MOTI ON COVPENSATED FRAME RATE CONVERSI ON BACKGROUND [ 0001] This invention
“relates to inproving video and graphics processing. [0002] At |ow display
refresh rates (for exanple, 50 fields/sec for interlaced video naterial,
and 24 franmes/sec for filmoriginated material) on progressive digital

di spl ay devi ces, MOTHKIN @SOMPENSATEDFRAMEIRATEICONVERSIONCker" can
occur. The area flicker becones nore visible as the size of the display

i ncreases, due to the high sensitivity to flicker in the human vi sual

peri pheral region. A sinple solution for reducing the area flicker is to
i ncrease the display refresh rate by repeating the input fields or franes
at a higher rate (for exanple, 100 fields/sec for interlaced video). This
solves the area flicker problem fQAC bﬁl enes. However, the repetition
i ntroduces a new artifact in scenes wth nmotion, known as "notion judder™

or "noti S r." partic rly in areas.with high,contrast,.. due to the
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bet neen anoha Bhd 2 ey sBL K i origateghalctalin frobfes N EHRAE e | mage
not i on. digpday devices, mdeplaytartiact refpered ¢o as "ama ficker! cah dcour. flihemreao t he
next ig.described by a notion vector. [00Q3], Mdtion vectaors can.he
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vector for every pixel independently would theoretically result in an ideal
dat a seaduding thesaigerfiekards o ageeass thedisplay efresfoate by rereaiincihednput
require | a0t i v, | he
nunber AP SSItMEs 21,8 Hiier e RS amie, T8 eloPREE BAHENASRIIFER) Vect o
di scont iThig $aless thict driea ficker pRgitierafor staticaents Ndoweven they fsietitisnon an

obj ect basis can theoretically result in high resolution and | ower
conput atNtEeAices SRgw erlAsidn ssapes Withonotien idena a5 Mplonjuddeg) 9re MAFtiRn
probl e 2] f At dqi ' | on
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exi st s trackwentrajectorp of meingelgjectsndfordhisceasom, reption campengateddrame

displ ay|‘T"r1(fierlprg)‘131 %nnlrgtplrg%rrleg, A \ﬂr‘u%h ttﬁcla p\llxle(ijsegfe computed in an interpolated frame

or field at an intermediate point on a local motion trajectory, so that there is__-_ho
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 arti_facts due to motion vector discontinuities within an image patch. '
Computing motion vectors on an object basis can theoretically result in high
resolution and tower computational requirements, but object segmentation is a

~_ challenging problem. ' '



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

* determning 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 image notion in a digital video. [0006] In general, in one
aspect, [bbe4] NVER&IAGraPRAL if PReliBl MW H VAN RAGFRIAE Wotior VEd@ dFicieptiput er
program products, inplenmenting and using techniques for conputing notion
vect or s ang accyirgfetyaisuoh thas lislmaene discregancy existaijetweeman pxpected dnage at a

first r L Ut ] LLSE . Jnel u veral. i pat ches

t hat ea?ﬁ&]}lpﬁagg}Oegggg%p@gbquﬁyﬁEgLéﬁ{él‘ade%g r&é@%ﬁ@' %F@ﬂfgl \?fﬁgﬁ‘e I's received
at the first resolution. The second i mage frane includes one or nore imge
pat ches corresponding to the inage patches in the first imge frane, and
each imge patch has a respective second position. A notion vector is ‘
determ ned for each imge patch i PYMMARY s I mage frane that has a
correspondi ng i mage patch in the second inage franme. The determni nation

i ncl uded0@@3ker af hapresant dnventipe preyides matheds and apparadus farsletermingdcond

i mage fr ) ' I ffe { r e ' | t he
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vect or s batweas nlex@ektdd intagelinetiole daed kyd traekingrantes diplayeduatiyd 0
establish an _internediate position of the image patch in an interpolated
frame tmetigsinadigitabylePy to the first and second frames. [0007]
Advant ageous i npl enentati ons can include one or nore of the follow ng

f eat ur e§0006]e dietgendrakin ene aspes¢thtaiprentign previstasi mgthodsang apparaiist i r st

