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VETHOD AND APPARATUS FOR MOTI ON VECTOR ASSI GNMVENT
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Background
Low bit rate video compression is very important in many multimedia

applications such as wireless video streaming and video telephony, due to the limited
bandwidth resources and the variability of available bandwidth. Bandwidth adaptation
video coding at low bit-rate can be accomplished by reducing the temporal resolution.
In other words, instead of compressing and sending a thirty (30) frame per second (fps)
bit-stream, the temporal resolution can be halved to 15 fps to reduce the transmission
bit-rate. One typical approach for reducing the bandwidth is through the extraction and
removal of redundant information from the encoded signal, such as removing either a
portion of or the complete frame. However, the consequence of reducing temporal
resolution is the introduction of temporal domain artifacts such as motion jerkiness that

significantly degrades the visual quality of the decoded video.
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frame rate up conversion (FRUC), is needed to
re-generate the skipped franes and to reduce tenporal

w@reiosOaaes. CGenerally, FRUC is the process of RCTES2005/025897

interpolation at the video degoder to increase the
perceived frame rate of the ré&constructed video. Many
FRUC al gorithnms have been proposed, and can be
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displacement in the block's image between frames, and the magnitude and direction of

this shift, referred to as a "motion vector," is selected to be sent to the decoder. Also,
once the best match is found, the pels of the current block are compared with those of
the "best" shifted block from the previous frame to see if there is a significant
difference. If not, instead of sending the motion vector, an indication is sent to the
decoder so that the pels of the shifted block from the previous frame will be repeated for
the pels for the current shifted block. Such blocks are said to have been successfully

motion compensated. However, if there is a significant difference between the two
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difference. If not, instead of sending the notion
vector, an indication is sent to the decoder so that

wa b@opel4e8 of the shifted bl ock fromthe previ oRGI/UEANE025897

will be repeated for the pels f,or the current shifted
bl ock. Such bl ocks are said to~have been successfully
noti on conpensated. However, if there is a significant

dbfdcks, ele diffordnoe arentbded aalbmak $he dddgdalisbft@dt RIS SF the current
encoded and sent to the decoder so that the pels of
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m ssi ngs fliwstreteti@B prier arnFEE. 1o iraMEl, Hassthedifarfe 108 is interpolated

reconstructed current frane 2, a stored previous
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in current and previous franmes; or nonlinear operation

s¢fETespendingpigels in epeans endprevions fromegy armenkiteanoperptdon such as a
mﬁgﬁaﬁgggaﬁ&g, bl ock-based MCl introduces overl apped

regi ons ich are areas having multiple notion

t r aj ecAbhouph NMa$ i moretddr aiegt, Block-bardd MECEintre@ic@B sverlapped
whi ch are areas having no notion trajectory passing
tlﬁglg{}@ﬂwfpg}’l afg ¢S having maptiple motion trajectories passing through it; and hole

regions, which are areas having no motion trajectory passing through it, both of which
are unwanted, in interpolated frames. As illustrated in FIG. 2, an interpolated frame 202
contains an overlapped area 206 and a hole area 204. The main reasons for the
generation of these two types of unwanted areas are:

1. Moving objects are not under a rigid translational motion model.

2. The transmitted motion vectors used in MCI may not point to the true motion
trajectories due to the block-based fast motion search algorithms utilized on the encoder
side.

3. The covered and uncovered background in the current frame and previous frames.
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are unwanted, in interpolated frames. As illustrated

in FIG 2, an interpolated frane 202 contai ns an
woer@sleaped area 206 and a hol e area 204. The PEI/HS2005/025897

reasons for the generation onIhese two types of

unwanted areas are: [001 1] 1.7 Moving objects are not

under a rigid transl ati onal notion nodel. [0012] 2.
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bind bitodbigeadtifaotsi aml dempreinseasedndppewarRlprisy ofverRaiation
bl urring and spatial interpolation techniques have
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r egi ONEropddaMGIaT vecton @ssikrandid dispottatitfes motieh bomperantd FRUC as
t he |ntroduct|on of the blurring and bl ockin
dt isinegdadsfor thedntgrppdptethirames @%@IQWWHE%‘FFH% Yt yIn gfldition,
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idoni;&nmed stefdm’n thbtdori VHCEDT[B.Sﬂlg’[mﬂltﬁS‘ WGd i Acenydingly, there is a
conmpensated FRUC. In addition, proper notion vector
Aced imonsreome thg dsspes nqted BhRyeappl i cati on where proper
noti on conpensati on based on notion vector assignnent
is needed. Accordingly, there is a need to overcone
t he i ssues noted above. SUMARY OF THE EMBODI MENTS
[0016] The enbodi ments descri bed herein provide a
noti on vector assignment process for frames that are
to be interpol ated having hol es and overl apped areas.
[0017] In one enbodi nent, a method for processing a
plurality of notion vectors for a video franme to be
interpolated using a first reference franme and a
second reference frane, each reference frane having a
content map, is described. The nethod i ncl udes
partitioning the video frane to be interpreted into a
plurality of areas; determ ning a nunber of notion
vectors passing through one area based on the content
maps of the first reference frane and the second
reference frame; and assigning a notion vector to the
one area based on the nunber of notion vectors passing
t hrough the one area. [0018] In another enbodinent, a
conmput er readabl e nedi um having instructions stored
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thereon for causing a conputer to execute a method for
processing a plurality of notion vectors for a video

WO ea@®12428 be i nterpol ated using a first referemcBUSIONE5897

and a second reference frame, each reference frane

havi ng a content map, is disclosed. The net hod

i ncl udes partitioning the video frame to be

interpreted into a plurality of areas; deternmi ning a

hunber of noti oxYAMARY OFSEHEEVIBODIVIENES ar ea

based on the content maps of the Tirst reference frane
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reference frane and the second reference frane; and
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based on the number of notion ve rs passing through
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FherbGRFIr cAEn S OGRFHE to@RBEUtIN iRehddTot PROLEREIRLa Flurality of motion
nmet hod for processing a plurality of nption vectors

fwertogs for detleb frame todetinteipolateduding o frsy sefprgnee frame and a second

reference fra d a nd. refer -

B EinE Gamey B ARy Aoy 2R SR Aeinab 3 BispSREL The method
Thaudtgaadionil e oRlep drand todaiifgrpréted ititdl @ plurality®f breake
interpreted into a plurality of areas; deternjning a
rigteisening a pEmbeRPiaRH @Y woirss Bissigethionely ANGHER B4 On the content

ha > j y
e L T
MBGHET véctr td the@ne asdadasdibarethe annibbeofmotiar vagforspadsiong through
vectors passing through the one area. O her objects,

ftB& PG ¥82-and advantages wi || becone apparent to those

ski |l gf tyie{‘%ﬂolﬁlﬁatr %ﬁﬁ)oﬁﬁl%ﬂt,téﬁeaggﬁla{&%MOge%ﬁiﬂ}; la§furality of motion

descri pti on. I's to be understood, however, that the
detwird fod advédeorfiamid torbeantdrspased fising e Liavipefersncevfraine and a second

I ndi cati.ng exenpl ary enbodinments, are given by, way af
oL e TR Alch P RRLATERLS Bl Bt Btk A
Bdbfahue 3hd10M0S Méah8 Edt JahtfticheBe 9ideb TRinfcabbehidgpreted into a
description may be nmade w thout departing fromthe,
plurality of areas; means for determining a number of motion vectors passing through
one area based on the content maps of the first reference frame and the second reference
frame; and means for assigning a motion vector to the one area based on the number of
motion vectors passing through the one area.
In still yet another embodiment, at least one processor configured to implement
a method for processing a plurality of motion vectors for a video frame to be
interpolated using a first reference frame and a second reference frame, each reference
frame having a content map, is disclosed. The method includes partitioning the video

frame to be interpreted into a plurality of areas; determining a number of motion vectors

passing through one area based on content maps of the first reference frame and the



spirit thereof, and the description should be

understood to include all such variations. BRI EF
WOREBERIRTIE ON OF THE DRAW NGS [ 0022] The enbodi P&N1US2005/025897

descri bed herein may be nore readily understood by

referring to the acconpanylng‘%ramnngs I n which:
[0023] FIG 1 is a figure illustrating the

s | | a3th &b Ve 16/ feRfie ARSI HABed on the
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FIG 4 is a block diagramof a notion vector
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027 i I
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fIOM/dligran1lllustrat|ng an operation of the

spisit dharecdy anghe descripienshoald berAerioqdip TprlEg %E%Ug vafjgions.
hol e bl ock regions; [0029] FIG 7 is a figure
illustrating the various content classes assigned to
the graphic elenents inside a video frane; and, [0030]
FIG 8 is a flowdiagramillustrating an operation of
the FRUC system for notion vector assignnent for
over | apped and hol e pixel regions; and, [0031] FIG 9
is a block diagram of an access term nal and an access
point of a wireless system [0032] Like nunerals refer
to |like parts throughout the several views of the

dr awi ngs. DETAI LED DESCRI PTI ON [ 0033] The enbodi nents
descri bed herein provide notion vector assignnment

net hods and apparatus that supports variabl e

bl ock- si ze- based, bl ock-based, and pi xel - based
variations in notion vector assignnment. The notion
vector assignnment nethods and apparatus descri bed
herein assists in the creation of interpolated franes,
also referred to as "F frames,"” with higher quality
in, for exanple, a process such as a frane rate up
conversion (FRUC) process. Supplenentary infornmation
contai ned in the decoded



video data are utilized as inputs to the notion vector
assi gnnment process. Supplenentary information nmay
w0 pwbota?2s f or exanpl e, a description of the typPer/v$2005/025897
graphic elenents that make up each franme, referred to
as "content maps," as well as description of the
corrpl exity and rmverrent of t he el errents, referred to
as "conplexity maps" and "activity maps,
respectively. PREEFMPESURMEION Oiasmmmtwmstsrl bed
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pdnacwdeded iraan;tmerrpdlamdtffame dmmlgd#[Chuffer 316; and, (2)
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Ofssidhineht; i s conmbined with a previous frame stored in a
stofed previous frame buffer 318 to generate a current
[0026] frame. Flﬂqé ig @ blashdidgrammef A snotion vector exteaction pehsystémapig motion
buf er 3 A sub-portion 350 of FRUC system 300,
|W8°l53| el§ltored notion vector buffer 316, stored
00271 frame ind. a5 a 3G diagremGuidtRiihg bh dkErview 684 m3hdd for motion vector
contains the specific functional nodul es for
pspiEBmAntigr Avariapped e de Blosk gag% i n accordance with
one ex I
00281 goc g ony ¥ Ak s B U R EPL A BERERUC sy for
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estimation nodul e 324, a second notion vector

