prior 1 F98#2! [oo%01 PgGI&QAmiage COTARTEIN h$vsteyng m%%quﬁﬁ*qe&'}?’éﬁdf“?\ﬁEq 2
coding pattern, show ngoiFi(ga&BHﬁ}__;ﬁQ&ict@&"gﬁﬂrint?ef frénk{ TR SohBHURERiAIACket i ng |

frames and/or P franes. 511 FIG 6B is a diagramof a't etically
possi bl e prior art MPEGedious,ddereinatieasy ope filter se]lectduovem gheasev aff shiarpgnmgber
of B franes between brac et'hnrg I flrames ng/or lP framaf, as.well as a
varying di stance bet weethdisofteiipg filtersapapnlicg to-at least one pigpire fegign gt a. g
patterns. -10 WO 2004/04i3d8 oPETHileSRARBSRARE T rarhOOGH]g Fibon Recicy 2

fl omchart show ng one enbodi ment of an interpolation method wth DC

i nterpol ati on bei ng di sompensatedpredictipmeksush pradicied of Bdsetiopal@redicted a

fl owchart show ng one efrrrgg iment of a nethod for interpolation of

| um nance pixels using an"dlternative representation. [0055] FIG 10 is a

fl owchar fosdodn ng DivadetdilBadion® bi mote émbelidents bOtheiinieatipn hittseoforthah tiehr oma
pi xel s using an alternative representation. [0056] FIG. 11 is a diagram
showi ng ¥FSPEHOENRE ilféwlﬂﬂé@ﬂéﬁher‘g?@?@W%ibe%"-f@ erdgtHress obigcfp 2pd pdvaREESs 9lp057]
i nter polﬂz}al? f@ﬁﬁi‘%@m{i %&tg P]e éﬁgggéggtl%%@r%gﬁé@%@a fu\rfll%:e:(?aour?sbf

di stance froma 2-away subsequent P

DESCRIPTION OF DRAWINGS
[0045] FIG. 1 is a time line of frames and MPEG-4 direct mode motion vectors in
accordance with the prior art.
[0046] FIG. 2 is a time line of frames and proportional pixel weighting values in
accordance with this aspect of the invention.
[0047] 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 is a flowchart showing an illustrative embodiment of the invention as a
method that may be computer implemented.
[0049] FIG. § is a diagram showing an example of multiple previous references by a
current P frame to two prior P frames, and to a prior I 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 is a diagram of code patterns.
~10—



frame that references a 1-away subsequent P frame. [00581 FIG 13 is a

di agram showi ng a sequence of P and B franes with interpolation weights
for the BwvDrame®4siet ermi ned as a function of distance fromEs2003a0397
subsequent P franme that references a 2-away previous P frame. [00591 FI G

14 is a RRFhm sHIG A allewshmhtheving enegrppadiment,of an interprlatinn giethadhsequent
P frame D@Bﬁ&@lﬁidﬁ“&eﬁr&rﬁié’tﬁﬂ b %ﬁ’@ﬁéﬁ?- prior P frames. [00601 FIG
sho r

f.
15 is a diagram W ng a sequence o‘?elé‘ a anes in which a nearest
subseque0F2 ¥ r ang1ha8 isa flowioant sheeting omesdngasimoemtef a methat foPirfterpoktiomnd a

next nearﬁst. subse%uent P flriarre.has mul iﬁllne noti on vectors referencing
prior P SflWREENCcy Ri¥gs isipg e a @niltéve&emeée@&aé showi ng a sequence of P and B

frames ippodsh am@aﬁ@%taﬂma%h%sw&gd@%mﬁn&tmmda%ﬁQﬁerp&aﬁéﬁnci ng
a prior frame. [00621 FIG 17 is a diagramshow ng a sequence of P and B

franmes iof chtvnedpizelnesing gn altgrnativeggpresentatioie has two notion vectors

of b and Wi¥hms 15 WARoaRENAere ks bBush R BTR SO RReRARR et oy

referenaivd® faged.or P frane. [0064] FIG 19 is a franme sequence show ng the
case of three P frames P |, P2, and. P3, where P3 uses an interpol ated
ref erenck09®Th t wdlFet? 8k diagepyshowiga jeguencs o Pamdl frames with tepotionF| G

20 | . i f , d
s a \I’él%%g S‘nggygn%]ﬁ}@??%@g@ §a fiofllof Bﬁ%ﬁg {I‘Eﬁ‘la?pf-ﬁwg}l }ubsg(ﬁlenpﬁ an

P4, where ated reference wt ree notlon vectors, one
f or eacHraufie fRaflrefdPéhces amchway.supsdq6&it PHrde.21 i s a di agram showi ng a
sequence_of P and

frames._.in which various P h
ot on VERARAL 1 el e I oBAT IS VR <GS of FABE faEs ik iygipolaton
2004/ 004340nEEH SBAR Q2R Ained A9 WirkkttiSh bE BisRite ABMAN Swap SitBBGMNE P

respective forward and backward references by a particular B frame. [0067]
FI G 22 franathdi reéprenees hdviway pedeupRfremeof P and B franes in which the

DL PLTSRGAET Ol | R SR BBk P AP R BB T O
wei ght i ngBseqhfl @ ftarité fas xﬁéiti'Epe rotiireNdetddd referendih@Pri@P famedj ect within a
frame versus tinme. [00701 Like reference synbols in the various draw ngs
i ndi cat el096&] e| erdft &5 is adiggram showing a sequence of P and B frames in which a nearest

subsequent 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 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.

[0062] . 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 interpolated 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



WD 2004/ 004310 PCT/ US2003/ 020397 DETAI LED DESCRI PTI ON Overview [00711 One
aspect of the invention is based upon recognition that it is common

practi ce wo 20e%00a3wal ue for Mof 3, which provi des for treo/B2003808397 bet ween
each P (or 1) _frame. However M2, and. M4 or her e all useful. It is
of part .s@ewmg &ffgrent WE‘&RE@S%I%U“%F@PF%H’F fplﬁ@r@avﬁaawawf reffencssifbér of B
frames B;H%ukﬁlggg bears a natural relationship to the frame rate. At 24
frames per secon ??ps), the rate of filmnovies, the 1/24th second tine

di st ance[@8Tken fFlan@2 icadiagmsudhbwing & sdgeeroetdf X! andihfemehmnyglaish the
frame-tq-franme. At f 7 S, or. hj.gher frame rates, however, the
time di lﬁﬁgﬁnﬁgﬁﬁégﬁ‘Jgﬁﬁﬁgﬁﬁﬁ%géﬁggﬁﬁéh%ﬂ@' dEorrespondlngly reduced. The
resul t ipoddef hi ofver 28WPEkESaRf sHBwWikd B ubhoe®df P AMdHBAmYSWIHE SsEnedM
become useful and beneficial "in conpression efficiency as the frame rate is
|ncreasedmgmpaﬁ72] Anot her aspect of the invention is based upon the
recognit MPEG: 2 G4 v r ze

over si npt‘?c?ﬁéeﬂ bﬁ?zéfsﬁﬁﬁa osfh{lf)(%n fhn Ib}GCPWCtHr‘Iﬁp Eﬁﬁé veks ﬁkdﬁrhé

bi -directo®reg pr eloiketdf@@néwylmrshnWa@imh@ai@mﬁgsanalwmke s1emntsequal
average of the subsequent and previous frame macrobl ocks, as displaced by
the two corresponding notion vectors. This equal average is appropriate
for M2 (i.e., single internediate B franes), since the B frame will be
equidistant in time fromthe previous and subsequent P (or 1) franes.
However, for all higher values of M only symetrically centered B franes
(i.e., the mddle frame if M=4, 6, 8, etc.) will be optimally predicted
using an equal weighting. Simlarly, in MPEG 4 direct node 4, even though
the notion vectors are proportionally weighted, the predicted pixel values
for each internmediate B frame are an equal proportion of the corresponding
pi xel s of the previous P (or |I) and subsequent P frane. [0073] Thus, it
represents an inprovenent to apply an appropriate proportional weighting,
for M2, to the predicted pixel values for each B frame. The proportional
wei ghting for each pixel in a current B franme corresponds to the relative
position of the current B frame with respect to the previous and
subsequent P (or |) franes. Thus, if M3, the first B frane woul d use 2/3
of the corresponding pi xel value (notion vector adjusted) fromthe
previous frame, and 1/3 of the correspondi ng pi xel value fromthe
subsequent frane (notion vector adjusted). [0074] FIG 2 is atine |line of
frames and proportional pixel weighting values in accordance with this
aspect of the invention. The pixel values within each macrobl ock of each
internediate B frane 201 a, 201b are weighted as a function of "distance"
between the previous P or | frame A and the next Por |I frame B, with
greater wei ght being accorded to



-13 WO 2004/ 004310 PCT/ US2003/020397 closer | or P franmes. That is, each
pi xel value of a bi-directionally predicted B frane is a weighted

conbi nat i wo 2064/G0h&0cor r espondi ng pi xel vaI ues of br acketPiCmgiS2003/020397
non-bidirectionally predicted franmes In this exanmple, for M3,
the weighting for the first @ETAHEEPO‘?E§CRIETEQ%I to 2/3A + 1/3B; the
wei ghting for the second B frane 201b is equal to 1/3A + 2/3B. Al so shown
is the equal average weighting that woul d be assi gned under conventi onal
MPEG s\@YesrgY the MPEG 1, 2, and 4 weighting for each B frame 201a, 201b

woul d be / ﬁﬁﬂ&g and
Cont rast[ ange [00 1aSPFét|9?|thséAl\8?%adg§g?§ ?;ﬁe&ﬁ }Sr%o%g??ﬁl%ﬁlmsc wel ght1 ng of
pi xel vaglragieitdudend ﬁimﬁhrM ef B wiiclapmidat lfér tme trames hﬁweéﬁ echiPdendss of

L e s
anpl e
fade- out,jyrafd: t]‘cﬁé %ﬁle %m Nghé/ﬁﬁmbé%?%eﬁﬁﬁi&eﬁuﬁ) aas&ls&u@i h&etap re@z[tﬁ)n%%@% em

codi ng cases G 2 and MPEG 4 due to use of a si mat chi ng
al gori t ithy frame ratlaeAt 2:4)frames pecahd (p8), the wite oft fllm mnvleas,rtmjl/aﬁth sBednddires)

resulting.in ortions. for S C

ot oved RSB BB CB RAT B TSR P R er et Hader ACC @i ¢
the i nvemtfiyoror hider famBrapg hovend! thBtﬁﬁeamaahwm@Ana&dgaa@nmmsmasOrﬂw ect
applicati on to codin efficiency inprovenment for extending nam c and
cont r astcorrgsrpadinglyxs %mi She sl isdbatihigher pugbers o Bnlames (hech I@ﬁgfevai lyes of
from. snabBtorklsprdRibheiGaluntpbshh FRUER I BnY chldnaeBea 2 o1 1
used for[odr2pht nesﬁotha&spefboﬂlhemvhytlbmgafasémmpm thuracagnn@n that bath exanpl e),

then a lighting briaghtness change wl| be a DC offset ch | f the
bri ght né¥ MEEGr @JHMP%&Tf‘ O&Pelagewan Hall%e art%erﬁwlsﬁef Paihgd T iterpolafiphpe
decr eas %rgx eeﬂ)&J od@@ogﬁén -dikPYonal RediCén f&'eﬁcﬁﬁ@%ﬁocl@ﬂf LRSI

shoul d be foun a co DC difference applied to the region. Such a DC
di f f er ersgpgal dyeralgg oﬁﬁrﬁbesdbsaqumtan@plfewm frshmeuhatrotdogksogodisplaredblyythapyd i ed in

each interveni B frame 1. (See co endi ng t ent plication
o 00/ GOBeER e or et R (G PR eE S TR B 1 “COmBbbs e | mmge
Chr ona |iffeph8@hte WirameHséisrade BArdnhewassd &pﬂﬁsﬁﬁt ihfine REBIRNPreliduemd on and
hereby incorporated b reference, for additional information on

| ogarit mmbsﬁqg@mﬂ@r i Hoseveny all [h@mrwyalueﬁ ofddi enly symoetisalyeentered
illumn ges ontr L | f a ane
|t or por s GREMAERiddle FRREIANEA 30 RN ol BEARAED LRy Bkl

cl oud orwéighteng. SirbilaB) i BPEGM ldiregmastiead, keyer mangasle.moﬂzbnseaomarast i ncr ease

w Il be expressed
proportionally weighted, the predicted 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 appropriate proportional
weighting, for M>2, to the predicted pixel values for each B frame. The proportional
weighting for each pixel in a current B frame corresponds to the relative position of the
current B frame with respect to the previous and subsequent P (or I) frames. Thus, if M=3,
the first B frame would use 2/3 of the corresponding pixel value (motion vector adjusted)
from the previous frame, and 1/3 of the corresponding pixel value from the subsequent frame
(motion vector adjusted).

[0074] FIG. 2 is a time 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 weighted as a function of “distance” between the

previous P or I frame 4 and the next P or I frame B, with greater weight being accorded to
—13—-



as an increased anplitude in the AC coefficients of the DCT in the
corresponding P frame -14 WO 2004/ 004310 PCT/ US2003/ 020397 coded

macr obl ocwe.200Mgmi31p contrast changes in interveni ng B fpamas2euslokosdbe nost
closely _approxinmated by a proportional _interpolation, thus inproving

codi ng” efleseE] @k frames k1Bt 15 rish BPshudbs of 4 bugheaonaliapigdictedP EFMEISEt codi ng
efficie 84 BYmbRLARLEF ¢ hdiREBide £ RY B REREEHB &G opasy N9l Y
signifi (r}géré%lﬂa% ralme ratfeﬂggggljcr:%sﬁg lﬁgglﬁ(er and as t elval ue ofr Moi gﬁy

i ncr eas autedigp ey AHingHB. Vh s eresnple faeMizd; the weaghsing for theGiT9 B foshad0la

ence { RBcsiRer a1 BFT Brot urade i pten e romeeattipsion U 1 Bak2aBh o

mai Nt ai NARY swn BahOEdR1 RFARIVE bting tBRGYoul Y BssisRAAnBGBhidnsioAalMPBer  Of
applications, including tenporal ~|ayering. For exanple, in U S. Patent No.

e
5, 988, 86Fstemay the MREGTe ApandaA weightingetos eagh 1B frameaad p, 244 biveulgier egiabte
Tel evi si(on+" f/%ssi gned to the assignee of the present invention, and
incorporéteﬁ y reference), it was noted that B franes are a suitable
mechani smfor |layered tenporal (franme) rates. The flexibility of such

rates is,related to th nber of con utive, B frames avail able. For
exanpl e,Apﬁ’ﬁ@If‘@’ t@%’%‘égwﬁﬂfﬁc@gﬁe%%g%ﬁ{mg%gfps decoded tenporal |ayer
Wi thin ajg@7gps StiF8am g@eatér t8h 3 Rropleaonte el g ol bixeRySliesvh iMiércdi OB ps
stream Triple B franes (M4) can support both 36 fps and 18 fps decoded

4 u
¢ enpor al franesperidl impraHering ctfetiveaess of biehirectional (mode Brandliree5MPEC domaderd

t enpor al 4l .4 i - Usi gg { £:Rl . stream
can supp4 r0§ Xlﬁg?}p%g,h 95%6?' p@grﬁgﬁﬁc%gﬁﬁ ;831?‘1 @éco eal}ﬁi&n%%ﬁrma 13%:6;3@?1?% al so
can be usellasdatb-oatskhéd ctgps-didsoleesnTheseptypasi dferideoreffiers aceplobempmdalg dasgser s at
72 fps and 36 fps. [008 an inprovenent to taking every Nth frame,

mul ti pl eof P%H%Pﬁé-% _M%Go?dwez@ggg? & SrRie Diewal ga}wnﬁ%@&fiﬁ%nm ly

bl e”ded’coﬁﬁn&%s,%rdflﬂggz ({2480 m&%éagatys%anﬁasﬁe;um@%leqﬁatﬂrefsbnmls for B

09/ 545, 233, entitled "Enhancenents to Tenporal and Resol ution Layering"
(assi gneftimes. Chding of suphamsesfis irpropedesewnding propoitional Bifrdmienuaterpotatiananl by
reference% to inprove the notion blur characteristics of the 24 fps

resul t s. CFHIEFE CARGREPf r ane rates can be synthesized utilizing the

net hods fserd) bed PrBporfi8nAENFhRE idtkrPolafioh 8186 haP@kdcE iRt BIE35, 277,
entitled "System and Method for Mdtion Conpensation and Frame Rate

Conver si dficiefieysigipgonemend farigateadiog gieamisfand gentst age. A pUBAION GACUTEGRGE N

i ncor por.ated by reference)...For ex . 7 a | Qi .can be
i 11 Dednegs eting S ORREE bR AR R ooch e AR LB by Fi

ef f ect i ver buitadreeny shh€ow {solBhallsvaseges &f a Iopeatintlc cbllihg gephdsttatifivistusdBfdrps and

24 fps frane rates can be derived, as. well as other L i
brightness (as embodied by logarithmic luminance Y, for example), then a lighting brightness

change will be a DC offset change. If the brightness of the lighting drops to half, the pixel
values will all be decreased by an equal amount. Thus, to code 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 invention and hereby incorporated by reference, for additional information on
logarithmic coding representations).