ok or mi NEAPHBH caMbRue P Bt ERS e RipyehePEhE 8t IR BRBMBMREREe cel ect oo
not i on eriputingondtivh sedters iach dighyl iied Bequéndest Alfiratdmabedrame § generating

one or nore update vectors in_the selected copy of the first imge frane;
e) sel efesqivpdahafirgdssolytion.ohhe dicstimagadrame Hiclydas savesdl iIMAgeRACHPR t he

updat e t ; i 0 ' -r&r& i.th a
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r esol ut firet resol@tiorea®he decand irhige fiame inkkides|oret adnbesimaygs paicheect or  at

the first resoluytion,|level as he.d tetrr’q'.ned r’r]ption vect or .- Each i nage
pat ch cERTFRRPMIGRD IO fidimage pats eﬁi‘&@\es,'rs image:iame; gnd eaghynagde patd py s

pi xel s. has a respective second position. A motion vector is determined for each image

patch in the first image frame that has a corresponding image patch in the second
image frame. The determination includes generating two or more copies of each of
the first and second image frames, each copy having a different, lower, resolution
than the first resolution, and selecting a best motion vector among a plurality of

vectors at each resolution. The determined motion vector is used to establish an

intermediate position of the image patch in an interpolated frame that is intermediary

1o the first and second frames.

'[0007] Advantageous implementations can include one or more of the following
features. The determination can include: a) selecting a copy of the first image frame
at the lowest resolution; b} selecting a motion vector determined for a previous pair
of image frames; ¢) projecting the selected motion vector to the selected copy of the
first image frame; d) generating one or more update vectors in the selected copy of

~ the first image frame; e) selecting a new best motion vector among the projected

- vector and the update vectors; f) selecting a new copy of the first image frame with a
higher resolution level; g) repeating steps c) through f) until the first resolution is



[ 0008] Cenerating two or nore copies can include generating two copies of

* each of the first and second i mage franmes, each copy having a different,

| ower, resolution than the first resolution. Selecting a notion vector can
i ncl ude selecting a zero vector to be the notion vector if no continuity

exi sts hedoMeen ahd ) RRingthelsdldmad beb MBBGH vettor bit e frsExisolitionrfegsl ds ame
exists. Selecting & notion vector can include filteri 38 t he notion vector
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vector can include for each of the selected notion vector .and the update

vect or sfiltering the mgtian veetar determined fop heRspvioHs PR gfiimage fames frame t hat
forms an origin of the vector; centering a second wi ndow on a pixel in the
second (080 f rEilteringraan fnslude detesmining Brvectsr rnediande adiet of o SEEMHE wi ndow
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t he new best notion vector a vector _that has a m ninum sum of absol ute
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acconpanyi ng s and th ption below. O her ures, objects,
and adfran theesixeifwitére thesefedtech mation vesticampwlisent from t he descri ption and
drawi ngs, and :

[0010] Selecting a new best motion vector can include for each of the selected

motion vector and the update vectors: centering a first window on a pixel in the first

image frame that forms an origin of the vector; centering a second window on a pixel
. in the second image frame that forms an end point of the vector, the second window
having the same dimensions as the first window; 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 new best motion
vector a vector that has a minimum sum of absolute differences. The dimensions of
the first and second windows can be identical to the dimensions of the image patch.
Determining can further include projecting a camera vector to the selected copy of
the first image frame, the camera vector describing a global motion between the first
and second image frames, and selecting a new best motion vector among the

projected vector, the update vectors, and the camera vector.



fromthe clains. BRI EF DESCRI PTI ON OF DRAW NGS [ 0012] FIG 1 shows a

* flowchart of a recursive hierarchical processor determning a notion
vector. [0013] FIG 2 shows an exanple of vectors for determ ning a best
not i on vector at a resolution of 1:4 of an original resolution of a video
frame. 1] e d@taﬁ@%‘f"én@'&r ﬁﬁ@@nﬁbdﬁlm\éﬁﬁ Of thelifVerfihir8iset fsHipinbest
noti on Vect at a resolution of 1:2 of an original resolution of a video

