TEMPORAL MOTI ON VECTOR FI LTERI NG BACKGROUND [ 0001] This invention rel ates
to inproving video and graphics processing. [0002] At |ow display refresh
rates (for exanple, 50 fields/sec for interlaced video material, and 24
frames/ sec for flln}orlglnated naterlal) on progreSS|ve dlgltal di spl ay
devices, a display art er" can occur. The

ar ea fllcker becones v Re—=Hi spl ay i ncreases, due
to the high sensitivity to fIicker in the hunan vi sual peripheral region.
A sinple solution for reducing the area flicker is to increase the display
refresh rate by repeating the input fields or franes at a higher rate (for
exanpl e, 100 fields/sec for interlaced video). This solves the area flicker
probl em for static scenes. However, the repetition introduces a new
artifact in scenes wth notion, BACK@GR@ENDOti on judder” or "notion

snear, " particularly in areas with high contrast, due to the human eye's

t endencwoﬁ t r?ﬁ[‘ééﬁ\%tfdn%%é%y roViRY Vittbo &R §r‘ébﬁ|cs Bebcdsiihg. reason,

not i on conpensated frane interpo tlon |s prefefred, in whic the pixels
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a loc ti on raje I's" no™di SCr epancy

expect efateARYand Qﬂtﬂa’?ﬁeéﬂﬂ& fbpﬁlefy-angrr@edd mgteniall oh progpdssivedigitahdiphmt i on.
The local imge notion trajectory fromone field or frane to the next is

descri mlqey, zadrsrptavmtlfﬁétnte(fﬁrrec{ voo3prawiicker” ee vocyr. dhn ara diskput ed at

e pRceme cude ViBRas i sGE R 180y Sh e e R S s BB ¢ o
every Rji4&k ik ﬂﬁiﬂ?ﬁ@rﬂgﬁ@r‘iéuﬁl p@ﬁ%%rm%gr&t I&%Inkpnerssﬁmbh fbPrediticirafk afaf a set,

but is unfeasible due to | ar ge "nunber of conputations required.
Conput iflickes isvat inorease gwt displiap refezsbiratenmgepeati mglthaeldpo’eﬁ;eldher framige at af
conput at i ons t can result artifacts due t tio tor
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conput at ronal réquirenents ut ‘object segmentation is a challenging

pr obl erwith njddBdkndwerasf“aicionhjatiders areeatridni ssnearfqarticulaidt Br aeaswitht i on
vectors efficiently and accurately, such t hat I|ttIe orlg?o di_.screpancy

exi sts m@m@étnasard@tpetb@ mw@smdﬁw tefeackshejralactory iof mpvingl a
di spl Dbedd LS tﬂDs regson mﬁlo | (%r%Séns\é{e%e@ame interpolation is preferred, in which

the pixels are computed in an interpolated frame or field at an intermediate point on a

local motion trajectory, so that there is no discrepancy between an expected image
motion due to eye tracking and a displayed image motion. The local image motion

trajectory from one field or frame to the next is described by a motion vector.

[0003] Motion vectors can be computed at different levels of spatial resolution, such
as at a pixel level, at an image patch level, or at an object level. Computing a motion
vector for every pixel independently would theoretically result in an ideal data set, but
is unfeasible due to the large number of computations required. Computing a motion
vector for each image patch reduces the number of computations, but can result in
artifacts due to motion vector discontinuities within an image patch. Computing motion
vectors on an object basis can theoretically result in high resolution and lower

computational requirements, but object segmentation is a challenging problem.



SUMMARY [ 0005] The present invention provides nethods and apparatus for

determ ning notion vectors efficiently and accurately, such that little or
no di screpancy exists between an expected i nage notion due to eye tracking
and a displayed imge notion in a digital video. [0006] In general, in one

aspect i nyention provides t hods .and. appar at us incl udin onput er
or bar aH4 gucl SerelcRP vBiRE 2 feigrellie e FebnG A Bl pove s BT HRERG

t enpor ahqmREHRRkIY &icAlthd ltHE b RY distrépdHcdidkits dtdRen aRMpEERd imager al
vectors are recei ved, the vectors r epr esent | ng pOt ential notion vectors

for anmotemedpataéye iradiogland achsplaredniorageahotion obi digitahwidea. backgr ound.
The vectors are partitioned into two or nore vector clusters. A
representative vector is determ ned for each vector .cluster. Each
representative vector is tested to determ ne which representative vector
nmost accurately reflects a displ acgpNaRy t he i mage patch between a first
frame and a second frane of the digital video. The representative vector

t hat ccurat el eflects the, di ' his

sei ect 10040° 2 Hit Pisret BusftoT Bl HEARRAS T hePab Papb RS BRE Lo

i ncl ude, Qitsh PEtBR'EHi@Enl8nd abdiend suble adtigfe ofias Hiskiepahdgesia i ncl ude
determning a first seed vector for a first cluster and a second seed
vect or bebween seespetted irvage mogiondbiettofeyertpcking andot diselasesd agheoliest or s
that are furthest apart fromeach other, and for every other vector,

pl aci ng" PHEBNAE YO into the first cluster if the vector is closest to the
first seed vector, and placing the vector intqg the secong cluster if the
vect or [9@08]| osbsgenesal; Heore autegt, dbe inveeEpPB Providesmsiindsgnd apratdsent at i ve

tor . incl ude f . M i i inth
cr ust or R odifuerPrRa dpdiafm TR Y iR B BRIl e
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digital video.” Each image patch can include several pixels. One vector can
repr esene reneiveidd thepveators vepresenting reteatial moticn vectdrs feit apinvage pafeh endi ng at

a second pixel, and the other. vect or riginate at the first.2 pixel and
end_at TFIREIE 1 Pemer of FoRPIeHETLLe BAOSSTUEE e YeraR FB LI oaRrdia an or
a  vertoal Hbfefdd@eludtbt. H Aprédentfh VePRI® dabdhinedfotad Vartét pi xel s.
[ 0008] Testing each representative vector can include, for each
r epr esethisadri Vleach representative vector is tested to determine which representative vector

most accurately reflects a displacement of the image patch between a first frame and a

second frame of the digital video. The representative vector that most accurately

reflects the displacement of the image patch is selected as a motion vector.

