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 filmoriginated material) on progressive digital display

devices, a display arti fﬂ?ﬁﬁ’dl@i%ﬂ@ﬁél‘a @f@ﬁ?gﬁﬂﬁ r' can occur. The
area flicker becones T T i splay increases,
due to the high sensitivity to flicker in the human vi sual peripheral
region. A sinple solution for reducing the area flicker is to increase the
di splay refresh rate by repeating the input fields or frames at a higher
rate (for exanple, 100 fields/sec for interlaced video). This solves the
area flicker problemfor static scenes. However, the repetition introduces
a new artifact in scenes wth noBAGKGROWND as "notion judder” or "notion
snear," particularly in areas with high contrast, due to the human eye's
t endency0Qmi]t r atiis ientivajrelatesny imbrowng Nideo @ipdeedghicFBriockssisg. r eason, _
notion conpensated frane interpolation is preferred, in which the pixels
are compebey i NAgKdW aitsﬁrapqéﬁésmafersweseamb!e?'5@ fRldsARc Ot RhdR{HegliddR0! Nt on
a local notion trajectory, so that there 1S no discrepancy between an
expect edndtamaleandrd4 ifemad(sec far fdgeoriginated moptarial) an grogressieddigitalgdispiay i on.
The |l ocal image . notion.. trajectory fromone field or frane to the next is
descri bgﬂv'ﬁﬁsf%W%ﬁH{f%‘gtrB ffef’(s@é‘?s}ar%tﬂi' r{,%a&qﬁcgr.c yeadligkshit ed at
di ff er egbehp¥ehr@listakl fe &issof fﬁ‘e'd?%})l?ffﬁ%gbas@é.dﬁlatgﬂpé Fngh defi¥Blity & 2N
i mge patch level, or at an object |evel" nputing a notion  vector for
every piliader imdiegemientisyalweviptietahesgion.i aaimple @tutidn fon redudifgte sfaj a set,
i s unfeasible due to the | arge nunber of conputations required.
Conmput i Atgksr ieapilpreaspdbe gisplas; reigah raterhy depRatior the npek §eldseordwamnsrat of

conput a},j Sy n| artif.acts due. it o t.ion vegtor .
ai seont PIEARE rasg b ERMPES 00505t kar PRt TidkBhor oo e Biecsn Birkan
obj ect pagiiemdansthiefieps. qabw¥vdretHd ﬁepétﬁlidﬁ Birodas&y M heWhrifad: InBhes
conput ati onal requirenents, but object segnentation is a challenging
pr obl enwith Thoto | krpiver af ‘Gnetiohatddes” orcedetton smeaniayartioulddy ém aiaae witht i on
vectors, e ficiter}tlal , . .
high contrast, dde to the human eye’s tendency to track the trajectory of moving
objects. For this reason, motion compensated frame 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]  Mofion 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.




and accurately, such that little or no discrepancy exists between an
" expected inmage notion due to eye tracking and a displayed image nmotion in
a digital video. SUMVARY [0005] The present invention provides nethods and
apparatus for determining notion vectors efficiently and accurately, such
that | Tyeeuor neereios (ARSI 54 2 waab WRRANAT REBBRLEEI e.eﬂm{' on due
to eye tracklng and a disp aye I mage tion 1n a |g|ta €o 0006] In
gener al and mcomatedys,mch thathigtle ov eodisareganoy edies beetdadan amﬁbcami)an@geus
including co pr ogram product i.pl ementing and using techni ques for
per f or MR toawqﬁsaqkmg w@@@'fspfaweﬂémaa@m%oa 'a.aﬁlgﬁﬁf\v o sequence.
Several vectors are received, the vectors representing potential notion
vectors for an image patch including one or nore of an object and a
background. The vectors are partitioned into two or nore vector clusters.
A representative vector is determ rsteMMARYach vector cluster. Each
representative vector is tested to determ ne which representative vector
nost  ac¢gpae! YTHeeﬁtle%ﬁtSn@erﬁlo?%r%@ﬁﬁ@’ﬂﬁet%dst% édﬁa@ﬁu?ﬁfr%t@ﬁ’h%@n a first
frame and a second frane of the digital vid he representative vector
t hat nomotanmﬂcmmeﬁlcmr&fwzmi&mm{elqﬂ s.pjhathetnlﬁtle omhotms:repmg:@f ex&tch i s
sel ect eg as a notion ctor. [Q007] Advanta eous A nt ations can
i ncl ude S*rY‘éee(S‘raWF@C %efrBPV%FHﬁto Féeaﬁrﬂﬁf 'P%F‘ RV 07 n@acgﬁr‘in‘?ﬁ'ﬂ ude
determ gjag':hﬁw seed vector for a first cI uster and a second seed
vect or second cluster by identifying two vectors anong the vectors
that ar st_apart. from each_,other,.and fo ot her vector,
pyci ng i@é Vb geNBRin drRdsprrs e nyeitidh pipvides RUEASAT AL RATEUE: 1 o ¢ he
st SARIUNAE BMpuRihrBLRR PHJUBR, Mﬁﬁr&aﬁ{ent.hgtaﬁdtulaﬁ]g%@@mau@éfé?ter if the
vector is closest to the second seed vector. Determning a representative
vect or perforinmcg eropbadl metizin \otrstfdteringen ardigitl videshiechenex t Several viehieors

cluster has a m n[hnumtot al distance fromall the otther vectors hn t he
cl ust er aregRERved, §tV8Ft°65aWPF“e36F‘E§%HPte§Ha PB‘E‘B VBFLOK BééR@Pé&%BaﬁC t he

di gi tal m‘é'h?cﬁﬂ%oﬁé%? mdPRYF aH% &kt aﬁé% 54&%%%&%@%!&0% X&! it d"%‘f or can
represent an ol d notion vecto orig rst I ng at
a secontiv@bokalare &Bctot bRiseiIeA r@f@@t@ﬂ@tn@\y@xmat det@tmirieel fbr é@dh vector
cluster. Each 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