[0029]  pr ocesEiSt 7498 fizureibpurayasitas BHions aetentsasses psyigngkio the graphic
r nmodul e 330, and a post
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[0030] is furKFles isedslow diegraindllostrating @o operatiooof ﬂwﬁ‘lRU(heystem for

description of the fiqures one exenpl ary
DN VT e EuRp R g e B Latd Tets At e PRS af: ot ¢ on
[0031]  SYstenmidatis TB¥ocRAUidspAH ofhh BecefiieiiimhPMddRHeEsRPbint of a wireless
herein is described 1 n co-pending application NO.
efysienl.ed " Met hod and Apparatus for Frame Rate Up
Conver an hi., Vi] an
[0032] 15, 2001251151@ ng{?le{agseﬁp?erg% kkee P tPg’“ﬁ%‘%ﬁfﬁ% shev\e;rgg YI%WS of the drawings.
snoot hi ng process that nay be used with the system
descri bed herein is described in co-pending
application No. , entitled "Method and Apparatus for
Mot i on Vector Processing” [Fang Shi, Viji Raveendran].
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Co- pendi ng application No. , entitled "Method and
Apparatus for Mtion Conpensated Frane Rate Up

w@veet=eon. " [ 040432], al so provi des ot her exetmpUs2095/025897

enbodi nents of the other conpapents of the FRUC system
300 not specifically described herein. [0035] It
shoul d be noted that the functional nodul es shown in
FIG 3, in one enbodi nent, correspond to specific

nodul es that nmay be DEEAGYED PESCRIPTION Or nore
software al gorithns.  The operation of the algorithns
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JTA ). The L TUT video codi st apdar ds aIIe
r@é@ﬂ%ﬁ&ﬁf Foranes a#80 TohesF & {hoTUErPRIag e, Where FRUC

03} Igge}ves?nqﬁgonaﬂﬁ%ﬂ%ﬁ?stéﬁ}ﬁ 3k %ﬁ&hsesﬁhﬁndré@le%cﬁ@r module 306

are not G x e g
I\ﬂQE@Erﬁctaﬁd a MBEGdtionRectoex 308 mdichnis Iptaced i # gbredenetion vector

fé@f% 316 gy B hasudies B Beaigh %0k PR PmiBiinn: <,

nBLERHEHLRCOARIorINASANS 317 tNdeSilt bWWhichYEEShbified with a
c ncepts described herein are used nmay be proprietary.

[ma@vs]ls frame storeship @cﬁtcvrerrh previtmefrasipdrudier 309 tonggpetsée a current frame.
nf dudtenf ﬁjranqg o fc&r%n% Blame buffer 320. A sub- -portion 350 of FRUC

system 300, including stored motion vector buffer 316, stored frame buffer 318, and

current frame buffer 320, contains the specific functional modules for performing
motion vector assignment in accordance with one exemplary embodiment, as described
herein. Specifically, sub-portion 350 include a motion vector processor 322, a seeded
bidirectional motion estimation module 324, a second motion vector processor 326, a
mode decision module 328, a frame rate up converter (FRUC) module 330, and a post-
processing unit 332. The operation of FRUC system 300 is further described below in
connection with the description of the figures. In addition, one exemplary motion
vector extrapolation and content classification system that may be used with the system

described herein is described in co-pending application No. , entitled “Method

and Apparatus for Frame Rate Up Conversion”. [Fang Shi, Viji Raveendran. June 15,
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[0037]

conpl exity requirenents. For exanple, a high
conpl exity configuration may include nultiple

wo edoeoenee frame; variabl e bl ock sizes; previ oRGI/US2005/025897

reference frame notion vectorgftrapolation with notion
accel eration nodels; and, noti‘on estimation assisted

doubl e motion field snmoothing. In contrast, a |ow

SRP! aXithYr, SROELGHpIat AB SHBYecRH sthobiEhd pi@cess Thal M be used with
repgience frane;ggéxé% bl ock sizes; and notion “
tonpsresadedribett ferpiolindésoribed intcornsniling appligagios Msot hing entitled

er confjquration re alsoyalid fo if& erent
el R SE MG BTG Sistak s Bt Sy Rsyeparanl
RtddpHdirdyarplicliRinanst or agentitlbd SMethod afl@ivppatansyfet Bivtion
400 used to store and extract information about the

\gmmzsata:]ﬂé@mﬁslé@e Up Convepiare eldDhzz], also provigse pHeerqmplary
¢ e shar I 1S el NC j i e
et 35 B8 OSSR ABEh o iy

(W deiDePhErein] PREV CONTENT MAP) 402; a nultiple previous

frames' extrapolated notion field t Lt .
(EXTRAGORKES Ao e oyl PPER oY 1 oh in gne

Si eyl far 0 i =
Aty RO St e o
andre3phivaicadsarivhmenThe epatatiinoofabealgoii thn(sEXessHbERREDigh-level

F_PREV_MOTI ON.FI EL D) 408, | tiple. ,
B BRI o o3 of xSty o8 naRe i S P ETihem wsing
t&hﬁﬂﬁaﬂéﬂi(}f fatd D End @ ftwasd ARosthed. RBHtex8RPR) tHet@nPonents

ether system 300 is operating in a node that
utesdribed hereint miap be implegrentedeas Sofhwars exepied on & geneyal-pipase

system 30Q,utjl.i zes. nulti.pl e preyi r ef.er P
ST oS SRy iR o APEA b GinS T Ened Circui
f(ABIESR 'or GRNERAbinABGSthBLcOf.al Sholildl be 46Rd s varibusi qher approaches to

previous frames' extrapolated notion fields storag

u?¢ implementaiien ofihe spasiyles descaibee higreinaay Ba e@piaygdan 1d be
of...operation he. i f Lhal .
SR Lo AR08 SO BB the yastfeld of

AaRYE endvide@pmcessingapol at ed notion field storage unit
408. [0039] Although the figure illustrates th LUse gf
two difuErdien the Buprivsreonsasdrscrprdheraip may hs yspgin decoder/encoder

:751(3)/ ‘el Ehﬂﬁ&sco%gﬁiaﬂpévﬁtﬁ T{.ﬁéﬁktgﬁdﬁ&gasﬁ)?émﬁ%ﬁtﬁuﬂ‘li)?iﬁﬁ? {enternational

tiple reference tranes are used (1.e., p
pradsdommsurficaions Uniom TelecomaypsicatiorsdyandardizativmBegiog (ITU-T); or

nmul tipl revioys franes' tr ated..nptign fjeld
v MR EnBS sty RO PG Bl P T,
o &ERN\G6u 6B ThtSrrdfiShl Stan@andiitiBe O2gdHi £itoaUstefia@ bRl
content maps storage unit 406 and single previous

f ElacteoteshnicabChaugssiorp pioh Te¢haical Somntlies LASO/ESEITCL) The ITU-

oul d be noted that ofh fi [ .
S8R PRI 0 gt vio o
(e.g., H.261, H.262, H.263 and H.264). The ISO/IEC standards are denoted with
MPEG-x (e.g., MPEG-1, MPEG-2 and MPEG-4). For example, multiple reference

ptx

frames and variable block size are special features required for the H264 standard. In
other embodiments, the decoder/encoder systems in which the inventive concepts
described herein are used may be proprietary.

In one embodiment, FRUC system 300 may be configured based on different
complexity requirements. For example, a high complexity configuration may include

multiple reference frame; variable block sizes; previous reference frame motion vector
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[0039]

[0040]

di fferent content nap storage units may be conbi ned
such that one storage unit may be used to store the

weoeomwbem428raps for nultiple frames or a singl e PONUS2IWS/025897

map for a single frame. Further, the storage units may

al so store data for the currei{) frame as well. [0040]

The output frommultiple reference frane node

%Qﬁlgﬂo%tila%rw gpﬂl%hSn 434138t MehbdAS add GHEt @ Ystih]a@BR assisted double
tion field storage unit (F_CURR MOTION FIELD) 410

anstion fiald sreodthingaie cograst ratlowapn@temtagenmﬂrathmn@umy include a

eIt i o e i SpR TR Rl s memppion it
lfﬁﬁﬂondfi'e@d %Bétﬁﬁ]%s Othe JHtiberatiMeci®aBo ashd\ﬁiﬂdl@éreﬁﬂ‘@phcatlons
suppl enent al ormati on used for notion vecto

pr ocesyiten 309 regavesinpadiorag phualeyioh é%aﬁ&f%gerﬂmt%‘& adata
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J0Ovipus fedrars. BRIHENt AIRSSHRIRFCOMY W?FP&%EE@@EX C?‘Pﬁ@ AP)
d@dba, m‘@ﬁ} cﬁ(jg Pfé@%uh RGhAGCext Pgla{ea Rion! fidlid €6kaEOunit he

regio rest, varrations 1n texture
[ (EKMG)DATEWU[&TIPBETO BREWMQJFMB&M: agimgle previous

sy e sEnaecit GoPRey GOR RS AL RRS i et previous

oy ép& TatedS bttt 88 sQJra?g%QﬁﬁQEXH@dA@@LA@EEJH PIRESI MOTION

% ustrates an overvi ew of an exerrpl ary notion vector

FELD)AOSL Apnuitiplesrefsaence ihimstmedesgangrolipt modwe ¢ &h ouplgsthe

and notjon vectors f th f .
Rl e e LRk Sy Bl S o0’
QiR raiE Okl h ARy thdM&ﬁhﬁestIﬁ&ltlpIeQﬁféﬁéhcb $rabes. nSpmﬂiéaﬂlynwﬂen system
on a decoder on a client, the content nmaps and not

\Erusitigeaulsiplrepraviphe raferargeframesn il RRuHae tgnfrom multiple
server,.as di S

S i RO L IR o

Cxitrapblatell @RAidh fleldssti@pg &0t 4@R dForbhogikgle prévidusanerence frame

.e., the f
gigogq:offqu?pélo{gf tgg ng%tsbqefe :wil](tge oolqlhg;l BIPBGG’al usé%galrrr?é (g ! e(g.map storage
i
LI o et Sl gasosigs debapo oo
each bAhlodughnhd figurE iflustmates clerisaiofi swa diffevent Isetp o€ stogage units for

hole area, the F frane rst di dd t
ROt B PiB G BB onp 58t it ey Fp fagfBion B8 rames
?h&@' (1.8Mhul1é Bfévi/(ﬁ@tf%ﬁ:ssécﬁlﬂ'téﬂt Rfhpd BdrR8 Ainftgl02And Reiltiple
erence fra bet ween vvhlchthelgframals | ocat ed
prrssiess frimes] ghtr@laﬂaied; omtiondieldsppsirags Wiiiotdd) ppd ppthgr for where a

fr.ane. di . , . .
smgqg refetence frahe Ic'selgsed (i.e., single previous frame content maps storage unit 406

o

and single previous frame extrapolated motion field storage unit 408), it should be noted
that other configurations are possible. For example, the functionality of the two
different content map storage units may be combined such that one storage unit may be
used to store the content maps for multiple frames or a single content map for a single
frame. Further, the storage units may also store data for the current frame as well.