[0007]  Advantageous implementations can include one or more of the following
features. Partitioning can include determining a first seed vector for a first cluster and a
second seed vector for a second cluster by identifying two vectors among the vectors
that are furthest apart from each other, and for every other vector, placing the vector
into the first cluster if the vector is closest to the first seed vector, and placing the vector
into the second cluster if the vector is closest to the second seed vector. Determining a
representative vector can include for each cluster, determining which vector in the
cluster has a minimum total distance from all the other vectors in the cluster. Each
cluster can represent an object or a background in the digital video. Each image patch
can include several pixels. One vector can represent an old motion vector originating

at a first pixel and ending at a second pixel, and the other vectors originate at the first



vector, centering a first window on a pixel that forns an origin of the
representative vector, centering a second wi ndow on a pixel that forns an
end point of the representative vector, determ ning a sum of absolute
di fferences of luma values for the pixels in the first wi ndow and pi xel s

at correspondj n ositions in the second wi ndow, . and selecting as the
repres&ii‘%tqqﬂeerg%gtt%?‘el\ﬁﬁ%e §?még%é?%"éilR)X‘?éf’laet&‘?”sz%‘t%i(g'fﬂcﬁ%r%ﬁt of the
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i denti the .dinensions of..the image patch. .10009] The details of one
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advant ages of the invention will be apparent fromthe description and

dr awi ngectandentériogntsheorsd wimbaw BRIaGFHxERBERIOATE GN eBH PR GRARY NGS [ 0010]

FIG 1 shows a .flowcha\rfgeof .a, recursi }ée hi er;aé{i| hi cal pr.ocess for

det er mi "APHRGERA Y PIRTASLTBHNINBROSAT OF plegolyte N Mm@l s foetior s f or
determ i og : j : IO (I i g, nal
resol ut?gﬁgéﬁtﬁ%hg}g&%@gﬁé.&ﬁﬁﬁgﬁC(ﬁ[eéb Sgﬁbﬁyﬁgﬁgﬁg é’ig%r%p eo@?“\%g ofs for
det er mandg:lectingsis theréprasanedthverveatoravhick sadst ht@rately ffldcefa displacérgemal
resolution of a video frame. [0013] FIG 4 shows an exanple of vectors for
det er mi4fithg imagrpatchpthesapiesentativewvectanthat hag avanininugaisum ofrehspluie vi deo

tempor & oteer efCrEriid i 85T afd peln By B RRRE I BB et of

nei ghbafiReadione of Heinidtpdtadn be used in a tenporal vector partitioning
process. 3 [0016] FIG 6 illustrates a conputer system enployed to
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[ 0018] adbeempregiegtdrawirestandrthp devdritenned o dOtlasrdeatppay abjestsf afid det er m ni ng

advantages of the invention will be apparent from the description and drawings, and

from the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] FIG. 1 shows a flowchart of a recursive hierarchical process for determining a

motion vector.

[0011] FIG. 2 shows an example of vectors for determining a best motion vector at a

resolution of 1:4 of an original resolution of a video frame.

[0012]  FIG. 3 shows an example of vectors for determining a best motion vector at a

resolution of 1:2 of an original resolution of a video frame.

[0013]  FIG. 4 shows an example of vectors for determining a best motion vector at

an original resolution of a video frame.

[0014]  FIG. 5A shows a flowchart of a process for performing temporal vector

partitioning.

[0015]  FIG. 5B shows an exemplary set of neighborhood vectors that can be used in

a temporal vector partitioning process.



notion vectors efficiently and accurately, such that little or no

di screpancy exists between an expected i nage notion due to eye tracking
and a displayed imge notion in a digital video. This is acconplished by
using a recursive hierarchical approach including a tenporal vector

ot i o tBIDandireh el DRl B Ao o g nE R o

hi erarchi cal approach descrjbed herein, t basi.c . ass tions are nade
about [09d7hat dike tferenee éﬁ]’%‘é'ts 'F‘rg?‘? W!O%)JP%W%Q”QJE?@g{@ HeeMnerti a, and
2) nmoving objects are large. The inertia assunption inplies that a notion
vector changes only gradually with respect to a tenporal vector sanpling
interval (that is, the frame rate in the digital video). The | arge objects
assunption inplies tDETAALEDDESCRIPTION @RIRFINVENTONr adual |y with
respect to a spatial vector sanpling interval, that is, the vector field

i s smogidyapnd Tiasp ekt ihGMHRAURERIdLS MRitheds SHbBgaRrktoy fér degernfiffR0] The goal

8
of the recErswe Rierarchi cal method is to find a notion vector by
appl yi ngpt@nswictas effimiere|yaandaconratdlynsud that littletorinpedjscrepanmy &ds a t ar get

corr e o o 5 & suneeskent ) mor AT, 6l b dectan oo
W ndow | g td?@fa?\/[ﬁ%%’. fﬂ?% dcﬁon{p}ﬁghéi?ﬁ)tr %Eiﬁgla%cuﬁh% Iﬁ@t_‘é‘?&ﬁc&%ﬁ?ﬂi@hl on wi ndow

and target Torrelation ndow are as’ si ar as possible. t he sane

time, {fgudingbeenpbraaleetdrafartitiningsdwtnd © getefoinmrbdiiomeeabisng bet ween
the source correlation window and the target correl ati on wi ndow nust be as
| ow as 0S| b(':ﬁner’émk,' Br $idtldn GRAB&TARA doMRoRiNes E@wWoRc Wel|, Shadingitng t . 1 n
order to acconplish these goals, the recursive hierarchical nethod uses
mul ti precursisehigrahidabupbmach desmibieddwpeeinf tvaorbasic asseptionstaremagect or i s
first determ ned for the | owest, resol utjon I.evel1 by, r 0j_egtj,ng_ t.he

pr evi o8boudbe nesiesH theebiset BeticRe THngkngoiedy ﬁ‘fqyﬁ‘r? ae??@ﬁ j& "'Y% the

| owest fesol uti I -1 g b i forpdat&sSenlyhi s best
not i ono\il) e&?soépe Ifg%et ﬁi‘% 'B?%%%Sgﬁ%ﬁ%@%h% ?gﬁg}&lrog;%rcutri ona?ever??- wher e

sone agiddhaleRiith Alspecada énpotlaentw sheptingiiteoal (tbattigrthe draget witerimed.

This new best notion vector is propagated up t et anot her higher
" esol UtheiatelereolnBrelas ebigg RSTiraian Krelardhet @ MRHOaYSEIRS AR best

notion vector, i s determn I ' [ bighest ,
or1 of nafy EBply MRS .2 8Pyl RECEE S Tmbfing ARERRE it the Letor oS
been s smooth and has only few boundary motion discontinuities.

[0020]  The goal of the recursive hierarchical method is to find a motion vector by
applying a source correlation window to a first image frame and a target correlation
window to a subsequent image frame, and placing the target correlation window such
that a best match with the source correlation window is obtained, that is, the contents of
the source correlation window and target correlation window are as similar as possible.
At the same time, the number of calculations needed to perform the matching between
the source correlation window and the target correlation window must be as low as
possible, while still searching the entire vector space limit. [n order to accomplish these
goals, the recursive hierarchical method uses multiple resolution levels of the image
frames. A best motion vector is first determined for the lowest resolution level by
projecting the previous best motion vector at the highest resolution level down to the
lowest resolution level, and testing it and one or more updates. This best motion vector

is then propagated up to a higher resolution level, where some adjustments are made



i\denti fied for the original resolution level. [0021] FIG 1 shows one

i npl ementation of a recursive hierarchical process (100). It is assuned
that multiple resolution levels of the image franes have al ready been
generated. As can be seen in FIG 1, the recursive hierarchical process
(100) for, determning a vecior y projecting a notion vector
from aa&deq,p%\{ygbqnhg@g%nfvreg '?j GRMed. S‘%\hﬁe E’@%UPQ 'P%Heq:t@{'/él (step 102).
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this tesid imotherdaw test rbgn@mnecabr Ralapinstthed.i The Pro@sp eN@bagtedemidl tns in  a

source correl ati 03 ﬂgw centered on the origin of the notion vector and a
tar get higlgst.angingnreschiion lexelihas bgenreadhed and adessh masionevestorrhas heeni ve

update gﬁt Al O‘Fﬂge Oa@'@f" e8§&§8§ﬁg‘fﬁlfor exanpl e, be perforned by

subtrac 'ng a Xel in the source wi ndow fromthe

corres i.ng in the respective target windows. In this case the best
mat ch ﬁﬁﬁfu beelé\'fi REVHYNE iR IeMmE ”éatfﬁfh? AU O CEsakRocessT] erlE es