frame. fre0dddonipaBying drmvmgaanéxmrﬂlaecrcﬁtlomdeOWsoﬂhﬁr faatusesiohjenys.canskst
t t | ut f vid
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Li ke refgremesisnigol s in the various drawi ngs indicate |ike el ements.
DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 0018] The present invention provides
nmet hods and apparatus for determning notion vectors efficiently and
accurately, such that little or no discrepancy exists between an expected

| mage motfon due to eye priekiniERIPACN D BrAviNGge motion in a digital
[ is i [ by UsSTng a recur5|ve

video. This is acconplishe L|erarchical approach to

appr oncRIEiA10 iFk i Fomeliin g erect Ruve ierdnRRL BbeRe B0 oac

descri bggtetﬂ,e]rrﬁhqa mbRoR@Bterassunptions are made about the nature of the
obj ect notion novi ng obj ects have inertia, and 2) noving objects are

| ar ge. FNerg Gaﬁfd%@éh %Rau‘n bﬁ?edt&%tfoadmammﬂnggqseyt nfdliRIAORSCOM | Y
gradual I'y wth respect to oral vector sanpling interval (that is, the
frame rataremiuiﬂdneoﬂﬂ@mfan mgtlea:l)resalluéon@ffgedldﬁq reme. assunption inplies
that a notion vector 4 changes only gradually with respect to a spati al

vect or oUW NFIG1Beshuas ah babmple oﬂ\ym:tonséotdete‘mmhdg aestowtionaratitias onl y
f ew boundary notion ?I scontinuities. &J g]@t The goal of the recursive

hi er ar cBf @ asolgiomal | 2 ¢icn prginal respiulan @ ‘ﬂﬁjecﬂ)&a"@ppl ying a source

correlation window to a first image frame and a target correl atlon W ndow

to a sub¥MGl entFlﬁvrég%’\qW%ﬁ%eXam'%Dfa@%@'&fﬁéd?W@@l'nﬁé‘rb"é MSton Vedeow
such thg{ %@HF@E}%F@%&% Siha {”Hgosf%ge correlation wi ndow i s obtained, that

is, the e Source correlation wi ndow and target correlation
wi ndow FJOQIG? ° FIG. 5 illustrates a computer system employed fo lmplement the invention.

[0017] Like reference symbols in the various drawings indicate like elements.

DETAILED DESCRIPTION OF THE INVENTION

[0018] The present invention provides methods and apparatus for determining

motion vectors efficiently and accurately, such that little or no discrepancy exists

between an expecied image motion due to eye tracking and a displayed image
~ motion in a digital video. This is accomplished by using a recursive hierarchical

approach o determining motion vectors.

[0019] Generally, for motion compensated approaches to work well, including the
recursive hierarchical approach described herein, two basic assumptions are made
about the nature of the object motion: 1) moving objects have inertia, and 2) moving
objects are large. The inertia assumption implies that a motion vector changes only
gradually with respect to a temporal vector sampling interval (that is, the frame rate
in the digital video). The large objects assumption implies that a motion vector



simlar as possible. At the same tinme, the nunber of cal cul ations needed to
~ perform the matching between the source correlation w ndow and the target
correlation w ndow nmust be as | ow as possible, while still searching the
entire vector space limt. |In order to acconplish these goals, the

recur si Y:ﬁahg@é ah@fgraabaiwm%s\p%eﬂdryIsbaﬂélwect&saamﬁnngnniewml thaols, tihe i mage

frames. A best notion vector is first determned for the |owest resolution
| evel byepiosjfielst isrgnecth gnddvascenly frw bonbdaprmotien giscantinyiiesi ghest
resolution level down to the |owest resolution level, and testing it and
one or @020] uptlae geal dithe reesivedtieranchieaitroethiod is tefing adpelips vectapbyo a

ot on PEEDURY PSOUBEEForreIaiEn WRGESY T AT aRBr: el Aorrded caPeh cd up
to yet %ﬂﬁ’&é\ﬁfto B'wb%bgggnﬁtg eQParh8VAhd platify he'tBfget eBirertiBRWifdewe made

and anot new best n vector 1s determ ned.” This process is repeated
unti | tlsechrttgdnt@bestonag:hnuth theesmsirge comeladion windew ipebiainashthaldsdh8 a best