The output from multiple reference frame mode controller module 414 as well as
a current frame motion field storage unit (F_CURR MOTION FIELD) 410 and a
current frame content map storage unit (F_CURR CONTENT MAP) 412 are fed into a
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[0042]

previously, overl apped areas are regions having
multiple notion trajectories (i.e., nmultiple notion

woe@bor3)8 passi ng through it, while hole areasPer/es2005/025897

regi ons having no notion traJ itory passi ng through it
(i.e., no notion vectors). if a block in the F

frame has nultiple notion vectors passing through it,

| hotttd YecR eﬁir@p?ﬁétfdne\ﬂutaﬁ 6C M&t%ﬂ&%r%ﬁtr%ﬁticﬂﬂﬁﬁmm extracts the
area, also referred herein as an "over| apped area

bholddat vastors as/eell ambedumlemeﬂtalpufqrﬁ@hon sl fermofipn aector

nmotion vecto h. _a-part -
AP b L8l B0 el e EhEHn” 01 eh MRt mBBS Spepoe witied
Vit Ishstér 306 @y Rdrdid tidScudrenSBEmOf ora @y beapPint@ bk icoftent frame
vectors" for the block. This set of _over|apping notion
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'on vectors, as fur scribe
it ot dingdtedhe, th@dﬂgﬁdne @f ﬁ&érestf vapiations inaekmresinégrenation, and
referred to hereln procegﬁed et of overl apped

RGBS A8 dygngnee hag &rﬁ’BF‘E gqlu ?ﬁmaupﬁ &naygroyle guidance for
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at nmeet certain criterion, and thus wll be equal
thedovpr ocessed set of overl apped notion vectors. |If a

bl ock ave an on vectors passing th h
G BTl 28 o i Ak MR R el b e
r[ﬁ‘B@éSE 800, WhiBEét @it wak cénteﬁﬂh@s&ihﬁ&n&idﬁ%cto@i for @ 1@ference frames
area." In one embodi nent, a block having a single

nised mlfnmg(plgtp t}“lmg ﬁan@ hemg(ﬁ}gﬁnq:d; ingtep SQRetIn jpae embodiment, where
h
ShE3 b o830 DO A0 A RSP R o g moion

avectits Ra@Heap 10@%1@'aran§iﬁ£t&db’hﬁﬁ KSeﬂva:M as bsemssed above. In another
cl assified, the process continues with the notion

a@%lpcgwﬁ@ﬁt the coRigRIGMARm Y @ﬁtl%mg;, mey e grneraisd gryihe client.
ol assi i) soO0RRIIACR if FIRari0 ol td SaflEtEDIREHotblegf also
ed as so, then

bl ock beeh classifl e ar ea.
Oﬁﬁiﬁﬂlt@ as Gofrhme bk "Fifrm@ma&ibﬁloclm er eF _@/IBﬁt are nlassiﬁed as
assignnent Eﬂgcess f or | e ar gerfor

Ig areag, oroverkaBpeEd A As: ﬁAtPefél XRET taﬂsﬁﬁgn%nﬁ if each

o@kﬁ %ﬁp Phe cfon%hsyanaov%ﬂa@ea IV BbicORed/ ﬁfépfraﬁﬁ§§ﬁ§st divided
t oug e block 1nthe F frane. If so, operation

cioftt 4 semies ofvharhowirkapping blookketds they detetmingd wdiethsnany motion

RS Sk R F5E B AR R SRS Bl SR e P
o N mﬁ@@& tBfoRgh ehdheibnoPRiIAbPIAS bRt THedS fritink h AS ld@Russed
510, ere a notion vector assignment process is

aerr:mu%opmﬂapn@d@maa Brregiane having mykiinle pesian trpwgteaies (.,
aS u tlé)ise 1111!){ AP {7&?&@)}2@%1%% @259{?@21‘%%%‘1’&@4%&8 I'reg1ons having no

niren roce
motion trajectory passing through it (i.e., no motion vectors). Thus, if a block in the F

frame has multiple motion vectors passing through it, it will be classified as containing
an overlapped area, also referred to herein as an "overlapped area block” or "overlapped
area." Further, the multiple motion vectors passing through a particular block, which
causes the block to be an overlapped area block, will be referred to as a “’set of
overlapping motion vectors" for the block. This set of overlapping motion vectors will
be subject to modification where certain motion vectors may be eliminated from the set

of overlapping motion vectors, as further described below, and the modified set of
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general notion vector assignment process described
wth reference to FIG 5 is applied to the operation

wWo@RookRUE2%y st em 300 for perform ng notion vectBCT/US2005/025897

assi gnnment for overl apped and gole bl ocks, where the

system begi ns by first partitﬂ ning an F frame-in this

case a frame to be interpreted, into non-overlapping
Q}Ie%gpsaré %@él)r?cf’%qae R h9RMYcdhe) BRLEoRRBP&! motion vectors."

over appe area classifications to these bl ocEs in

gt eyotb@Zmbodiraerit] the detlif ovkrlapipreg mygeENgCLEs bnb’m@nmusmotlon
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(ﬂa@ﬂm(ﬁ B RBKSiAEMRIRIVIR 2 N6 afda. 38 Sh@ﬁéﬁhﬁbddﬁheﬁthl(hese types of
nmoti on vectors associated with these bl ocks. e Ig
g%fiasm ied, the

Dlogke 31l be slassifiedpomvoverlapredragea. d%n%é}%?ql@ﬁl&ﬂe
t
S, SRR RS PR AR (B o v

m&&medongd the bl ocks are classified as hole or

over | apped areas in a nner di d

T LB RPN b GeEBREc HAA B WG eE S UL ShRlF e I so
h&Porl Aok c%ﬁﬁn&% Q\Hﬂlesq 0 WheRPEmblivEe V&,‘i‘érsasmg%éﬁtﬁr@ééss for

conti'nues wth bl ock 4, where FRUC system 3
dmlealraasne petiférotedn tch@rV\n@p epatiay canginueswith step SBHcehere it is

anes ant for, th t
BBt ipp il PebOREE e R P PRRE kP prame. 100,
Q}"p%faﬁﬂﬁ”@@ﬁtuf%@ GRhStePpesIor whee ahs@d.’nﬂhfﬂ mB@GEebrapenkdtfon process
recei ved vi deo stream net adat a e., transmtted

rogcire hasedemghe ;mg].q:dn(ptm veetondHd @mogk pps keen classified as an
SR eD 00 PLEB ) g 06 Gl

ta\mg&neﬂtq{aé&]ss ib pesfbahédfobacdipped ﬁlreéﬁg)p,erfbﬁﬁékB] 2.
novi ng obj ect (hm» [ 0049] 3. _appearing object A

[ 0050]F1%. 6 dilusiigtse ap pﬁ%}np,lg{ye@pu?rD@)ctorgﬁﬁng%ﬁ?cegg ‘where the
e%ﬂ@r?ﬂ o hectélﬂag%é}: % e%pﬁ?] ehﬁ&fwhﬂ R&efthcd REFIG. 5 is applied

grono current notion vector
to the operation of FRUC system 300 for performing motion vector assignment for

U—'(J_

overlapped and hole blocks, where the system begins by first partitioning an F frame--in
this case, a frame to be interpreted, into non-overlapping macroblocks (MBs) and
assigning the hole area or overlapped area classifications to these blocks in step 602. In
a fixed block size system, a frame must be divided into blocks of one fixed size. As
described herein, a macroblock (MB) refers to a 16x16-sized block. However, the
description herein may apply to other sized blocks. Further, in a system that supports
variable block sizes, a frame may be divided into blocks that have different sizes and
shapes. For video codecs that support variable block sizes, system 300 can also perform
motion vector assignment for the motion vectors associated with these blocks. One
such standard is the H.264 standard, as mentioned above, which supports block sizes of

16x16, 16x8, 8x16, 8x8, 8x4, 4x8, and 4x4.
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[0047]
[0048]
[0049]
[0050]
[0051]
[0052]

[0053]

[0054]
[0055]

IS pointing~i.e., the macroblock or block, is analyzed
and wi Il affect the processing of the franes that are

W 200b®1242% er pol at ed. The introduction of EDGE PCHES2008025897
the content classification adg an additional class of
content classification and pr gides an inprovenment in
the FRUC process, as described herein. [0053] FIG 7

Provi AGedik FlilaRtH2bb@pLhitidda, Mk bikedle tas3FRA%s Bble or
pi xel s or regions, including a noving object (M) 708,

arvedgyped ricag iobjraoner(2ACjsciB4d abovgi whpisedlrthe gobibh eggtors that

( 710, a static background (SB) .702 and E 706
ebsdd * gerfiEPine e Goa Soeu eGP s o ver e
bl Alks Witk 816810604, ¥hefd TBR DT %94t8mi 300tdeeeriniieg €f content maps exist for

illustrated frames: Franme (t-1), Frane (t) (F Frane)
dhelreferemas ffames) . Specifically, in the context of M,

each pj xe| on insi - _ .
ol aos  dtreShl T8 88 AP 4RER KRR ERTE: R oDEe motion
aRdtod AssaEaRGt pioeessriebdribed heedinr Basey ohehgreociesd eided straam

parilculal’ Techion besed on o compary sgn ot the. charge..,
GEREd HiREA, RRLP Mhe ddhtddeH 4 £:8fe chil'Be BRQYEBR] Tt vihY Blass
conte [ b th

classi’fications can be group into ree

ltgses: restricted cl asses when the di fferences between
the SB,. AO and DO classes are mnor: [0054] 1. SB 702,
AO f7GiRticheckerpund (d8s) o Mo 708; and, [ 0056] 3. EDGE

706 f3ERI bbjest (M);enbodi ment, two different
approaches are used to performthe classification of

DO 37 xppesidgabiect AO)704 and MO 708 content, each based
on different cor {.onal conplexities. In the
I ov@c‘%?‘?BP%%ntgf%é@gbg&gﬁfﬁfﬁf or exanple, the follow ng
forgjngi?@s Be used to classify content: [0058]

F

%zggg hI\g[ %12 Hﬁg}@%@%@@g ]})} ihe%fgyg)%%%t which the current motion vector

Sggéj%’lﬁ%irée?;&g %@?&?fr}m [ggogﬁsl(l]rs] a%ii&%%&d{}fz%@ig&lé processing of
ahefrdineathiaoarepo bt intempslacdd. tThe iptrodaiction 60BBGEdassdo theecontent
Cclil'cgsrsiefirc]:tatiénr gldrgg'a% a?iciii)’éiglnal\i:?allsg gf.” content classification and provides an
improvement in the FRUC process, as described herein.