(SAD) fu%sﬁn?éb“fh%?rrﬁﬂ%l%'réédlﬁ’ﬂf R MR d A AIREs RIS B1ALL Haett ndow pal T,

and the best notion vector e vect®or associ at e i'S source

corr el gdeineratechi Ad@an drdean fraFRt1, QI@&E raiueive)huemmiﬁh@w paicess (100263 After the
m ni nrum SAD has been found, the best vector is sel ected (step 106). The
proces sde(t‘ir%)“"t%ﬁ‘%‘ﬁéﬁieﬁ@ sigstyeprojaseng agnetigimyedpgyiiem & E@UIQHSl igrgeevel s

the. hedtuedbln OE By 1eBbRAGh IFa T b2, ¥Rl urslls HBOER° g RaNG =

repeat sargtttefsd Wﬁnarar@ésghn&@% velcfor at BEE FovaéR rébd | ticenigvelr( %9'1@4? Ofh bRyel s,
the process proceeds to step 112, where the best vector is selected as the

mot i on io¥deMeNtatianitkis testds performsdi ltwncqmmwrgswebnn catresgondingrpbsitienss trhe

f h 23], The ady f thi h
Phat et SEEr T BUGE iaiOfFRated prahg PUER ofane BRI arestr 46 S iRdat o of

two or JRfatRIn®irdoW chierddet tHy Qﬂﬁﬁmhﬁéﬂﬁéach%ﬁ?&gb GpAitel e ord'Tfhfeer ence
Pop

in resolution between the two levels. It there are, exarrp hr ee
r esol utdoompdrseslcan, agxdmple, bjez)eaﬁmdnédaby sabﬁaetmgmﬂan@vaiﬁeforpeachlpmel each
| evel , the 5 convergence delay is potential] ydgeduced by a factgr of four.

Ex pr es<BATGPYTER SINFIGW T RRE EPEIRPNERE Risgdiubs sPPRFiYeiPge) Wisdawed t o
accel englgis (h& MR HatdPRBLRI 99defined by finding a minimum sum of absolute

differences (SAD) for a source correlation window and a target correlation window pair,
and the best motion vector would be the vector associated with this source correlation

window and a target correlation window pair.

[0022]  After the minimum SAD has been found, the best vector is selected (step
106). The process (100) then examines whether there are any higher resolution levels
(step 108). If there are higher resolution levels, the process propagates the best vector
up to the next higher resolution level (step 110) and repeats steps 104 through 108, If
there are no higher resolution levels, the process proceeds to step 112, where the best
vector is selected as the motion vector and is used for motion compensation, which

completes the process for the current frame.

[0023}  The advantage of this approach is that at a lower level, an update of a pixel is
equivalent to an update of two or more pixels at the next higher level, depending on the
difference in resolution between the two levels. If there are, for example, three

resolution levels, say 1:1, 1:2 and 1:4, and an update of +/-1 pixel at each level, the



convergence. This results in significant inprovenents, in particular for
frames containing snall objects noving with high velocities. [0024] The
invention will now be explained in greater detail, by way of exanple of a
recursive hierarchical schenme with three |levels of resolution at 1:1, 1:2,

and 1: i I : I 4 .Ni | : nce to

s, onirpehee et R Aly RlCecby Dbl St BiteItelERYFC o

r epr esefféa@hieetherieyolafioh higrarkand Lisad @nitctleddte tietenmporherecafsigresol uti on

| evel s and the nunber and/or the types of vectors at eﬁ%ﬂ resol ution | evel
U]

can becoayergenceepBhigienyltein sigpificart improversentsuiePaticamaii@masnal cost,

qual it r Qcessi speed d .. [,00 FIG 4 sh i h
ari g &ea?%:mwgﬁ”%sm%%mﬁw”s W8 PRyt - nes  (405) of 4xa pixels. where
eac ixel is illustrated, ircle.(410). The, d i xel 41

i ndi ﬁg{@QQCZth&lgﬁV&%gQﬁW S'?ﬁ’g‘fgé)rﬁgﬂlgﬁ"ge@r'ﬁ)gé‘?aéegﬁ?@{&t ‘I’Végp?géérﬂp@ﬁc i mge
patch qof pixels.. ' , | .yeg! IS .£Qppyt ed
for ea@He§ ﬁﬁ/eiﬁjﬁ%@%hg%ﬂégﬁ%rﬁgg\ﬂwe sré:éa%egék?ﬁ%%’(l:‘é |rloé1)[|sql '\\y\ﬁe?'ﬁ?%ngjé 4|x4t?mage

patch @B_iﬁﬁ?e (rssaidhogrid Mﬁﬁli)ttpgﬁ(élspéh@'mﬂn @f@ehdeioiae, 18l G sibudendde sane
pi xel grid (400) at half the resolution of the original pjxel grid of FIG
4. FI Gthat tetestorsrehosnis HGsel-4qgre deprasmtatiie onlyef Hyaexamples anddhaahe whi ch

in the present ex | e, i s half,the resoluytion of Fl fourth of
the reé‘b’f’ﬁﬁﬂ?&ur ﬂ?‘t& Ieﬁgls[a@EBET_nﬂ_E]b?ﬁSﬂﬁ}qr_ %ﬁ&egfﬁé%%of%eg% a recursive
hi er ar Gl orP[REESS hOVaridtEHBseAdMMAEN FaBls RBtIfEGUER as kafrpaitdibral ebeCt i ng
a notion vector (205) froma previous inmage down to a | owest resolution

| evel (shby, p6Ressinpispeed, antise govesent exanple is 1:4 of the original
resolution, and is illustrated in FIG 2. In one inplementation the old
not i Ont[ﬂm]or £1205) sicsvd an inedgedodieth grie (400)) s/hixrtoiseltvided imtoiimage Ipptahes t ake
care of cases in which the nei ghborhood contains an object agg_kg ound
boundar§0Dreft4xdaisels, wherg eachmixelis tlpsirated me a\ﬁf‘:@ﬂ%?“s"p)-#ﬁh% datkRixgls i s al so
referr Q _3gs_tenporal vect.or rtitionin n e ined in

furt heﬁg@t'ﬁaca X %'Onlshaé VYC]?'FIE g?(gg)no\ﬁ%cﬁ%rts -af(gccglﬁﬁléev%‘df EQ%Chv%asg EHP t the 1:1

level , ARIHEE pigels UDSQAHB dokin ik FIGECA shed@vion Qediofid @iaputed ot dich £Hiar st
frame of a sequence, that is, when there is no previous image, the process

(100) istage patohi aftpizelz end theelocatiomswithin efch it imagensiatoef theimetirn

'l en%gg%tré’oor}igirt\shgrezt égarge. FIG. 3 shows the same pixel grid (400) at half the
resolution of the original pixel grid of FIG. 4. FIG. 2 shows the same pixel grid (400) at
the lowest resolution, which in the present example is half the resolution of FIG. 3, ora

fourth of the resolution of FIG. 4.