notion vec h I dent ntation
of & r eLaPEe Ohiher StRe Cae alibs SuntoR 2w el bRl BSoN FRe T ol o
resol ut ispRildrasehSssiblet 18 thaeameliimaEmeunebal sfeathulateemeageedratpetdfords can
be seen in FIG 1, the recursive hierarchical process (100) for

det er mi Hhegaichipg ibstvee ths sairee F@""Bﬂﬂtlﬁﬂd’]’@@?‘(\’r@dathﬁﬂﬂ%ﬁ CQ’EF@'@GFP”f rom a
previ oug 4TRSS i s AOYEs gpssﬁblleogﬁﬁé S'ilﬁ%g%,'gh rfqlthleeé/ ‘re (/é&t%? séggé Jindft. Set

of update vectors 1s — gener este notion vector at
this | O\MBStdefretS@cubnmhsh ¢hade dadisthe Iéd)rswbmlenwchmadlmﬂibndatseennulhpla t est

(o) P ol afPSsIT SR ca D ETBaTBarIRS . ok RgHTBNCONECRa fish Sptaerihoch il e
target més‘?'r@éqlﬂﬂoﬁ“lé\%?w?@g(ﬂéca h%%r%b%u%%spﬂidﬁbn%cﬁﬁ@?thé ﬁEjPﬁé%l'Ve

updat e vector e Co for exanple, be perforned
subt r actrésuajution ievel daWnéo fhor Ioemshrepaohnilon level and destog 1hﬁndl@mﬁqudﬁ01t€he

correspon he res ve target wn Lo thi
bost - nonprals. This Besholioh veEP i TnaaroRbdter Hin A Riober sttt "®
di ffereqgse 6N adj0birierts lahs ﬁ\d%i@rérﬁi Ble b Ssth oW ader B dedé@tined.
correlation wi ndowpair, and e best notion vector would be the vector

associ affbi$ wwrh:eshrrpt@ome@tprd@pmm‘teﬂwumttna@wramaeahlgaag@soaﬂlqnelﬁaeﬁ on

w ndow 0 fter best vector
Is sel e@’ﬁ?&e (Tiqrg Olj'ié tsl'%% WE@%@@%@@E?P%%QE{;?@%S@%M er there are
any hi gheterfrdssd. UTh@rprocess is repeated until the highest, original, resolution level has

been reached and a best motion vector has been identified.

[0021] FIG. 1 shows one implementation of a recursive hierarchical process
(100). It is assumed that multiple resolution levels of the image frames have already

been generated. As can be seen in FIG. 1, the recursive hierarchical process (100)
for determining a motion vector starts by projecting a motion vector from a previous
image frame down to a lowest resolution level (step 102). A set of update vectors is
generated and tested to find a best motion vector at this lowest resolution level (step
104). In one implementation this test is performed by comparing pixels in
| .corresponding positions in a source correlation window centered on the origin of the
- motion vector and a target correlation window centered on the end point of each
‘respective update vector. The comparison can, for example, be performed by
subtracting a luma value for each pixel in the source window from the corresponding
pixel in the respective target windows. [n this case the best match would be defined
by finding a minimum sum of absolute differences (SAD) for a source correlation



| evel s (step 108). If there are higher resolution |evels, the process

* propagates the best vector up to the next higher resolution |evel (step
110) and repeats steps 104 through 108. If there are no higher resol ution
| evel s, the process proceeds to step 112, where the best vector is

sel ect e%nﬁ%\b %ﬁd%'rga R RlorARifhdow b@?%rfdotherﬂéfst RibticRARREISASHIADe Whi ch

conpl etes e process for the current frame. [0023] The advant age of this
appr oacthé settbaassaciatet] ovidy thisssairce anmefationeviodow ang x targetcerselption ent to
an update (?f two or nore pixels at the next higher |evel, depending on the
di f f er eMRIGMPA%s ol uti on between the two levels. If there are, for

| th | 4 d f
ST o K2 " Adrine sBimuR A Saest bunBe e et Vaelont PPF GlRRoed by
a factoyg B? TRMY focé@ép(r'lGéf%ncﬂiafrﬁh%wwéthé'rftﬁé@ér\éeérw hifBeF RSBIUtignON