[0077] In addition to changes in illumination, changes in contrast also benefit from
proportional B frame interpolation. For example, as an airplane moves toward a viewer out of
a cloud or haze, its contrast will gradually increase. This contrast increase will be expressed

as an increased amplitude in the AC coefficients of the DCT in the corresponding P frame



useful rates such as 144 fps, 96 fps, and 32 fps (and of course, the
original 72 fps). The frane rate conversions using this nmethod need not be
i nt egral wol2beqpioexo For exanple, an effective -15 WO 200¢r0B34@3020397

PCT/ US2003/ 020397 rate of 120 fps can be created froma} 72 fps. source, and
then use&@desmacreblorics Aeain, smtrﬁsts@laflg%s m gpervoning Sk frameswilt brmag clasely) |

[ 00821 ng the

ber for A S By F R B, A e ey

i nt er pol A8 desdniplmatnmbtmadmmcmmgwand contndse caling efforemeyusinge B franes

function nore | entl t her enabl i ng,these. benefits

5P e PR BT BrpoR LR rSORir By PEREsAT R S aes PEG B age

wei ght i ng gn(p%qﬁeugﬁgofmgq%&@aonal systens as the notion conpensated
node predictor for B frane pixel values is that the P (or 1) frame before

or after a particular B frame may be noisy, and therefore represent an

i nper f ecj, #75;;;, & Byl g6 5 {;&a\mbyerp@tl m ze the reduction of noise in the
i nterpol a nmoti on-conpensat ed bl'ock.” There is a difference residual that

i s coded Qos'lsng t hdJsingermbedintent®OT theunvention allo)ﬁ/s awincgaase intthe baue ef M; hed mat ch

i 11 bo TEBGLPE SRS 1 ek Biisrot mectuoh el e T PGS iEBbRET (0 1S

cases V\’f'ngrﬁnvé]&ﬁlﬁ@ EfiticAbY. Suth umgwes ibBgkfitéla ﬁﬁhﬂb@tﬁf a@f)hé‘dﬁl@ﬂﬁ\rih@ﬁdlhgiieﬁlpo@alt rue
proportion ere M2 {or ovi des better predict wever, when, lighting
C

and contlpyesing. Karsnaan aH’eUﬁoPa‘GEtcTﬁQ 5 ?&};86@q@aﬁleﬁe‘T§mm§;a@ﬁh§eﬁ&l%\P@ to be a
better prg gﬁr‘fé%ﬁ‘ﬁd%%ﬁ‘c%ﬂ Tellisi ’5&9 ﬁg;nt%h t%‘é'a@& erlﬁ‘iﬂé) e? @ﬁt‘f@{ long a

not i on ve or°w aver age erro from war d di spl aced
bl ock, tihspsredddy mgfetelnee)ertlvmsmoteﬂ tlm&frhylesh&rbfa suEahlel nﬁ:ohamsm fardayeoede

Ilkelythat B crobl ocks. neare frame will correlaermre
ot hiat 1Cmpordb R TS ABRGRRIOU & OLrHe Bpsatew(rﬁét riQ R DYTRRSE S consavE
desi r abl g d3 SAUBIE P B0 Ghible ﬁ%‘a&e@%l\/&@? taD@lpp6R ratara%& d@odePiehipat aness

change, to utilize a true proportion for rame macrobl ock pi xel weighting
(for bdayer Iwmmmaﬁb épsasndam@ir@ﬂp fradecddeticinporil ddyov withima @A fpsistream. Triple

t t til I i
VPEG 2. dhieReEals TheRRTRr AR AR Boreqadst RrtRii s LR Rhinsel e by ena
of theseakym, Qfd@@Q?.% b1 5 fRABOFdeSMH AR erad VeThADL 6 RSk sftﬂé@rﬁEUﬁh heaee
proportion) for rame pi xel interpolation. For exa;ﬁ)@mol n the M=3 case,

3/ 4 of t\mhm/as 20 b szvegmmanp@pmrb%fp@:,aaﬁl fpe apd &Rfesidegod &l layges. Msfual
may b 4Rl bR b 130 G ERE R PISOD kAo AR 19h T s AT 0
F( FrameQesthancePr opor ti onal Wi ght) + (1-F) (Equal Aver ageWei ght)
[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 co-pending U.S. Patent
Application No. 09/545,233, entitled “Enhancements to Temporal and Resolution Layering”
(assigned to the assignee of the present invention and incorporated by reference), to improve
the motion blur characteristics of the 24 fps results.
[0081] Even higher frame rates can be synthesized utilizing the methods described in
co-pending U.S. Patent Application No. 09/435,277, entitled “System and Method for Motion
Compensation and Frame Rate Conversion” (assigned to the assignee of the present invention
and incorporated by reference). For example, a 72 fps camera original can be utilized with
motion compensated frame rate conversion to create an effective frame rate of 288 frames per
second. Using M=12, both 48 fps and 24 fps frame rates can be derived, as well as other
useful rates such as 144 fps, 96 fps, and 32 fps (and of course, the original 72 fps). The frame

rate conversions using this method need not be integral multiples. For example, an effective
—15—



The useful range of the blend factor Fis from1, indicating purely
proportional interpolation, to O, indicating purely equal average (the
reverse aweoigowm@miioof val ues nay al so be used). -16 WWOr2OOA2@043107

PCT/ US2003/ 020397 [Q087] FIG is atinme line of frames and Dbl ended,

pr opor t | '8kAf 128 des g criﬁt%ﬁom\a&?gfﬁﬁ oS and heniusediacsgrcler Bipt Sﬁ O¢fps s
aspect of, 4t 5 pi xel values of each nacroblock of each

i nterne gtjéefgb& %‘klﬂgyaﬂﬁ%lb are weighted as a function of "tine

di st ance[O@&z ]Neen This, mnm/aretfsnpbrdrlayenhgbmﬁﬁs tneptinneingahd pdPfoomancefafddre B,
and as a.func he equal er age. of and, B. for
VRS and TR GHPa e Baap o b T e N AP RO Rk PRI 11 e
301a is @ghtaks bonbéRtive B/ Bndsi fufetion Idte effididifly 91'&%9rehh@ﬁ%|thé@|bgﬁ'éﬂt§19 of
2/ 3A + 1/ 3B, plus 1/4 of the equal average wei ghtlng of (A + B)/2).
Simlarly, the weighting for the second B frane 301b is equal to 3/8A +
5/ 8B. [Oﬁlgﬁged‘lpgrry,%yﬁe,?glattl{aﬁﬁgbﬁd;go,gsactor F can be set overall for a
conpl ete encodi ng, or or each group of pictures (GOP), a range of B
frames, ER@S$3B fr dﬂmreasorﬁhmquelgavomgmeighmng hagbdenauised {1 soniverdiongl, f or

exanple, as fin for ea cr.obl n the ca di rect
oo e, et e S ion el R e bt b hhmie Sxd Rl i M st
[00891 I fitahR Ueldre besfterQf pablidul &I R mayhé noddyl &ed thefdrbeedraeht 4hat t he

bl end proportion is not usually inmportant enough to be conveyed wi th each

nacr obl osiperfpgtmaieh. Rgyal tlending wHlippignizp dig rgdusdionof apise in hednferpolard of

| mages blgbtnc% gﬁﬁﬁé’ngz?t&? glocfofhefé(ﬂrgpdlﬁ"ereﬂgé rebﬂ?’ﬂ a%t flat id pc?cfed é%glt]?eddﬁ%tlzed

di ssol vi'ng or con angi ng, a
bl end f]aCtrcfnndﬁone@f cmrrseathejbetuer the ,masﬂi ﬁmhltlncgmpno:poasrhpmaﬂed pfdpertme filei on)

i's gener |1y st o For. . runni ng out such lightjng or
contr astiewRLd fence FFéH{m llo%rW%h l&r{aqtfl%fgt M@gﬁu@grt egwﬁl%rt}zﬂegu@% or
1/3, m ghgogdfm a m%ﬁges%&ﬁleréd?@bsﬁws mo%fg waﬂg oﬁp&feshgao»{, benbenefrid s of

proportional |nt erpolation as well as sone o benefits of equal average
i nt er pol @opation Ahkre MPémcbVﬁ@stachettwa}braélstlw tHnWEVleheVH@ntllghtlng ardg@mgester ally

w il be useful, with one part val ue |nth|s

onti o, Sanestaye el ¥itaRing RatpraxE i by hedkr orodEE sk

cont r asterf ANELmMbAREY @ mackdtodd BRflard atdn@ra Haton &&td}a&lﬁrbmam@ﬁfgé@@n@ﬂ@l I y,
dependlng upon the | ocal region characteristics. In genera however, a

wi de r arggeorsfrom thbackidrd displeesst blods gmsserdisingdha paotsiie aerhrbychadh Bven seedt
favori n%ﬁ rrpol% H(élly H‘Lal? %szrfgr?g H}%croblfo%f(pr%arér%afng/oef\gﬁ%%mri?ca 1 ?gﬁgg{ 311;10%2: ﬁoe &11%{ i on.

[ 00911 S ‘gener
aIthougfﬁarﬁe(ﬂﬁhncemﬁe;rd\dlkhnph(dﬂmﬁ’ame types of scenes can be used to create
a table of blend factors by. scene type. For exa a determ nation of

i mage chE®@8P Lhar akitusy it &y desisabls i o EEymsianceses tastr%ml‘ﬂl EPRITasE Hpor ti on
for a frgfmuRss ERAEORo uflised BAL hrbBbition Bor B #RR HaRoBEICHIEAWASARHE (for

both luminance and color), as described above. In other circumstances, 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 average 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) + (1-F)+(EqualAverageWeight)

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).
16~



a nunber of candidate blend factors (either for the whole frane, or
regionally), with each then being evaluated to optim ze the inmage quality
(det er m rwo,206400048manpl e, by the highest signal to noi ETNBRIG/02@397 SNR)
and for |owest bit_count. These candi date eval uations can then -17 WO

2004/ 0046398 T/ UFs03 D2 s Aingof s apd Blended, prapertipual and pqral PBEL ¢ he
bl d d
en prwggfta@;}%mfme% if QO ke g«pggﬁlsfagge@t %fm?ggg%ﬁgﬁhsgw mhes drshbies an

coded qua I ci ency can be 'use nmes near the mddle
of as ecmecnoﬁodf ofach mtamedwte Bdsumd 3(Hg, 301bnart ightesl asasfunétidy] ofétlmen ot

af fected ver ch b ort'on i nter at| e the .co

pr opor t |‘Bﬁt§n “erreg 8}15 ?ga’ﬁ'glfaé@etbgag‘ T’%ﬁé?ﬂé‘? b’fa&d aﬁ?&ﬁ% 1%%al ues
of M t F&t%&q@merggefafmmqh&m@eﬁame foeNVEIamtTisant favorFESRL @8 by t he
choice of biend factor. Note that the blend factor can be different for

t hese exhlemsded wrightingdorsthe irstiB frame 30ba s eapalitp 6/8v e BFdi.et Bdrrf thhe nore

aver age, MR RR Syl taE B a2 Rftg /4 PEE R hterag RERMEN A PIAL 5"

(or 1) fSiadiRgy, tE@bveeghaﬂEIf@,thé §ecoMFB, fré:riikemllbrxsqueb B/gur y8B. frane mi ght use
a blend factor F which blends in nDre of the equal average, but the second

and thir 09884l e Blhe valuecofithgblgad fackys Fgapibesetgusrall,for apsmekﬁfafrncowgfcgge
t I
O Pre 80%ehobr AURAELR 4 An ol ARl h AL L RgBR el 00

I n a”sequence, varying v of the blend
fact or dBfrabe (cehndiye tbriexamplecaciimyly esfoe dadii madroelack or, irmthesiaskeofiMPBGHAL | on
to the decoder

Q0931 If a.static,general.ble act.or reqU|red (due to
| ack ot GrebTABEITEE A BASET It HE DATEE S PR BOHEN BIockDs s Lsual 'y
near optid@ée) and naaﬁb Peeraebessk e@b@'ﬁl aﬁdﬁetﬂesnﬂ@qeeaa i) tﬂ% HiéRiBRoportion
interpolation in both the encoder and decoder or exanple, using F=2/3 for

the bl elﬁdOh‘umt&lka lmpmanmughm bucawsyidiweith eaplanaoreioek, optmaliselofbe 7/ 18
(7/18 -bﬁIS * %‘Eféli‘ %%Ftand 1/18 (11/18 = 2/ E 2/3 +.1/.3.* 1/2)

Li near | dﬂ’b%? P o“f ? 8(880 PgRss Brive CoURITSS- B GmRlS SMia8or ed
in a parthhtGié 8ididge Bs&sI @i Aér wiitre biiahll ngmlgtchecoﬁfrmm@hduamgﬁamgaﬁg;rarméndon to
nunmeri c values. Such a mapping may result in a |inear or non-linear

r epr esenfegter Bpearmsat ékieﬁ-rme ctingipiopaftioaahigiemalatipnd i gencaprass eptonalafer
non-1lin ncl ude
Iogarltﬁﬁﬁgngng nen?1 Y&%Pg%@%é %ﬁ%nagﬁgﬁgykEQE g&%%%%%??% ﬂﬁka bl ack
cor r ect i suoh ac2B3DA] §r U3 adightform\a sockwi@n tletcby pré36Bag Oner ofithe bmﬁ@ﬁam c
ranges, ' t he non- 1ine

or far |nter olatlons of near [ egi ;
r epr eserRIARITHANG! énta@el@ﬁ%m* well a5 porpe 9%& berestts p plequal %Vﬁ&&ealeﬁem?@t%p%sem
pi ece- W'l.ir“l@nd fabt‘&?@éluéwﬁﬁlﬁ%é‘é tooﬂ&nga-@&%ralwm beVL?s%ﬁﬁtMi’lE‘éné ﬁ‘arﬁédl%a'i\?e’ss are

reasonabl'y approxi nmat ed
within this range proving optlmal 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 average, interpolation.

[0091] An optimal blend factor is generally empirically determined, although
experience with particular types of scenes can be used to create a table of blend factors by
scene type. For example, a determination of image change characteristics can be used to
select the blend proportion for a frame or region. Alternatively, B frames can be coded using
a number of candidate blend factors (either for the whole frame, or regionally), with each
then being evaluated to optimize the image quality (determined, for example, by the highest

signal to noise ratio, or SNR) and for lowest bit count. These candidate evaluations can then



| i near interpol ati on. However, for w de variations in brightness, such as
occur in wide dynamc range and w de contrast range inmages, the treatnent
of non-|iweanosiogial s as linear wll be inaccurate. EveoTiuseomoeosal

contrast range |ma? | i near fades and craoss-di ssolves -18 WD 2004/ 004310

PCT/ US20e837592 trasetec 3§rpeﬁe"aé}l§gfﬁ’éﬁ7@d>1m¢ RIOPQTHERrA FRRINABIHLOS ath Ingechangea o
and cros | di ssol ve rates, adding
further @(%fryﬁ gll%/s;e;ﬁld%g% @F%Qfﬁcieﬁ@%ﬁ@ 2Ellgtgﬁeﬁgggnprovemant to the use of
proporti p0@®2 bl endB fraores ﬁm&ﬂhe miiddi¢ ef psaapeondeiod Bafrarnes, eqreatiltiay éoagew

i nterpol ati on |sto rmsuc i nt erpol ati.ons i xel _val ues

repr esen‘fagllfs OZME E ﬂ%t cY gy 1gye t]] % PR loaf)ltlptr‘?fp?giﬁloﬁoﬂn?q the SPMEYEL es

differi '}Qof)dxﬁﬂhs &J@%Irea{dygieﬁlaﬂhe @Qﬁhﬂakré}%gé HdWevea s SRR VaReObA Gl exkeRd 7]
This may be acconplishéd, for exanmple, by first converting thé two

non- | i ne‘érﬁamWMns:ea@egn&nﬁca(mlwﬁfet:hé by ithethoiss Oéh&r@dbg@qm@tﬂthm ther 1)

franes | |ne ation .di ffering non

tepr esertlitd frtor TiEhe 4TEREEEF ISR sR P Eheti . iR O b e e

i nver se GOmMuRs séndial pSsitdiie] WRidh gitindlittle B8nd benehit ﬁﬂﬂi&févfaﬁfag Iffont thetahéragéypge’ s
original non-linear |um nance representati on. However, the proportion

f unct i orsingeltheyrglieady bawerhigleproperiaas ehbeth rﬂﬁ}&l}b@mg Fréer T) &mes dior sxamepicdf t he

| um nanag-3. @RS and P Kb tniBhER I fal B; P %g}& H GIERL if FRELY ol S

| i near or nbn-Iinear conversion or (chromm) values, in addition to

| um nanceguahvdveragephutise secend adithigd atiddie Boframes may ese thastrice2/6dnd 35 amalirs in
contrast changes assoc Zhed W th variati Olﬂ W!‘ haze.and over cast Exanpl e
Enbodi metfEr4B8 @e@PriEang 1fAhq RropoTipRRA%FEESHE E’@t%ﬁa’i“?sl FaPagipe hodi ment
of the i nueinl R Bitadie B bdREnde e ngealﬁeapmte%!enurfgét&r@aﬂtb%cépnwg@ag@]
Step 40 In a video I mage corrpre55| on system for direct and interpolative
mode forthcompmessegbﬂstfrq:aama}s siidst ipfarinatiomty thaddegodet.at i on val ue to apply to

i or heaf Q0801 F andlt S0t go i ! Byovir uclodier B2 BRBRLIY s BHED, °( 3)

a bl end ta¢ veIabR thenBh OV 6F 286 dshally hedt®paingt, aAE Ean HY PRI R, stlievaked from
at least two non-bidirectionally predicted franmes bracketing such sequence

i nput f rienBarapuingespylatian in bath/thg eacedenard decodernyor qxamplr] usigg Ep2/4dfer the
ot i m Z%EJEF ct%]i' %{)@% theoéhc\é@és}é% M%&f&%ﬁé lpbeaﬂlkg?f%’—%h‘ 1£4 93 @
group of pi c ), rames, a scene, ane,” a region
Wit hin al/tyamel,llm (lﬂal(8r=ob’Bdt2¢3 +a1/D€'I1/1)l ock, or simlar useful grouping or
sel ection of pixels). The interpolation value nay be set statically for
the entire encodi ng session, or dynamcally for each imge unit.