2 pixel and end at pixels different fromthe second pixel in a horizontal
“direction or a vertical direction. The size of each inmage patch can be 8
by 8 pixels. [0008] Testing each representative vector can include, for
each representative vector, centering a first window on a pixel that forns

an ori gigxaf - j A . i ndow on a

B el £ H O Rl e e t3ort B¢ Shcond B i AR 20867 Bl Bl i ng a
sum of alestital dérediidri.eToasies ofkathiimageabaies cArdbe BNE 8 pixedd.s in the first

wi ndow and pi xels at corresponding positions in the second wi ndow, and
sl ect | 110008] ¢ NFedt R ARA NS URARE|RioMiaNG RCITBE foREAU RlpfLanfElbCC! S 2

di spl acenent of the inmage patch, the representative vector that has a

m ni mumvegkarpterdering afiest wndderena picel fhaefaimsansirigis obthd feprdsensitivend
second w nglows can be identic to the dinensions of the image patch.
[0009] TS HetHIiFinge serpdopindomeor At tRaiiernes an aed paind®f thsh are set
forth in gﬁ-g@g&qgry' E W Mol Oy, h
features?b%g?{gcts, an ’Hg%\?gh@g%ggﬁo tt}esgﬁjﬁggﬁ%lp%r%e\s/\n%r],lpﬁilevwb'ﬁ%%oéﬁﬁefrom

t he desqiikedt irothedfirst wir@letngsd paeth aticonagdiglingd BosionsBRItRE sQEpeRMRt@N OF
THE DRAWQGS [0010] FIG 1 shows a flowchart of a recursive hierarchical
process #grselesting g Hieigpiesengtive vester which mostiarruridy reflettoadisplacermnpl e of

t f i, M best ti t t a,. | uti f 1:4 of
or g nalor s AR B R, P TPl @i e B Rredfigdh st os b & of
vect or s diffgrefi@ise MieriR@ndioRE Bt tHER SO VREbRE \Aﬁﬁ%@\/\/s ££$ BL {ldititaPlo tiwfez of an

original resolution of a video frame. [0013] FI 4 shows an exanpl e of
ye}torsdﬂmﬁﬂ%@mse'bfnﬂ?ﬁilmggapbﬁbt notion vector at an original resolution of
a“video frame. [0014] FIG 5A shows a flowchart of a process for perfornng

t enpor a[000%3t or Thepdethils bomringr mpbROdmbolfintentS 6 #2AMGerRfbret8 I8l Rith i ehe Of
nei ghbor hood vectors that can be used in
accompanying drawings and the description below. Other features, objects, and
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.

[001 11 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. 58 shows an exemplary set of neighborhood vectors that can be used in

a temporal vector partitioning process.



a tenporal vector partitioning process. 3 [0016] FIG 6 illustrates a

" conput er system enployed to inplenent the invention. [0017] Like reference
synbols in the various drawi ngs indicate |ike el enents. DETAI LED

DESCRI PTI ON OF THE | NVENTI ON [ 0018] The present invention provides nethods

and SPPROAGYS, 96, UH AN PO SRS BIL AN Bhagnat oy,
due Lo i S R SR RS R Lk g oo, TS

tenporal vector partitioning schene to determ ne notion vectors. [0019]
Cenerally, for notion conpensated approaches to work well, including the

recursive hierarchical approach described herein, tw basic assunptions are
made about the nat ur PESAILER: DESCBIRTIAEY QMTHEINVENTA@N D] ect s have
inertia, and 2) noving objects are large. The inertia assunption inplies

that a [oo8pn Videtmesahangssionpryvides aetiaddsandi dpparatspfee deteomaningnpor al
vector sanmpling interval (that is, the frame rate in_  the digital video).
The | ar gwtiopjvestoss effisiangyiapd aceplately, sushtha |ifde pono discrenangnaxisss  onl y

gr adual wi th respect,.to a spatial vect ' ' : - 1s, the
Veotor Pt A SRERH e AR MR el el Mgk R oo
[0020] ithedgeal vigko! TRislie GESthpRsHAAlGRE & ddcumBVdRkraghical &pptdaéh not i on
vector by applying a source correlation wndowto a first inmage frame and
a t ar geincbeling h &rnporal weectdopartitioningLdshemedo detemmisee Modiop,veainds.pl aci ng t he
target correlation w ndow such that a best nmatch with the source

g? rel ajoipqn) Wi Ekneralsy, et mbiied cotripahsdted appreacienttentsrkobell tindudmgrthe
rrel ati on_ wi ndow and target correlation window are as simlar as
possi bl Ecursite higearehiael appreachtdrscrbehberedt, twalhagsicass WRBtigRSYEANAGE per f or m

t he mat ghi ng. bet ween, ,the.source carrel ation w ndow.and th :

correl aftﬁ?%ﬁ RESWT %g‘?_og)éecgén?tb%'gi m Vé'l%?'ﬂre\éfs W? I'%ergfl’i Ef']% ﬁs)giégglls?fgng t he
entire NGetQLreRREE Thdldertid AssOhpiontiMpRes HERhinsdtides@or @Rmigss ohRe
recursive hierarchical nethod uses nultiple resolution Ievels of the inmage

f r ames. gradbadbt witbtresprect/ca tamparal vector etpdingi intedval dhat tsethiedvasse ratedml ut i on

| evel bt¥1e digital video). The large objects assumption implies that a motion vector changes
only gradually with respect to a spatial vector sampling interval, that is, the vector field

is 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 fow as

possible, while still searching the entire vector space limit. In 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




projecting the previous best notion vector at the highest resolution |evel
“down to the |owest resolution level, and testing it and one or nore
updates. This best notion vector is then propagated up to a higher
resolution level, where sonme adjustnents are made 4 and a new best notion

vector i ' Thi . ion. vectpr .is .pro ated up to yet
anot her ﬁogfﬁg‘wgggﬁﬁ%@ﬂﬁ’é?@w &)eq‘\?\%rgﬁgéniﬁ'é “§éﬁ’ ﬁ%stt%‘?ﬂ(% \é‘%g&rfﬁde and

anot her prepagesd upes yenanatiedrdiighs: rédlleficn REEI, wWitbrs mtir@ GBARtrhénts aReRLAH
until the highest, original, resolution |evel has been reached and a best
mot i on \AEEtanotheievebest Metian yedterds HetermitedorThys pedcessis obpedatahuhidvibe .