hlerarchy S us to accelerate the tenporal recursi'on convergence. This
resul ts!evelss(sgepﬂDB)antftmerpraueélmwsesmlntlonphavei&Mn@prdwﬁsmrmte%meal ni ng

cxpl ai nBHSH VoGP 57 ticneyt Mty Faagiohon Biahisies 0T 4 cobielb sthe 104, chi cal
scheme Y}‘Jrgtlgf hRioge 1 ﬁl\é?é %ré’ﬁo 'hﬁjl@r%éé][]tlé‘ﬁ lebels, t FFroc@SQ ptodeedsiotdiepn i mage

patch gri 4x4 pi xel s, reference to 1-4. 1t should be
not ed t HAL, whera/ttwt o vghtw\ms $¢iecﬂegsas theqngtien V@@Dégeﬂﬂﬁatl#?%f%rm?ﬂ@ﬁ this

The LyptaThETsa ?%r&QSQPH@E%GS bt Ptk P0sRURe BBy e dependi ng o

i t at ] d,
ang oo WEE005t Eiataoe RO sibrorkbias Siten P [sb P WA W26\ e
0 | MRRR PSS énm:flaﬁ) uﬁaatéwnnbwlrﬁ@r \gﬁﬁéI@ RAEnBKDIGhéeldl ustrated as

acircle (410) The dark pixels (415) cate locations at which notion
vect or sdapendiogmm tbe diferesge fin r fl%@@“@&ﬂdhe@ﬂoﬂﬁ\é@ sif thgrecag. ¥ seen in

I
and tﬁee%%%gi’”&hrs%e?ﬁﬁﬁoagéw‘%%‘fﬁigﬁpinﬂeﬂ o7t TRafe BELEA dikciRiee!
ori gi nseaek Idves, tham@nvéigence delays e@uedd byaifdctof@0jourt hal f the
resol ution of the orlgl nal pi xel r|d of |G 4. FIG 2 sho ﬁ t he same

pi xel 6EyPrassedotifersn yr@‘chwelyttheé@%ﬂlmﬂ%hlerw@hw uped freacneierale tsanpl e
is hal f%rhé%r%ﬁ&{l.ﬁ%ibﬁ&onﬁé é;lr:hgﬁ‘l éhl%Fes%ltEWE h:ff&fan ove e‘rﬁ Gn of FIG 4.

[ 0026] a recu S|ve rarc process for
det er m parigutarfot framegeohtainiat anall dlyjeptsanecing Wgtmhlgbtwelncmm:t or (205) from
] [0024] The invention will now be explained in greater detail, by way of exa'mple of

a recursive hierarchical scheme with three levels of resolution at 1:1, 1:2, and 1:4,

with an image patch grid of 4x4 pixels, and with reference to FiGs. 1-4. it should be
:} noted that the vectors shown in FIGs. 2-4 are representative only of this example,
and that the number of resolution levels and the number and/or the types of vectors

at each resolution level can be varied depending on various factors, such as

computational cost, quality, processing speed, and so on.

| [0025] FIG. 4 shows an image patch grid (400), which is divided into image
.patches (405) of 4x4 pixels, where each pixel is illustrated as a circle (410). The
dark pixels (415) indicate locations at which motion vectors are computed for each
4x4 image patch of pixels. As can be seen in FIG. 4, one motion vector is 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



previous inmage dowmn to a | owest resolution level (step 102), which in the
* present exanple is 1:4 of the original resolution, and is illustrated in
FIG 2. In one inplenmentation the old notion vector (205) is filtered
before it is projected, primarily to take care of cases in which the
nei gthPh@?@b@)%t’:ﬁé NSwedt re8bI866n, BAkKE iR tHpreBeHNE@plela halfals essatution

di scontinuity in the vectors. In one inplenentation, filtering 1is

per f or metiF . 3, aktianfgurthrofitiag pesaidtian of FNa&. or s and either finding a vector
medi an of the set of nei ghborhood vectors, or performng a tenporal
partiti [0026] prAxstowein FIG. baht FiGs8sa retwrsiviellienaechicaitysacedssfoa new base

t t the 1:1 | |, i j b tly i t t 1: 4
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notion vector. In one inplenentation, the zero vector is also used when
t her e i examplieried of §xkotiginahresoludien, and & illusiriadimEle. 2s!meN@ont i nuity

gener af TP EMETAET et Frdtn, o 2 fordf bR S hrGRotod prfaig ® ¢
from t hg, glkd dr@oeehess MOWhieR thE elefghbathoddésnthipieest objesebatkgrouncevel (step