Linear Interpolation

[0094] Video frame pixel values are generally stored in a particular representation
that maps the original image information to numeric values. Such a mapping may result in a
linear 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 dynamic ranges, or for interpolations of nearby regions, the non-
linear representation is acceptable, since these nearby interpolations represent piece-wise
linear interpolations. Thus, small variations in brightness are reasonably approximated by
linear interpolation. However, for wide variations in brightness, such as occur in wide
dynamic range and wide contrast range images, the treatment of non-linear signals as linear

will be inaccurate. Even for normal contrast range images, linear fades and cross-dissolves
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[ 00102] Step 402: Further optim ze the interpolation value with respect to
scene type or coding sinplicity. For exanple, an interpolation value may
be set: sweatwewiohyro(such as 2/3 proportional and 1/3 eqaalusassnage) ;

proportionally for_ frames near fhe equal average, but _blended w th equal
aver age G3B&F degadedipye éﬁ%armlteraplarlynf$%€a¢ew¢aﬁm§&ﬁ$sylvsa%hzwwfﬂneﬁ%r al |

-19 WO 4 h 17392 ne characteristics, such as fades
and cro@g%?ggé%&&f%’%ﬁl&%ﬂ%(%gng ocally) based on |ocal inage region
charact ef0396Lks, slius, @asadditombl oproveansent &ntheluse af prdportivha biendger even

dynam cal. | and |.ocal | ased upon din erformance. (such .as hi ghest
coded SRPPISHIOPHRTAr LB B the C e RATBRI ag o FOPTO B PABHON I« he
appr opr ialfs PERBRhtIG a HXBM b scel 6 inlRhGpaRRied doh-1HRhr spatatdiGdig/from

determ ned. [00104] St eF 404: Optionally, convert the ['um nance (and,

opt i onalthg originaloremylindanfusringnce sepréssntadigeh franme to a |inear or alternate

-1 .at | d ' 5 '
decoder 195t °<t DL biaf By GRRFRRKERor Fabecty St et REBREh A Hid '

propor t ilgmalanpé xighaly kst Sheitvigud 4irl subscubhtre@r Iy RirBésiatoad ligsar val ue.

[ 00106] Step 406: If necessary (because of Step 404), reconvert to_the

or i gi nalfepresgntaivanera disisringnesHaeay represeaiptiop eFhsnayrepqroona) plendds splisd,
above, i ! . i e f:

ror er encef RERi 6 b ordverfon Apfled MIRYGR Hetalel PR 1n BRBEPE - oo

pr evi ousorgyich]l nsuHhisearueminaRceanmepresentatidir Aoesver] the psapretiorefiinniiguwill savesed i n
the H 261 and H. 263 noti on- .conpensat ed%D%t&gglrlmr essi on standards, which

enconpad¥en B fomed.on amersaptimal fepreseniap WMARCEFE4Sn t he H. 263++ and

H. 26L St?d‘tf@é A in davadArerMo bdefitia aﬁﬁ%%i@ﬂﬁéﬂ%r%lin%%@ﬂ&@ﬁoﬁfb poi nt
to P or frames which were not directly bracketing a current franme. That

is, moolortithrole) values, in Biditiamrte surnimanet, pdentolots ave &dingynr becémmgandref or e

t he previpu frame,.or .t ne P or | franme after the subsequent P frane.
Wt ond g as ofEs iienid eRBtaes nociaied iRy it St TR REGERER
subsequent P frame can be signal ed sinply. Conceptually, the use of
previous_ P fra for reference in B frames only requires storage. For the
| ow bi t Wleg’gg?ﬂﬁ’eﬁ’se of H 263++ or H 26L, this is a small amount of

addi ti onpdo oI Y. FIERY is § HewEREEMNowhd AtiMRst A veleaMo@imdntef BefifviiBog ash Ng
order nmust be nodified with respect to B frane coding, such that future P

frames (methpdtet may bp comantesimmesentpd decoded before
[00100] Step 400: In a video image compression system, for direct and 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 predicted 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 respect 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.

[00102] Step 402: Further optimize the interpolation value with respect to scene type
or coding simplicity. For example, an interpolation value may be set: statically (such as 2/3
proportional and 1/3 equal average); proportionally for frames near the equal average, but

blended with equal average near the adjacent P (or I) frames; dynamically based upon overall



intervening B frames. Thus, coding order is also an issue for subsequent P
frame references. [00109] The primary distinctions between P and B frane
types ar ewo(20)4/@®43mwanmes may be bi-directionally referemrcadisRup/ oRasr wo
notion vectors per macroblock); (2) B frames are _discarded after use

(whi ch atens ohaeagteristies; suchay fadeh anderors Ppwdvesudynagicdlydandigealy) brwdiate - 20
WO 2004/ PCT, 9 r i 3 R frames are
used as 19%??%%%%;—{50? gﬁ%g&@ﬁ%%g, Sta gh %ﬁfe&%e%%] trLsg?éﬁé(i: ie&g%%)ﬁ&ﬂ’gc @g?hgrnust be
decoded dypimitaly émddocatlypbased apdmwcodiag perforhmaciu@ndh 83 Higlasecoded SINK) Jands

anot her aspect of cLhe i nvention, P franes (as opposed to B franes) are
decoded THPRUPEPdeEbitsePEalsde or nore previous P or | frames (excluding the
case of @ fr . ' £ BopdSRSeahoutt £161 1R §ecBd&, ifinot F 2Ne) .
Thus, for e@ajrjpl e,§t 463&8@%@%9%@?}3%%&?3@ pero macré%lyoeck mai/ nlge used
for a cutatieally ¢etémmane]. al | pointing backward in tinme (i.e., to one or nore

previ ous ecoded, frames).. Such P fr still jntain.a "stepping stone"
char act e¢°y°1§14a 5cht§p %@3&?3#&3 ﬁ%ﬁeﬁéﬁgﬁl@ggﬁﬁI(%’B%Ppﬁ?ﬂap?"p‘fhéo%%gvi ous

r ef er engedrittich fo¥ b frar: fof ARaPO altetndt\BorRlih&dk rdpréseatdBon, 28d co¥4thignd t o
a prior |I franme 506. [001111 Further, it is possible to apply the concepts
of macr clicmele tepresenpasionttp dhe degedergid set staicglladetemningdy such P frane

referenc us, d.n Jid L on. ' ' ' : C .0 more than
one previ oulsOEI'l;j or %te}? ?tgéjﬁeﬁelte?{}"%eghgbg%’%%g)s% gll @}‘gqjtagle%ﬁéﬁéﬁ%r(g%or rli)eg ns of

mul ti pl @ntefjoitioaualdd. or | frames, using one notion vector for each such
frame reference. For exanﬁlgi, the technj que descri bed above. qf using a B
frame i kG Rfilat i oriemdfs Ihassessary: (RecausepeStep 49 Rerertig e g i ed to

al | ow aqurg%gqg,hpck ina P frame to reference two previous P franes or
one previous rame and one previous | frane, using two notion vectors.
This technique interpol ates between two notion vectors, but is not

bi -direct) i i is the case with B frane interpolation), since
bot h nntcéx](t)érw\%g oar'éép elr%lft’ilcsebackward intime. Menory costs have decreased to
t he poi ntoodterle hoddnamed sholve) iplpeiop ae MREG- 1P2 pandl4 dongpressianmmetbods; ¥ frahoes such

concurrent reference is_qujLe practical. 0112 I n appl yi ng such P frane
i nter polrﬁéefeé‘ﬁ? thegpr F"é‘o'(‘,spll)ﬁ St ir {EE‘P?\FQ&E}%&?@F Crentd té‘? %?SP&‘}%‘O&? &t oder
various sHﬁ&EHéntﬁ’rﬁﬂ%rtl'fﬁﬂfﬁs.ofhetﬁﬁle%&l‘{ﬁ §s hitR iRthe D61 Fnd HAFB iR,

optionally, "~ one prior | frame). In particular, an equal blend of franes is
one of tcompes®tad DGTenvprgssiopstandards whichy ensruppisdow bittrhtetopmppssipnous P
frames as . references, an equal 1/2 amount of each P frame can be bl ended.
For thrg'é‘:hﬁfoé’\?f"ous P frames, a 1/3 equal blend could be used. [001131

Anot her mefod] bl gAGhe. 2690+ Bnd HBRSstarklar i8 delelbprertDB tfranRO@ fdrerR i\ QS

frame, and 1/3 of the | east recent previous franme. For three previous P

frames, exteodedio ppirtftaP qs)l diggnes which were not directly bracketing a current frame. That is,
macro blocks within B frames could point to one P or I frame before the previous P frame, or
to one P or I 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-
coding use of H.263++ or H.26L, this is a small amount of additional memory. For
subsequent P frame reference, the P frame coding order must be modified with respect to B
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



Is 1/2 of the nost recent previous franme, 1/3 of the next nobst recent
previous frame, and 1/6 of the |east recent previous frame. [00114 ] In
any case,we soaiphaoset of useful blends of multiple prewcous2édsfoeaes (and,
optionally, one | frame) can be utilized and signaled sinmply from an

encoder te@peralitayerdns); andi@Fe Pfraargsfarcusst ap dstenripnetonesnsongttp theAsyt, sige pech
sel ectedp ﬁg%lgmlﬁpbggec%gsé it WO OPIIHLAR OCcAGub LA PR, f OF an T rage
unit. Anu ropor I ons can sel ect using a small -21 WO

2004/ 004pd®L BT/ usgmama&aaseu oftheiesentién, i frameswas opposeditd® fraes)ared to t he

decoder whenever itable for a desired unit. [00115] As_an
aspect dfecodrd ‘WR/ FIPRGF, tojope PEMQISRICYIONS (0T ? g'ag\ﬁ,ﬁ {egﬁlugmgé{: SERE F%’?’FSb frane

ref erencggnd fe?éfhﬁ{lﬁ’% GRS hd AR piRLRYE PR I ?raﬁfe5 Thius | oA BRanffle, 3wBRE Brordli St ant
previous P rafe. In this way, P franes woul d utilize a single
mot i on viegti@r vesears peronadrbloék they be usdtfooaaliirent Pofeam@adl poinsink back WG 4
style codin but would uti.lize nor.e.bi, t o | cate that the
referencém‘f‘&fee QOP%O%mQTerﬂF‘QO'é%%Q gﬁ‘?h )oﬁgc}]fﬁgﬁ’élesﬁq? Wg"ﬁﬁcrobl ocks
in  thi ssrpgReWiited chahctbe FIG! £is RQdisirhnd 8ho Wikl anRshRpR orenlifiple pfsiqace a
sel ected previous frane, being selected froma possible two, three, or
mor e pr evfesensesby aeumrynt P faree $¢(biodws prier P ﬁ@i%r@gc@4 mesk toeaarigs ldrame 2. b t
code cougo% designate one of up to four previous franmes as the single
reference frame of choice. This 2-bit code could be changed at any
conveni epgoilEpe Either, 1&@@9&911)46td\hmibﬁthe@bn&pfsrcﬁhﬁ&rélﬂﬂdl&ﬁﬂerﬁdlancm asypi cal

I n I\/PEGcodlngto use a_fixed pattern of and B franme type
nunber fesEitied aRpYe, B turddniipne FeipreacessT me@ﬂd}tspnéo étﬁ%le%aﬁmglfzﬁerferé&%%p| e;

it is ty, lng}!a éhdn M@Eﬁ-&m@&# £1H§QISB§QSS%IE tRABREd B%gk%%%ﬂs E’f&ﬁftlg'le)

frames. agramof a typical prior art codi ng pattern,
showi ng medousP ant frama:belsingfonanfortiarmsctofr foe eacltsmoh fratnetrefesamcd Fac keamplg, |

frames 600 and/ or 0011 MPEG- 4 vi.deo .codi ng standard
concept utgF fag HF%Q\%SCQ{’VQE‘W’ ?Hﬂ{% 23%} §rpolaten B’é’fl?\g%‘ﬂn% &%‘f‘?ng I

frames apfhr&icePmhy %@ﬁﬁphe@ﬂg aflow ahy hﬁgro%[&!{riﬁ a@ﬁﬁh@i&@fé@em@%&‘%@%dus@r ames.
FIG 6B is a diagramof a theoretically possible prior art MPEG 4 video

codi ng p&amesrar,ong peemiong Faframe wm@permmeus bffarge.fusigdwoleatiouerecloradkist | ng |
franes 60 and/ or fra 602 s wel an
tglnl(tuﬁdlitf rITYEJF ng g 101N Veﬁ org S[')IJ.?IS n%E X Célgloﬁ ?lﬁ 3gcan

franmes 6tﬁ codi Sstructure

utili ZeraE@with’ f¥ifle m@hpagnole)f kined I01E Yndtion Vet oh mmtﬂaekmatm eikebtemoty B and
P frame coding types to the noving image franmes. Wiile this flexibility
has beercostsare fiecasassd ol thepeiat wherehaldmgmwltwleprsyioys Por § flames jrememory

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, optionally,
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 frames, 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, another useful blend
is 1/2 of the most recent previous frame, 1/3 of the next most recent previous frame, 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) can be 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



and no nmechanismis known for actually determ ning the placenent of B and P
frames in such a flexible structure. [00119] Another aspect of the

i nvent i orwappdd/m@s3tbhe concepts descri bed herein to thisPcCiiuszedloeosendi ng
structure as well as.to the sinple fixed coding patterns in co n use. B
franes tHiRDeEahbite Whigheiap S spRYFYEd ihige drerdeb P ReRfY cRu@Pleteta 455656 Mg | e P
frames npy; reference nore than one previous P or | frame and be
interpolated in accordance with the present description. -22 WO