[ 0021] FI. sho one L.npl,enentati on of a,recursive hierarchjcal process
(100). | 'gh‘?sg Al @S?IHQgerrﬁﬁihﬁf be%?@F'&?%’Fﬁ RG] 'QoBeN veeor es’y ames
have al rié@fﬁiﬁié@ﬂ%ﬂtheﬂ&*ﬁ at eeblufisn fAR) be seen in FIG 1, the recursive

f

& h
hi erarchi cal process (100) for determning a notion vector starts by

proj ecti ggory 0 vioys image .frane.down to I st
resol ut i{ggzﬁevefld()'snlt %1839&50%4 { g@teﬁéaﬁouﬁggtrgcvglg? éy%ra@lcgiﬁéchg%g Oog\rll\ﬁ
tested tioafsundahbestlup r@pluRetievelabf thiimake Wakies M LHEIR bé&Y el (Step
104). In one ql@g:gl enmentation this test is performed by conparing pixels in

cor r esp&BAELiatEdoss €arobe seen indFlSo iy the reousivkdtérarchiial govrese (0 éat on t he
origin %I]:atetr&ﬁ notion,.vect or atga%g tar.get correl ati on w ndow centered on

t he end 9501 RYMOE AdRRHOT XEHQE D Y PERAFEHRER Fgtion-pestor £ 3 reiRUS KAAgE or
exanpl e frabfe @&Wh e BBSWEY SsHILMiGE [dvBO(stap! TR WY Bf [190atE I8 R i%%lener'aﬂecf he
source wi ndow fromthe corresponding pixel 'in the respective target

wirndows and testéd t firad @ bestembien veetbcit thisubdekterestslfitioe tevey (stdptih4)g 18 offeni mum
stm of absplute  differences SAD% for a source correlation wi ndow and a
target CBPIESICHAED Kihigeus parfPrmed hy companag pixel ingFpriesperdingeesiEiope in he

vect or | | ' ofirel at | w.ndow and a target
correl atg ?gﬁ@\?maér?g%\l/vﬂgng%g‘bg%é%ﬁ tog'r {hF E)er%lriré ﬁﬁ?ﬁ m gﬁ\ H%Crs‘{of)%%%aft%gﬂtd, t he
best vecbwelation sehdowe@n(sedpn HOBHd pdlie of LRELASPEARQR) uddagvetaT TIRS

whet her there are any higher resolution levels (step 108). If there are

hi gher FEBRGIEGMOERN, e @mplpebppetarseddnopigractag a hembestuefor eath pixpl t o t he

next i gt o8RRI WHAAW hEMThe (BHeBddig BRI IR Tesetti S Rrd R binlonadh 108

In this case the best match would be defined 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 1:7, 1:2 and 1:4, and an update of +/-1 pixel at each level, the



there are no higher resolution levels, the process proceeds to step 112,
" where the best vector is selected as the notion vector and is used for
noti on conpensation, which conpletes the process for the current frane.
[ 0023] The advantage of this approach is that at a |ower |evel, an update

of a pl %SEV(%rEerap%g&Ei%;?Insg{&to%ﬁtﬁlllgr}egﬁ{@tI:%/ Dtack b b .régsétghﬁ‘fe%nﬂ e next

hi gher leve epen er'ence 1 n resol uthon between the two

| evel s. efféctiviebr theaesolufion hixaehy & udelinte @ccéles®d tHe tempoeebaursisay 1.1, 1:2
and 1:4, and an update of 1 pixel at each level, the 5 convergence delay is
pot ent i &PNVergeiige ekhinyesuits ictighifieantfivprovemesite 98 eartifiulgrdeetemes

ef fecti veli%. t.he regol ut iton hi erarr(]:rqgg S 18E d to accelerate the tenporal
recur si 6R" %%é’?‘@ Pégc STCY B hiY"?g?'ﬁ?ﬁ'f i cant i nprovenents, in
particular for franmes _containing small 9bjects Vi, wi th high

vel ocitll&ﬂl[ooﬁlﬂm*rﬁ@t'q)wéﬂﬂpw LA "bsr%&%{@wg%wwg?@@mp'a@e‘ai B
by way qf |, € .aqr ' | enrar Ghi . | thyt al | s of
reson ut PesEAVEferdichidhl EARHIE LR R BLALLE o RERRTE 1. i i 1T

and Wi t binli@hges paeh dridl &fl 4. piteld, and wihosferbrize 0 FIE@E 1-4 hatshbbkl eadteds shown
in FIGs. 2-4 are representative only of this exanple, and that the nunber

of resothat thmveaensishoandntiies.rixfrioee represeotativh onty ol issixapude,cins! thet bgch
A R N R O T
shows apshTRZA 1RAEICANYd @Erfeﬂ%enmg% Vatidlis ¥h@8M, LitCas! dBRGISUtRAS A1 @Sst, ( 405)

of 4x4 pixels, where each pixel is I'llustrated as a circle (410). The dark
pixel s qalitp) prionessireg speledcand smenat whi ch notion vectors are conputed for
e&ch 4x4 inmage patch of pixels. As can be seen in FIG 4, one notion

vect or [(E)ZGPWDLHI@dﬁlfsﬁb\A@&ﬁhrré?é patchBGR! @O0E Risith ¥ digldedant infegel geidsons
wi thin each 4x4 inmage patch of the notion vectors' ori ? ns are the sane.
FIG 3 &95hef dxe p?@?ﬁe viliexe pagjy pigtel i 0ldystratechas 4 cirele (41@sdihgtdasia pbtels he
origi na ixel. grid of FIG 4., FIG 2 shows the s i xel gri.d _(400) at
Che | ontde FEleEidesmonaat bhichahplien Spa8Rrre sORAIRET IR ehdh A% iBatEool uti on
of FI G pach @F pield. O Edh BE sédein’rE&0 U UbAO hdtfonRldetords computed for each 4x4

image patch of pixels and the locations within each 4x4 image patch of the motion

vectors’ origins are the same. 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, or a

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 itlustrated 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