104). In FIG 2, six update vectors (tZ‘10a - 210f) are iIIusjtrah_ed,_ two for
+/- 1 pbsendaiydhaigauses aiscontinuitylin the veslers oin Ssnimplegnentationeflteringhd t wo

for +/-.1 pi ' he rti ' i Sj . r'i_mﬁ I ehEALn S
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in the af thevidtlof herRjhboehoodvectorsyoe pedformipdad ervsmbbpartitieningergeedurat ed and
tested at any horizontal and/or  vertical Iocatiop‘ in,relation to the

prbj ect Bubatbgases ( Pesitered obfut is:3Inevehass yerior at t Srﬁai"’c‘feid”%'ﬁhﬁa vect or
is al so | : ) T | | igcussed
0 fur oSSR GBS0 Flevol N 16 RIS bPR e e A S e
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o, SbFRYErBE hehSioblaR ot e B B Ao DRedly
r ect angylsabn¥inpEiin theGAAEE R4 Witer fiferk 3 B8 CohfiRUTEy 195twdla thifidmepoi nted to

by the respective candi date vector. A corresponding rectangular w ndow 1is

B o e g e

origina Then a pal'r w se abs erénce o correspondi ng | una
pi xel s minitriuen SAD at wi-ridpiws], ot +af pisels filoen fiexaldprojeatechanoion Neckodaé .
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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
predicted camera vector is also projected down to 1:4 level. The camera vector will

~ be discussed in further detail below.

- [0028] " In one implementation, the SAD is computed by Ietting the candidate
vectors for an image patch, which all originate at the same image patch location in
the source frame, point to different pixel locations in a target frame. For each
candidate vector, a rectangular window is centered in the target frame on the pixel
pointed to by the respective candidate vector. A corresponding rectangular window
is centered in the source frame on the pixel where the candidate vectors originate.

Then a pair wise absolute difference of the corresponding luma pixels in the two



The SAD decreases as the w ndow mat chi ng beconmes better and is ideally zero
 when the pixels are identical. In practice, of course, due to noise and

ot her factors, the best vector will have a non-zero SAD, but wi Il have the
m ni rum SAD of the vectors in the set of candidate vectors. [0029] After

the m niypiBwetthags, me%xétewmethe%bm@@éﬂve Ibbatiori withihtBe @6t or  with
the mini mum SAD (210f) is selected and stored in menory Bste p 106). The

processmm%mwiﬁe@t%eﬂ'ﬁ@ﬁuﬂh@ﬁ@” ti\eeawtﬁlddfﬂfﬁnﬁ%%ﬁlt iSAD valkgl s (st ep

rosbl ut 107 TRGRD epe oy nablaheisEaHents ARG MO ) |

proj ect am\eunhé e ars idenassll Ui ippacticey of colrbeydué fo E(blé?e a&d(cﬂherpfaﬂ:fcﬁa;
Agai n, a set of update vectors (305a_- 305d) is generat ed%géoc#nd t he best
I

vect or theibest vectaswill hang %@eﬁem%ﬁ@cbeawumve thﬁem'flrnuml t8¢ep 104).
At this %@t‘éﬁi in e%ﬁa‘f%f‘%ﬁ@ﬁe&fveb%%te vectors (310a - 310d) is also

generate aroun ered vector (205) pI’OJ ected down to the

i i munf Y1 2 Bpim BB ED SRRl ol 8 oSS tnilg TBRLED, | o7
level . }ite the shinkpaAtSADVRE0ND s ssletieararkipstordceil ranhorg (stéprt€d).i Theenory
(step 106). [0030] The process then exam nes agai n whet her éherig%ne any

hi gher pmsatthehexawa%wbem@btfme)areAnym@r;sewwtlom Ifvess (ster f{per
ngai nt §R8sBtbad Bhhyen i el terB i RidherigcbiDioRAGRS SR | O
Iﬂezg: Is Ef)dv?ne@? r?om%gétﬁe thex be?]talu:tcg]'re(?n Gf)tlsa;iro;?ceted uﬂtg thel1gllmoltﬂtfg5lgeelelsut i on
jener at %’EP\HPHI‘JEE{ %é‘*tﬁpgqgét A92ih@ $9 |qf HB& eo Or\%(ré’ééé 3}%5’3)‘5 (st )ep 104) .