FIG. 7 provides an illustration of the different classes of pixels or regions,
including a moving object (MO) 708, an appearing object (AO) 704, a disappearing
object (DO) 710, a static background (SB) 702 and an EDGE 706 classes for MCI,
where a set of arrows 712 denotes the motion trajectory of the pixels in the three
illustrated frames: Frame (t-1), Frame (t) (F Frame) and Frame (t+1). Specifically, in
the context of MCI, each pixel or region inside each video frame can be classified into
one of the above-listed five classes and an associated motion vector may be processed in
a particular fashion based on a comparison of the change (if any) of class type
information, as further described below. In addition, the above-mentioned five content
classifications can be group into three less-restricted classes when the differences
between the SB, AO and DO classes are minor:

1. SB 702, AO 704, DO 710;
2. MO 708; and,



[0065] Fp is the previous frane's pixel value; [0066]
Fpp is the previous-previous frane pi xel value; [0067]
w@ob®124b%e absol ute pi xel val ue difference bet M&BS2005/025897
col l ocated pixels (|l ocated at %yn][xn]) in current-
and previous franes; and, [ooé ] @ is the absolute
pi xel val ue difference between coll ocated pixels
00s6) (1 oate@easl ynl [xn]) in previous- and _
previ ous- previous frames; [0069] and: [0070] if (@ &&
[0057] Q) t Hereneeabeilingensdwanliffergnicippenachesjago sy te pggorm the
(
[

| . . 8&. ! i tal K L
st SB D B Sh3OT) B aR BHG20 B R o citfrem
Hosdptdhh NG e6és. ThHEN3W-&Ingdexity dppfdacksfofpyanifle, the
classify as appearing object. [0074] In the

Hicgawingrfprrawps tpay bp psedcte clasgify ecmedl e, cl assification

is based. ' i tion and nor phol ogi cal
[0058] oper afﬁ%ﬁag?@mﬂnﬁ%ﬂgﬁmgéﬁt cl assification being
[0059]  per f or@peabedFplyA M Fpphalixalt on of the segnmented
obj ect. Thus: | ] 1. perform object segnentation on

0075
[0060]  the no@?’dﬁlcﬂhé?séf’ld[)'(%‘%] 2. trace the motion of the
1 segne §%§¥B§ﬁ€&1( . 9., by norphol ogi cal operations);
[0061] and, [r% . mgr(g the object as SB, AO DO and M,
[0062] rwebgectively. [0078] In step 606, after content naps
are determined to exist for. the referen frames, the

|

00631 FRUC SSHBRTTE FIec) P har ginptiin RIS Po TeabPun ar ea
[0064] Macr obhoGkhd dhridRefrimb s3] valy, motion vectors fromthe

set of overl apped notion vectors belonging to the
[0065]  over | dfpiedhepresions feretsixelyaliet s from or ends with

di ffergnt. conten I - f Ly, by using the
[0066] conte ppnlggheoqrg\élag%pl%glﬁogé g%c&%%?%éelﬁrr'giute % de%/er m ng t he
[0067] cont enQc isythe aolpa pixenvdliiodifferdnct Betivead coltdoatedpixels (located at

frame, where each macrobl ock is classified to be one
dynilmel) preursmt- ma prexiousfgapesemd| asses (or into three
cl ass [ ;

00681 ¢} 255 ag BEE Ebhiis BLENGAR. HELRERD phRe ol Al located a
dgth k) e prevfousgndrmtvious-previoos frame$;he set  of
over | appi ng notion vectors (i.e., previously having

[0069] n defined as all notion vectors passing through an

[oo70) Over! %@Rﬁé’%gﬁg EHeACassify & hoRRE oﬁj’%gt;Wi th macrobl ocks

havi ng di'f content” cl asses. r exanple, a
[0071]  not i orelsesi (\Qc &&/IQm) thensclassidy v stgtignairnbackgiosinilng a
[0072] ract Obélgecﬁ (b(r:] &@; ws) then classify as disappearing object;
[0073] else if (1Qc && Qp) the classify as appearing object.
[0074] In the high-complexity approach, for example, classification is based on object

segmentation and morphological operations, with the content classification being

performed by tracing the motion of the segmented object. Thus:

[0075] 1. perform object segmentation on the motion field;

[0076] 2. trace the motion of the segmented object (e.g., by morphological operations); and,
[0077] 3. mark the object as SB, AO, DO, and MO, respectively.

[0078] In step 606, after content maps are determined to exist for the reference frames,

the FRUC system will eliminate, for each overlapped area macroblock in the F frame,
any motion vectors from the set of overlapped motion vectors belonging to the

overlapped area block that starts from or ends with different content classes.



[0079]

[0080]

(T+l) classified as a MO macrobl ock but its ending
poi nt touching a macroblock in Franme (T-1) classified

w@200a/08828acr obl ock woul d be such a nption vecPOr/US1005/025897

one enbodi nent, any notion vegé is elimnated from

t he set of overl apped notion ctors if that notion

vector's starting and endi ng points belong to

%&fe&%‘&ﬁ[‘} Ql@ﬁl%@ﬁe SRS 8%ap ofadpferdisteltAld URtdrmidd e content
t1on vec ors that have not been elimnated are the

pypcefssed maetoblsick i thab referencedirame. WigTOpactmeasretteck is classified to

tion r sph and dln
TesseestEa ity Sp Ak P RRRD R QRS IR B ER kg yhere
digssases haMRch eaNSB eN0VRd DO elkdes @reSl@Ino@)‘ asalescritdp®adve, it can be
noti on vectors and the processed set of notion vectors

ofeteamingd ibgrermetionvestorin st of Q¥erlgnRing MtioBIVEERTHOS;

\e’g]g\;lgusl h%\g%ﬁéeglgdg\bgg a§ 1211 @Bgﬂﬁfg%&{g é)ggfnogt tﬂr&lgh an overlapped
Wlﬂb&l«g@t@n d\rﬂdtdnamlﬂ‘emhabbléslss Wlffémnt et aposed. WBr
OOSOL‘SIn step 608, it is determ ned et her t&g .

Fawelss 8 naien VeF OB hENPISHEATHERPEH (e ampsspblag in Frame

t

T P e AN RacTab Rk S i DR S h  huaBBblock

dﬁmmhﬁndscuﬁmheéangB1ﬁmnﬂﬂ@ﬂewmﬂébﬁmudnmnmeon@ﬁ@gqlnone

passi n hrou h.the cent I use

PSR A e 3 SR e Sl Mg mon veson
gp ﬁfa‘f‘ﬁfou@ﬁ'bé@bﬂ’@ﬁhmng%nﬂ @ﬁ(ﬁﬂ% pBinSd ®iPorfpi8 difféient content classes. As
assignnent is based on a nbst covered area

dsfisedrpreaioushy. themation veaorhibat kavb oat beenteliminatedbaredhg processed
620 a |ghted noti on vector is assigned, the
Wﬁf Ih%?‘%ﬁ vector being created based on the

cover agﬁ:eJ the tld€ioR VEstbRMHaeEhg Atedn TRy aldigcpoints Assdtiated with
yet anot her enbodi nent, as noted in step 622, a rredlfm

npedroblogksclassitied imddfegims GlaSSEé@HV%‘Peepﬁé@@V%%‘al

a .
S P AU A, e
ventiptiesasigi @geisidrt blosk 6@& exheemit dedepermimidnifj tiehmaarotlbdnto be
vect or that passes through the center glxel of the

rasiEBes %ewtlow%ct%rela B e¥ertanRes aeR mAcreRlotkol | owi ng

steps: [0082] 1. start with the current

WBWM&%MJ&E@P&&M@& wig he current frane,

S the center pi xel Tocation of the .
curre ri&n stnpcﬁOzS 1 lisoddterniioaBahe tlzer thaprogessee setiod oxertapped motion
n\‘/)etc{o(%sn fof %géhorglaérdgloclg Xgntalns hidFe M‘D’ 1(1 Snd Zwerlapped motion vector. If so,

then in one embodiment operation continues with step 616, where the motion vector(s)

passing through the center pixel is used in the assignment of the motion vector to the
macroblock. In another embodiment, as noted in step 618, the assignment is based on a
most covered area determination. In yet another embodiment, as noted in step 620, a
weighted motion vector is assigned, the weighted motion vector being created based on
the coverage in the overlapped area macroblock. In still yet another embodiment, as
noted in step 622, a median motion vector is assigned. Each of these embodiments are

described below.



[0084] 3. scale the notion vector proportionally, for
1: 2 ERUC case, where the F frane is exactly between

wo b@soweent frame and the previous reference PCHIS2005/6025897
is (dx/2, dy/2) [0085] 4. the in the F-frane,
MB_f ((x+dx/ 2)/ bl ock_si ze, E@/Bz)/bl ock size) will be
assi gnned the W(dx/2, dy/ 2) [0086] 5. if there are

mrﬁsﬁ%ﬁﬂ’[@%ﬁs&f‘/@n AReANEDitd stMg: sanme MB in the

F-f , v ging or nedran operation will be

[0081] per f onpede E@bodibRhf) tHBofidrddctsrasd gﬁﬂﬁ{ent%Baisgdil OWeﬂaﬁﬁﬂl(ihg the
on theMB that covers nost of the area: [0087]

anstonereciorthud PirseR thraush thptani W@épéﬁheag@r@%%% tThe§equence
the noti on vector with an
Egéggngpéﬂgﬁgﬁr ck that covers the nbst area of the
[0082] F fir anme \ﬂltmrcﬁ/ﬁ‘gml (b cktsiprs yhlakasizé)dh teanrehOD88¢, where
. current MB(x ock si y/ bl ock y4 in the
&am wrthe F?WlXWBOQ se% é‘y Cngel?ttIgaCéE EiOéIE) pi xel
Ioc p&&d MB( X,
[0083] 3?1‘3@13&?@%9%1% tg%l\{/{/oqj(é{égtgort [ g%al I ?%%(?JS?: 2 I(:RU%/:)
[0084] C a§e scal¢ tHesmtiby/ \&ctmtpt@ort[lmﬁyg fon1;2 Elh@ClW‘Qed xvher@t)le F frame is
pass thru he F-franme, i nterse tlon ocat. [
RS Rt ety ey the Gugron oM i 1 piSYSHS B b ek friRE i 2. av2)
oogs]  Tour shBsrH ﬁhtﬁe Frf?dﬁ@e tMErﬂ( dWZ‘)/Blchesﬂ@(Wzanﬁ&k size) will be
around (x+dx/ 2 y)/ 093] a. F-MB 1 (xI, yl);
mg@eﬂlthﬂW(dK/)Z dy2ux/ 2)/b| ock_size )*bl ock SI ze +

ooss) Sy TOREGE O an bt Fhly esiened i e gones M i o Eifgpe. o0

bive n(e%l?an %p%iatloﬂhﬁn Q)e)parfﬁnﬂédl-ﬂol cﬂwm tlieZial y2d MV,

[ 0095] (x3, y3); where x3= x| +bl ock_si ze; y3
= yl+block si ze; 96_ . F MB_ : where x4 =
Xl'A oRn- 4 :~3 % ""' T A€ fOUI‘

o 350 P SN L MR GO BB i
%ﬁéegiéh@ﬁ Qgct&r WA aivhdsBciddéd sherablodkytha) dove@8he Most area of the F

ftﬂrmﬁﬁcngctrzbloek(#&lx? stepd 9ty ag fllowds: si ze- (y+dy/ 2-yl))