' fi rst 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



[0026] As shown in FIG 1 and FIG 2, a recursive hierarchical process for
determning a notion vector starts by projecting a notion vector (205) from
a previous imge down to a |lowest resolution level (step 102), which in
the present exanple is 1:4 of the original resolution, and is illustrated
in FIG gl B S0P IPLFER et Esgerscteh@ b%% in"fRG lvﬂféfo‘,’%tt?ar v\ﬂ\%ﬂﬁb\ﬁfesisfn'ol tered
before it Is projected, primarily to take care of case$ in I ch the

nei ghboebemeLisomdtdicas tab felhect - background boundary that causes a
discontinuity in the vectors. This process is also referred to as tenporal

vect or [ | tigal el i bR®M aiténmbyral DeEtoABABtbnRE! the
filtere ou7§I puthi@;s@g\ %@\g\/(smbdgs!eﬁﬁﬁ%@?gdﬁﬂat tﬁe 1:51 aI evelo, 6\/\/nilcP}h)f%sl&(wces
subsequé&sad)y Apnejsaddsedbetbaibovten tHe gurdpeve bf thertemperal fvectot partitiosing precess
sequence, that is, when there is no previous inmage, _th rocess,(1Q0
etarts (A0 o&iVe ahelepssiRalaN N IHGEPERN VePoR0S] Welagew%f-‘%ﬁ%ﬁt&)at i on,
the zerp 6 vector.is S t | r | oAt he: yideo,
e e o SRR s YRR YERL P Tk ABEP R SR Boteceo,
shows ogagidbaFR Veaior AndEhBorheBR 95 50) iMelctinng maltipld venongapstevasin  (500) .
As was descri bed above, the purpose of the tenporal vector partitioning

pr ocessFIG.5%/))is esaminegli Ferthetraonep it igassumed that B ngishbloshonst eloveci@et or (205)

Ther of OF0 FaT A T aect AGrpe B RE o B BRI 2
nel ghboglﬁ}&%% §5%9)ittérﬂﬁisﬁtgisé‘}9arﬂiél%b@&ﬁv&@{%l@soafs%ciﬁéd SAVEh bbjecHirém 5B, 1S

exam ne Furt her nor e, I's assuned that the nei ghborhood of vectors

ég‘gO) i ndtiotieseceors akjoetitdbwith gr laokdrcamaisione. seligting ermest miotioe aector,
titioning rocess (500 ttenpts to separate notion vectors associ ated

~with anwé‘b‘fqbﬁtrg‘lefbrﬁpr f?'?ﬁ%s CHrROSESoci ated with a background before

sel ecting a best notion vector, which further inproves the selection

pr ocess[0028D28]Asxcarchasesn indd6. bA, themrosess (50 startsouidk obBOUNS S8 P8 wi t h

gttt coan S 50 4 _ _ ith
i et B3 ondlyech i ENES WG pHERDL IR LT BB MUR G- 70
i( rage P3BGACILAEDNinelVRctdiE dﬁ&ﬁ%mtinngs%rﬁgg%geryaf& @dDRCRThe ipf@@at pat ches

60) are used to define 'the nei ghborho
~ example, nine adjacent image patches (560) are used to define the neighborhood

vectors, but only five of them (V1 through V5, arranged in an X-shaped pattern) are used
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



vectors, but only five of them (V1 through V5, arranged in an X-shaped
* pattern) are used for the conputations in the inplenentation described
herei n. However, the reader should realize that any nunber of vectors can
be sel ected, and that the neighborhood can have many different shapes. The

set of ThyG AMehalRgs ety ﬁfﬁ@hj;g%gpg? ;H:g%rre Tha %Rﬁg@aist%%é gz}argg%lp atches

(560) are only used herein fo ur'‘poses. ss then
partiti oneniie, xetalofiateel lghdkatemoiathg/ealseinge (Rl badmiaté e a @ustet & &Il (st ep
504). In pone inplenentation, the partitioning is performnmed b% determ ni ng
whi ch t viNoRYRGHTS inike 5ame Haster apdpddingdhe distamces.hEhe sedousithghehese t wo

vectors . of: two, clusters. After the t seed vectors for the

cl usters'?'ﬁlelll\?]g'%j Oetge[n&'gé'?‘ger ﬁfﬁlga%e%eaéshe t“:e%ﬁ’ferﬁt"ﬂa’e\)’@{f{%r is sorted into one of
the two b ’?]t ers, based on which cluster seed vector they are closest to.

[ 0030] rﬂ@ # Wth *b‘?'b@\sstévoorépéﬁ’ﬁﬁ'iﬂﬁ@ge ¥eqtagsrhayehegn foend, dbe Brocesy each

cl uster 1_Nni representative vegtors is
S0 fi na AskerERineeRBlch rEBResBHaR0E Fedby BRVAIANAE ol FRENYRL InGre Tt 1s
respect indevel thetHstancd andoRedtiopl diTRRHY BB reddeetivd RIPI&AREIVBIOFRLPrS are
determ ned as the vectors that have the m ni num di stances 7 fromall the

ot her vedBr dhistraphiarexpaelse beidpaediusting twakerefativnwindows,anberecare, f or

| e, | ted. by det ernini di st f h tor in a
ol st er CHBITRN Wl s RepbFef i dfe Brgircp 6 Spc kR nddir e di ot ances.
The vecteehtetbd Ardund th&en Bﬁgﬁttcﬁftl?é vélisst ang %ete?nﬁﬁgﬁ%tr%mnﬁ B of

representative vector. [0 When the two representative vectors have been
found, theolpteodiferencdetséiifoethewtikeln im ther teaecdrad] atien wiredaws, pbaxctidémwa best

h .the i [ d th [ d di [ defined b
Uhe r e bUats e A Be ERtcitberdn fudiadeiail biowsbay for Fhe Bumases pEFICodupl e, e
done by tysSiriSokMR r&QI 8tk QR snBRAVS fo MUEILE 89??% tl*?(f{\{\écﬂe?);rés%ﬂta\ﬁ\@dow 'S

centered around the origin of the vector, an 0 centered around
t he endvpobrs Hfe ploeessabemselcands dehaditiaii vater tik héresarfatineofect@pal ut e
differe Ceie(SADéw fci]r t he_pi xe%s in the two correlation w ndows. Exactly
how t hi'8s ¢ RshBnaigh fstaped WWhs dhe selgcied vegtarfiesuhseauenthbrioisgtedhdewnde t he

pur poses PlowesFessiition level, and the process ends. The best match vector represents the

object vector, and the other vector represents a background vector.