2004/ 004B31ML FBJT/ USROOBHR2 agR:¢t of the irkedtidm itgaalse osdfalrto switch-ctlkdskglelt hin B

frames can uti.lize proportional bl ends opriate for a.flexible cadin
struct uriganéesregefr?rggf ?‘\98&5‘6 poshieeen é’r‘?vll%c]ﬁ @?hﬁ?‘ﬂ?&aﬁ(’%gﬁt nBICVI"&hds gan
al so be @t 1)l faaRd VR WY, I R4FRSs WElIBLENES Enle nhotfond/BBr biahadbklock (i her
away than the nearest bracketing P | frames. [ 00121°'] Simlarly, P

g or 1. N, :
frames cptiondiyeperixd terkentMBRGoh#ylsicedingli dupwenldutifize are prmetsibits 19 | exi bl e
codi ng E%nillé%ttﬁ ﬁagiqusre e;grﬁg%éféx%ltg aglsntg(Y)g gﬁgciﬁcf }'@élgcgls%e? 'Prl:F]asnﬁ_;r r:;le(r{;(ggnlélgck iHrt her,

bl end c¢an applre cro ST nsuc en they

r ef er enahisimsdR Wwdiad notREnRiIAtDAESbIR ifisteadevduld rferendy 4 soléttddyprevios frathe,ame) .
(A) Determ ning Placenent in Flexible Coding Patterns [00122] The foll ow ng
met hod dieingsslesied drem appssitie b1e.ithiescorimpre previQus drey Doframg ehpiges dor 1 r ane

codi ng r hE i teh el Eqr ed
Fange o eFTaRE PO efftlcls bikRals EOla B ABRL: bRt D S e DR T T
det er m rsingheredgrenaeeranay ofivhaiceoPhis 2edit code ebualilibeehtngedpeany cadeenttisaga)
pattern. EIG 7 is a diagramof code patterns that can be exam ned. An
initial usnétquence 700, ending in a Por | frane, is arbitrarily sel ected,
and is wused as a base for adding additional P and/or B franmes, which are
then eval yated (as described below). In one enbodinent, a P frane is added
to the i an’}ﬁﬁNg’égﬁé?{%eEW(Ysto create a first test sequence 702 for

eval uati pgb11d7 t Nat R\HiEALA MPEG cSdihi & @etadied palternVre! .8l Wi Bne fypate 1S
inserted to create a second test sequence 704. ‘For each 'satisfactory
eval uat i The,numiadof B draaies Befwean®sirames 15 hypeailyd coostanteBoreexamptee 3§ tygloal | onger

test sequ 706- 712, unpti. t he.eval uati o riteri eco

Lroat o UG 2 B ustiBie b framts bENEGHBloP B BTl oA RE Fagramobapt e
Thi s praggiesl privr BAMPEGRERIdBED patsin) Shdwifg @ REndtarft hafi®ef B FameP(i@VitRys! ¥
accepted” codi ng sequence as the starting &gl nt for adding a new P frane

and t herbetwiesabradkgtinehfrgnes 6ehans/onfo@amss160kn optinal or near optimal coding

e AR, o R B s BRI AR AP AR £ SupLter
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 I frames 600
and/or P frames 602, as well as a varying distance between I frames 600.
[00118] This 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
frames 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.
—22—



i mage quality versus nunber of coding bits required. Common eval uation

criteria include the |[|east nunber of bits used (in a fixed quantization
par anmet erwoesed)oo4xn t he best signal -to-noise- ratio (inpaTfiszed/okid?rat e
test), or_a combination of both. [00124] BHEB is also . comon to mnimze a

sum of - ab¥&12R k- dilpparticnias masaphlocksyithn B Eames cnmbidize prorsrtional blerdsh.  As
descr | Defbokdpriaf BEAAENGIe Loding Breflre é\éoeffegg((reQQQs WtRa mEAAEER, M on

Estinmati eo Conpression Systens” (assigne e assignee of the
present Fmpeatvnablends carealeble utiltdpdreatRefiatngs refdrencerfoer) | framesAlatraat ch

criterion_is also a . useful neasure of the quality of a particul ar
candi dat h%ftaé‘ﬁ‘y((ﬁt‘?’i‘ethﬁéﬁaéﬁﬁt b&’&%ﬁ‘ hhéli“%% -23 WD 2004/ 004310

PCT/ US2008d P20397 SiffIsAY, REme! b&1 refe&icy Im&@tﬂamoz@#évi&)s? JUfamd AEHAC and

DC match criteria, accunul ated over the best matches of all nacrobl ocks,
can be efexihlneedingstoucture as aleativelyoasarith 2 fined pttefusiructyre. Birthemblendandi dat e

codi ng pattern. This AG. mat ch .t echni n_au t or.replace the
o gnal - (RoRGiBs s aPbicckp TRAEOAE I i ARRCAVREF Bl SRR i e

W th an ggtpremde Poframé (islug) wptiehalBf ogoDRgm®)i t s for each frame pattern type.
It is typical to code macroblocks within B franmes with a higher
quanti zati on paraneter (QP) value than for P frames, affecting both the

qual ity (measuy edehilehg REiceméntIh &exiile 00IHE Padti®) and the number of bits
used within the various candi date coding patterns. (B) Bl end Proportion

Opt i mi zak9BH2h FI'heifbllewimganethodaliaver asenrodsr 6 eptapize dagtligieneioof hosl the
di dat i i e Wik d

or opor t 115aRe SadSidABRELTUAPL: R wRAE Bk ot PEShe Mhilided. By » BOBNES FRECOP LT

bl end prapontiecr ofiedndidateadddueg padtensean be maxde tocddtératingan dptirsaloanedrepdonaé, for

exanpl e, .testin for best qualj (I owest SNR). and/or efficjency (I|east
bits use(B‘?iXt“’FH% SRfS 1‘?5#0”6?1’38(5%““ r%lé'érléﬁid&%an? Qf%‘%d@rﬂ?étﬁm%baté%lﬁe macr obl ock

in P fragesitanAdififall@qeeie76d,Mdinkin bPorIaiEn MY arbitlabif) deMi@amy igandi dat e
reference pattern and bl'end proportion, to determne a set of one or nore

sui t abl exsedfiea base dor. addoglRlditio@acl andier B diimeg, ywhich erethémevalirtal (aext st ep
(Step 700 in FEl );.has been. sel ed, .th t he subsequent S (Steps
702° 712 tkeebeloud o R SR T e BAtie b e e RS TP I RS ey,
a nore &f filsCleSiteqiedé PO A eRalIBYAN I thEBEQuARAUSER R MY B iARERhHgNEd.

Thus, efficiency can be optim zed/inproved as descri bed i n subsection (A

above; Hramgiis ingsitedriocieate a seeond est agspenced’ 04t Fersgaph sattsfastory s¥alngfioss ep. DC

U5 ot AR T OFER Lo LR BTRR Rl RSB FEEL R A 2"

i nt er polth¢ evludtion kcriteiia betorae uidtisfastory. |At that point, the pl:evious 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 criteria, 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] It is also common to minimize a sum-of-absolute-difference (SAD), which
forms a measure of DC match. As described 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 also



optimally code changes in illum nation. However, in alternative video
"gamma-curve", linear, and other representations, it wll often prove
usef ul t oweppdsoodithf erent i nterpolation blend factors taTtuseoBG208af ues
than to the AC values of the pixels. FIG 8 flomchart show ng one
embodi medescrifies gther piedhloptignzasionse f Ay the A6 a&ﬂcﬁ START1 20 ACHRY cg?‘éeﬁ nct
from AC thEB@srt hel 8f%ll m3éroBloRks, R4k S@' e;umﬂ@d {oe&'té?ﬂm(é{ﬁl:' abérml %awqdahgﬁk or
macr obl oc roma first and second I nput frane 2, , the average

pi xel adfweclf andahtstrodingpatteni. Fhisi ﬁcmmmcc@mmztan 8®gih¢nttoh@p®§¥the

" e0r on) BR-gpEe Hn o R el g e RS WiEndSef lnebthe Filbih Sl 8

renai ni ngg n&gger of26d300i%008ALLRA4RH: {nu 80810188 fo c&fBmadrbblbHIes ﬁl@ﬁlﬁCt ed
regions. The r;@gectlve DC val ues 806, ' can then be nultiplied by
i nt er pol Biftaows welhgHigheg quantzatien parapeter @%h\taluertbm fad frames; pfﬁc&mg@ﬁth

soa° ibe by (Rrdurtatie ah® sBtokioBiohrafofipe g ORGSR 4 nc
val ues &@ﬁoﬁaamhhanuhﬁu@gﬂhbﬂgd 818, resulting in a new predlctlon 820 for

the selected region. [00128] As with the other interpolation values in this
i nvention, the appropriate weightings can be signaled to a decoder per

i mage unit. Q(B§Mén|dP}bﬁﬁ}@ibn@thbizicﬁzoﬁaﬁlF&Etlb@élCodzthWﬁ@fhsa nunber of
interpolation values, as well as selecting the i ndependent |nterpolat|on

of the AOERZLs Rptesabyiier eAchicardifats epttsyaeteamingd isagcoudanemwith Higar
I nter po'a%b%e(h%ﬁlﬁgﬂu Oﬂg]ﬁapgﬁlaﬁil; ﬁigg‘rﬁ@ tdsPe éiafol' éd}ﬁﬁit’lh%é pg ﬂnﬁ\é%&g% uﬁiaflce the

i nt er pol-ati on opeta since val'ues in each
i mge f rideml Iﬁ‘bﬁombﬁsa melate\mtematoedmmcxaenm rFHis cumcie dohoy for ¢xanpie,dyy testohgo

gama or_|logarithmc re ent rther o zatiqn of the
o pol faf PaRai L Dew s AR ais capiricy (hit vk 4D oThe e of Bos S o of
pi xel s faLvigudRFdrbnctd B ea&ﬁ%&esﬁcrein f> GRS carPAsd'6e Hetdnih&d BItROLAhd Ry, 0f DC

val ues separately from AC values, wll sonetines be optinmal or near
opti mal testing each camdaiatemetbemcc @ptt@s@nd htend propeotivey ¢v detémrines hesrof ofic ame
sequences olatlon wi Il be optimal or near optinal if the pixels

are reﬁP@?éHﬁgﬂeé mF §&rithnic values or in other pixel representations.

Furt her, L ddEe2@pt i r@Aceqne coRd pAfRin fRlthis AEXSEPNBRPI 05N FIG. 7)Haepadl ating U
and V (chroma) signal conponents may differ fromthe optinmal or near

opti mal sekegicdsiban |sgbﬁ§qﬂ@ﬁ stene (Stepd 107 hin ee) basiegisd for veoppberadidate qoding
thereforg ?mlésl%ftﬂls vx%ﬁrpf oré)éff tclyia‘lt ity eé f@g&lﬁﬁ?ﬂgé/eesreml&é:? ?xﬁte determine

represerPt ronto ernate rep e Interpolation

pr ocedurehus| &M0di30dy dan®e o@tlhﬁzeil/liﬂmw\ﬁhaas desthibed mub@&tleﬁbayi avoeef blefid a et hod
for interpolatjon of |umnance pixels using an alternative representation.
St ar t i ng®PRtiERtENCaY beAPRITed 3E gRak tetted 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 alternative video “gamma-curve”,
linear, and other representations, it will often prove useful to apply different interpolation
blend factors to the DC values than to the AC values of the pixels. FIG. 8 is a flowchart
showing one embodiment 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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| um nance (Y) pixels in an initial representation (e.g., video gamua or
| ogarithmc) (Step 900), the pixel data is transforned to an alternative
repr esentwpi2oo/{oe3lg., |inear, logarithmc, video gamuapcaifskenseda3osfrom t he

initial representation (Step 902). The transfqr ,pixel regjo bl ock
i's then §Q$P’é‘rt Brede Kglogeskia BRFCUOPE Y gi‘%}ﬁ@@%, paé‘ﬁge“c‘?ea‘i‘?g#’@ﬂﬁ‘gh}’back to
the ini tih@\%p&lﬁﬂfn%&?ﬁtﬁ{g's%mo(sﬁtoe@iﬁ% frot e fifiSipblatib® welbhBihPOS Af, 8 U4 RisX !

| umi nance val ues (Step~ 908). [00131] FIG 10 is a flowhart show ng one
enbodi netmwfipky the ARddighet) pixdl arlues 808, 808". The néwlyneteppolas¢dDlsialug 8@ and

| t ] tation.  Stayti i th i .ock of ch U,
U ot woibé Rrn BN ARGiRsdib o it b8 cmbiIATs FaiRE ey art ¢ <)
(Step - 25NQigPO PP ARLRIRGT/ 658003/ 020397 1000), the pixel data is

transforned to an alternative representation (e.g., linear, logarithmc,
vi deo gah®@328 f f edewiththeptheraterpalation vatusg in Hention, ths@appropodg) . The

t ransf or | xel ' r | S I.nt,e rd above
(Step 1005 RdTap bE SR Bl fecBR st b VSRR Bhith EpAESETSCREY 2
1006) . Theewéasimimbes of iHt@pplation eslugs, ¥elvelt s setecting ltheeindérisindpnt idt8HB)ation001321
The transformati ons_between representati ons may be perfornmed in accordance
with t heofitba A vegus SC ppects phtheixedyaluegat i on No. 09/ 905, 039, entitl ed
"Met hod and System for |Inproving Conpressed | mage Chroma | nformation”,
assigned to the assignee of the present invention and hereby incorporated
by ref erldfiedr. & Noneliveggtiniemnolgianer nati ve representation transformati on and

[ ts inverse £an Of bR Agi AL LB HShOE ofershdRlrke bROKIROILAN Gherdi@R1331 As

I
a variatfon of"this pect ent | on, e alter Ive (I'inear o
non- | i rieen), ané pines thetpitel valuspincack onagaCGrannt &e pfibatdpocsentey irda héetinéarom t he

alternat|ve representation ace for DC interpolation..[00134 wth the
"t er pol BT S1HRE? SHEP B2 OGN BB TEH e AR FEPEL PRI oSt aBB ol at f on
represe qh&%c{?ﬁidn%r&&spﬁedéﬁﬁg pB&'ible.gfda eg&n&l@,einteﬁsmmp@@ls g pahicang (U

and V) pixel representations nmay be signaled to the decoder using a snall
nunber ofeqiéncs of frames @b wel @k agemdlation g€ Dnvaluesepasatel yoforvigtG waluagewtlbr s per

Macr obl ock [.00135] I n MPEG 2. .0on tipn vector is allo er 16xL16
et ol ek o8 bafial Sr e o T B4 el B DleplsSafai e BRnREL: AP St |
vectors fpghe mé&eméwm@ép&aﬁo&wm BS pRHAING nk& dpfiehabiftBe pixelsiagnal

I nterpol ative node. In MPEG 4 video coding, up to 4 notion vectors are
al | owed fspieserdsi® lagaritlypicoweiuss or M ethempixel repseseataonslifvghers themwtimsl pon

near optimal representations for interpolating U and V (chroma) signal components may
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 is 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 gamma) 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] FIG. 10 is a flowchart showing one embodiment of a method for interpolation
of chroma pixels using an alternative representation. Starting with a region or block of

chroma (U, V) pixels in an initial representation (e.g., video gamma or logarithmic) (Step
25—



vector per 8x8 DCT block. In MPEG 4 B franes, a maxi numof two notion
vectors are allowed for each 16x16 macrobl ock, when using interpolative
node. A swogbeymaiioon vector delta in MPEG 4 direct no@ETABR003A3MBT in

four independent "inpljcit" notion vectors, if the bsequ
cor r espotf#OndhericeLiats isdapefprmedio s @@?ﬂvﬁ“w%ﬁeWBﬂel %& 3&?“&EEFors

Thi s '%lm%%aagfgquggﬁ tfr?ﬁnﬁ’ﬂ%ﬁf@steh&ﬂoﬂ St ﬁ?@'s' The gﬁ{sfdrﬁr@d?&e@ 16x16

B frame macr t he correspon our ependent notion
vect or s regiomor biockad themimerplafadaaselesanbed obdvedBtepatilpe), asa]: Hhmsrf@'nfedrbaclhe)

o ovronap il ey aeat SRR 0hS). ThogFus i el ek pkel coma vk TRy

|ncludesumgﬁ option to increase the nunber of notion vectors per picture
regi on, such as a nacrobl ock. For exanple, it will sonetinmes -26 WO
2004/ 00431@1 32/ UsPoomirs ometionshesveensepresantations may fegperfapnes inlaseordanse

oL On G Bl Rfinel of LA o IRE AR 0N N3P0 80 R B LA B SLigenel no

addi ti on&l ree or nor ol"atron

t he wei oot ﬁﬁpﬁwfﬂg (Adﬂp&ssemahaga)cmma\mméﬁoxcaasma ththeapfiticedfiie al | ow
i ndependent vectors for the 8x8 DCT bl ocks of the B franme nacrobl ock.
Al so, foUPseIhipifTeid haeaby dacosegrated by gefetenee Nate itthepliedpivct mode

t ti
vact ors PRseR Gt s BRI, Eahketoq GpTGH tR pelBye g SHRpICRLRR, ™' O

adapt ed talsleng B-frane |nplenentat|on techni ques to reference nore than one
previ ous

it er pot WO BHEL er At 8XAEIST B8 Bt tip B Mo 16 AEERATG IR0 PBadi 1y be

ext endedidear)FBprBsentdtdR shi¥R O KT iféepdTatioh rhayf difeBfomWhd MténdtReUl ti Nng
|nterpolat|on having three or nore terns in the weighted sum [00138] As

with ot rreprea@mtmnsspmeﬁonl)@ intereoiatiam (e.g., pixel represent ation and DC

e AL RLAAB DRl e S AR

[ 00139] ihfergaion reprebdiitfionsPetc wkd fhreatinvLiht Ihﬂﬁmaﬁch:G(Y() @hd eBpaRdeEd V)
bet ween 8x8 pi xel DCT bl ocks and the notion vector field need not be as

strict axelirepresgniations may bymignaled to thgdeesdenpising asmalpymper ofduts dor eagh yse
al ternaty zes other than 16x 16, 16x8 (used only with interlace
in NPEGf%%%wdqgfg§§§¥or notion vectors. Such alternatives m ght include
any nunber of useful region sizes, such as 4x8, 8x12, 8x16, 6x12, 2x8, 4x8,

24x8, 32 Tbmqiﬁ%%umlé %p?gﬁga@b%%%8 32x4, etc. Using a small nunber of
such use can signal to a decoder the correspondence
bet ween pwoidH] vechMBEGEY o8 niitivg Seatodis@Idwed percloxs6 aesroblorkdy Ptiemmeswher e
a conventional 8x8 DCT block is used, a sinple set of

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, corresponding 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 four vectors. This

is achieved by adding the one motion vector delta carried in a 16x16 B frame macroblock to

each of the corresponding four independent motion vectors from the following P frame

macroblock, after scaling for the distance in time (the B frame is closer in time than the P

frame’s previous P or I frame reference).