[0088] (bﬁg%}%ngﬁltg@h?%ﬂﬂslz 2%&1?0%1_%1% 1n the cu en%fr?JEe v%e)re (x,y) is its
[BREDPixeLlocdfona_MB_3 =

(bl ock_si ze- (x+dx/ 2- x3 bl ock_si ze- (y+dy/ 2-y3
00891 { 0 Gurens MA{Em dyboiine MB(xy) (yray 2:y3)

0000]  (PlOGKS reviXgiaBbRiondly, Tl o el Z8e (Y 5uk3; ¥ehd)

[0091] 4. the MV(dx, dy) passes thru the F-frame, the intersection location in F-frame is
(x+dx/2, y+dy/2)

[0092] 5. find the up to four MBs in F-frame overlay with the MB centered around (x+dx/2,
y+dy/2)

[0093] a. F MB_1 (x1, y1); where x1= ((int) (x+dx/2)/block_size )*block_size +
block_size/2; y1 = ((int) (y+dy/2)/block_size)*block_size+block_size/2;

[0094] b. F_MB_2 (x2, y2); where x2 = x1+block_size; y2=yl1;

[0095] c. F_MB_3 (x3, y3); where x3= x1+block_size; y3 = yl+block_size;

[0096] d. F_MB_4 (x4, y4); where x4 = x1; y4 = yl+block_size;

[0097] 6. find up to four areas within the four F_MBs covered by the MB centered around

(x+dx/2, y+dy/2), and associated all the calculated areas with MV (dx/2, dy/2)



[00102] 7. for each F_MB in the F-frame, pick the W
whi ch gives the |argest area. Wi ghted average W
waz®cgmaesit ; [ 00103] In still yet another enmboRCTER1005/025897
the notion vector assignnent i s based on a wei ghted
aver age of the macrobl ocks thé? cover the macrobl ock
The steps are as follows: [00104] 1. current
[oogg]  MB( X/l 5_1\51132?»: BloRk Q-G AR )y Y BRCE Léfifquﬁ-d%/Qaﬁ?)'
wher & X, 'S |ts center pixel |ocation
[0099] curr énLAmMMB,_” eiy(plook _: sutae(xNB(cbz y@))*[(@loma}zeaw@ﬂa’ry@))t he
MW proporti

[00100] gy 2)c- [AT64 aléll‘y@?f@ R +E§§C %ﬁi@é’%‘% P2 O)

ooto1] F-frameareh BRI B 'f‘déﬁtdiéﬂ Lagati blﬁclE-sizre dy/8-y4
[ ] (x+dx/ 2, ey+dy7'2) 0010é] X. fi nLgpk(e up a(?ng. ! I\s//B%) in

[00102]  F- fT demecash &t VB iththeiltframéepigighe MYéYhédl alf\/%‘ihé lqrgqsaﬁvez
y+dy/ 2) [ 00109] a FMB 1 (xI, yl); xI=((int)
(x+ l.ock . size + bl ock_sizel2; yl =
((i { \i ssighifie *bl ock_si ze+bl ock_si ze/ 2;
[001 ]
[00103] ]Ig ‘%ﬂq Y]ef: eﬁ%gd (ﬁ/e%} the(l%?ﬁ?(%&é-({(e&%&%?ﬂilélgl; leS%ed gna
=we;1ghtbcﬂ evdcags czfehe pﬂ@tbblb@](s tlllat @VHBtm niacaoblgek). : T bczlSteps>are as
ﬁ yl +bl ock_size; [001 13] 6. find up to four
afP %‘gsvvltm n the four F_MBs covered by the MB centered
[00104]  ar OURGEXTB(blotk iZe? [bl(ﬂ:‘kdsﬁé’)ﬁﬁ eheadiefntdrhmé Nehere (x,y) is its
calcul ated areas with (dx/ 2, dy/2) [00114] a.
,oqee@r T pige] loeation

ootos] {2 ok %%tzﬁ)é(é %égeﬁ Nl ock_si ze- (y+dy/ 2-yl))

[00106] ( blo?g isg;]g.ls ItlzeeM(wpld)pbﬁrona)}) ol DERUKE ese iy isddk/2; §2R)
C.

[0
[00107] (bI”odke M%@X(%@Wszs sy the Bfigme, G inersgatinplocajignyin F-frame is
(gg&yy | o ea MB 4 =
I'ock’ (x+dx/2 x4)) (bl ock_si ze- (y+dy/ 2-y4)) [001
[00108] 18]5 'ffmd the ip hd/Eoup MEBs intH-frame BvédByy b heith the g eentheed around
hted to the F_MB [001 19] W = w | *MW1+
v&x ¥2) | +w N*W_N [00120] where the wi is the

[0o109] Wei ghf 'F‘Q/Iﬁaﬂﬂr %Q&lz(%ﬂlt)%c#dﬁzyblock size y*block_size + block_size/2;
area_I /bl ock SIZ | ock_si'ze; 2] Tn Step 628

wHer it} (Ms/%mkpslwi"binsk_y%lmebbckasm&,| n step 608
[00110] that “}*e fﬁ?x'?yZ) x2 = x1+block_size; y2=yl;

[00111] c. F_MB_3 (x3, y3); x3=x1+4block_size; y3 = yl+block_size;

[00112] d. F_MB_4 (x4, y4); x4 =x1; y4 = yl+block_size;

[00113] 6. find up to four areas within the four F_MBs covered by the MB centered around
(x+dx/2, y+dy/2), and associated all the calculated areas with MV (dx/2, dy/2)

[00114] a. Area_MB_1 = (block_size-(x+dx/2-x1))*(block_size-(y+dy/2-y1))

[00115] b. Area_MB_2 = (block_size-(x+dx/2-x2))*(block_size-(y+dy/2-y2))

[00116] c. Area_MB_3 = (block_size-(x+dx/2-x3))*(block_size-(y+dy/2-y3))

[00117] d. Area_MB_4 = (block_size-(x+dx/2-x4))*(block_size-(y+dy/2-y4))

[00118] 7. if N MVs pass thru a F_MB, then assign the weighted MV to the F_MB

[00119] MV = w_1*MV1+ w_2*MV_2+....4w_N*MV_N

[00120]  where the w_i is the weighting factor:
[00121] w_i = area_i/block_size/block_size;



[00122]

[00123]

[00124]

[00125]

macr obl ock does not have any overl apped notion
vectors, the systemdetermnes if the F frane

wore@eoi4exk has a single notion vector passi ngP@TIU8200$1025897

it (i.e., whether there is only one notion vector in
t he processed set of notion végtors). If so, then

operation continues with step 630, where a nornal

not | orln\éﬁgté@g ﬁﬁ%gﬂ_ WB Bkerl SrePRUE19 dBREmirfek e 5tdh 808 tHabhe F frame
F frane croblock is determ ned to not have any
moddrabiockeddes mst s sing @ vedappad motion andorptheastystom determines if the

tinues with step. 622, where in one enbodi.nent .
oo ekt i bape O Gt ha e R T & pbepher there s
f I Bnd 6 OPVQEd: in kit ROEISHRT sceoDRABI R éctor8R 110d,aHer Gperation
step 624, the F frame macrobl ock is assigned a notion

vaoutioues twitht steps63(h weeer avgermsd mokien yoepr assicament is pgrformed.

ST P R CRSEER 5 0,4 R

FRS§ADIHRGIeh 1S adBSiegRA canfildids vitvaes 622, hate inonttbodiment a
nedi an of the available notion vectaors nei ghborjng the

rraetiabyestar wifhopaergvalue isassigner tndhe Siigams wagroblogckfiygnother

¢ Con v o R G .
BB AR BT e e o
aletrib ap pedage efaheracilableawdtiont veetops wa gliwring ¢hd wadreblock. In yet

under st ood_to appl ual | ere the F fr X . .
oD PO menE Shafed 3 Sep (2 b SRR PeciFIPE: i etignad motion
QRledor B isTRE QiR R avRaRsE Rebtioh ves s deigbbrihg @¥Emacroblock.
macr obl ock and such changes to the process flow are

wel | it stviubd bheoted fab althauigh sheomoti¢rosesterfass gainertrpyocess in FIG. 6
kill in the.art to.inpl nt. [00124] .FIG 8

ks e R isERied e M A 8 b eerBed e
NRAdrEBloYIE GhePprodsss iSBOUIR BE uRdRN666 tdf @”glfai-d@llﬁ yihiefnthd @G rame
where, simlar to step 604 of FIG 6, it is determ ned

i macsollpclgbe: e piga mactablock i evberaiipss ie enkyiong gRotioRerector passing
,r:tﬁ%%fgg %eglﬁ %rraﬁigﬁﬁz}%égloa?andtsﬁap cl'?zingé% At glt‘o%ésesm&p?re%ell within

. “nei ghbor g not'on vectors starting from
ane cgrabilitigs onNthdisé dsrainanceill anthe attas smpleateat. el i mi nat ed

in step 808. QOperation then contjnues wth step .816,

wher e FIG- Bdllvrtragss & pigel-haprd, prtheg thansa B\?gfﬁ‘i’si?ée’a‘g“?‘? vegdor

t ha . i . . o
ERRARRAN S IRAC RS shap Al i e RS
ndetérotinedein tstepBO6 hvelttetea thee qoatenbeaps edistrfontieecletrase ffamas. If so,

the different tent class ending points, is assigped

5% hanilar eeren §F ST Br S scRtionEe Tesen y6eiaf STaFBE and
8%ingAR JRYSEAYRNTERE £188cY B lefininRES BCtGS0E) itadethéd continues
t he overl apped notion vectors that have not been

evithrstep 886, Wwhese it ipdetetmainet] the @ixehis evsrlapped. df 30 shearpperagon

pc?o'nﬁ%&és V|Vl§h step 818, where a median motion vector, based on a median of the

overlapped motion vectors that have not been eliminated based on the different content
class ending points, is assigned to the pixel. In another embodiment, as noted in step
820, an average motion vector, based on an average of the overlapped motion vectors
that have not been eliminated based on the different content class ending points, is
assigned to the pixel.