[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



the inportant result is that a best match is found for one of the two

" representative vectors. The process then selects as a candidate vector the
representative vector that has the best match (step 510). The sel ected
vector is subsequently projected down to the |owest resolution |evel, and
the pr Oéﬁe%@c@(ﬂ'@ﬁmeﬂ'@ec@&sig afEBtprje\éf‘e‘bt(‘waﬁ &Y 2SIB0LIS 'IfH%e(ja h Qektoy §6fl Be: and
the othér vector represents a background vector. [0032] The partitioning
descri bdidcadsed én heths detrilrledowvi ng obj ect/ background vect or

di scontinuities around snaller boundary details, such as a hood ornament on
a movi nmo3agr - IARPeNANAhENRLBE, Bk SADRI AR bl YettRf thOBarthd @B hetands
that do not "contain any object boundaries, since nobst of the vectors wll
be in ofe anl insgempatiig vitieh oll lneigirataist the sanvelimage patcbdncatian ioribe spuigef ew

"outlier" vectors. 033] .R rni ng.now to Fl Gs and, 2 fter the filtered

vegt olr ffég‘\éb%'r'i‘tg? G{f%é?'gzﬂ’"Eegtlg‘?arﬁ'lé’”g@mé\é\{?rg?’efmﬁt %%rnea}cé‘\fg’lna'cgf?%ﬁ?cq% a:deat e
t ) i . i Y AD at 1

bxer orckaiilar hOBu 8 ARRRERAReRAe fRE O the phich ol 1 BB Mp

104) . | respké&ivecanglidatéipeabe Xeotressor(didd eectarizull veindowi ik lcasterat idthet wo f or
1 pixel and two for 2 pixels in the horizontal djrection, and two for 1
pi xel i pourEe frame ore Hie rikelowhergiine sppdidateoraciasn PHBINAY cHhama PaIr ydster al | y

greater -V ' e J - ki )| ingthe art
W eaptide s ol TR Rlpq e Vb sPRIL B SR indEe: Al DY 8 o
any hor hz@anttaht RV the savréla6dé |dcafiah Mathih the BVaiRdbws) i$ bl colatideCiied
vector (205). In one inplenentation, a 8 predicted canera vector is also

pryj ect sumabat the absdutealii¢rentesds tharbAR wadur. of hapAD desreasps auidsedindaw

th det ai | , bel ., [.0034], .1 i npl tati , th [ ted b
e Spiail oo 10056, 1D 1o et dhe S0 15 canpl oo o
the sangs LRUE RRAUEMIQCH &Pef' At tROBEGSeclor IR haReaHont Ar8 ISATE it

pi xel locatiofds in a target frame. For each candidate vector, a
r ect anguiilhhave th@dawirismucefbBrafdhée netibes inahgeét dfraandidate vdutomi xel pointed to
by the respective candidate vector. A correspondi ng rectangular w ndow is

cent er e038] t NeAftes O AENINIRITBAINhANBedH foRhdWhe besttvidetor Athet Bathe weegdror s
originate. Then a pair wise
with the minimum SAD (210f) is selected and stored in memory (step 106}. The process
then examines whether there are any higher resolution levels (step 108). 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 resolution 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



absol ute difference of the corresponding |luma pixels in the two w ndows,
“that is, the pixels that have the sane relative location within the two

wi ndows, is calculated. The sumof all the absolute differences is the SAD
val ue. The SAD decreases as the wi ndow nmatching becones better and is

| deal |y 1 | et ' | I ti - 1Qf.iC 4 due to
noi se aﬁg&orﬁhg?ﬂ}g}é&ger%ﬁ&?ﬂﬁ%r egj{a gt\c}%gdgg%va 61) |‘ﬂ?@@§®a /ﬁtgnl-szl g\r/%l’ %K%%%gut

wi || haset ofhepdutenieaions SADE 4t1bd) Meslksogenératedngossd thaf oldandifitataR] WRESOr S.
{0035] After, the, m ni mum SAD has been found the best vector, that is, the
vector Wh'e sehef updatayretam4g0a of #20d) is sraerated ainund acaaera vesiendip).( st ep
106). The process then exam nes whether there are any higher resol ution

|l evel s (@4%f] 108)e capemasctatieksrriliEsd glbbalanovemertic tiex aontentstdigheframe, t wo

hi gher resolution |evels, so the process propagates the best vector (210f)
" Ibr o} L oanbs e Neral VoS Pesct karh Grarenelh SHaAN Tt 2 ComPULESt op 110y

t
Agai n, : t { PR Afz i ef. at. he best
vect or ?gﬁ%getggytigﬁgﬁlﬁﬁéggb@eﬁc pr oj%ge(f?reeg&eaggep &gta%gniﬁga'ﬁg\?gtfeq%g éj% 104). At
this | evedtion eecs@cdndesat! admupait ecorthgticenaidda motdtddctdr es@tifg from

generated around the old 1:1 fjiltered vector (205) projected down to the
1: 2 r es6RUEIDMOVERENS af epery Ipeaitoniaca Game canbg)predicted mitite angily witha i ng t he

i ni . ' like. he 1 | ut |
Tovel e R, ot kil AhE RERP Sarnbtihnt ki Tin BebEa didatramory "
(step 10fdscdp)aRlhd hrvtiohaeessts WigBe taa@TicAPSnRORIiDaMhEiNBE VERRY® ke any

hi gher resolution levels (step 108). At this point, there is one higher
g?m ut FIReree vidmother sceparie kewhen alcatriesm lengyoamsdntosn olhjeciporoa dlassurétcer ns

again to step 104, where fh st vector (3Q5ba),fromthe . 1:2 resolution
level W 2RGUeGY] ‘é’@hd%ﬂﬁ eﬁ‘r‘%‘i'%i’%‘aéﬁﬂﬁ?%hﬁ‘%a Fﬁﬂgﬁééfe%% adsol uti on
| evel  SHRWshsk Ao Gercfat RO (5 [0 dRR) 1o
gener at ed 95arround ct he pr grg%%ieéﬁgltgo% TF?@?@; Vé@%tﬁ\;@%&ér ( THA) st ep
104). {s | L, n t of updat ect or 410a -4 is al so
generatAfg(?% g’ ourilﬁ\é?' e !Ieé.ﬁ%ﬁiﬁj?ri"sfﬁglpé%ce\?ggr{eé&‘?¥'?ﬂnﬁ$?'§iaé%a? "6‘?019383}5!?%
vect or smofidRaectoALPA} hive BESRCEGHBGted  RiHh RaSHIBARS H8&hod. A bad fit [ 0037]
The canera vector describes a global novenent of the content's of the frane,

between the camera motion vectors and the mathematical model indicates that one of

the scenarios discussed above likely is present, and the camera model predicted vector

can then 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 local 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

s 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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as opposed to the local vectors at each imge patch |location that are