At thi Sgeﬁér%lted %ro?@ﬁgtﬂ@ b?%gv%ét]gl" F’Zjﬁjrf}é‘%fféqf R4S bedrh tp%ect%@l% to tﬁeal| 80

aroun vector. hi'rd set of update
vect or sleyyéb(dep 1@2DdAt ihis @aeblaa&@@ndaaed)oﬁdpdatemtcusdaw@ﬁ 3(1:@!15)5 als0031]

(rame S8 Bt atung e § conred verlr (08 RmRcied BoR8te ™ §2¢ i on t ha
are copgyshabraessl ed;ﬂlew be"meeteﬂ%mﬁa') is FAlfhdC B donRiiRingrtRe Peinim@s $ADai d in

finding a better true notion vector. 'In sever al corrm)nl_? occurri n&

scenar | aoagraltthenipgete wectorsdustiike @nftherh:¢ seaniutiorleyabnt ke hes
exanmpl ovestll BbERTEILaR 8 S i oidi sigBGloey. v 11 @ Strple model For

[0030] 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 around the projected and filtered best vector (305a) (step 104).
At this level, a second set of update vectors (410a — 410d) is also generated around
'the old 1:1 filtered vector. A third set of update vectors (420a — 420d) is generated

around a camera vector (415).

[0031] The camera vector describes a global movement of the contents of the
frame, as opposed to the local vectors at each image patch location that are
computed completely independently, and can therefore be used to aid in finding a
better true motion vector. In several commanly occurring scenarios a motion vector
resulting from camera movements at every location in a frame can be predicted quite

easily with a simple model. For example, in the case of a camera lens panning



across a distant |andscape, all the notion vectors will be identical and
~equivalent to the velocity of the canmera. Another scenario is when a
canera lens zoonms into an object on a flat surface, such as a picture on a
wall. Al the notion vectors then have a radial direction and increase
from zegaogh alditahRIRISESHE il the rciBREBiGisaiI YR @bntiddl Andrafifvaéet her y .
[0032] In one inplenentation, the process tries to fit a mathenatical nodel
to t he theotalogityvefidthecamera: Anaittenssenadoipwhed acamgralens Zoomsdoty ar

t hod. d fj t t h ' t . tical
Toaer i aebste ek suRERe Sn' a PRATR TR vl AT RGN bl SRR ' o
pr esent 5 radigl difgctioANRIRInERSiRle fRIrMdietd BHithevifRigel ceraer i@ maximumedlas atn
addi ti onal candi date vector in the next recursive hierarchical vector

est i mat thenmageperiieig the camera vector into consideration is
advant ageous in that the recursive portion of the recursive hierarchical
sear ch [(032] | dcaneseplerheaiptionabe, prabesshiries o fibaveaifhematicsl mogal loctthpocal

m ni num_i nst ead. of _t true mnimum, The ¢ I redi V&C ndi dat e
Can pot EiPA Rt A have RFar BB o f T APt ko Aodtn £E
direct bhgydainOmeTanEaahefomvédtoms amd tHamathdrREcH midie| irelicdtes thatesieor
(405d) is then found, just like on the 1:4 and 1:2 resolution levels (step