[00136] 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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correspondences to the notion vector field are useful to sinplify
processi ng during notion conpensation. In systens where the DCT bl ock size
i s differwot20é4mn318x8, then greater flexibility can beprathisess®i3a7

specifying the notjion vector field, as described in co-pendi U. S. Patent
Appl i catRTBYe Reseligig) Awve gipre fiap fvp PO YRERESST %e‘lﬁ%‘? _allagrah@d%%gwm%w
Layer i ngyled 'Sy fIERACINE hEUHSALP or 132819380 hiving HReAGSh&RGeRblatbBR thhRSENt

invention and ~ hereby Tncorporated by reference. Note that notion vector
r egi on bodiiaeighedsend Additionalonotaspeatdrs caniso becappbied troallosamidenend¢émdeed, it

i ft ful t j ti { i i h t hat

ot Lon vt o i i 1268 5190k bR e masPIGRG S, B meBpeifnd iites Bane,
[00140] pehaed NGaed BE dR¥dteNclicRBnédpe by hﬁﬂ'yilihig'ai searde dehi® td@ch enthegsior fiel d
al so applies to the int erigol ation aspect this invention. As long as the

cor r es pohdeisgiontieatigaseciosciiomphe@ibsegygnidh ame. nore notion vectors to one or

nore ref fr i i fied, -2 ( . .

PCT/ US2 og‘gfg%'g%g?aﬂﬁ‘te%r%p%ﬁg% %ah%(rgfeafjf&ﬂgd adie ?ﬁ%é’g%{%@g‘ég‘i‘gtﬁ°‘bte“}é%%‘ﬁsé% to
t he ful lrefdr@ice Bidré than@he peiois frmmid iaan iveglolitive usddegusid the B-frivae geser al i ty
of this invention. Even the size of the r_e(t;;i ons correspondi ng to each

mot i on viBterRstatiognterm facbpiape Aessebed Fhayg: Bhis lchaifre Faispdihcls afrded i mgre p
frames, god.eaGRvRLEYIPYSafd Wit é‘fe%uﬁih@%lﬁﬁpgfa% @Sﬁn%’gﬁgﬁ z%&;ht tBnfd iAMES .

If the region "sizes for notion vectors r en a e | nproved
i nt er poltht meighteeltdnod of this invention, then the interpolation reflects

th ' f |l ap. Th ' . of |l ap f ti
vector rEI& St es ASHIBEMNG PiRcsEf JU° IEn Qthedh RRR FRIFEBROPREHEC o m | s
det er m neeIREN iri&pahabe tHoas)epaatdhl Weighedanfs An B ¥BhmumicaSto 4 001411

FIG 11 is a diagram show ng unique notion vector region sizes 1100, 1102
for eachdegpder wein afsmabmimbeoaf bils|es Im&es wie conputing interpol ati on val ues

in accor wth this inventiong,.th i 0 i ect qr
gt on_ sfB8ER1 " IR dpving MR Rr nk i iR g ¢itFeBlndeRE SRR ATeAIKS
whi ch arpCtTonsuke an@ thetmotivmweci fiskisicgd act teodsi sbrict ue o4 thrMPEGODIAUPEGIS, f or

exanple, in interpolating 4x4 DCT regions of a B frane 1112 backwards to
the pri dforpxamppleelt maybe useln) o yse gltenativergignesives othgethan L oyl 0 1668 Wsed d use
the not ] : ?&p}@@ i i ] -ber RL P
frame. | n?%}’v‘ggiq%ttg ‘.rlar‘\%% or wa?ﬂ dﬁtg r?té‘grfzé‘fg}??)ﬁ&(”iﬁé&%%@? %ﬁ%rkélié%ir%gﬁfggg&\%\oul d
use t he amytnuatbevefiseful cegioresipanslichgs 4k, 812, gb66x By Les) 4k 1Bx8N32438, next P

backuar b 4! b3t bt o UeibE 5B UBUREPE L S 5% Y B on
1114, Whigh&;idhh P adelcBer thiEc ot ABForldBRL TRt QRb b it dfs Hgfonl s BRE DRYY vect or
corresponding to the 12x 16 region 1117.
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 size 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 boundaries 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 also 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



[ 001431 I n one enbodi nent of the invention, two steps are used to
acconplish the interpolation of generalized (i.e., non-uniformsize)
noti on vewoDanerooddle first step is to determ ne the notiPER/US2@BOR038DNTION
regions, as described with respect to FIG 11. This establishes the
corres pdn@mmﬁiomen@tbemd@bﬂuctammd carpbé applieéta tedul] flexibility hfuseliripeationf

nmoti on vector ec f| i on.si z or _.ea revi ous or
subsequeﬁ?“??%ﬂ@fﬁg?éﬁgﬁggxa ﬁg%%% “§¥E§Q}§%9568€ﬁpr§%BP%e appropriate
i nt er pol RtregondRieto dadi@otioh %clﬂﬁ'caﬁ diFfer fACdabh Bre¥idus f@melrefer@aé Wheg gkiap Of
pixels. It is a task of the encoder to ensure that optinal or near optimal
not i on REuBes, ﬂ@@p@ﬂhs)raﬁeuﬁ adepiyes frame refpreneoubempeng Bdtandsel thesggionhat al |
I t th fied.
e, canis Midfon VRFOlitep e BV RGRY o RN MBARI ST RS L ARTE | 7S

(such asnmoﬂ;ahemme\lmfmﬂati‘oﬁ refbedthd 28mdh@edion spe@arrap €The dotmaénregidn r e
frame), with a single specified |nterpolat| n met hod (such g§ﬂ1é&£xed
€

pr opor t i B1PVeIAREIRl MsioB YEFORTELETERTER C¥ DG Wi lCE At Ei rf:slaﬂ@vergﬁlé {9/ t he
entire fca@mi &b{vﬁeﬁrﬁéﬁpﬂ "i’rﬂerpafaﬁgg %WA@?&@‘? valRep! ex if regional

changes are na eto vect region sizes, and where the region
si zes difd&r4ldepertdiGndl igpodiagtaimcshopriregumase motmubsrm]'ueglbnﬁuzemhlﬂosll@s WO

L e

Fur t her, withid b &itRal ﬁfehﬁrbnnﬁbb@@tmom VR 98 ¥iz&sabtbifidleqVitii Nt he
frame. [001441 Wien encodi ng, is the job of the encoder to determne the

opti mal usiombBl&8 defipes athof the eegzyfnStwiecfbane songdered tochavp @n estgnedwnation vgeloror
region Sm& ]and "lsh e%r 8)? %ln’i nax%q: %Sfaimé Q?SO ( egglon 8f% D e R0} Hﬁa'

I nt er pol n et ho n1s 0 Speci
nunber aadkwiards ante pﬁbr P fenfa 08 sa 4:6f &gmcledo withixs the i 11108 astdudmﬁsecta@ be
determ ned by exhaustive testing of a nber of candi date notjaon vector

regi on dnotyi Veeaﬁaplaa%penﬁmaﬁ%@e@eswrw@ bHéén thgpriqr ikt 53 | LEPTedistingt hods f or
each su%rv@&'tﬂ@r 10/ he Lumr} 1R WARE h@éhe%ouoﬂ%@opw ndif) 'ng is

f ound. t1 nal relative to a selected criteri can be determ ned by
fi ndi ng tb tiee 4xd@stgiGNR] B incthe aext @dirage. Sitnlladk intergoletioh @fetregioniiéé wothibi t s

app | catlFoAEh IR0 EAb B o 6 (e RPB eHPr e TeRDIA P Bn &Y (i7<P0nL45)

Convent i QR3] wHild fieliciRE the s'flﬁl%(ilegléh Brivh@PodlB @k Ok tdtni vRctWPES dporfiifg be
efficient inh notion veétor coding, providing the benefits of 8x§ bIock node

with a gpmh b’lxléoegmmltibﬂ ta. Direct node weights each correspondl ng notion

\;S Ct g; L%f@é%]on di %ﬁg&8g¥r§8}< ﬁgeg}vvem gnh W fs e{nse arl]r%%ssec} toac omphs%"{ﬁe P frame,

interpolation of generahzed (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 and motion vectors (i.e., the number of motion
vectors per specified pixel region size) for each previous or subsequent frame reference. The
second step is to utilize the appropriate interpolation method and interpolation 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, specified
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
~28—



based upon distance in tine. For exanple, if M3 (i.e., two intervening B
frames), with sinple linear interpolation the first B frame would use -2/3
ti mes theweuwbsegust P frane notion vector to determ neca/ysaslo2adf set
with respect to such P frane, and 1/3 tines the subsequent P frame notion
vect or trefeieiced (d.g1e8%8 o] fooﬂlbsearewwwiw&ﬁwm, atld 32p&blocksdonths mRxt f r ame.

Simlarl t he seco r uld u t he.sa P frane. .notion
vect or (T RIn el FRaRE, MRt Ean it Y b BRI piesifis SiutiR 5
times thgegulsequent P franme notion vector to determi ne a pixel offset
wWith respect to the previous P frame. In direct node, a small delta is

added t ol @&k4# kor r WhperfiodHZntiis e Jeheelthe encederiacictramingeshe eptiradl of ipay
't nventi ofynlih§ SREERE ﬁgcs?f%cp@et\gé%% Qﬁ&h \Fé%td? réél %§ Eﬁfﬁ%e%sanmb%&e&m nt
0O one or nore n- away ranes, ence

previ ousthe bptitifise Geardptirhd irtempslatdon metHoﬂaK&iEterinmaInak igdsd thfremmeehlﬁ)t ance
into account to determ ne a ftjl'_ame scale fraction.,  [00146] FIG 12 is a

di agr am BeBYNPe ard distanes of thsriramesTaiepeneed, fbese gperifications san be defermined bnt s
for the é’s‘ehaﬁsﬁvg&sfiﬁg § yhﬁ&ﬁﬁeraﬁf canélém&hfoﬂen Qkctdi ShRAGH S rc%\rﬁ;haatg'fﬁﬁ@)ﬁ to

subsequent P frame"t references a 1-away subSequent” P frane. In the
illust ra‘cﬁadermx,amplllmﬁrpvmmn metbodsdor gagh suah motsrevecténregiBn funtires opitiiod,or 1202
bet ween bra etln P fr 04,.1206.. In 2004/,00431 .

pCT) Usa i) G Poding & PR, COmumaticy BTt ot SEleiedh P DGR R® ReTPIBeA R
near est ﬁr&dﬂ%ﬂmb‘%fst M%ﬁ@?eﬁb@@ﬁg(ﬂb]&kor the-RweBt MiMibeP OF Bits foP alfixed | Nt er veni ng
(i.e., nearest) P frame 1204, and the first two B frames 1200, 1202 may
r ef er encaantatine parametar 6OP) gﬁqumrﬁhe ok, arby 2ppiiation pEanothensuitable near est
subsequen%asgefrarre 1204, as in conventional MPEG Thus, for the first B
frame 1200 frame scale fraction 5/3 times the notion vector ny from
t he next nearest subsequent P frame 1208 woul d be used as a pixel offset
with res ectgjlde gernarre 1208, and the second B frane 1202 woul d use an
of f set ki r%‘ t17&t sanme notion vector. [00147 ] If a nearest

subsequepdoFAg Y aneCHRERGAC 8fleddYnolle Biskd 8B fR@idthacrbBlotibein MPEG-4)eai Bst
previous P franme, then again the si rrple frame di stance can be used to

obt ai n_teflcieriyn {5108 VEPIQRE0diRE IPEOVIdiAE Ehe&?n?%tsyé Sk§ blogk mpde yeth rimplect or s.
FI G 13 ?}ngoxpﬂatgr %{%& &ieﬂgelgig EE&H:%% 091d1 @tgprpvefc{o‘ff1 nm[ tsnbseg*lentP

i nterpola wel g t he ranes ter as a
di st ancefrémc)mh?clﬂreﬁenmces tHegeenious P Rame savehd dvatesp@idergemaasblacRloaudyn previ ous

P frane. the,.illustrated exanp and B frames 1300, 130
r ef erenc’%as? popdlitance In %‘H’Ssg Lﬂf l\m (i OWP@ngrB ?ra?lﬁs)r%{ft rences

the 2-avgy,R li‘n'éi’tqﬁtemﬁlon-ﬁﬂé' $irst Boﬁarﬁé‘@/oulfd' dsél2/B tlffﬁe@@i?e éh% ueﬁthﬁfr&héel

of f set fractlon is tthe frane scale fraction 2/6 multiplied by the notion
vect or nmotignovectanéo deamase a putss effset mtithPedpeatrte stGOR framedandhk3 siewstite B f r ane

éiotz h a\tl\osglbgegn%ﬁ’ %HB!C %(n%tlor? fv];cstce)} toOJete%Fnefarp1x o% sgt \gltl]; %%géclt (t)onth%/pgsevqr(yulst'lJ plied
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 pixel offset with respect to the previous P frame. In direct mode,
a small delta is added to each corresponding motion vector. As another aspect 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 1
frames, by taking the frame distance into account to determine a frame scale fraction.
[00146] FIG. 12 is 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



vector, since the notion vector of the nearest subsequent P frane 1304
points to the 2-away previous P frame 1306, which is 6 franmes distant.
[ 00148] Iwogmtmmoajl,o in the case of a B frane referenci ng'car/mzmgmeoﬁfrane

in direct. node frame di stance pethod sets t nuner a a frame
scal e f rtaaqxaﬁpkq% codotiied mprahiBCHIbaAEE MRt selﬁaftqugltff’ré %0% ¢g-

referen , a t 120£n9 e Faniel t he
frame d@%gg%ht g{r%gﬁlhee l?gf\geél?{% ?rg%ééspopg%%?heg mmgfref erenced by
t he tar ggx00p1 ZOrZanw refdrencei theneft ntdvest Snlzeguent &l feanfie bm& rether thamdgateanest f or

measur ene Bf.rarreto ent P.fr and I.tive for
nmeasur e feélugﬂg)d%am? a%“T ?%ﬂt{%ﬁaﬁ%l’h’ig Bs-prthg fir f‘a% fragp rlrg&? et hod of
appl yi nofrand §camerbtioh 3M-Emes thetrh®ioha8®r 563 otn tHeafekt %réspslﬁ)sg) ubhePBrafRet i on
vector can achieve an effective direct node codin [ 00149] c1:urther

anot her 98exmlbbe vieiles prmiaiofiset with reepest toduframe 4205, ppd dhorsscenddh frams
Ul € 0o 0L R LD VAR B LLERB08E SRl @ P Trare. For examl e

if a Pf nter near est and next nearest previous P

frames, plmmm] rmci«fameéxegte;mbsequém Pofedie itfdrescediblyla B ﬁnﬁae@s)nﬁgto thé nbtre
i nvention all ows an |nterFoIated bl end, for each multip reference direct

nmode B fhearsst nradewbl S@ke, then ggaia thy simpledramg,digtancgcan h?d{s%w piipdies of a P

1 ame- A o SR T PR S BG e PE5095, Rk PPl o £ v

vect or s sehesmce afiP laad Bsfeanes with umerpelammmieilggtsifnt the ofraneodeteveiighlt & af or each

B frarre ef erenc or tar et| n hat ane, as.descrihed bel ow

gener at PGSR oM F ToHeD MBI RGN Bt CLOEns TN PTORISDL i G
14 is a M@Qmmeﬁhﬁé&h‘?&i &WWMBR&M IBODVm&efefbn\é@ﬂﬁ:hleérestsUbsequent
P frame has multiple notion vectors referencing prior frames. In this

exanpl e, subiseqBerftiF a 4304, vefiedy @ﬁ@@sre@r@am@qaeway? frmapré3®@ Thypifer thg fr ame