[0026]  As shown in FIG. 1 and FIG. 2, a recursive hierarchical process for
determining a motion vector starts by projecting a motion vector (205) from a previous
image down to a lowest resolution level (step 102), which in the present example is 1:4
of the original resolution, and is illustrated in FIG. 2. In one implementation the old
motion vector (205) is filtered before it is projected, primarily to take care of cases in
which the neighborhood contains an object-background boundary that causes a
discontinuity in the vectors. This process is also referred to as temporal vector
partitioning and will be explained in further detail below. The filtered output is a new
base vector at the 1:1 level, which is subsequently projected down to 1:4 level. In the
first frame of a sequence, that is, when there is no previous image, the process (100)

starts with a zero vector as the old motion vector. In one implementation, the zero



vector is also used when there is a scene break in the video, that is, when
there is no continuity between two frames. [0027] FIG 5A shows one

i npl enentation of a tenporal vector partitioning process (500). As was
descri bed above, the purpose of the tenporal vector partitioning process

(500) is to give a better, estimation of, an,old t] t 205) t
pr oj ecYedot t§ &'%usng\)ésva tl?eé%‘:l Clatdy rggen th&s‘”@%m&ﬂf‘rvel @O{hf@e 3 e19 olrjg,
{ﬁirﬁéFémm%%eﬂﬁ%%‘h@ a single notion vector, a nei ghborhood (550)

pl'e vectors, as shown in FIG 5B. is exam ned. Furthernore,

obj eot R or dilha Suttioa & HRaeRBtion S o Brberal Rl pBRiE e Pesss.  s500)
at t eMpSod) 0 QPR AdRriBBl LBV 956 BUSHARS P EreleRthomhitVectst fIRitesiting HRdRessot i on

vectors associated with a background before selecting a best notion vector,
whi ch {300) heto givprdwter estemstidreof aronldmoties seciod (2 tabepapjetedsedhei n FI G

5A, th 500 i Lni i
(550)  Toummtacs el el mageonpdie|Crhe TEEE B BB I EPEISEE ol udes
i VSRR RiotSANACRY] AERBEbhM (STBOBCARSH A0k vektord IS BRI

exanpl &N&h | acent e patchées ( to define the

nei ghb@yhooel is\easindiad. huthedmoye,fit waasafméd erat (Hélnsighloarhbolsf vactoanged in an
X-shaped pattern) are used for the conputations in the inplementation
descri #8%D)hecledas aroliacebackgreundhaendargh e dernearal YectopRRMARPINuber  of

vectors can el ected, and that .the neighbar . differen
shapes Prq#e giqo%@ﬁemq‘f%fons&paﬁ%p%lgg \(ﬁggqrgp%%g%g&gwggﬁagrfgagggg%ﬂé set of t
| mage P\%Lﬁé}%eété@%s@d‘.aeewm HpaekdISlRl Befors seluaimy abystpusthesesctof,0029] The
process then partitions the set of nei ghborhood vectors (550) into two

cl ust enghits feph&04)proves tbaselenipdre proveasi on, the partitioning i s performed
by determning which two vectors are furthest apart from each other and

UZ IC?g t[b@@tﬁf E \A\ﬂs c}z(ﬁfbtbqléén ﬁﬁ FBZee%ﬁs, the grdﬁd@s t500) statts wethsobtainieg a seteoft wo seed
v ors for e clusters have een determ ned, each r ining v [
sort ed rieighbosheodiectnts (GAB) toms Rieyiousigage GAmeahinget (1) ahowads 5 ctor

they are closest .to. (0030] ,Next .. L. t 1 sentative
oY o R ol e % B by oSG B GO T e
repr eseRLAHIY &hiME GHRILEN ifndgR dalidés @360)tdre Gsatbrt defel thaineighberlidurl best
representatives for the respective clusters. In one inplenentation, the
vectors, but only five of them (V1 through V5, arranged in an X-shaped pattern) are use
for the computations in the implementation described herein. However, the reader
should realize that any number of vectors can be selected, and that the neighborhood
can have many different shapes. The set of five neighborhood vectors and a square

shaped set of image patches (560) are only used herein for exemplary purposes.

[0029]  The process then partitions the set of neighborhood vectors (550) into two
clusters (step 504). In one implementation, the partitioning is performed by
determining which two vectors are furthest apart from each other and using these two
vectors as seeds for the two clusters. After the two seed vectors for the clusters have
been determined, each remaining vector is sorted into one of the two clusters, based on

which cluster seed vector they are closest to.

[0030] Next, the process determines a representative vector for each cluster (step
506). The purpose of determining representative vectors is to find existing vectors that
are the best representatives for the respective clusters. In one implementation, the

representative vectors are determined as the vectors that have the minimum distances



representative vectors are determned as the vectors that have the m ni num

distances 7 fromall the other vectors in their respective cluster. The

m ni nrum di stance can, for exanple, be cal culated by determ ning a distance

fromeach vector in a cluster to all other vectors in the sane cluster and
i mum t ot al  ,dj stance 1;

ddi i . The. vect h the, nini . '
219 05 R AR ek i B aicbe Rl Pt it oSS o8 ot ve
VeCt or Se;ddtfle NRERalEQHRR by aﬁe@ﬂ RESSS dis@ﬁc%rfmrﬂ%%ﬁwéolg&B%@ggﬁgﬁeg&éﬁ|Ve

vector provides a best natch en the imge patc di st ance
and di refber vactorsfin tesadnye thusier asgdadtingsthe elistaseet Fhiawecrestith thest ep 508) .

This can, .for ex | e, be dpne by using two correl ati on wi ndows, where one
corr el dVITBAR Fﬂf%?@nﬁ%Pﬁ%&‘é&ecgﬁ%%ﬁde@'ﬁée’ﬁﬁﬁ%ﬁ YE®9T-t he vector, and the

other is centered around the end point of the vector, and determning a
m ni nuriP93h of Wagrshaiwo diptésentative yeceaD)aviedreentfoupi xtbeprocess he t wo

correl ati,on .w nd . Exact]y how  this.iis dpne will he described inp.further
ot ai | SuPED P renf stV St Brciinds & BRT mata wWHepGhE dees Batanys | s
that a Bepdd R dikahse hRY Bt QBFN&S by e WS SR TESRM R WPV e YGRS The
process then selects as a candi date vector the representative vectof that

has t heoM® s Thiratanh fgrspaprd,de ddiebyg ebiegtted coerelation wirslobhse glend bye

projected down to  the |owest reso|ution |leyel, and the process ends. The
best ne&qfw?#mwd%fse%e@ﬁ%r@d@wn% iR 6165 veCHRtaRt iR Wer By oct of