" conput ed conpl etely independently, and can therefore be used to aid in
finding a better true notion vector. In several comonly occurring
scenarios a notion vector resulting from camera novenents at every

| ocat Ofsdﬂc?ﬁrfaﬁ%r%ucﬁ"&réﬁ fﬁh‘?‘edéaq]t 58 nfidb! & B@biHere Wd MidmatbRbe model . For
exanpl e, in e case o canera | ens pahning across a distant |andscape,
al |t hedis@bpamcyvesivers anidxpedted itlagd neionahe teqyesaicking, and albsplatedci ty of
the canmera. Another scenario is when a canera |ens zoons into an object on
a flat isagedoetion.such as a picture on a wall. Al the notion vectors then
have a radial direction and increase fromzero at the inmage center to a
maxi murfoodi e ats dahéel sergdrape thepdterve. dis§uesias] therinvardidnrpbeidies asmant) t he

Deer bR s abte ahonet s T EEORERR " b anr s
mot i on r!ﬂ?rﬁqtae%%réfm%#egg &Rk S%W&gbné@ﬂéh Linde ag&gi HulENe 1&els she

scenari os di scusse ove TTke S present, an e camera nodel predicted

vect or regalutibReFeher usethtn lateladdh bearad compdiadabeoneentional approachesst
recursive hierarchical vector estinmation step. Tgﬁi ng the canera vector
into coarsl dentar ¢roorsiis lawerdavels asusot amplifiesk dusie resRluiian ¢hangasat Highst t he

[ hi . hi gal h _i. | I i
Conver gespigh vl 688 1 E e rtie i Pl A GRS RRRPBEBach MObEROfRY
camer a pEEShRhed ApbRY vlﬁﬁﬂgb_ﬁil@f&i@m (eembifidetifg ek ndtioravedtdi ng

detection of false "local mnima and direct the process towards a true

7 i Mundetb@BideY fahe presvousdstage gatroran(heds with reselkeg dieridackgroundiviestosn t he

4 and 1:2 _resolution |eyel tep,10 and i tored,in nenpry. Th

propessd'ﬁ?@ﬂ'wz@ﬁ%%én%ﬁaﬁmer_ ) Sﬁ d?tﬂ@féo%ﬁ’é”?ﬁ@' %(‘%‘P\%‘Pr %TQL% ¥dn Ieevel s

avai | abl 6, (5t ep iE?th?/gés qua3ﬁ$eA@th@rsa erkgn@'t%w&ﬂq}e&aron levels, so
eeds to’'Step 11 e

t he process“pradc ., where the st vector is selected and
used f OparfbhieR dReEPenadidrasy afiditdimageardasties doheotmootads sbfest botedartagr r ent

frame. [0040] The above process is perforned for all the 4ﬂ image gftChes
of pi xeinghisrscenario thepitlieryretar{sed thinincrueslaestan Aoty l?{?eS@P rted gn

inter pocl)uattfiroonq tf?e]; gg)(gc? Ugc%orbs?gx\g’ & thelgrocedure will still be of benefit.

[0042] The invention can be implemented in digital electronic circuitry, or in
computer hardwére, 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 |east 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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a source frane and a target frame can be made, so that there is a m ninmal

" or no discrepancy between an expected i mage notion due to eye-tracking,
and a displayed inmage notion. [0041] As can be seen fromthe above

di scussion, the invention provides a snoboth and accurate vector field and
uses onh¥cds frr?érﬁ&)r)é/ Eﬁﬂb}all?uy‘egh EGF%MCIHE@HE%RE or rﬁél{etrﬂfslrs @R:rr e GBRE
reduced convergence delay since e nultiple leve reso utlon
Fewer r éxcltaringdathéled sudadetiessuaelddeongaread dids csnmhantzmtenmll hagpdieke hes,
and vector errors in lower |evels are not a I|f|ed due to resolutiaon
changes 28§ remgyehle diksomagneia-opiigel @slﬁuémﬁ ePueH shigkar dprgenipvices suiiple

WRER R AT R LT, <
previ OUﬁoh%MlE@ﬁiém@@nfﬁéﬂicﬁng\fogbvefye&céx‘éh% ehRehd hasKeetnbirg deoriesr

di scontinuities around smaller boundary details, for exanple, a hood
or namensu@nasE PROW, k§PREYM, and Sashi mamory geces; rpgnatic disknsuahhas l@malt i me

the te r C i tJ pni d es_no ver gas

Lhat o Al sk Feradible HisER nihnebEonfea) ok ciri éﬁﬁ&ﬁ ikl B9ordhE Joct or
(i.e., | t V, m t he

good vef:t?ggdgﬁggﬁg%osupﬁ%%%ggﬁr@que Oﬁétt%(llj .,pgpégg %’mp&gegg&g] The

i nvent i onegratedogrdune). enent ed i n di gi taI el ectronic ci I‘CUI try, or in

conput er hardware, firmware, software, or in conbinations of them

Appar at (43| t RG. 6rKesiaafbreRte P/ steM L ET RhifloVdd @ iFHIBMERT thBi AGSIdN.
product _tangi bly enbodied in a mHchine-readable storage device for