0, T 5 R pURTRES By BV B SRR BFARODS

1400 camméfon vt Pl fd18 ¢he ﬂead¢st aa)tseqﬁadﬁ) ﬁamag 304 tdndrtheddecdbdB fia@icglBio2Ng
ternms or a conbination of such weighing terns. 00151 Each macr obl ock for

the B freewd hagse pigel foS@éofé@ﬁétamé@@u fragtlcal Hp @Hatlvlﬂeéirhy thatgems potion
corres p?\&gio?gmge%ﬁé ﬁloﬂ{) %&Sffeofpﬁe tlé’%{%}{tﬁ RS nicn308 péﬁ@é 6 t}ﬁé Agkhon 173

of nv] ere I Xe then ed by sone” proportiona
wei ght ipreybussP ﬁmnledspandhmmlqaﬁ frahSS d)ﬁtafﬁtr ame P3 d| splaced by the frane

:gﬁ%ep]; gg@éiﬁo&éflﬁﬁgﬁgy gt t(he zgg%rj:eoftaqf frgrln)e(: Er'\l: ererrrlwé1 ngtahs?rpglé) g frarnl}él 1;[1 Id rleclzted by

mode, the frame distance method sets the numerator of a frame scale fraction 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 blend 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—



[ 00153] corresponding pixels of frame Pl displaced by the frane scale
fraction 2/3 (4/6) of nv2 (where the pixels may then be nmultiplied by sone
proporti oweal2oewiogdid k) pl us correspondi ng pi xel s of frameTRB2ai3epizated by
the frame scale fraction -1/3 (-2/6) of nmv2 (where the pixels may then be
nul ti pl i @edifgd gwHen peEpisitherosealbewsegith cprresponding intagpolgtion weightsfor grgh

nodes, j r i W f .
[00155] 7 eriaiedSteHEngor SFRE AR oRatl. de e Rl bDIoRP R e Sorp Mt er Bl 62
pr edi ct eflam¢macoblook k®tion cBmipeasadsn.can al so reference nultipl e subsequent P

frames, using the . met hodol .of interpolati nd nption vector
frame sc[a?%l ]actir‘iﬁrriﬁbﬂ gﬁaﬁhﬁ'gg"‘%ﬁ?q“ﬁ%f{)etqf IaéI%;b @WS&?W’LF?QNES. FI G
15 is a &b&%h@fmpsﬂ?ﬁm RS AuBHEISBESE Hctd?s AtekeRihg BABSP FaAmeMth ¢ls BxA§RE &St

subsequent frame has a notion vector referencing a prior P franme, and a
next neaB éwvmeddbe eaferentesh subsaypentdSirame P38 pltus RBtfiaore indwndias twefetiemci ng
prior P franmes. .In, this ex le, a B frane .15 refere s . t.wo subsequent
B v aEBT iy o, atvpua e B oRepenBERERT D e €2 R Jn 41 SKFbIey ot

r ef er encqck RlatRBRRR QI it B Fafie 1300 caBsinkdpolited in ditect niddlefusmeRithasofews
notion vector, nmv3, which references the prior P frame P 1. In this

exanpl e, weighiisig tamey O eoanbindtiond spelf welghing3@msi s i nt er pol ated in direct

rode s g0y PO ELAB AoV R ADRARG43) Qo FNRARA PR nd BT

this cas ion vec rame scale fractions may an 1 or

| ess thapootsi2] [ 0G1561 chaespudidatpivdsof @imé PR Qishiced By thdi freed scardBacBoh r ame
macrobl ock interpolation can utilize the full generality of interpolation
as described herein. |n/pafmvé(vhgre thequxelguaiayithen begpulsighed bratandhs of t he

bi 19) for various i magd by g pRas: ARG s fting S F ka3 W fiuBRer

bits) for various imag I on set

i nproved direct node danhééragpacaltfractidm-243 cfopnb@vhert the pixedmby thetsber of
bits per imge unit. [0015;1. ach macrobl ock far the frame 1500 woul d be
constructed as a bl end S IC‘F\’XD?PIB%H“’I’%‘&‘PP SHOFI R xel s of frane P3

di spl ac eﬁ%(f&t’sl :}p fe fdane c%%gfonfdfn%g%&é?@of ?éﬁé%’gfﬁ%sg}%:ecé %ﬁ{e%érﬁ’bescme@cﬁoﬂay

t hen be ied by sone " pro t1ona S correspondi ng

pi xel s of frame P2 di sgl/acsd) ofyvi (wehete thepixetsaney theadt nantipladd yabomev |
(where the pixels may then he nultiplied by sone proporti.onal ight j);
[00159]  correspondi ng R5PRATIgNafvefghl plp@cm%%ap%&eggpwlﬁqﬁérame&’éﬁgﬁ%ﬂeé

fraction -5/6 of Mv2 (WNRE ErahR&chb XGLFor™Y3 LBRY oPfvIUMfdrP tHeGix QY M3 ™
then be multiplied by some proportional weight /).

[00154] As with all direct modes, a motion vector delta can be utilized with each of
mvl and mv2.

[00155] In accordance with this aspect of the invention, direct mode predicted
macroblocks in B frames can also reference multiple subsequent P frames, using the same
methodology of interpolation and motion vector frame scale fraction application 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 frame, and a
next nearest subsequent P frame has multiple motion vectors referencing prior 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,

each macroblock of the B frame 1500 is interpolated in direct mode using three weighting



proportional weight k) plus corresponding pixels of frame Pl displaced by
the frame scale fraction 1/6 of nv2 (where the pixels may then be

mul ti pl i ewstolzgossmuaopr oporti onal weight 1); and [001601 PcarusespoOn@sdNg

pi xel s of frame P2 displaced by the frame scale fraction -2/3 of nmv3

(wher e tibEngiK@lisScag® thd metiold €edtbit firand scatk fyctionsmay pe @peatdritimal onessghin m)
pl us correspondi ng pixels of frame Pl displaced by the frame scale
fractioml1/3 of mv3 (where the pixels nay then be nmultiplied by sone

proporti ig : 1 ; i I tor
ﬁd'tﬁies S hfhe@w{xtﬁ%é géﬁhggo%nb?fl@%& ggidg%fralﬂg rob@oc@ﬁﬂﬁg{blﬁﬁﬁ

delta ca ilized , mv3. (001621 e that a
parti cul anyilibethefful galerality of interpolation asodbscrifedéerae.dupsrtivhban, dable werghkt
near est subs%q}léent P.frane. references tok}(i)gnear st P frames bracketing a

candi dat® BmP§atinps offthe Vs Ehtsreanbs efd o bsHiRsTogpasedr- gmalality VRSB 4 al ways

uses t he, gAHRs BELIEY) orariolffRags UMb THe iMRFIoMtiondFactiof S5tT6 MRS mptdved@peétdance
w th anot her aspect of the invention, it 1is also possible for a B frane to

r ef er enovodeganpstspenifiedeiotadesoddr withea pnallnwmberpfibits per isnage unitocat ed

macrobl o dﬁléﬁglcg%al\éh lnl%z}g?c%q(')écg(isfg? ﬁkerg gXI%FEfSQ(? \Dvgidt Oieal e e §§1.1n mode

codi ng he noti on vector tTrane scale Tractions

wi |l be gieeder than on@me¥fmlimePpixdoL2RAA¢ DY ARPACETY HeIRRF 2R FPattion he

next nearest previous P frame is referenced by the nearest previous franme's
P notion vector. FIG -8 ofgmg (Whetp therpitelsvnaithgn be quéttpleddly spmgnd B f r ames

in which a nearest preyj O‘{—ﬁ?rﬁ f%?%? f-)quﬁs &%%“%?ne%\(@%l%f ﬁ%ﬁgﬁﬁ%@\%ﬁl

. H TOpO.
prior P franme. In thlspex%rrp e, a rane rences

previous P frame P2. Thg thefiate sesle frattichy-28 off mangviieZe thegiiemapthehibe next
previous P frame P1 (2-away relative to the B frame 1600). The appropriate
frame scal e fractions dPeltighedipy s rerartiopaliwrigldhr est previous P frane is

i nt er pol om rul ti i : L0 . {0
t hosepdeaﬁ%ge]{j in conjcg)ﬁfqog@lh%r p?)lgl&'{;?fér %gﬁggﬁﬁy&?@bgﬁ}tﬁf a?iée %hfegﬂn%gl?%n
vector frame scal e fracti6utsman@vherd the piXeiitmanthes bg hiudtiplfedGy sbrfiei s a

di agram show ng a sequence of P and B frames in_which a nearest previous P
frame has two notion EeRQHENg greaght Krplxg coFsspending pixsisof fiame; displacey) e,

a B frame 1700 refere“r‘@%}lé miIsEME BUStidn 1/%%?%25\§her9?ﬁeﬁ?glg‘ﬂﬁy\é§&f%i lmé]

of the previous P3 fra eferences the next previous P frane
t he second notion vect anultipled by smenmeporttioeal vagley); pnévi ous P frame PL.
The appr P& ({ ]I. 686[ ]e : r.ar’re Sc%?rlegpcfn[iglcgtpii)?erl]ss ofa frrz?mg 95’ \clwsplaced by the frame scale fraction
-2/3 of mv3 (where the pixels may then be multiplied by some
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] As with all direct modes, a motion vector delta can be utilized with each of
mvl, 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 possible 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



[ 001651 Each macrobl ock for the B frame 1700 woul d be constructed as a
blend from [00166] corresponding pixels of franme P3 displaced by the
frame scawe 2bhodzmadion 1/ 3 of nmv] (where the pixels may trherush@smedso? pl i ed
by sone proportional weight i) plus corresponding pixels of franme P2

di spl acetie ngxt nehrestiprenteussk fiamefis rederenaed by3hoheanss} plamivass drapivds Pimotios may

t hen be | tinliied by. sonme .proportional j ght )., and [00167

corres poY"le(r‘}}-‘l)r'i'g15 IS‘JI'}gllssa %glpg@aph EIF%F%%eewb%%t%@qﬂﬁéfﬁawglé’glaéle%ﬁreﬁtct ion 1/6
of mv2 (Beibes P iamRiiesh sndih vieb@P rdferehitthg b pHibeP fAiheS BIMis dXaMPRY, & Boftahe

wei ght k) plus corresponding pixels of frane Pl displaced by the frame

scal e frHO0irefsrences the lapayorerdews B framgiPReThe malion Megioryav offipme BRi ed by some

proporti i . en_ 1 vious P
rane (rardyedglid gextieyiodof FlncliR 45 JRLVER KR BlnElodnBERS O 1\ ane.
it s nodpprgtrssdrye scaleofiddtions hleishewhhe next nearest previous frame as the

interpolation reference, as in FIG_  16. The nearest previous P frame may
prove a (@164} crthereptsst prsyiounP dmsdn ienpelated from multiplg vectoss@d ot i on

vector %ﬁ&?tﬁ%ﬁ%&%ds@fn%‘ﬁﬁﬁg%osg d%srcﬁﬂgd inco E{i&{‘%hg?git P@a@%ﬁf@oﬂﬁiﬁt ance

fraction oma B frane to t rame. Fl 18 1s agr show ng a
sequencehefofioanectBr fraraeresalé frastivins kndinerpoleson peighisoBEG.A 7fis adiaghas a
notion vector referenci ior Pframe. In this e le, for M=3, a
first B TOURE ABGBNCREGP qnd Ebrames awiichn s seqrpst pEevious  fEme Pasotq BALOR | nres
t he ot i @RtorERREndRE %ortmﬁ‘arﬂés’ﬂl'l@ﬁﬁs exdnpl) a9 84/ 0484 CetEiehéddTROPB11349BO7

previous P frane P2. The second B frame 1802 would use 2/3 and -1/3 franme
di st anceframe BZtQramgotioroyecttionn) of tieipievigus BB damegafepgngesitho mextipyevipedPt o t he

decos ipdhe IR0 SRS A eGS0, R, PRSP Bl 0105,

t esti ng Theappeoptiatbofr @nddés Rgions bre@hdben. avai |l abl e interpol ation and
si ngl e-vector_coding nodes and reference franes. For direct node testing,

t he near E3Q1&%hsedirchmasrehlogisfor theB fragystl78¢ wopld be qomstusted #heahlend from:
subseque ang, or r I . one or
nor e preg(lS %ﬁsséL franes)ec\ég%%éﬁ}ggg?%gggggrgg%gﬁﬁgg tgg(fb%%%r%ﬁ%en’sa [éq#aclritl‘ggr of
bits (typically one or1/8wmvegmhére thissitels ay pledi Beymilfiplied bgssmerode P
reference frame distance(s) to_  be used by a decoder. Extended .

| nterpol ation Val ues [ 0uengrtional weighd plplps ¢oarespondymsxels of fragg d24lisplacedie| |

as 1n the H 261 and H 2R%n. #aARABLESractidl 3B hhA TRAH A FR MR mdPEONt | N0

of pixel values of the erenced a
multiplied by some proportional weight f); and

[00167] . corresponding pixels of frame P3 displaced by the frame scale fraction
1/6 of mv2 (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 (relative to a B frame) points to

the next nearest previous P frame, it is not necessary to only utilize the next nearest previous

frame as the interpolation reference, as in FIG. 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



backward referenced franmes, as displaced by the notion vectors. Another

aspect of this invention includes application of various useful unequal
wei ght i ngwotzh@tooasin si gni ficantly inprove B frane codi mgrafsteosiozosey, as
wel | as the extension of such unequal weightings to nore than two

r ef er engeevious R frahie®y. ﬂ"hc)s@bnahﬁrfmmetmﬁanmdd uba2/Bvead d1/8 rfranger distaucel n ti me.

Thi s aspect. of the invention Isomc . t.han e franme
bei g T rGHERL @t Shat: SHebrslestionvPol s Fetlrd B deehad o fiREEsoBG o e
refer enqﬁgep%qheéﬁ@gﬁg\gnhppmqg or when two or nore references point

backward in time, it someti mes be useful to use negative weightings

as wel | Eaﬂsollﬁaebht mqgmthrallevklmssdmg mpdes, thowe pf dirkgmedeprpfeeabliFin®lved i s a

uSasan TR ot AR mpdr e lRt aer B R Rn b nenatiEsdnec of o1

and P2. thédesfafd reu@A®d Bames. @?@f\aﬂrmmemaﬂg,am ﬁea@@s@ Sidskq@noPefanid@ngpan of
frames between P1 and P3, then P2-Pi (i.e ?Feé)l xel val ues of frame P2,

di spl aceaptigyalivhdhernskt pearesy sehsequentP ﬁlagle e ipfaRtesubseguetd BrMes ane P1,
di spl ac ea%d}z% 01‘19 Sﬁﬁghaﬁgw\éﬁﬂ’% FI gfz ag%)e tggéédngs Cg.g&'la%iteg) %nﬁ) % snﬁﬁlrﬂuk'rﬁ)rel' X b1F 3 Pl

Wil | "'e" t nitude o n’such a case,

val ues f(oypidallsone Bﬁm@mabtbe ps&itochedfydthé izes niadalH mférexmmﬂ%he&hstaﬂ%(i) Itns oug h
the fornula; P3= Pl(éx(PZ-PI):(ZxPZ)-Pl [00172 ] In this case, the

i nt erpoll%ftl}s% ¥aidgerderfor P3 are 2.0 for P2, and -1.0 for P1. [00173] As
anot her exanple, FIG 20 is a frame sequence showi ng the case of four P
frames Pl, P2, P3, and P4, where P4 uses an interpolated reference with
three novit@ed eemolationdgings 2004/ 004310 PCT/ US2003/ 020397 one for each of

Pl, P2, poshf8 Thus sRéelﬂe&TxﬁélpE%-Pffqh&aeg v&apa@]ﬁ%he ﬁ%ﬁl%ﬂ@}ﬁés three

rmtlon vectors and interpolative weirghts would apply. If, 1nthis case, a
contin ucntmxdeﬂulanget Buframes osscarr equahweighbting dif mxdp/a}uesbf thedomveard taferanded-aRd

| d bat h. P3- P d P4-P3 4-P| . bot h P2-P 1
and 3 kv Bdrorereload Htion as dip ety P gtiondettofs, A amefitafisof pa
based up@feridndduds hpytedation B?vandﬁéu?éﬁﬁi&fe&@al%élﬁ%é? hat CaxfdificwRiyght s 3. 0
and -2.0) [001751 The predi ction of P4 based upon P3 and Pl would be: P4 =