repr es e tardy RAGkRr m\é%d\'@ggfgif gtp(%gxggt%}/ %{bﬁd&@ﬁfmihﬁﬁ{ﬂhﬂﬂin‘?ﬁﬁ%%Sp above

hel ps i n resol ving object e rdisc Inuirties around smal | er

boundarabsdeteat|ferersies SAB) forlisodixelsnanbatwodrRofel®@vhNgindeds. FXhB&ly how
partiti oni‘ng al so works equally well on neighborhoods that do not contain
B

any obBds dppemitiedescibed i fusiber detail helamclhwifer thiel purpesasiofdife. BAust er

and th - - WM | ontai n,one or few "oqutlier! vectors.
[0033] THETBbREN AR is bt d blet et TE BLB0 W50 ofine Fo Bhlst@tud s or “has
been prejctee! BHe peocesthenidhsits 455 8AndidAB8 veevRthe Rpi@entitivlRES0R tRCt Or S
(21 CGa - 21 O) is generated and tested to find a m ninmum SAD at 1 pi xel

or 2 fasdhe bestonatchéstep §10). | The sllected wpaot Bduberduently geojectetisioap t04) . I n
2 BT YEEIORP o REpro Lot P b ABALT S il P
in the ggediivedior Uit QRer WSS epRIsEARAUACKERYRARRESrS general |y

[0032]  The partitioning described above helps in resolving object/background vector

discontinuities around smaller boundary details, such as a hood ornament on a moving

car. The partitioning also works equally well on neighborhoods that do not contain any

object boundaries, since most of the vectors will be in one cluster and the other cluster

will just contain one or a few “outlier” vectors,

[0033] Returning now to FIGs 1 and 2, after the filtered vector has been projected to
the lowest resolution level, a set of update vectors (210a — 210f) is generated and
tested to find a minimum SAD at +/- 1 pixel or +/- 2 pixels from the old filtered
projected motion vector (step 104). In FIG. 2, six update vectors (210a — 210f) are
illustrated, two for +/- 1 pixel and two for +/- 2 pixels in the horizontal direction, and
two for +/- 1 pixel in the vertical direction, since horizontal movement is generally
greater than vertical movement. However, as the reader skilled in the art will realize,
any number of update vectors can be generated and tested at any horizontal and/or

vertical location in relation to the projected vector (205). In one implementation, a



greater than vertical novenent. However, as the reader skilled in the art
wll realize, any nunber of update vectors can be generated and tested at
any horizontal and/or vertical location in relation to the projected
vector (205). In one irrpl enentation, a 8 predicted canmera vector is also
proj ecte

h i di d.
urt hePresittat FaBErb PR PResal ARBI et SEbn e FMBAY 20 CEHRR ed by

letti nansEbé%eSQH%r@?%{ﬂeYﬁPB&B% for an image patch, which all originate at
the sane i nage patc ocatlon in the source frame, point to different

pi xel g It]I Cmls Inrézl S[;lgl':n% /ﬁﬁrl? a@éggﬁé@@ On‘:% t‘}‘nﬁga%l’da vectors

rectan OW | cen ere e pi xel polnt ed to

by theforraeﬁﬁo\%gfelpé@cwmtﬁaaﬂl%rigeﬁét@ht thd Ledd esaenshittlyldcatibang thessoundendow i s
centered in the source franme on the pixel where the candidate vectors

ori gi nfame, Phini ta diffdrentiel loaaiasisina target Epeiee &%ﬁa@*héa@djﬁafésv@sma #dg | uma
pi xels in the twp w ndows

| ocat i 6eFHREYIRMVIKIOW MW%@ thq '?r%eﬁréﬂf) h_‘se IR pogﬁé/% dp t.ba(@a\(l tﬁgrﬁer clative

absol utg (i fif SF @éte'v%ctto‘f‘eAﬁf@ré‘sﬁbH@mg?@@ta%ﬂaﬁiwm%Sc@ﬁekﬂﬁn\t\h@dow
mat chi ng becorre etter and 1s ideally zero when the pixels are identical.

I n prasbume franmef o thi pixel dinerd thenmindeladededotsariginate ol ben apaibeise vect or
n-zero D, but w, Il ,have .the.m,ni nrum SAD of ctors in

|1
the soabaldisidernce of s epdesobding A Rk A il e, i T dBS P ound
the beZ) d<e\fseﬁ'|ta?¥1avé { sahis reqzi}ﬁlewsg&tﬂfn wﬁ?mhﬁhﬁ/orwmdw RARIdAHEE) The

sel ect and stored 1 n nenory (step he process then exam nes
whet heksuinhgirgl eneeabaolutdt leesndes sothetSAam vhleneelTéae(Ssatmiemases aAshemsndow
descri bed above, in this examle there are gher resolution | evels, so

t he prmaés@ng;hespmgatb@gemw weéeallyear@rwl(em% R'§e'bﬁEﬁ idepiehlyln PRRAGHIRE 1: 2

resol uti.on

vector & (s Fue G5l hld olictiadols” Ehet Roro AL Bovda ER AL 4BBTLEL o
has begpin0kerd fintRuMSAD Sf thedvd@ySlin (15 &1 ol @dndidAe vebtass.| evel , a second
set of update vectors (310a - 310d) i s also generated around the old 1:1

filter &ggfs.gct gé?@% rwuﬁ%s [RWEeh G0l it tHe BesEeé&butth&nsltﬁa@lectoA new

best v ound, by computing the m ni mum SAD anong al | the
updat e W&ﬁtl*@rmmltrmmﬁ SJ‘\D((me)ns tddectéd 4ndeswbdin orenh@ydstep 'ITﬁé ).bElse p[qm:@as e
vector is then selected and is st din rmR// gs(te %8
then examines whether there are any 1g er resolution tevel ste;g)l ).” As was
described above, in this example there are two higher resolution levels, so the process
propagates the best vector (210f) is projected up to the 1:2 resolution level shown in
FIG. 3 (step 110). Again, a set of update vectors (305a — 305d) is generated around the
best vector (210f) after it has been projected up to the 1:2 level (step 104). At this level,
a second set of update vectors (310a — 310d) i s also generated around the old 1:1
filtered vector (205) projected down to the 1:2 resolution level. A new best vector
(305a) is found, by computing the minimum SAD among all the update vectors, just like
on the 1:4 resolution level. The best update vector is then selected and is stored in

memory (step 106).