C;c ut i dhe bgmupfr@gstarmféﬂoblsmasgmmphamf a grephicsl systepsn wthichehd nvent i on
b f db t f

st r uchTBRG uenian s AheEmushf T eomauien o1 Srb 00 AR ERA nput
dat a ansrc%gg@ﬁgahhngcpm 1), alRRdbAVEHeb O Rty AT RTENESE only

advant ageousl y” i n one or nore conputer programs that ar’e execut abI e on a
pr ogr anmebia@y SRONMINGR B londiongnare ﬂea@ht:radm63m mgraphmabtmtmltme{eﬁ@@j; coupl ed

to receive data acgal nstructions froan éamd ransmt data and
i nst r uckiBRY ttarags apxtess ( @4%‘?"&865%% mdigital dispday Wik @70hutAdiewelk, and at

| east O\r}’?'(?\QHRrPH{edQ‘ﬁVI*@ J(‘):tg%ﬂ'tr Lga(? an fL 2 A hi %ﬁfrecngheﬂlv{&ttﬂg in a

hi gh-1 evel procedura Jec - Ori en
CPUs (610), while the RAM (620) is used typ|ca||y 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 rhagnetic 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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progranm ng | anguage, or in assenbly or machine |anguage if desired; and in
" any case, the language can be a conpiled or interpreted | anguage. Suitable
processors include, by way of exanple, both general and special purpose

m croprocessors. Generally, a processor will receive instructions and data
froma r -onl 1 . I a
conput et i 11 BB e e e et bR ke, R E e Bo Rt sl b 2,
files; siuiedr weNkaewniinpliidieidmgoet hg dicdkiBe, sthehcanplurier Fahlly)ahe Csks

and renovabl e di sks; magneto-optical disks; and optical disks. Storage

devi ces (&lfrqmiionally gan basgupled temseuypuigr eviefreommpnicgiiens netwerkuets-oas and

e condul B et atnalB helfel s Pemreniorcaatan s et hsdrefy "™ ©
devi cesat BB/ Eh 9iEKE nSHEdHk 2DnhBERS) R@d is cBﬁfeﬂw;ﬂét@!é%heﬁ"iﬂe t?m?,\(é*pd))emgggﬁ ks;

magnet o-opti cal disks; and CD-ROM di sks. Any of the foregoing can
suppl engetaiee fornmatiamftempbe aewebrkner MBI Co U@ phfocattiontehediativork in the

i nt ted ci [ : 043] FI,G 6 sh ter, t 60QQ I d
o i ol GREFE SREMPRULIR PBADb S HESBR IR ERod s EPans LDBIOTE S, JEh Bxbrp! o

¢ : : . ' . T . . Ced.
The comph by cRPKILETad st te ol st RIcERRE k) bR A R ORI 610), a
random aan eéeseosved oA o(tHifled tatheassdwork, Yor evamply, inRAbYori®a3b63, one or
nore peripherals (630), a graphics controller (660); primry storage
devi ces cpBwutelfRiaseNal emodiedinya carriativaiyeayf hembovegregribetdavicasand known
inth . : . f d d inst ti iy~ di ti 1y t
il Sy T e e R e L e e N
i struc['o i in.a bi-directional manner. The CPUs (6]10) can geperally
i ncl ude M nu gr@Ph'CﬁFBETéQ ‘%fr@@o)ﬁﬁfﬁr%?fl YA 8f daftaanga cues %40 and

650) cap.g i iten- . i : t or age
rod um (SE0) a2k and Ay e pof RHLED AERAPHPICTR0 e RAETRRCIYRE 0
bi - di r egemeramid| fortexatripde, GRLEd 66 pRel dath reeoived@&om h@ATRII0eB0) cletam Shor age
capacity. The mass nenory device (680) is a conputer-readable nediumthat

can be B¥EHNA §NsPP B1950WEREN PRE EOTHOSiMEdHhe ERagestiia isqupyided ia RGR

format and the reference signal includes the VSYNC and HSYNC signals well known in

the art. However, it should be understood that the present invention can 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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| i ke. Typically, the mass nenory device (680) is a storage nedium such as a
hard disk or a tape which generally slower than the primary storage

devi ces (640, 650). The mass nenory storage device (680) can take the form
of a magnetic or paper tape reader or sone other well-known device. It

w Il be appreciated that the informatign retained wthin the nmass nmenory
device (680), can, in appropriate cases, be incorporated in standard
fashion as part of the RAM (620) as virtual nmenory. [0044] The CPUs (610)
are al so coupled to one or nore inpyi/ggnfPput devices (690) that can
include, but are not Iimted to, devices such as video nonitors, track

bal | s boa cr nes sensitj.v IS t ransducer
card" 1 ehadrae Rt eBing b R RURP s Ellgara AP sftrens Vol ce
or handewmgrismg: r ecogni zers, or other well-known input devices such as, of
course, other conputers. Fi nally, the CPUs (610) optionally can be coupl ed
to a conput %cé?&mé@b@t@ﬁﬁ?ym&ﬁﬁ‘é %e@%ﬁ’&@ﬁﬂésenﬁn@p@teﬁt[hl mofibf k8Rérs Rétagor K or
an intranet 131& {#lé usi ng B“r&t Ii) f( shown [%enerally at
(695). ¥NERPY HERE Pk BT EC O B’ﬁta“i L L PMAPIEL €0 hat the CPUs
(610) mght receive information fromthe network, or mght output

i nf or mat i on pagitiongrike plorakityi of vietters inuws e@r oforgpecfon chisters withen tsomesdescr i bed
met hod skgps. Such information, which is often represented as a sequence

of instructions to be executed using the CPUs (610), can be received from
and outputt?ﬂd to.the network, for 61}13 n;aé in.the fﬁngf a uter dat a
signal  embodiFEmPis BRFFRAIGARRIOr FhEIChYYa RS TR e d P

materials will be famliar to those of skill in the conputer hardvvare and
sof t war e ar tiesting a4 Eiresehatiye wgshirds deteminovhish r¢é8htagenecarewst mage dat a

and a %Eﬁrﬁt%f#ﬂ@ﬁéd@a diERARLRACES thd Bk paRR BefVe h 48RS AR ANd 9 s&o8d Kdhe @rspl ay

uni t (670i)j i mage data can be generat ed, for exanple, based on pixel
data rédée ]\%@‘?4 e CPU (610) or froman external encode (not shown).
I n one enbodi nent, the inage data is provided in RGB format and the

reference sisgetingaselmmies vetter HEYE: santdti +HSYRIOr tagmabisaicowehtelykafeuts thea  t he

art. YREmehilof L nder st ood that the present invention can be
Hfa\{\fpagme ogl%q}ﬁ ge%}‘%%lf . .

i npl enente reference signals in other formats. For
exanpl e, inmage
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:
- 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.