P1 + 3/ 2mpr¢wed fram)coémggﬁicmncpsgs well ay the gxtengion v«ésughtugeqmaa‘)wmhtmgﬁ tg)
E ggl?Glztill-g % t%)r etgv'o%tggerenc c‘lucp ﬁncrj (gtp B0re rgferefcss) gac}@%gfggbt%%avr\é in, '{,1 | :' r2n S ht
al so be Thik&ipgciidiatie mhaltmaamﬁnm&és heBodd for Mbre thar ohy frage Balngaaﬁrdaaed is a
nore reliable predictor of P4 than predictions involving Pl. Thus, by
gi vi ng 13nd interpolated for P frames. Further, when two or more references point forward in time, or
when two or more references point backward in 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 reference 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 pixel values of frame P2, displaced by the motion
vector for P2, minus the pixel values of frame P1, displaced by the motion vector for P1) will
equal P3-P2. Similarly, P3-P1 will be double the magnitude of P2-P1 and P3-P2. In such 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,



wei ght to each of the two terns above involving P1, and 1/2 weight to the
terminvolving only P3 and P2, would result in: 1/2(2 P3 - P2) + 1/4(3/2
P3 - 1/2 Wh)2064/@A3103 P2 - 2 P1) _ 1 3/8 P3 + 1/4 P2 - 5P8TRB2¢0am2@T S

1.375, 0.25, and -0.625) [00178] Accordingly, it will sonmetinmes be useful
t o use vaedbt sachof R1,dHand P3 OTlasdsindeclbdiv praticded AomARH @2, andek thre¢ mohene i s

noi se-1i ke variation fromone fra t e pext, a ositive weighted

aver age ‘f‘?&(?%ﬂldﬁmeg’o&?}@ﬁef"i’?&gﬁf”guE*lRnge#35_? 1Sa°r?8e’f.“t9%ﬁp%’ts BT e best
predi ct Qycc@rinB4ver m&bbpﬁ&nemh&tmpl 4Raiduquel bath REIF®)and FALPE4ANPLP] an
equal weighting of 1/3 of each of Pl, P2, and P3 in FIG 20 mght formthe

best pr edowd equadpothP x (PBheandasx6P3-P200179] Note that the notion vector of

bei ng.ut 19TL LA by TRE bRl Ret ABriGion ol b dsurot g Bescs

be an AC nmatch in ppapleadeeR2 abPlw3gP2) v@ryPng DC t@righio3.bandrrol ct ed
through the AC coefficients. Alternatively, if a DC match (such as Sum of

Absol ut el 043 15 kr enbepredictionerf P4 hased v and iyl weuldhet f i ci ents can often be
predicted. In othes, case: i - f i V, A&y | form
a best predicti onqivﬁ tﬁ§vz3r/?6‘3§§mg?§h{(?)/%§sp3§| é%tsxlﬂpn @%@%ﬁtﬁﬁ%e' est

predi ct of0dUT6 R péaftic predietiorcafSE hasedopin P ald B2 detildrbet ned usi ng t he

nmet hods descri bed herein. 8 These techniques are also_ applicable to B
frames that have tlgfb:g? f&%g‘%lhg#:o ’f/gé)tolrgg poi nt i ng(wé’i&hﬁ%%aﬁg‘ik d or
forward jaof17E. MGRewP iNkidh afs8 kel tRatlthd Ehangt RRsCREF {d 14, @Vo1RARS PEr N

descri bed above for P frames is reverséd to accurately predict backward to
t he cur raadtP2pisfa moxs.reliabl¢ pregdistnsiofi P4 tham predietiansonvalving Pd . Fhus, by givereg bifs i n

both the .faorwar ackwar d dir.ecti.onoysi hi s ct of. t he.

Covent 1 oreicfil Bad S0e BREEHRE ShdyelBfiv AR L it Netu i Be kel 0dfing 020307

di rect i ajigy POBRAUPL 8NGUIY reshltsnti t abl e wei ghted bl end of these various

predi ctions can bI%b-lE(;’gti m zed by sel ecting the bl end wei ghti ng which best
r

b
predi cts the W@ K 663/ 2Phed/2 Pi)xel/4 oaP1bT a current B frane.
[001811 FIG £244ip5 21 4iparagpshow ng a sequggltsofs%f’%ng B.d fPgms 1 n which
rsre

various P franes have one or nore notion vec erenci ng vari ous
pr evi ous[ GO ITENES, Acnedinghpiwwmill sainétiracsset usekil ghise veeightabsthgibedk 1.0 and
rd. references. hy cular B frane. In

thi 5 egiéhvﬁ%&vfaé?%%? i G breoheint e Yariabn %Pg%{fféw frrBetahd  two
P5 must g s raane et ing il oo HIEE B A T U L bei O
or der f riedistor nf B4’bintastabéeoin (pnothéreregiod f ph@@id‘d)r frample, an equal weighting of

1/3 of each of P1, P2, and P3 in FIG. 20 might form the best predictor of P4 in some cases.

[00179] Note that the motion vector of the best match is applied to determine the

region of P1, P2, P3, etc., being utilized by the computations 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 described above for P frames is reversed to accurately predict

backward to the current P frame. It is possible to have two or more motion vectors in both the

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



decoding ("delivery order™), which is not necessarily the order of display
("display order"). For exanple, in a frame sequence showi ng cyclic notion
(e.g., rowvetwewoeiioan object), a particular P frame napchasawese2esdm | ar to
a distant P frame than to the nearest subsequent P franme. FIG 22 is a

di agr am @mﬁbmﬁgcoacwmle'nwumb@“@i@tﬁ lemhefghése vatipedpredietitistaan lbeam

eampt e O Bosdetfing eREy b bR ol IR Ber R fopolhet " &

t her ef orgixelgegivh) éfa cielehvBiragitd decode P5 before P4, but display P4 before
P5. Pref erablﬁ] each P franme should signal to the decoder when such P
S

frane calO®EBH] scalflfed! isa diagragnshonpng asqayancsfol § anddprfigmies ihyvhish vataensor der
or aft I ings are

sel ecte Fr %%lr@hgga%éréa lo e Qhé%ﬁ%cgserg%%ﬁégg%g&ﬁ Jre‘;lgg Waﬁ?’g’bﬁg S can

si gnal tshotvingg @iﬁ”emlewmghtsahe #Rigbd togspextive fdreatdsad. bablsw svidirbfefdnkestiyher

wei ghti ngs . “ggscrl bed herein, this can be signaled to a decoder once per

i mage urRaticulyr ByframgyIndhis exarpplent B frame HO0Gekrarryhprcquedsuyih Bagenanhange
in wei gWo%‘ﬁséqﬁeMSlﬂlfréﬂlcs [00184] It is also possible to downl oad new

wei ghting sets.” In this way, a small nunber of weighting sets may be
active aloelgglen It1|thmexaﬁtple;11bzlsﬂrM1raFI$}rﬁllJframetﬁémust bbd¢codedfor gignal  a

decoder whi f ot ti ht | t t d t
' the eBGL Rgvaskde Busel s efe P fedd Fipted i pifein g el ndlar Sy o' "
nunber QieCthSrtden ‘é?dbr’h}ewhfcﬁﬁéﬁ&rﬁé@sﬁﬁl{y%&ﬁbﬂﬁ‘dléﬂlaﬂ“ﬁﬁﬁia&o get is

found to provide hi effi‘ciency, then thaf subset can be sighaled’to a
decoder KHasexgmple, in qfamf# saanencesheying:cyskic metion (e erotaiion afansbiset)st gnal ed

1024 subBetcigt ke b b EMndlh o o B8 PR Spat Bt hErRR RS E R 1 oo

changed framér#HIGt 22 13 acfifigramaheyinga dequencs bbPahd Baftarhes 1a|vgﬁai ad bitstrdadae
decoder._ Thus, an encoder can dynam cal ly optim ze the nunber of bits

requi r edleli¥eryardsrof theoh fames difiersigor dhe displaw pider.Ja this exanmple. fTamsel3 Bf bit s

needed t Iars ort

codes Cargorg;éﬂﬂigée og%ﬁlse:ﬁltg?;{ 36 V\%PﬁgoI fls;{ %élﬁ% %&? ffﬁgélb%g?‘g%%cgge P(g:]on’m)n

usef ul vimifghtPdning, dlspiueréialsefdﬁe?S Efefferaﬁ]/yéleachtPCfrarimsholuicbmgml to thesleedder nunber

of bits can b ed to,signal e set of weightings, .such as f

< or varthgeto P i eg e st (e fs e Gh B & e i B5tregh ordeny & o

K-formrﬁeygﬁﬁ@rxmegrspﬁglgwrp vector prediction in a B frane (where K

and L are selected fromO, 1, 3, .), or a K-forward-vector and

L bac kwai@m&/%bt orlf ﬁreeﬂtrlglntim armse@credffrcanre stnall eeteofichaiges, thearasneadl aenbed f r om
e curr

Sositi orotidys e binftia fhe' dipeder WichOheibRne 16 B hself KSR oo wd i 2L V@

[001851 dekéribeddetein, ahid cagb@sizadieniontgdedo @ WnedIp& idlagumtbr Bt AyadtRs poirit h

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

[00184] It is also possible 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 during encoding. If a small subset is found to provide high efficiency, then that subset
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 dynamically optimize the number
of bits required to select among 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—



wei ghtings. A B frane 2300 has wei ghts a-e, the values of which are
assigned froma table of B franme weighting sets 2302. A P frane 2304 has
wei ght s mvorepoa/deesival ues of which are assigned from a trables2aB/0B03bT ane

wei ghting sets 2306. .Sone wei ghtings_can be static (i.e. per manent |y
downl oad@mmen vsedl yeighigs. sughes Y2 gHal K, ¢ [athis Magcemalbayabergibgneathgs
may be ' -and i O ) Thi.s :

Feohn g Ry e o R R DR OE b IoR i PRrame

i nt er pol @hemK ver, 2us, AQ o ifpovaad-vector dnd it heckwarddectonpredtionm »B fengnal ed

which sel ect_ normal (line interpol ati on_(of pixel val normal |y

r epr eser®*gre & and ﬂ:agf’ﬁ@ f(’?l?f@‘léf{rgq‘@pﬁeé nt'zaa)e PBﬁ#‘&éW&&‘%CM@&Hi‘%ﬂCE% ation of
conver t egcivRbHRifctiohnin 8P RAhEFNRYEK! dnB e 2dre 361t frol (192D, 3.€ p.?,_ea%, QhAdtioan) .
Simlarly, such code values can signal which such interpolation to apply

to AC oroffi® qutaneM walueiet, ttleg retasive ppsitiomof thad oanpwiithirespsciad thére

predicti on. bkog3 g? cti v)g subsetting can also be used to mnimze the
nunber cﬂ‘e%’i g %8 839 ai?“’t“ sel ect between the sets of weighting

coeffici pdEBSLI I &FIG. 23 iigh diggranFhowendpdqrendefof FOdd B Gamiel Gaedsig@idght i ng
sets were held in _a decoder, perhaps lgh r?@ﬁ’ht need to be active during one
s

parti cul'sgighyses; o8B Gamg 2BPGhas werghts a-¢y yssof wlichare pssignsd drompa table qlout
of 1024 i ey e i 4 hj dto

sel ect \)I%Ifrc e\%igll %}ﬂﬁg%fs?gtﬁ é'o'? &)&ﬂ%%e%fé}élg & ea?@tt%/’é”e’.”%zaﬂslgf%e sc%lg% al so be
si gnal edssighetpfrenarthble ofl drabrer weipktingsets 2306nBoms wheihtiags canthestaicl(bsi ng a

smal | nunber of bits. t el ect a g commoply used subsets. Softening and
Shar penimgnf%ﬂgé‘fwa?aaf‘f ko tﬁﬁéﬁ@g‘ﬁ% BdsignatedihyAr @0 f{é‘*@bh’ﬁ HRgS PAYm AC
si gnal s p&l @madiiaily A6WhRAILS arddBerPiBha4E val ue, other filtering operations

i .

are al so possible during notion vector conpensated prediction. For
exanpl e, [0R¥8@Ls Hllyhsamastechiirednaynbe usediia dynamipalysupdatd weightingsette appl i ed

to a pixe i.on ch as a crobl.ock) -t Q. extract,various .fr enc
bands’ eiseLBE BRroT bRy RS ACRIPRURTHL il BN R ClbF arh R SRR o
conpens akleefmormaP(linR¥d iftEPolatibn QS fipere] Valibs ndenallyetptbscattddn Ao MingRYi Ng
image to filter out the highest -37 WO 2004/ 004310 PCT/ US2003/ 020397

f r equendrPSsantatignYEersusdingar mianpqlatigieot] coguertagaraties gin ap) alternafq lteer gnnanhe

i mage. j . D I i i 1. : 1]t rix for
quagti z:alti ?%ﬁg%{fgésqtgg%gre&w?’n%%}} ?@d@&%gggﬁ IET%?%I ‘%?gﬁ‘%?’ rl}é{g] g}]@hrt]%i se in
t he cur rapply tbl AC k) DO dllesds wakihgr fosphit AC@D € bbitivhe of thegaddigionet hod. |t

is alread ossible to sjgnal a change ic{; the quantization tilt matrix for
every i &% t . Agtivejsubssiting cap alsp heasechioduinimizs dhecrransnof Pits N¢rgssaNc®s f or

| Ui NanGeleB kb AB serdB fefefihe Lditriciels esﬁélﬁgyggzlge.gﬁor BRLAHAB, iFePmensat i on

can be inproved her the™t matrix 1s c not. 'However, it
wi | | of tdewnbeaded steighting s¢ts werd leld mamdgeobat perhiyss 16 thightaeadi tr bamdtivd durisug

one particular portion 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 is active. The subsets can also be signaled using short codes for the most common subsets,

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

Softening and Sharpening

[00188] As with the simple separation 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 compensation.

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



parameters which are applied during notion conpensation. [001891 It is

common practice to use reduced resolution for chroma coding together wth
a chroma wpeoedoesi |t nmatrix. Fbwever t he resol ution etCTratse@sm@oti ng i s
static in this case (such as 4:2:0 coding hal f resol ution vertjcally and

hor i zontfafrquynm@%mzpr@erzo é@éﬁm{glahai@rss shasp.r lyrHebity)harrageo Reasalley Imagsdi ng
ef fecti \éﬁ9§§ Scoﬁﬁ)ﬁhéa%'ﬂ{'&%@%%?ﬁlt'@tﬁﬁ b t5ti0h zbst[e e? nltf?ﬁaﬁﬁﬂ estiiére.
ylng a |

i nvent i y app ter process ur| not1 on conpensati on
to bot rhlgllmﬁ@qnermyaioisa i mamuﬁemlbrhrniécp,emﬂﬂamlhljy forrmi mbmredﬁmmt cedingaonhettoger

image uni t 0190 t ent l.i cation .No,.. 09/545 233, entitle

* Enhanc abisAUiFBBY PSS HIELo SHEe0R Grngh T s APFHLAHRY Al FRL drFaFiy s i It
(referengato %B%Ylﬁ}: to 889064 &R NN 81t 48O fol RRIIAMRE afll SRLAGENBRIthtIthE er s
havi ng negative | obes (a truncated sinc function). These filters have the

advant agd hmnesswynm@wmmnmnpn@bs 1mpi@mecbwhetbmrthn glttm:ank isctangetbdr- pi xel

portion f,notion v ment h |nt

di spl ac rﬁo‘ﬁ%veﬁ’tlt ‘é’ﬁg %tn eI"ngStfe?% eotﬂe?ﬁ E}é{h l(Btn‘Ba Eill%{:ks (or

ot her usgkdthetbiRB@fRCH 8QiappIsed cﬁﬁﬁgﬁiﬁmﬁmcubm;ﬁﬁédtﬁbn di spI aced using filters
whi ch reduce or increase their sharpness. For exa for a "rack focus"

(where sEPRELBY] ectlsis qommen pragtif tauee areRd resplutim ngbehr@n@\mflmglt%etheand
ot hers W UASRIES sg,ﬁ iR it rn?a({ﬁxgq&v&%mt raseﬁlaozfﬁffaﬁbma ct}@mg P05 s S one
of change In

pness an ness n conpéensati on
filter tdaeé (saelnaHaio doﬂﬁfgeaiferemharqmmtscaﬂy ané hbrAzontallye of €2 ¢adirgyhalfrage

whi | e decreasi ng sharpness._in other regi ons can, i nprqve codi fj C|ency
In part rexslution gy OriERFAkY)- odangp? qeliv ENeSS SR SIGCTS dap afeoedade Wetﬁﬁ

benef i ci ﬁ*)ectt Qf tHIGAV EBOR bF ?;5 yn‘éﬂl'l&ﬁlt fr&ce%@ﬁ&rﬁ{g thbor mnééd&rtsby

potentially creating a bet ecrease dgrain and/or noise
(t herequﬂosMMawndmmnmamqwarubmndgnéy or mtemdw)) seldcteal peggnage wiit. t he i mage

or_oven EoAe8Lce UR PhrmERRERIRTIG 40 Rt R B kB R R T B

[00191] HK&xoRitRnLakérdid NN Eancal Tle o (réfefenodl foaE) AessibehE @ssef and
decrease during coding. For exanple, nmuch of the coding efficienc

benefi t smrprow:dzhspla;e@@pmﬁltqﬁahawmgemaauw lohes @Hrunsated sine fenptign). (Lhasedfilters