[0036] The process then examines again whether there are any higher resolution
levels (step 108). At this point, there is one higher resoiution level left in the resolution
pyramid, so the process returns again to step 104, where the best vector (305a) from the
1:2 resolution level in FIG. 3 is filtered and projected up to the highest 1:1 resolution

level shown in FIG. 4. Again, a set of update vectors (405a — 405d) is generated



10036] The process then exam nes again whether there are any higher
resolution |evels (step 108). At this point, there is one higher
resolution level left in the resolution pyramd, so the process returns
again to step 104, where the best vector (305a) fromthe 1:2 resolution

ovel @R Ine heblacleyl i e BADeRE A EGr iR Rabhf, &t hipkiel agsbydi o "
gener a%@%&ﬁa%‘@%tbﬂ@4@09LQ§%g isaaiiofgehtéﬁa&éﬂal%%ﬁa m&%ﬂ%ﬂﬁ@% 5&&5?.!0

104). At this level, a secon set of update vectors a - I's al so

gener atfethimak ot uptiateoledtots @ 20al-+ er2€d) isapinerated Arduinidradcaedracectapdat 3.
vectors (420a - 420d) is generated around a canera vector (415). [0037] The

canera éws:/qor Ties esinBRSvert@ alibaDy elmRat meleidft 6OMbeBhErY of AR ffandde, as
opposed to the |local vectors at each inage patch |ocation that are conputed

conpl etaelopppsaibivethgdacalyectongiatceachtimagepetal Ibeatinneithat areaiagnputed i ndi ng a
better tru ti.on vector. | n several commo qQceyrrin cenari os a

ot on VBATSIENT BERPEITR By A Seh s Ot e e 1o BVl B BERRET n 2 frame
can be psiesH 64Q8r. AW deSeRREbimMIY Bedy rrﬁ%%@éﬁarl&%ﬂnotigﬁrve%??@%'uﬁing flohe
case of a canera |ens panning across a distant |andscape, all the notion

vect or sawierd nivyentatd dtoadenaludatguityalfrmnte ¢am bdpredidted quite efisilyheith @aner a.

Anot her . scenari.o i s when ? camer a Iergs zoons into an object on a flat
sur f ac8implepadels Forexample 19 heCagIaf 2 camers [RDSHENNEIE 3EeS6 958k have a

rfacelmPgUe: : 3l : |
vai ue. ATNEREPS B Tt AFLEISR I FRAReR sk U ARAR 15 B by B R O

tries toanferd. Anoricheo@iarioak whkthed carfefaliens P&drno Mty aatadijéect ohad flitavefabgen
conputed using a | east squares nethod. A good fit between the canera

ot i on sWeBDAPIGHER ema wall halhdie mwtionpwstiors Hiendiaves redial diretion and he
scenariirq(:sr dsi s&ur%s%goggqudg k(%:le ir§ Bresgrr}lt ar|d tgﬁ\‘;clargeraenpﬂel predi ct ed
vect or "Eamrthen Be°d JE885 S aﬁadi O ('E'Q?‘lgﬁl d&Ee" QS HSPIRE next
recursive hierarchical, vector estimation step. Taking the c ra vector
into cgsﬂl.@%raﬁ%?lfeplamﬁgmwgﬁmpﬁ%essttﬁsﬁ tq fiea ame%EF inther the
recur siye: . may

Conver LicH S6db M Ma B Lonthufed AR SAERTCH A0 PRATN. A BE Re 10

caner a betveedrethed-aneat onottandédais andahe paitedrhatiddl ynduRll pndicatay thadoRg of
detection of false local mnim and direct the process towards a true
i ni nuiie feEm3gPs diseusier abeve likelytis presaot anditke caearasmade, Predisted vea@oon t he

1:4 anq,dien be used as an additional candidate vector in the next recursive hierarchical
vector estimation step. Taking the camera vector into consideration is advantageous in
that the recursive portion of the recursive hierarchical search is a local search approach,
which may converge into a false focal minimum instead of the true minimum. The
camera predicted vector candidate can potentially help in avoiding detection of false

local minima and direct the process towards a true minimum.

[0039] The new best vector (405d) is then found, just like on the 1:4 and 1:2
resolution levels (step 106) and is stored in memory. The process then examines again
whether there are any higher resolution levels available (step 108). This time there are
no higher resolution levels, so the process proceeds to step 112, where the best vector
is selected and used for motion compensation, which completes the process for the

current frame.

[0040] The above process is performed for all the 4x4 image patches of pixels in the

frame, and based on the determined motion vectors, an interpolation of frames between
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resolution levels (step 106) and is stored in nenory. The process then
exam nes again whether there are any higher resolution |evels avail able
(step 108). This time there are no higher resolution levels, so the
process proceeds to step 112, where the best vector is selected and used

for nmotion c ensation, ich coppl etes the. process f. current
frame.d f%ﬁ%fgg’ﬁe&%@%gﬁ\r’%{%@sgaq EB[S%EF%OP t?‘?ﬁ‘*r?é? $ ni[ﬁ[améf%?{ N%mge pat ches
of pi X&'f,&ePS‘n et e%ﬁ%’ebxz)@&eHQﬁ% e Aotidted (etrayE-tiadkimDtandm dieglaped, an

I nt er polation ‘o rames tween 10 a source frane and a target franme can be

made, ipmgdehabtibmere is a minimal or no discrepancy between an expected
I mge notion due to eye-tracking, and a displayed imge notion. [0041] As

can beropag] f ranednse sdepvirordithe HEGVedisclision, theeint/eatop pawidessa smeatbot h - and
accurate vector field and uses only a fairly small nunber of cal cul ati ons.

Furt heaimd)a@:uraﬂaeneetdrﬁeﬂcbdmiedeSC@ﬂVQrfgiéWcﬁ@aiéme@i picalgltioans-t he mul tiple

| evel s _of resolution. Fewer resol ution |evels,can be C red to
convenE W IERIMoLp, 6'é?c'ﬁé§quce<9rﬁﬂ3'\)’§fﬁe8f:eg’?‘aé'rsénqendqeg\ﬁetBelng\jgglse Ig(r}zéﬁr?ﬁt

anpl i fj ue to. I i | PASSared 85 8bMidnBiBnk achiee, t O

saf egu%eggllUg'é%byl;%t\fveegt%?ér%wﬁ(?g}egggg%ﬁ\sloeﬁsggs at aé%ch resol ut Poﬁé@rl?erform ng a
t enpor ghd veabeErrpArihilbwenlaveiscire inoyampéfied duetd regobition ehangenaiigher

determ ned for a previous imge pair can hel ith resolvin .

obj ect reﬁahk@ndam@swé@tt@ﬁafeav%rgm& b\htﬁ%ﬂi‘%ef%ﬁﬁ%egﬁéﬁ ﬁ‘teﬂaché%%%t#?}"det ails,
for ex | e,. a _hoad t..OR: 3. L : i t of details.
a "t noPERnipR aefihete AR e iching BULDR i bty Sf ThioRon weRey P el'y

af f ect JbERGas BRS grédbudimags paipBamhelpobitk eésobdng dbjecebackgroundivectecenari o
the outlier vector (i.e., the incorrect vector) ?r vectors will be
separ atlisdontuities arauntesmptied boeaday sletailidfos examele, AR FBaMENt OBAi | | be of

benefit. [0042] The .i ti | npl ' el | ect '
o r cut IITBER A e e aleTar o by PATHe el PrBol vBheP €T TS ons
of t heﬁ"‘%ﬁ%’@ﬁi@&é @t dd0Brsely iRt irpAzCARadBat B InSRESHIAM difjeet lonumlaties.

u

progra tangi bly enbodied in"a machine-readable storage devjce for
execut iIwthiDycemapibabe anttiEivector Gicestherincemett vasioRoY veckyss will berseramatesht i on