3. The method of claim 1, wherein determining a representative vector includes:
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 ob_]ect or a background in the
digital video. S




data can include video signal data also wth a corresponding tinme reference
signal. [0046] A nunber of inplenentations of the invention have been
described. Nevertheless, it will be understood that various nodifications
may be made without departing fromthe spirit and scope of the invention.
For exanple in addition to the hierarghical and tenporal vectors in the

intermedi ate | ayers, the canera nodel "generated vector projected down can
al so beSudaymghod ofelpian bavhergip packAmagaiaiiit inelpdas leiéhfdrftﬁipﬁ‘g‘sy, ot her

enbodi nents are within the scope of the following clains. 13 14 CLAI M5 1.
A method for perform ng tenporal notion vector filtering in a digital video
sequence, conprising: receiving a plurality of vectors, the vectors
represept rpg.BALE B él%!m ﬂ%ﬂegé?n YEELAR i AL pﬂn’i’al't%ﬂf’wge%to‘?ﬁeg&s&ﬂﬂﬂlﬁﬁ NEheBRE OF
nore of an object and a 'bac groundannflon vep% r; partitioning the

pl ur al i Ysptasforigmating & aifstpixehandending a apecond pixgl, and thedther vegtors ihiéei nage

pat ch;  flaigityd it rsbripialcf iy @b piLel WRE bl at pOlel ABTEreMEEIR theGbebill pixelrt Ni n

t he |naaﬁg$at%p: ?estlng??%ég.éggresentatlve vector to determ ne which

r epr esehPafio0R! GiLeetigh org Xertical giredional v refl ects a displ acement of the inmage
patch between a first franme and a second frane of the digital video; and
selecting as a notion vector the representative vector that nost accurately
reflects the displacenent of the inage patch. 2. The method of claiml,
wher ei n7. palid éthedbMgainG ke thd 8178 bitbdth iage dp’aitdhsiﬁ 8998Givsgt or for a first
cluster and a second seed vector for a secon cluster by identifying two
vectors anong the plurality of vectors that are furthest apart from each

ot her; and for each other vector in the plurality of vectors: placing the

vector into the first cluster if the vector is closest to the first seed
vect or : 8. ahhg method of claim 1, wherein testing each representative vector includes:

for each representative vector:

centering a first window on a pixel that forms an origin of the representative

vector;

centering a second window on a pixel that forms an end point of the

representative vector;

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.




pl acing the vector into the second cluster if the vector is closest to the
second seed vector. 3. The nethod of claiml, 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 nmethod of claiml1, erein each cluster represents an
obj ect or a background in the digital video. 15 5. The nethod of claiml1,

wher ei Ng eqRmkIBIST DAER, WIRGLiH AR JideRidHs F iHeirQan@sec8he wilowl AR if&Qd Of
cIa|n11kv£g§re|n one.vector in the plurality of vectors represents an old

not i on Brengppyphiag imageRetcl first pixel and ending at a second pi xel,
and the other vectors in the plurality of vectors originate at the first
pi xel and end at pixels different fromthe second pixel in a horizontal
direction or a vertical direction. 7. The method of claiml, wherein the

si ze of 19achThdMaBoPEE Ghim B (&Y cEnPishl Sropagting M€ dBRIHAM RbrstAhiel,
wherein testlng g@gh representative vector includes: for each

r epr eseHCHI P& & BB SSEEH%EFTShg a first window on a pixel that forns an
origin of the representative vector; centering a second wi ndow on a pi xel
that forns an end point of the representative vector; determ ning a sum of
absolute differences of luma values for the pixels in the first w ndow and
pi xel s pi. TBRIHMABRPEIHIAG mmﬁhbp&%nﬁﬂamtg@l%n@r nQNserbgRMe RBErsSel ecting as
the representative vector nost accurately reflects a displacenent of the

i mage patch the representative vector that has a m ni num sum of absol ute
differences. 16 9. The nethod of claim8, wherein the dinensions of the
first and second wi ndows are identical to the dinmensions of the inmge

pat ch. 120 Themeethest ¢fedpinf ] Ic fugiben compiriging etermoimingrd mavhgppesapaiygtvesigr rore

det er m e ddERERIRMYELENS according to adjustments necessitated from the update vectors.




vector up to a higher resolution level. j 11. The nethod of claim 10,

" further conprising generating a set of update vectors. 12. The nethod of
claim11l, further conprising determining a new representative vector from
the old representative vector according to adjustments necessitated from

t he update vectors. ABSTRACT TEMPORAL MOTI ON VECTOR FI LTERI NG Met hods
and apparatus, including conputer program products, inplenmenting and using
t echni qu@s thagtoer form ng tenporal notion vector filtering in digital video
are disclosed:. A recursive hierarchical process is used to determ ne a
nmot i on ZEePORALl mottheN r @gurerverhreranchi cal process, a nei ghborhood of
old notion vectors is filtered to generate a first estinmated notion vector
for an inage patch in a pair of two inmage franes. The filtering process
usess mul ti pl fR1efe6dsCoridl dfparatl€iighbaripaim@iterprgidie prbdlictsyiinplumatairigor to

i mprove the prediction of the first estimated notion vector, The tenporal
vect or @ad Lsihgdeitmigpesdoeperfarepag serepombtrictionwestas fidtering i Higitab videpraran

object fromnotion vectqors associated. with a background before sel ing a
best notiselosedie ATEEUTSMS; *Eﬁraf"ra%‘ﬁ PEQCESH S ‘ésggéﬁfj?%ﬁmg?eo%g%@.o”ﬁ%? rﬁe@iés al so
wor ks wel | i f ' JeRPSKS thip@iHsland gkeredsoi N this
case t\rqlgecgﬂgt'% ﬁﬁ%ﬁ‘ﬁ@%’f@@?ﬁ 33’&9;{35?’5%% vectgﬁg&w’ Il be slepa?rgt e?:l out from
t he googev@aleq first Edtimatdd motion vector for an image patch in a pair of two image

10 frames. The filtering process uses multiple vectors in a neighborhood around the old

motion vector to improve the prediction of the first estimated motion vector. The

temporal vector partitioning process separates motion vectors associated with an object
from motion vectors associated with a background before selecting a best motion
vector, which improves the selection process. The process also works well in the

15  absence of object / background boundaries, as in this case the outlier (incorrect) vector

or vectors will be separated out from the good vectors.

FIG, 1
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