Where the F frame pixel is not an overlapped area, then in step 828 it is
determined if a single motion vector passes through the pixel. If so, then operation

continues with step 830, where the pixel is assigned with the motion vector passing



[00126]

[00127]

assigned to the pixel. [00125] Were the F franme pixe
is not an overl apped area, then in step 828 it is

waledoeomdped i f a single notion vector passes tPCDU§N05/025897

the pixel. If so, then operation continues with step
830, where the pixel is assightd with the notion
\égctor passi ngt hrough it. OQtherw se, the pixel is
1k Ot RisLanlpl&1 Rl dAB'8E AbleReaCRARIpBEESN conti
{)ﬁéste 918652%15 \%twl ?e a ne%lng%%notl on \?ectaor gasedngﬁn es
anﬂhiEsmbpaﬂmoﬁvhm&l aghbdinn m@tlmntvﬁcunr vewdons: mediaws of eRighporipg motion

550R i s aap A bR g Ebn VEETST Smpag b 4o SRR Fisg a0
tab&a%@hgﬁ@@(léc?& PRl O a¥ %%ﬁgé of th8 n8ipAb&HIRmbEoT Bettors, is

pi xe 't should be noted that the nei ghboring notion
gsigned o thegtixetajt sheuldswedotad mwethm@ghbprmgdn@tmwg@rs that may

ct or. assi gnnent c
ggiuﬁq(ﬂlgttﬁ%weglgg élad g\ﬁer?g?emg? %r% oruatgél gt 1%Il¥t%ré§}£1§e dsubhegt to the
RRinfatieR Bh&alonGha 8FRSent [Sﬁ&i{@dnd%n@n eDosittevhtent dhssek
di agram of an access term nal 902x and an access poi nt

904x FHGa) shave aleck Jisgram ofn acsessdeaipal YR gnd an gecess point
gp%% %’15 Sgﬁr{aﬁ&r sg)s{ém r&h 9§&e%s0[eﬁmﬂ§1v’* &%fﬁb‘ﬂ?éé‘(ﬁfef@n \Bfefito a device
necti vi 0 a usér € access

pedviding voitayindrer dan lemteetiwt}otoaa wenpilihe avgeﬂetvmmealsrua,}hbe
as a | aptop conputer or deskt gfg)tgp uter,

Sowmciedio ACATRENERNIELUED o & i tgpn Spttpuler, or i
t e er

B39/ ARIC T ATRTRS O Bl auml i T otk ermin

shiahliso be rarfemi ® tsersubstaiber wutmabdlersiatigh, mokids, refgetastation,

or user eq nment . a:;YIIUF(:ICCGSS termn

Jefpete rt?ngP s set fealp?ln ¢ ae&nt, gruses SqulB@Fnﬁ% l’lg-x% access terminal may

12l .apbQFBer i, ViRRRSBSvic cEINIIG ER: Ehérﬁ‘] POBaglephche, a cordless
Session Initiation Protocol S| P one, a W reless

|tdcmonbm>ﬁes§mﬁaynugum Prsitocol (YB) B Lamlrglqshlocalslgpgﬁw)
, ! d
a3 Py HaE B SR PLAY RYafieRl ERctANESARs

WohRlcE68 cARBATTY, O‘thha’it@)i:‘@féSsmg)ddch coagediédoussieless modem. An
hereln refers to a device in an_access network t t&lt
a

Copresmpaink e dscssederan refent torrdevice in AR BERGHS Biwo
%&%pﬁ'l%%‘tie%ro%er e Lol ﬁlté?fagé;ﬁ %ﬁ Sﬁ oAb sedBR, @%Qﬁ@access

poI Nt acts as a rou et e access tefmnal and
trbygninals.t The adches pintest asatrontekbetwhérc thermagess terinirgd amdthe rest of

| P net k t d fr
R L Y R e Y s

fi}g%@ﬁhesott) IPtptaélkel@éﬂ’ﬁﬁe afc@ésstplaﬁnt alsb cbbraaiatcd@Be management of

_ For the'reverse |ink, "at access term nal 902x,
attribates fortth¢ ixXntelfiaca. pr ocessor 914

For the reverse link, at access terminal 902x, a transmit (TX) data processor 914

receives traffic data from a data buffer 912, processes (e.g., encodes, interleaves, and
symbol maps) each data packet based on a selected coding and modulation scheme, and
provides data symbols. A data symbol is a modulation symbol for data, and a pilot
symbol is a modulation symbol for pilot (which is known a priori). A modulator 916
receives the data symbols, pilot symbols, and possibly signaling for the reverse link,
performs (e.g., OFDM) modulation and/or other processing as specified by the system,
and provides a stream of output chips. A transmitter unit (TMTR) 918 processes (e.g.,



[00128]

[00129]

[00130]

receives traffic data froma data buffer 912,
processes (e.g., encodes, interleaves, and synbol

worps)piraeh data packet based on a sel ected coRPCTYSBNE 025897

nmodul ation schene, and providﬁf data synbols. A data
symbol is a nodul ation synbol “for data, and a pil ot
Eynbol is a nodul ation synbol for pilot (whichis

fo Hdl ,'fi)lter ; Gt frOhRnE £ 6O td) ke @b chip stream
synbol s, pl@%t sfﬁggﬁs, and p&égib yﬁéigné?ing fgr tH%
ned gerseates ninpdpletetlcignsl, (did is t@FMiteddpm an uengiOor

ot her processi.n ecified, by the syste .

provi @ég"C%FS%P‘Png?ﬁ%f a%d??){ﬂl"ﬁ%wlégéls ia %ﬁ%\]ﬁgﬂ)}' ? gc(r%ssutr?ln{nnal 202x
AMEMRLr R48inalsqf B6MBRuni@tifn WEBNHEdst Poin® 9onade geceived by an
filters, anplifies, and frequency upconverts) the

aotepurt 9%hi A reseivenmis RCYB) 8P4 prosessentsai eondiions gndigitizes) the

whi ch ' d
A ST RO Oe Y R AELAR P, FRPRed Ptopth g AR nofgeco

e R6EETH Procddkdiat. ¢ Aemodildies bii® detbar)thesdesived samples and
comruni cation with access point. 904x are_received

! ) b
arovagasalstegtedsiata symbolsePish aimneisy RREPRYte 95 fRtyale
;trrecm&hi‘tte{i %R did fgg@ﬁ-aﬁgg allleQd bdiAeS04xt NerLEGE(INES d%%?@@essor 958

om ant enna and provides received sanpl es.
pecvestiek &9 syridotdenafs deintalcesseand decgdes) therdstheieal daga symbols

and detects) the receiyve | es.and p. id
dorcsch SIS SERER Ao S 1Bl GRBEY | mac e of ¢ he
dat a Rl ferbddmisR étta@&spﬁ%ihh%étx‘? tafiadata isgé@tféﬁs%ﬂfby a TX data

poi nt 904x. A receive (RX) data processor 9
pracess 860 (egaperats fath oymbesadsnodidatar 267 wacizes thg ggta symbols,

decodes) .the. detecte t ] -
P Sr 650 BT e R BTk B RER. O Bacon
RR8/ot Behef pEriREd prodaksinglan@ pERSdes RAIoDEPud OHiYs stredraf Which is further
data is processed by a TX data processor 960 to

genditianas! bina transyritiel wit Ho4rdiraaspiicddom aueERmAEd 2 e forward
TERSPTR by R RSk SRR 5 Lo o

atiron an

QlllermiRsk tlanghittiny Qrds sévegse likdo peapss paint 204xo UAtpetess terminal
chip str ean] which_is further conditi

. d.b
{H03methe gl SEObisnRIted K ATHE BRINK IS IR FL by gagonna 20,
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The disclosed embodiments may be applied to any one or combinations of the
following technologies: Code Division Multiple Access (CDMA) systems, Multiple-
Carrier CDMA (MC-CDMA), Wideband CDMA (W-CDMA), High-Speed Downlink
Packet Access (HSDPA), Time Division Multiple Access (TDMA) systems, Frequency
Division Multiple Access (FDMA) systems, and Orthogonal Frequency Division
Multiple Access (OFDMA) systems.
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Controller 930 receives the power control comands,
and controls data transm ssion and transmt power on

w0 b@eoemes se | ink to access point 904x. Contr oPCBHDS2093@5897

and 970 direct the operation I access term nal 902x
and access poi nt 904x, respecttvely. Menory units 932
and 972 store program codes and data used by

contr gl g{e ng?@ R f %}éohﬁﬁﬁ ﬁéstcl%@dl ¥r conBEARRlwith@ie
ose

di scl odi nent s be applied to any one or
enivbdinamisodisclofed heirf why bwem@oched Hnmtqué@rdvm@en a software

Di v: |on Mul IYFﬁJ‘/llE? Accesosr\yéa‘g%h %st ep‘%wl\/mu oftwaremodule
Hﬁa@qes?@@ﬁﬁRMeiﬂ% Ky, PRSK Blenfe Dwﬁ%@M(rh@%’ ),EPiEUM memory,

Division Miltiple Access ) systens, Frequency
BBPROMmdvhdyi xﬂthm@éslsd 1sbm)en@ygble disk, 268-ROM, or any other

8 gﬁ%gr[aalé%ﬁgl %@(}g ptég Io nAM“!el %Jﬁl% da?%'sat&c %ggr}el(dﬁ%oupled to

E&AE6k, EUthGRANBS brioBtsvd dah rédlﬂnﬁﬁ‘bﬁdbﬂfr&bhﬁ aﬁidl smlte:)ﬁlé@i'matlon
herein may be enbodi ed directly in hardware, I

softhesiprmgaiedivan.cldbe @Jé‘%fnWv%tfﬁrs&é&eslﬁ?dluﬁkmﬁhb%\mtegfal to the

%9&’%@?‘ *rﬂé‘Pl% edPPaldRe %tﬁfa;@f% nﬁ%%él& A§n§¢ﬁod?tf ASIC

érﬁmmser terrﬁmleﬂst Brthe ahernatie, dle@roceasar@ndwhrtﬂt@age medium

di sk, a CD-ROM or ot her form of storage nmedi um
RN ERSifR a3 Wécrﬁﬁetconﬂﬁn A gy %P&ﬂitge medi umis

coupl qg.?}foﬁldt l;bend?écplﬁr‘ﬁtstﬁé’ metiis Reddpdbd h&RiAF BS ﬁﬁﬁleﬁq@ﬂted on a

read information from and wite information to,
szanetgg:é cmﬂdmnmatlbm hardwarg, pracassoisvead systems knewyby ﬁE@I pﬂﬁﬁdlnary

Ul B SPleb Jp BSOSO Pl

rd%§drﬂ'.)%d hBrefh HI8H theedli¥hiids-a dibpliy® dbpley Euidnt@and Iﬂfermatlon a
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a varl comruni cat1 on
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in the art. For exanple, the gener% irement for
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RTINS ———
SRR %ﬂbﬁ%escﬁﬁé% ift sk tibS with MRS Hme AR R Rise Bt iGnay be
implemented or performed with a general purpose processor, a digital signal processor
(DSP), an application specific integrated circuit (ASIC), a field programmable gate
array (FPGA) or other programmable logic device, discrete gate or transistor logic,
discrete hardware components, or any combination thereof designed to perform the
functions described herein. A general-purpose processor may be a microprocessor, but,
in the alternative, the processor may be any conventional processor, controller,
microcontroller, or state machine. A processor may also be implemented as a
combination of computing devices, e.g., a combination of a DSP and a microprocessor,
a plurality of microprocessors, one or more microprocessors in conjunction with a DSP

core, or any other such configuration.
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conmuni cations capabilities. In yet another
enbodi nent, the client is a personal conputer having

weomwinm4ent i ons capabilities. In addition, harPUEDE2005/025897

such as a GPS receiver nmay be ?ncorporated as
necessary in the client to |nﬁ ement the various
enbodi nents descri bed herein. The various illustrative
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Those skilled in the art may now nmake nunerous uses
cimboditderd elosaribad berefy asmexemplagp d¢ aoiesesspiplydo be construed as

preferred or advantageous over other embodiments. Accordingly, the scope of the novel

aspects of the embodiments is to be defined solely by the scope of the following claims.