Dt T 6wt GRS 14 BB GRT HEL Tome RSpeRiee rrl el EB P e ot i g
[0042] The invention can be implemented in digital electronic circuitry, or in
computer hardware, firmware, software, or in combinations of them. Apparatus of the
invention can be implemented in a computer program product tangibly embodied in a
machine-readable storage device for execution by a programmable processor; and
method steps of the invention can be performed by a programmable processor
executing a program of instructions to perform functions of the invention by operating
on input data and generating output. The invention can be implemented
advantageously in one or more computer programs that are executable on a
programmable system including at least one programmable processor coupled to
receive data and instructions from, and to transmit data and instructions to, a data
storage system, at least one input device, and at least one output device. Each computer
program can be implemented in a high-level procedural or object-oriented
programming language, or in assembly or machine language if desired; and in any case,
the language can be a compiled or interpreted language. Suitable processors include, by
way of example, both general and special purpose microprocessors. Generally, a

processor will receive instructions and data from a read-only memory and/or a random
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on input data and generating output. The invention can be inpl enented
advant ageously in one or nore conputer prograns that are executable on a
programuabl e system i ncludi ng at | east one programrmabl e processor coupl ed
to receive data and instructions from and to transmt data and

instructions to, adata, storage system  af |east one inpyt devjce, and at
| east aﬁ%esam%n?wdg%néé%"anpcﬁr@wﬁﬁwef'n%ﬂ‘&g%ﬁfcfaar%@a? PERESEXEE n a

hi gh- | ?a@tomréaﬁetméé; sQ&h BBYie6d rngrdo%%gghetmdag&?mm& infPAMALR ks N
assenbly or chine I'anguage 1f desired; and In any case, the |anguage can
be a cangirtmdvableiditkar praghetth-d@ing Ldigls; aBdidpailnhledipho Segsger devioad audableby  way

of exanple, both general and special purpose mc rqQcessors.. Generally, a
proces rtaRS'BfV @'@geamsi%ewe& PIO8EIA Heptigti ang wﬁﬁ%ar' 'égéla%ﬁ JOW%B'{ y and/ or
a rand ggngg _-r r.akl - or nore

mass s?‘ gbi&é&ggﬁ%@s ! o‘%f“%'ﬁgﬁ%ngg‘aéi%’?aﬁ‘ﬁ@gg’?ﬁ@%o{\ﬁuéleoﬁ”@%@aﬁﬁ% ugees’ magneti c

di sks, sa¢lths BBRON FBPROMABAD dastk mendutd deeiteyahhgneticshisks smelyaetstental i cal
di sks; and optical disks. Storage devices suitable for tangibly enbodying

conput darghd }s Z ang irﬁl;rg@vahie id]g'ﬁﬂfé; magnaiaopticaldiskgeang CO-BOM digks. Apnoltheati| e
) . | i -
Epront TRiee ke TR Bbie B P SRR AT RER I b EG e o °°

hard dii%%ra@éujdrf&ngy_abl e di sks; magnet o-optical disks; and CD-ROM di sks.
Any of th foregoi ng can be suppl enmented by, or incorporated in, ASICs

Cyot om0 SREF ) b S EERPBIE Ry bR GEBEdmplofRd® pb R e R Db <

(600) TheQohyprer eI (E0Mfis anlyrapdiadsple y$ bgmapHicadystein irhehighr theent
i nvention can be inplenmented. The conputer system (600 includes a central

pr oces Presgntiifventiopigpn belioyplementedd desorargensisteny (§0RqnrIudgs @)cential ead

cont r o rarestisBop (S 16107 8Faiiol MR he PR G M e28hp Bl uf G ¢ a
di spl aynaibly RN (6253, bise BEMore kBMYRerhR (63®, alctaphRéMortiotlet amansf er data

and instructions uni-directional Fy to the dD_Us 610), while the RAM (620)
i s useg@rinyariy ctirbge devitesalvdPendd=i®, anba digdtat displagrisii 678). Wis-idwedlct i onal

e o H B AR ke B R3S
CPUs (610), while the RAM (620) is used typically to transfer data and instructions in a
bi-directional manner. The CPUs (610) can generally include any number of
processors. Both primary storage devices (640 and 650) can include any suitable
computer-readable media. A secondary storage medium (680), which is typically a
mass memory device, is also coupled bi-directionally to the CPUs (610) and provides
additional data storage capacity. The mass memory device (680) is a computer-readable
medium that can be used to store programs including computer code, data, and the
like. Typically, the mass memory device (680) is a storage medium such as a hard disk
or a tape which generally slower than the primary storage devices (640, 650). The mass
memory storage device (680) can take the form of a magnetic or paper tape reader or
some other well-known device. It will be appreciated that the information retained
within the mass memory device (680), can, in appropriate cases, be incorporated in

standard fashion as part of the RAM (620) as virtual memory.

[0044] The CPUs (610) are also coupled to one or more input/output devices (690}
that can include, but are not limited to, devices such as video monitors, track balls,

mice, keyboards, microphones, touch-sensitive displays, transducer card readers,
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conput er -readabl e medi a. A secondary storage nedium (680), which is
typically a mass nenory device, is also coupled bi-directionally to the
CPUs (610) and provides additional data storage capacity. The mass nenory
device (680) is a computer-readable nediumthat can be used to store

o o Tensrhs o 6B A8 tedless 35 eis0ah fived Yeireds nangsiring ERomirer Pape.
whi ch %%F@r»@élll—)éné\lxvﬂviﬁbultc!l@ﬁ'ce%gggg?%E,r@frc uﬁstgs)?ﬁ%?fcgﬁﬁugﬁ é%ﬂx #e@pudhe

mass nenory storage device can ta a maghetic or paper
t ape r éatBromionalpman delmwiuplel to-komwpuideor tdecdnimwhidatibes agipraek| @gednt hat

the information retained wthin the mass mem)@y devi ce (680), can, hg
appr opr MEIREt frgbaark Han MYGRelnaiwerk i Usingsa RRIMTK CPRRBAN dshox sereralhe rRam

620 joh t , 4 ,
oo i b Rl TBETRben ORGP b LR R Faffelblt ol gkt T,
devi cesesdied irdormatitafromnthk oledwoltlkd a€ knigiet dudput iRforMatilsAMd diee Aetwdrk 6 @hones,
touch-sensitive displays, transducer card readers, 12 magnetic or paper
t ape raguesesol pesioraing thetapoyselescrikadomehodisigriwSuch ngforaatien which is or
ot her | | - known i t devices ch as, of cours other, c t :
Fi nal | PreprsP@Eseaed s popaiptveaiinmy ins B2 PR STRRTR B35 e SEYsP 1)
t el ecormHMCREEQRS fRfh WRA butfit@d toTRe nkRNEk R esaﬁhwlpglr, ln e fFmidftar anet

network, using a network connection as shown generally at (695). Wth such
a net waoknproendath isignal embbdieddntaergtian wave. hHhe aleveaissribed devicegytnd recei ve

information from.the network, or. m.ght output information,to the network in
e CaunteRalsm e BT o haseal P L ot R At Gl SOTehIR ane.
information, which is often represented as a sequence of instructions to
be exed004d usiThggf&nié]l@Pl@ti(OdS'ﬁOg)ﬁﬁO) ganerpies image del@ andohraiesPendgt t ed t o

h k, f le. . i f or m of. a_si gnal di ed
PR icana, SRLPGyiE ettt el isPeu EBTIRASS 1R ufels 850 R TR ©
famli ﬁ?nbﬁméd}qaee)@gmﬁl@ bhsedbr Higc COATR W Rivdipieinane iy (610) bvabm afts.