For  cny it SRR BEBLONEr ol LGRS, bBEn PR R AERERS B0l PhAbE °
Only m&ffm&ﬁan%@c&;@ﬁfkb&@é&ﬁéxﬁ Mdtmma&gerzﬁaamlsmmmqmlm dndianttiehe U and V

channels is high will it be necessary to se|lect the sharpest displacenent
filt ers;fracgppapopnts.sems nigerqblesks (Ryrathesdineful Enage rofiensd arqraee apéimkllyh col or

T e AR OBSR e R Rl gyt TSy hevgloo |

frame t dotsE (wharte.sore objeetsithediame aregomgf qut of facasrever tlme and others portions
of the frame are coming into focus), the transition is one of change both in sharpness and in
softness. Thus, a motion compensation filter that can both increase sharpness at certain
regions in an image while decreasing sharpness in other regions can improve coding
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 and/or noise (thereby possibly improving coding efficiency). If a region of
the image is coming into focus, it may be beneficial to preserve maximum sharpness, or even
increase sharpness using larger negative lobe filter values.
[00191] Chroma filtering can also benefit from sharpness increase and decrease during
coding. For example, much of the coding efficiency benefits of 4:2:0 coding (half resolution

chroma horizontally and vertically) can be achieved by using softer motion compensation

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



rate of 24 fps, even a sinple dialog scene can have significant changes in
notion blur from one frame to the next. For exanple, an upper |ip m ght
bl ur in owe 2besve3toand sharpen in the next, entirely deeTtus2edze2080ti on of
the Iip during.the open shutter tine in the camera. Fqor such notion blur,
it owill 99 rﬁjé%élflpé]il%\ ety ginyels i ek Wil Haegersssayy angeled theetiemgs bl ur ri ng)
filters qidhidenlRbANORRIRRLS 3ihl B8 mddber®iRl WeRAlGeT MR E6lf ABRL 0RSPECT
to the sharpening and softening. For exanple, |F a direction of notion can
be det ergriined, a softening or sharpening along that direction can be used
to corre o the noving or stopping.of .an inmage feature.. The notion
vectors (RERRLY raddondnstedt RORcan HERuPORs « hin hedeie 488 v

i nf or Matdnin@ BPMbtibH BluR ORI f1Rn S frAhe tHAE nkite A€ RRNAG I pithR MAPHEe Of
motion (i.e., nmotion blur), for a particular frame (or region within a
frame) weternfZddpseven asiampe dirlogiseeneian hgvesignidicantshanges i meten bl dorl ng
regions)_ | rticulare a [ | O 1:Sq. L be % .

bet ween qgefé:agpnegtso ,th%‘%ﬁq'e%ﬁgg [0 nleb ug(p%%égépﬁlgmfgr]grﬁ?r@%gﬁag}r%t %ﬁaﬂ%ﬁ;}%@ © open
shutt er dextientdelindut td the meton bOBE U3 HubihGtheZsheh Shitted tingein he Edsdra.iFon sadh an
object within a frane versus time. The shutter of a camera is_ogen only
duri ng paetonlup it wilhke henglacial e onlyite Haveshameamgnd spitgmng elugring) Blemst er i s
open res I 0. hl t keSact f20H anount
of "o sk el ddmpefafioRa Aisg 8 4 MR abfgl RAE BEPrle biel, 270
posi t i orsoftening. Boi@Ramplei ife difecticheftrhetion eandpaletdrmired e seftenargeortshapemogi on
blur. [00194] The anount. of tion blu d the directjon_of .notion can

21 50" be I HEg00R P usel L rREEPOH '8rhS may Bt SoRBInge S ioye SR ng

Mot i ONn VA féiforl VAESHS usddBBLmbAGH QitfipeniRtidi dan théfdeles pRdid soied Rehiion, and
human assi sted designation of frame regions. Afilter can be selected
based orinfommatien ehavt fecmawtief metiomend ghe dbange iartbe ameurdof giotieaion. For

exanple, a. i\ng _of various filters versus deternjned tion r and
i r oot ROLTHRL R sl RElf Home o BRRn SN 8T BRI 1 e
ot her asqgehsdiff fiaktes (dritvaBipoading $¢kibns) Mingaktic@BR] 4 MotiaPPédt&ds tHelbestr s can

significantly inprove conpression coding efficien§¥. A smal | nunber of
such fi Imeyenenhmageh bebyesatfofamips, whaleanafion tymsaptsdronpmoyemprt thriag the t he

decoder. ' i S -G one once per inmage unit or at other useful
poi nts ﬂﬁéﬁﬁgﬁﬁﬁﬁggfﬁéﬁggégégg. As with weighting sets, a dynamcally

| oaded sSpIODI3F i | tHIGS 24 dna Praphuspbsitieh ofednl obdst aithard frvee sedshetimeibhe 39 WO
2004/ 004310 PCT/ US2003/ 020397 . nmechani to mnimze the number of bits
necded UL ol eaBEaISORSH PIY HBERE BEEE P HAme 164 A‘me‘?tiqr‘t‘gjr%h?)%@%ﬁé‘f@gs.

| mpl emenp, ALk @Ry is open results in blur. The amount of motion blur is indicated by the amount of

b

position change during the shutter open time. Thus, the slope of the position curve 2400
while the shutter is open is a measurement of motion blur.

[00194] The amount of motion blur and the direction of motion can also be 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 blur and motion direction. For
example, a mapping of various filters versus determined 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 other 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



[ 00196] The invention may be inplenented in hardware or software, or a
conbi nation of both (e.g., progranmmable |ogic arrays). Unl ess otherw se
speci f i edwotzher/@mhzyori t hns i ncl uded as part of the i nveRCIrars2eB2039t
inherently related to any partjcul ar conputer or other apparatus. In
part i culBechagigp, fyaiyezs;the npmbgf bitsResreddQ sless belvess dhe mpstibepeiifdlant
witten M}ili’e‘fﬁgfaﬁf%%& with the teachings herein, or it nay be nore
convenient to construct nore specialized apparatus (e.g., integrated
circuits) to performparticular functions. Thus, the invention may be

i npl eneng.ed i 0. one or nore conputer prograns executing on one or nore
programmabl e conput er systens each conprising at | east one processor, at
| east OonpOOTG6 R St Dhicigeersipatnean Hd ingllerdented indiaadware oasaftwars- oral @nbikativanor y

and/ or stqrage elenments), at .| east i nput device. qr port, and at | east
one out pift OQE&%QTBWBE?%M?]P%W%%&SF ethapyyiss enecified. thetaorigrs, o
performi %déd‘%ﬁdr%ﬁh@ﬁﬁ@ﬁti&eﬂe Rt iBhEreAMPredROELANS paHicRI cbxﬂpfri]’trem 4@& The

output information i1s applied to one or nore out pu?pdew ces, known

f ashi on.app8Gns7In peeti¢ulaycdrions ggnesah pregosb endchipee mapbe dsé¢dwithprageans ed
conput er_l.anguage i ncl.udi n hi ne, . assenbl or_high lLevel procedural,
ogr cal  VEREH Beordepieariiie kaPBoR ireinaoF B bsaire Coftkmimt i oS th o
conput ermgxSsheéthlided a@ﬁé&at%lgé? , i@ﬁa@ PHAGR) to WY foR paArticRIER ifluRdioRs. Thus,
interpreted [anguage. [001 87 Each such conputer programis preferably
stored dhe Brvedbommes ie smplemgnted dppRgyRr IHAKE; CAMPULEH PTASEENS eXqGUING YN PEE aft at e
menory q ' el | 18) | or
oo, e MR oA Uon iy 1SRN Roray SoEO O
conput erdarhstoraigh eystén (iagiaditig diotatidd ardinwincwolatile hresatbrip ynd/bestoagp dleatensy,at em t o
performthe procedures described herein. The i_nventing system nma al,sg be
consi derlg#ft oBe Hput deptecrdnttetndal leastonaRite. dexiss apprt Hreragcode &f anplic

conf i gurgdy ST e (RERBHAMRscriBbPh&oinfiG SLAUrAE SulfRliiintighonid gur ed
causes atsgr(l)ﬁr(r“ggtgtgﬁogystem to opgr at escinn a sfole(r}lﬁ?i%c ran(;?uﬁlede i'neqd manner to
per f or m dutputfinfochatoonsis dpsiedith ede hemeiaoutpdGie9@es, An knovipefashibnenbodi ment s of
the i nvepti ave_been described. .Nevertheless, it.will be understood
that  varl S0ESba! rRERSROnEORYP HeY RaAUP ERISG HpAFN §OPPUR PRESESp 1 i (
and scopgnchidihgBabiive HdcRibly, o7 highNava pfoce @RI Idicdl R objeePsridiRarr | bed above
may be order Tndependent, ‘and thus can be performed in an order different
f r om t haprograswning danguagks clorc@immapnycateowitha computer g¥sters. Iareay wpsenthe langage ope

of the fol Igvvgn%n_:l adn(grsh -4863%292(1)4/ 004310 PCT/ US2003/ 020397 WHAT IS

CLAI VED &y bq 2 campiled or fntemretod [AGUEES, e conpressi on, the method conprising:
provi di npp@a sepuenEfhGhic ¢cmifer prograa i Prederablylstorédan oNdowilbgdedrtages

includin
s%orage media or device (e.g., solid state memory or media, or magnetic or optical media)

readable by a general or special purpose programmable computer, for configuring and
operating the computer when the storage media or device is read by the computer system to
perform the procedures described herein. The inventive system may also be 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 that various modifications may be made without departing from the
spirit and scope of the invention. For example, some of the steps 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.
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predi cted frames and referenceable frames; and encoding a picture region of
at |l east one predicted frane by reference to two or nore prior

r ef er encessibl2e04/00a3@s i n the sequence. 2. The net hod of elcarusedos/oedser ei n
said at | east _one predicted frame conprises a referenceable frame. 3. The
met hod OWIMEF%CJE‘BWEPJSA said referenceable franmes conprise predicted
frames and intra franes. 4. The nethod of claim1, wherein said predicted
frames conprise referenceable predicted frames and bidirectional predicted
frames. 5. The nethod of claim4, wherein said at | east one predicted frane
conprises a bi di ramsthedfor pidedimagsoimprpssions theThethededmoprisdig: cl ai m 5,
further conpr.i si.g - wherein ?,?co%iln lu%irpi cl'%tu;ee r%gli g ?rf a hi Rll rnecti onal
predi ct ed f r ARV 81graesregpcg}$88 Tgmey OrSiBr 8By 5’3 Attt B et&anl e
franes igedibRd FREESARE refdrenddaBleTrint@dar@f cl aim 1, further conprising:
identifying at |east one of said two or nore previous referenceable franes.
8. The net hodnepdiag aipigture rogian ef #f least encepredigieddrasnmby refarencerie B9 AGMEES ng an
unequal i j C: i re regions fromsaid two or nore

previ ou ré?%%}éeﬁgeeaggel%ﬁhgsrlgﬁrg%gqg&t?‘he met hod of claim8, further
conprising: identifying said unequal weighting. -41 WD 2004/ 004310

PCT/ US2003/ 020397 _10. The nethod of claim 8, wherein_the unequal weighting
i ncludes wei ghts Treonedpd phelaimhavirensay 4t fegst onsredisted fRE CREVHSE bf

cl ai m 8, phgt-eidle kiRl rames conprise franes arranged in picture regions,
and wherein said encodi ng conprises encodi ng usi ng unequal pixel val ues
corresponding to said two or nore referenceable franes. 12. The net hod of
claim1l, vvher3ei n the Seﬂu&nﬁél of . franmes i]ragjlclflde reJe enceabl e. frapmes.and
bi di rect i onal-pr edl & BEHPY ghefaim Lywhergip saidiTqierehesable fIRey SomRTissiRIeiced)| yes
ar r angedgdmesmndriged geiass. 13. The nethod of claim 12, further conprising:
determ ning at | east one nacroblock within a bidirectional predicted frane
usi ng

4. The method of claim 1, wherein said predicted frames comprise referenceable

predicted frames and bidirectional predicted frames.

5. The method of claim 4, wherein said at least one predicted frame comprises a

bidirectional predicted frame.

6. The method of claim 5, further comprising;:
wherein encoding a picture region of a bidirectional predicted frame by reference to

two or more subsequent referenceable frames in the sequence.

7. The method of claim 1, further comprising:

identifying at least one of said two or more previous referenceable frames.

8. The method of claim 1, wherein said encoding comprises encoding using an
unequal weighting of selected picture regions from said two or more previous referenceable

frames.

9. The method of claim 8, further comprising:
identifying said unequal weighting.
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di rect node prediction based on notion vectors fromone or nore predicted
frames in display order. 14. The nethod of claim 13, wherein said encoding
conpr i sesweroodiongiousi ng an unequal wei ghting of sel ectred/ys2aBwe@9? egi ons
fromsaid two or nore previous referenceable frames. 15. The nethod of
claim 14, wherein at |east one such notion vector is scaled by a frane
scale fractiofp of TRSHethBaBf élﬁi"n?8%hé}éﬁ%@ﬁnéqﬁlﬁlﬂw&@ﬁ’tinglxﬁcluéesm%ﬂgﬁ@ for
video i mage conpression, the nmethod conprising: providing a sequence of
franmes igredterthagong et lassgharezgrons, the frames including bidirectional
predicted (B) franmes and referenceable franmes including predicted (P)
frames and intra (1) frames; and encoding a picture region of at |east one
P frame by refier entig héthad BF ¢1@iin B W EdreiaRaRh@es Edrapisel ffantRansagedance,
wherein said prior referenceabl e frame is spaced fromsaid P frame by at

| east orfaCIItEEIPBHIARE ref erenceabl e frame. -42 WO 2004/ 004310

PCT/ US2003/ 0 f

i dentifying the ﬁZ)lP |S(g§lrZl enk ‘ﬁn nceglg?eg e?@éﬁﬁeérﬁ &?rﬁjugegﬁglﬁ)?*ell%gmg& gon(h%t h
said i detatsmﬁltwatdrﬂmreiiéfereﬁceﬁbletfmﬁ;esl n a video i mage conpressi on system
havi ng a sequence of referenceable and bidirectional predicted frames, for
dynam cally determ ning a code pattern of such frames having a vari abl e
nunber of bi dix ectRnglmpd 6HLiskheY &ﬁé}@%&hs §é&ﬁeﬂ9%tdf‘i’ﬁmek %hhﬂyrgﬁrerﬁgitﬁ’@t' ng
an initial sequence beginning wth a referenceable tranme ving at | east
one i nmieahnestanld\biditdstienpl radidbediframes; icachadf qarde’tihmetsedclhdlagm;xedmaﬂuemd| ng in a
referenceabl e frameb g@?l ng a referenceable frame to the end of the
initial l3:1P e a test sequence; evaluating the test sequence
agai nst a selected evaluation criteria; for each satisfactory step of

eval uating the test sequence, inserting a bidirectional frane before the
added referenb%abl@qmath@daﬁ@ameb%aﬁlﬁhgﬁpm%mép of evaluating; and if the
step of eval i ing the
oo tost <Biihibe §bR bne FAERREL T Bld QG byl e RRRY 09 TS

further dieopmbst pgdictieh ®ased dhmgotim vedioes ﬁeﬂnainb onmrepddietedfedrhdsdn disprayat

| east one _picture region of the
order.

14. The method of claim 13, wherein said encoding comprises encoding using an
unequal weighting of selected picture regions from said two or more previous referenceable

frames.

15.  The method of claim 14, wherein at least one such motion vector is scaled by a

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

16. A method for video image compression, the method comprising:

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

encoding a picture region of at least one P frame by reference to a prior referenceable
frame in the sequence, wherein said prior referenceable frame is spaced from said P frame by

at least one intervening referenceable frame.
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frames of a selected test sequence. -43

WO 2004/004310 PCT/US2003/020397
17.  The method of claim 16, further comprising:
identifying the prior referenceable frame; and

signaling a decoder with said identification.

18. A method, in a video image compression system having a sequence of
referenceable and bidirectional predicted frames, for dynamically determining a code pattern
of such frames having a variable number of bidirectional predicted frames, the method
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 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 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.

19.  The method of claim 18, further comprising:
determining an interpolation blend proportion for at least one picture region of the

frames of a selected test sequence.