enbodi nents w t hout departing fromthe inventive
concepts disclosed herein. Various nodifications to
wao b@seiaedodi mrents may be readily apparent to PEDES2005/025897
skilled in the art, and the gggeric princi pl es defined
herein may be applied to other”enbodi nents, e.g., in
an i nstant nessaging service or any general wreless
data conmuni cati on applications, w thout departing
fromthe spirit or scope ofcihAgmwpvel aspects
descri bed herein. Thus, the scope of the novel aspects
dVhathecleithastiisnent s is not intended to be linmted to
t he enbodi nents shown herein but is to be accorded the
\Wehotl scope consistent with the principles and novel
features disclosed herein. The word "exenplary"” is
used exclusively herein to nean "serving as an
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GRRLERE fABR; atd1e Met hod conprising: partitioning the
video frane to be interpreted into a plurality of

ar eas;gedetating i matign yeetgnfnsasvgning td b one atcs basedapssthe gumber of
t hrough one area pf the plurality of areas based on
ﬂﬁ%ﬁ%ﬂﬁ?gﬁﬁpﬁﬁﬁﬁt u %gwwagFmreference frame and the
second reference frane; and generating a notion vector

for assigning to the one area based on the nunber of

rmt i onrheanéthod opdash bowhdreinyglititidningthe valee drant. to Beenterpreted
met hod of claim 1, wherein partitioni Vi

[ ( : he eo .

Firterthe PBIHEY PhEERT FERRLSSF RGBS HLYeFe {fﬁm‘afo b Buegproted nto a
g klibhine g he video frame to be

ﬁ%?@p{fg?gﬁqﬁﬁyghg&%?%?ality of non-overl appi ng areas.

3. The method of claim1, wherein partitioning the

video frame to be interpreted into the plurality of

d.eas Bonpethedof glaim i Woereingartitioningte videafemegofe interpreted
! ig{oetilg rpf’{ltrglﬁy 'of gr%asa comprises partitioning the video frame to be interpreted into a

plurality of overlapping areas.

4. The method of claim 1, wherein generating the motion vector to the one area
based on the number of motion vectors passing through the one area comprises selecting

one of the number of motion vectors passing through the one area.

5. The method of claim 1, wherein partitioning the video frame to be interpreted
into the plurality of areas comprises partitioning the video frame to be interpreted into a

plurality of areas of a fixed size.



plurality of overlapping areas. 4. The nmethod of claim

1, wherein generating the notion vector to the one
wa@ae®@a/olxaged on the nunber of notion vectors paBGI/NR005/025897

t hrough the one area conprise§ sel ecting one of the

nunber of notion vectors pass"ﬁg t hrough the one area.

5. The nethod of claim 1, wherein partitioning the

¥ deo ik B § LofiGaibdf, ST REGR gglﬂtl%hﬁ’l gttﬂ@vﬂaleé' fiahdettd b®fnterpreted

areas conprises parti'tioning the video frame to be

iimntb ehqoplatmﬂy ofidreasacopipuised pargltlfmﬁn@ﬂ@a&d@ffram todeedinterpreted into a

si ze, d of. claim1, wherein partitioning

tﬂlfgahlﬁyc?é&rqa? gﬁél?gﬁe%élzf’%t erpreted into the plurality

of areas conprises partitioning the video frane to be

interpreted into a plurality of areas of different
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r8ef er éli‘heeméthalref daich 1 heheseio clatrmufieg daaebenpfmotion vectors
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cl ass; ngarln the notion vector Startlng p0|nt

cont e rfDr edchgrotipadvestor Passingdhropgk thsroneri@aig poi nt
content cl g cgcza—m%ﬂg% 5?1‘?15[?1\65 ttbpgtgﬁﬂ %{ht%&%aﬁ’ﬂ' c1ids Q4 a motion

elng consi e nu er I on vectors

passi ngcioh epdi pbinecanentatag i f the rmti on vect or
starting point content class and the notion vecto

endi ng poi rMOMPSANE fhe TRPRRISVeStL SERTHREPQIRL conEent ¢iass and the motion
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notion vectors, and (iii) a nedian of any avail abl e

nei ghbori ng notion vectors; if the nunber of notion
9. The method of claim 1, wherein generating the motion vector for assigning to
the one area based on the number of motion vectors passing through the one area
comprises assigning the one area with a motion vector selected from a group consisting
of: (i) a zero motion vector, (ii) an average of any available neighboring motion vectors,
and (iii) a median of any available neighboring motion vectors; if the number of motion

vectors passing through the one area is zero.

10.  The method of claim 1, wherein generating the motion vector for assigning to
the one area based on the number of motion vectors passing through the one area
comprises assigning the one area with a motion vector selected from a group consisting
of: (i) a center pixel motion vector, (ii) a most covered area motion vector, (iii) a
weighted motion vector, and (iv) a median motion vector; if the number of motion

vectors passing through the one area is greater than one.



vectors passing through the one area is zero. 10. The
met hod of claim 1, wherein generating the notion

WO e@bo12400r assigning to the one area based onP¢TES2005/025897
nunber of notion vectors passjing through the one area
conpri ses assigning the one af®a with a notion vector
sel ected froma group consisting of: (i) a center
Riy xel T%Q%{e%gdlﬁcctlﬁﬁr ]h,(»\LH cift HRDhtenP¥Ep CImPFER A MbrtaBy of content
vector, (111) a weighted notion vector, and (iv) a
rkdiean notion vector; if the nunber of notion vectors
passi ng through the one area is greater than one.11.
The nethod of claim1, wherein the content nap

SO gdnd) B SR BS s i comurises

%b@ﬁﬁ&ﬁuﬁﬁﬂﬂhtﬂgﬁ_a background content class. 13. The
nmet hod of claim 12, wherein the background cl ass
conpri ses an appearing object class, a disappearing
object class and a static ba kg;ound C

) (iqss. 14.. The .

Bt hodhemetheg o daim {eh avhersin thebagkgrpuq ¢lgss soWEiseH appearng
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content classes conprises an edge content class. 16. A
conput er readabl e nmedi um having instructions stored
tider ediefnagthedefstlaig bl odhepin the Rlerabief fopteat ¢latspbePrRyises
processﬁg (%nplyag¥ity of notion vectors for a video
PR PYBETer POl at ed using a first reference frane
and a second reference frame, each reference frane
having a content map, the method conpri sing:
[ac t i tThenhethod biclsindel wWheaaie theopliv@lityneferoptest ddsseneemprises an
pluralit f areas; determ ning a nunber of notion
\wdes 69@3%5%%9 t hrough one area of the plurality of
areas based on the content naps of the first reference
frame and the second reference frame; and generating a

Nt | ONA ¥&eh@er fe@l abds fie@itinigavitk inbRudtions stossd thasewlfarausing a
t he nunber of notion vectors passi ngi thr o%%h the o

. € .
aogputet o expsBteconphod FormEemeanng 2 RBERLINHoS MOtiPy iVﬁfr‘tmr}’Of a video

R0y SRR, 8 0L e, ot
efdemct fraffe having a content map, the method comprising:
partitioning the video frame to be interpreted into a plurality of areas;
determining a number of motion vectors passing through one area of the
plurality of areas based on the content maps of the first reference frame and the second
reference frame; and

generating a motion vector for assigning to the one area based on the number of

motion vectors passing through the one area.

17.  The computer readable medium of claim 16, wherein partitioning the video
frame to be interpreted into the plurality of areas comprises partitioning the video frame

to be interpreted into a plurality of non-overlapping areas.



to be interpreted into a plurality of non-overl appi ng
areas. 18. The conputer readabl e nedium of claim 16,
wobk@seizpartitioning the video franme to be i nPEr/ps®IE25897
into the plurality of areas cgnprises partitioning the
video franme to be interpreted ®nto a plurality of
over | appi ng areas. 19. The conputer readabl e nedi um of
Gkal M coltBeLPHAARA0 Bl Or il IO IRAIH Pakitfontry thiGideo
one area based on the nunber of notion veétors passi ng
tfhaneitg be ifterposied ate theqimpliiyse siree cewpiiseg partgioning the video frame
nupber of nption vector ssi.ng t hrough the one area.
g@ggweép@équmoearplp %Bﬁs%\%%@m’lﬂgnaws'cl ai m 16, wherein
partitioning the video frame to be interpreted into
the plurality of areas conprises partitioning the

vibdeo TheaBBipher RadhBlE efddigh eflclait 06,avirein @ehdryting the motion
areas of a fixed size. 21. The conputer readable
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ofrpti ses pafil oni ng Fhe Video frame to be

iapdaerpreted into a plurality of areas of different

sizes. 22. The conputer readabl e nmedi um of claim 16,

wherein partitioning the video frame to be interpreted

into e pluralit f areas ri.se artitiont e
Paco e aherelr sitefle SRERER alPRE S5 BraP AR Lt Vo
R4S B bediterptét8d GRIBHE RhralifAsiaRd 8 cORPH WY pattittdnindthd Gideo frame
wherei n determ ni ng the nunber of notion vectors

pabs imerpratedintsha plvealisy ef araeg obe fixp@sige-.ural ity of areas
based on the content maps of the first reference frame

and the second reference frame conprises: for each

ik 0 ”rh‘éi%%gﬁﬁte? 2SRLOE AREAHOR Tl 18N\ehEfRPartitioning the video

fermn a notion vector starting point conten _
dtamsstodrdntarpretd tnto viecploralignefli agapoimrised partitibnipg dlwsyideo frame

conparing the notjon. vegtor s ting.poi nt content
dp &g ént%maet?#@t%tﬂuaalwe fGRS %éfgff “ﬁ%%ﬁt cont ent
cl ass; and renoving the notion vector from being
consi dered in the nunber of notion vectors passing

t3r ougiheldaghpRtee réddaBleihedilitd ofBlairfN 6V @hdroin pktitidningdthe video
point content class and the nption vector ending poi 2&
dometetbednigayetgd intaithe plpeatity olpreapicempaisgsastitioning s  video frame

{}g%l{ag]} elg)getg&ﬁit&éﬁ%%m?gfﬁkglsgener ating the notion

I assi g € one area based on the
nunber of notion vectors passing

23. The computer readable medium of claim 16, wherein determining the number of
motion vectors passing through the one area of the plurality of areas based on the
content maps of the first reference frame and the second reference frame comprises:
for each motion vector passing through the one area:
determining a motion vector starting point content class and a motion
vector ending point content class;
comparing the motion vector starting point content class and the motion
vector ending point content class; and
removing the motion vector from being considered in the number of
motion vectors passing through the one area if the motion vector starting point

content class and the motion vector ending point content class are different.