[ 0045] The graphics controller (660Z1 enerates inmage data and a
cor r es pxiatnalgenaodkdénetrabevgi) gimadne em ogimmitdbs imegh dat idipgdvided di BoBay uni t

(670). .The i dat a can be, generate e based i xel. data
recei vé‘d”‘f“?t&ra%t g r@IﬁUf"(C@f('ﬁ”aJ)I"'gc?‘t“gerﬁtéﬁqﬁé’i‘&e??@%ﬁ%ﬁ'@n?ﬁd’fagh@%')‘ MI'n one
enbodi t!tp@.,' g Lig | l | : reference
si gnal '{Fﬁtgrtu es !?Yr'u%’ \ﬁ/éqYél\lI%@ak?]ezurﬁl—lﬁséiﬁgggﬁgéﬁgbg%ﬁﬂbggﬁv%&?ﬁaﬁ be

implemented with data and/or reference signals in other formats. For example, image

data can include video signal data also with a corresponding time reference signal.

[0046] A number of implementations 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 in addition to the
hierarchical and temporal vectors in the intermediate layers, the camera model
generated vector projected down can also be used as a candidate for SAD computation.

Accordingly, other embodiments are within the scope of the following claims.
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the art. However, it should be understood that the present invention can be
i npl emented with data and/or reference signals in other formats. For
exanpl e, image data can include video signal data also with a
corresponding tinme reference signal. [0046] A nunber of inplenentations of
t he invention have been described. Nevertheless, it wll be understood
that various nodifications my be nmade wi thout departing fromthe spirit
and scope of the invention. For exanpple,in addition to the hierarchical
and tenporal vectors in the internéﬁﬁgsgilayers, t he canera node

gener aﬁﬂf?(}ﬁﬁ% trhOBrfg;r ﬁgﬁf@%igg%ﬁgﬁm{d@%nﬁﬁec&&qﬂt@ﬁlg%%@Eﬁ@laﬁ@ea or SAD

conput ccor her nments are within the scope of the
foll omgém,eﬁ[:@i(fanpﬂs?mg;LAl M5 1. A nethod for perform ng tenporal notion
vector filtering in a digital video sequence, ising; 5.receiving a

cqQnpri sin
pl rality ofecebdngegplunahty gle@dnrs thep(ﬁéf@éhﬁpﬁﬁje%fqg HPPQF‘QHB'PF'BH WEHbrs
for an, i mage patch ,includi ng one or I . | 55l a background;
" parti tf%rﬁ”d@"%gﬁé)aﬁ?}hmh‘ﬂ%%Peyégf%Fgg?iaﬁto%J?%ngg noré%cug'gfor cl usters;
det er m ni ng aiRR RS AL ALY ¥PGd@brsfigto thachr mead wected clasters; testing each
repr esent at Pve vector to determ ne which representative vector nost 10
accurat el y defdreitinga repeseniative mectof farieech yager pwstel bet ween a first frane

d d f f the digital video: and sel.ecti _ ! t
e Sl e BT T PR
.O];](l, he g{’:‘e'}p?éffér&ts all?isgllgacgrli’a%nﬂ@ftth@qlm%e ph@hBetwedhe figitiraped and Boni ng

udes? determning a first seed vector for a first cluster and a second
seed vestsHd franeaf tisedigitdl ¢idesiard by i dentifying two vectors anong the
plurality of vectors that are furthest agart fronthe?ch ot her: and for each
AR g

a
ot her vect oseleatinges piraetion yscter thedepigsentabys i &t U Yi nt o t he
first Cl#EJStéa@giCii%élQ?‘?{%‘/%&:%rthéﬁ"%egﬁﬁf%"to the first seed vector; and

C C

pl aci ng®t e Seco uster if the vector is closest to the
second
15 2. The method of claim 1, wherein partitioning includes:

determining a first seed vector for a first cluster and a second seed vector for a
second cluster by identifying two vectors among the plurality of vectors that are furthest

apart from each other; and
for each other vector in the plurality of vectors:

20 placing the vector into the first cluster if the vector is closest to the first seed

vector; and

placing the vector into the second cluster if the vector is closest to the second

seed vector.

25 3. The method of claim 1, wherein determining a representative vector inciudes:
for each cluster, determining which vector in the cluster has a minimum total

distance from all the other vectors in the cluster.

4. The method of claim 1, wherein each cluster represents an object or a

30 background in the digita! video.

5. The method of claim 1, wherein each image patch includes a plurality of pixels.
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seed vector. 25 3. The nmethod of claim1, wherein determning a
representative vector includes: for each cluster, determ ning which vector
in the cluster has a mninumtotal distance fromall the other vectors in
the cluster. 4. The nethod of claim1, wherein each cluster represents an
object or a 30 background in the digital video. 5. The nethod of claima1,
wherei n each image patch includes a plurality of pixels. 14 6. The net hod
of clapm 1, THRR&hBd DRCINBCE, GrhdrBint diee PadibEinithy phiraN§Ciflestore ppRSRAtsSs  an
old notion vector originating at a first pixel and ending at a second

pi xel , anwdd Mrdionovduter ariginating atra filsepipeland endingat g secandspizel, ghddhe at the
first pixel and end at pixels 5 different fromthe secgnd pixel ,in a

hor | zoRINT VaFE 1 Be RIpFALTRFYecrs ogemats pighe Trst PRl andnetrt e el aim 1,
whes el istdientitdf (€ sEH1Y BiBIOR PRGN dhd¥iof oPlaXifeal Birediign. met hod of
claim1I, erein testing each representative vector includes: 10 for each
representative vector: centering a first window on a pixel that fornms an
origin of the representative vector; centeripg a second wi ndow on a pixe
that fdrns aheén@rﬂeéiqﬁtclaém Ln/éherﬁgpﬁh@ssgﬂ%ftwﬁ page prichos St GPix ng a sum
of absolute differences of |uma values for the pixels in the first w ndow
and pi xels at correspondi ng positions in the second wi ndow, and selecting
as t hegrepr gpethathbdef \CRGinoT, Wﬁ@t‘éirﬁ&@ﬁtﬁ%&&im’rebﬁisbﬁ@twe gectos chedkient of the
i mage patch the representative vector that has a m ni mrum sum of absol ute

di 16 er ences forerch. repraseniativodeddr:cl ai m 8, wherein the di nensi ons of the

{17t and second it pdowe, @] SildiS0h bRk 16l TRUSIghHSe Ble the 1 mge

representative vector;
centering a second window on a pixel that forms an end point of the
representative vector;
15 determining a sum of absolute differences of luma values for the pixels in
the first window and pixels at corresponding positions in the second window; and
selecting as the representative vector most accurately reflects a displacement of
the image patch the representative vector that has a minimum sum of absolute
differences.
20
9. The method of claim 8, wherein the dimensions of the first and second windows

are identical to the dimensions of the image patch.
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