t hrough the one area conprises assigning the one area
wWith a notion vector selected froma group consisting
wW@Re61428 zero notion vector, (ii) an aver agePOf/Us2¥Y5/025897
avai | abl e nei ghboring noti on % ctors, and (iii) a
medi an of any avail abl e nei ghboring notion vectors; if
the nunber of motion vectors passing through the one
gjea %&\%ﬂutegl%ade@'l‘g nfégfﬁﬁyéfeé'lalﬁ??@ eFeiBEh i the motion
élai m 16 erein generating the notion vector for
assogior agigning toethernee areadasabetthomumber ofumbiéen wictors passing
notiqn vectors aSS|n t.hr.ough t he one. MRLIS€
Tutrghing ont fies sREDRFS ISR RE e e o ik p o8 BRpE ficcted
oM groﬂP QURsi GRHRIFS ) £ 8er8 motidn)vedtof &1 & awdrag@l of iRy kodllable
vecto a nost covered area notion vector, (lii)
aenghbcgmgauotm Vastors,ent i) aanedign ofjany aveidabimneigihesme motion
vect or not i
erioBg B S PRHopS egPBuany AT AP 85k 5 pere
conmput er readabl e nedi um of claim 16, wherein the
content map conprises a plurality of content cl asses.
23, Taecompuicereadsie atdmnmeficlaim o6, veleadimg2ieraive the motion
the plurality of content clgsse ri ses a .
ek APRETEHIORE Gt 598 bissd On R CDN IR SRR AgEigFpessing
Whgfong bR Tof gnséy E%EI hidg HREoRAGEOW AR A& ASRctor selected
conpri ses an appearing o ect cl ass, a di sappearing
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ut er a
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claim 26, wherein he plurality of content classes
conprises an edge content class.31. An apparatus for
processing a plurality of notion chtors for a video

6ame Tthe cRmPReE Ejagablamediyr Phefaun 6 vherein e QAR Fag pemprises
@gﬁmgh Qﬁqggmﬁgﬁgkgpce frame, each reference frane

a content map, conprising: neans for
partitioning the vi deo frame to be interpreted into a
plurality of areas; neans for determning a nunber of
25t i o rTheeomputcr peadsbln gnadiim o plaism 86 awhereimthetpharality of content

ural i eas ba ed .0 he content maps of the
:la[sgets CPH% a% 5ﬂlgeqhiasgecond reference frane;

and nmeans for gener atl ng a notion vector for assigning
to the one area based on the
28.  The computer readable medium of claim 27, wherein the background class

comprises an appearing object class, a disappearing object class and a static background

class.

29.  The computer readable medium of claim 26, wherein the plurality of content

classes comprises a moving object content class.

30.  The computer readable medium of claim 26, wherein the plurality of content

classes comprises an edge content class.



nunber of notion vectors passing through the one area.

32. The apparatus of claim31l, wherein the neans for
w@aoobiot1a4esi ng the video frame to be interpret eRCT/N8M05/025897

the plurality of areas conpriigs means for

partitioning the video franme be interpreted into a

plurality of non-overl appi ng areas. 33. The apparat us
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to be interpreted into a plurality of overl apping
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means o Ons 8ePafRioniig th 9ideBtHadR 4 86 iErptdled fifo #PRuALG S arcas;
based on the nunber "of notion vectors passing throug

t he omecaas £ demmpinises numbersoffugtionsiesiory prgsing chrepsh ere arca of

urrher _.of tiqn vectors passing thro
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part i theans fy generalingieBotipR Yectpiop asighiag forte gbe pise Basgd on the
gl'ﬁl%@?' %)ft r#lgt%];n i P%sfs%r% J@gﬁ iRl G-art0.  The apparatus

ere e ns for partitioning the
video frane to be interpreted into the plurality of
areas conprises neans for partitioning the video frane

13a. be Thetapppnies ef claimh 81 awhdreinghé mgansf fon partisioning the video frame to
i fferent sizes.37. .The apparatus of claim31. wherein
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means for partitioning thée video franme to be

interpreted into a plurality of pixels. 38. The
apparatus of claim 31 wherein the mea%s for.

&k er niheiapgareies o gatie B L owhersin thpmpars f9F patysieuing ghe video frame to
t.nr. .al i .
o PO il 48 P oy padhaged e
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determining a notion vector starting point content
class and a notion vector ending point content class;
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eoutpoises peansifprselasting ghe ehide apmber @anption Yretorp passing through the
voen%tacraera_ starting point content

35.  The apparatus of claim 31, wherein the means for partitioning the video frame to
be interpreted into the plurality of areas comprises means for partitioning the video

frame to be interpreted into a plurality of areas of a fixed size.

36.  The apparatus of claim 31, wherein the means for partitioning the video frame to
be interpreted into the plurality of areas comprises means for partitioning the video

frame to be interpreted into a plurality of areas of different sizes.



cl ass and the notion vector ending point content class
are different. 39. The apparatus of claim31l, wherein
W b@oieres for generating the notion vector foPCT/US2005/025897
assigning to the one area bas§ on the nunber of
notion vectors passing througfithe one area conprises
nmeans for assigning the one area with a notion vector
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g@W&P eblgg’ér’ffﬁﬁém’i‘? BB&F&tNé)fBH‘SfSar ea is zero. 40. The
apparatus of claim 31, wherein the neans for
generating the notion vector for assigning to the one
agea asegpaniuk becAABE whefeitiel rodany éat detamidsg itegumber of
through the one area conprises neans for assignin thﬁ
orsioarveatov Rassiag tiyprenthe eae atea 96 fhedrl walipy Qjraress &@%ﬁ%ﬁn the
%grrllt%httsﬁl%[g&%fcfﬂe fifst Jer@efi& iSihe RidGBE sERNHLMRHEL fiime Chinbrises:
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not i onnesds ferdetemthifd ¥ motionwditanstamini @oing eottent;clask and e motion
nunber of notion veciors passing through the one area
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and a static background class. 44. The appar atus of
class mndithe ngtioneientor prdipg peiaf renjensclasp ptechtfergNtasses
conprises a noving object content class. 45. The
apparatus of claim4l, wherein the plurality of
Z%@r.“ enﬁ{&%ﬁ&é&é of O 133 SR h&Bin& e ljxeﬁﬁé%? LnerhiBSthe ftion vector
| eas e processor configured to I nplenent a
rfet ixsinigrto pthe oas siea hasedpinuthahumhberaff mastdnorectpecpassisg through

for a video frame to pe interpglated usi. first
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iR doh&isBnd '8 (iHd z@rocrﬁ&ti(ﬁﬂgecfﬁpﬁii) th %vé'fﬁ%ﬁ@ldany available

conprising: partitioning the video frame to bt ] )
ineighbprieg swtionvecterspangd @i} 1 medifn gf axysavaiiable npighberingimotion

?Wlég;%%r; iip tLe ggrtn\)grnofvmegtgo%réec%%ss ;‘c)’ailsgi%gttlrfrro%igﬁ'leogfe HLER zgfo.

40.  The apparatus of claim 31, wherein the means for generating the motion vector
for assigning to the one area based on the number of motion vectors passing through the
one area comprises means for assigning the one area with a motion vector selected from
a group consisting of: (i) a center pixel motion vector, (i) a most covered area motion
vector, (iii) a weighted motion vector, and (iv) a median motion vector; if the number of

motion vectors passing through the one area is greater than one.

41.  The apparatus of claim 31, wherein the content map comprises a plurality of

content classes.



plurality of areas based on the content maps of the
first reference frane and the second reference frane;
wa@anwenenes ati ng a notion vector for assigni ng POT/UR®05/025897

one area based on the nunber gé noti on vectors passing

t hrough the one area. 47. The”at | east one processor

of claim46, wherein partitioning the video frane to
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: > aim 46, wherein partitioning the
3ﬁ§goégﬁgﬂégﬁgﬁgg%#hterpreted into the plurality of
areas conprises partitioning the video frame to be
interpreted into a plurality of areas of a fixed size. .
56, THEheapphratustof glaem gl owbersiarthe plugaldy gf aentenjglasgss gomprises an
%ﬁrtitio %ﬂgsthe video frame to be interpreted into
{HE® BIUFHITPY of areas conprises partitioning the
video frane to be interpreted into a plurality of
areas of different sizes. 52. The at |east one
processor of claim46, wherein partitioning the video
f4eame A0k ohdpeceyset amfigied to heplpented imethodffogpreessing a
conprises partitioning the video frane Hog?e. . ‘
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generating a motion vector for assigning to the one area based on the number of

)

motion vectors passing through the one area.

47.  The at least one processor of claim 46, wherein partitioning the video frame to
be interpreted into the plurality of areas comprises partitioning the video frame to be

interpreted into a plurality of non-overlapping areas.

48.  The at least one processor of claim 46, wherein partitioning the video frame to
be interpreted into the plurality of areas comprises partitioning the video frame to be

interpreted into a plurality of overlapping areas.



vect or ending point content class; and renoving the
noti on vector from being considered in the nunber of
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notion vector starting point gontent cl ass and the
notion vector ending point co tent class are
different. 54. The at | east one processor of claim 46,
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edge content cl ass.
content maps of the first reference frame and the second reference frame comprises:

for each motion vector passing through the one area:

determining a motion vector starting point content class and a motion
vector ending point content class;

comparing the motion vector starting point content class and the motion
vector ending point content class; and

removing the motion vector from being considered in the number of
motion vectors passing through the one area if the motion vector starting point

content class and the motion vector ending point content class are different.

54.  The at least one processor of claim 46, wherein generating the motion vector for
assigning to the one area based on the number of motion vectors passing through the
one area comprises assigning the one area with a motion vector selected from a group

consisting of: (i) a zero motion vector, (i) an average of any available neighboring
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motion vectors, and (iii) a median of any available neighboring motion vectors; if the

number of motion vectors passing through the one area is zero.

55.  The at least one processor of claim 46, wherein generating the motion vector for
assigning to the one area based on the number of motion vectors passing through the
one area comprises assigning the one area with a motion vector selected from a group
consisting of: (1) a center pixel motion vector, (ii) a most covered area motion vector,
(iii) a weighted motion vector, and (iv) a median motion vector; if the number of motion

vectors passing through the one area is greater than one.

56.  The at least one processor of claim 46, wherein the content map comprises a

plurality of content classes.

57.  The at least one processor of claim 56, wherein the plurality of content classes

comprises a background content class.

58.  The at least one processor of claim 57, wherein the background class comprises

an appearing object class, a disappearing object class and a static background class.

59.  The at least one processor of claim 56, wherein the plurality of content classes

comprises a moving object content class.

60.  The at least one processor of claim 56, wherein the plurality of content classes

comprises an edge content class.