106) andf the sceppdas dischesedt gbovetikely icpresenhanddhasamara raedg! progistacer

ther e ol gAnial At (ESPEU 0N RYR) SapACRLE0E B R OBfecyflla L1 e

there a esor ati‘on " 1evel's,  so the process proceeds to step 112,

wher e t hierargBishl Véastbpestiraation sepedrakith theechrhiora vartoointa consderationis whi ch
cenpletes the process for the current frarre.gy&o,OSﬂ{é The  above pr.ocess is
;ﬁ? or nadvarsagenys inHBakihe rerusiveReERR ST e proussive iprafghical seRCN IR based
on the ' | , Lo+ etk : a ‘
sour o PeareearbR SpBRadt v ieh cRVEhdY P A AL Rt iR oS B
no di scirepariniyniret Wencamemexmpredioted veetge candidate carepotentighy belpdiki ng, and a
di spl ayed i mage .noti on 0035], As.can be.se fromthe above di scussion,

the i nvaYRidiB %ﬁ%@f%@fféises' tHIN4AA %@éﬂ@f&%@@cﬁﬁsﬁ?‘@ﬁsﬁ ®ses only a
fairly ﬁ]limll.,.lluggl_unber of calculations. Furthernore, there is reduced
convergence delay due to the multiple levels of resolution. Fewer

vector (GPR3) <" ™ S bBSL YRt CRBRRITR eI AT R PR e T o
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.

. [0034] The above process is performed for all the 4x4 image patches of pixels in
the ffame, and based on the determined motion vectors, an interpolation of frames
between a source frame and a target frame can be made, so that there is a minimal
or no discrepancy between an expected image motion due fo eye-fracking, and a

displayed image motion.

[0035] As can be seen from the above discussion, the invention provides a
smooth and accurate vector field and uses only a fairly small number of calculations.
Furthermore, there is reduced convergence delay due to the multiple levels of
resolution. Fewer resolution levels can be used compared to conventional

approaches, and vector errors in lower levels are not amplified due 1o resolution



9 changes at higher resolution |evels due to safeguardi ng by use of

" projected vectors at each resolution. [0036] The invention can be

i npl enented in digital electronic circuitry, or in conputer hardware,
firmvare, software, or in conbinations of them Apparatus of the invention
can be pph ?ﬁ!‘ﬁghéf‘r&oﬁg%ﬂ%\%i? RLEYS 3BTduRA | &Y proeheN&dotsh @
machi ne-rea torage device for executlon by progranmabl e processor;
and neahedch;t&am.ltm‘n the invention can be performed by a programrabl e
processor executing a programof instructions to performfunctions of the
i nventi {0038] opEfeamvegtiowsan helmpiErhaniaddn gégital etectrgniwutippuitry, ©hén i nvent i on
can be inpl enente advant ageou I n_one or e conput er ro t hat
are eerﬂWb‘F%’qﬁﬁg‘é{ar%rfﬁ W@?s?’éﬁqq{@'ﬂﬁ{ {?P'Pghﬁ ﬁ% S'0F the

progr a”lmléhﬁoﬁrcgﬁ%%Sl?ﬁpléﬁl'émé%ﬁnté)corhﬁﬁférg»‘?oﬁéhﬁ?ﬁﬁﬂlct fiiginly brdiodlidd P and
to transmt data and instructions to ata orage system at |east one
i nput dendohine-eratiable bleasge dewcefmrp&xeodhombg a MMmmmDmCGQSQfgﬁad] can be
I mpl ement d in a hi eve r ect-orient nm ng

| anguagf® B?d ﬂ?pés%fgﬁﬁﬂ@»’%ﬂo p‘F'é Lﬁfg@’ prfag@r?@a%a‘%rﬁ Uny case,
the |ang Hg&ﬂ@a@p%rénféﬂﬂbﬂr@ﬁ!% tbwoﬂh%ﬁaldmﬁéaaveﬁ%bhwl@e@émsgssors

I ncl ude, exanpl e, both general and special purpose
m cropr onmﬁrctata a@mratmg eutpub ddwsioventian canabeﬂmé m%lted,uct i ons and data

comput ePOTUROPAITALOBR 7o R Ao ARCEREP S e e B e eV

files; prsgtam@vatie Syseh itfuding Btldast dnéEﬁogrammdiblé$)r®¢§$bﬁabuﬂileddodl sks
and renovabl e di sks; magneto-optical dis and optical disks gtora ge

et cesreﬁﬁl\tqa@qﬂ@ amj{Inﬁgﬁ@t'%sﬁ/ﬁ@ﬁb@a?w‘ga%wﬂﬁaé@ aﬁﬂd@‘ﬁﬁ#ﬁtmﬂﬁé‘?rrﬁj #%ns and
d | f |
S St B R I Bt o

devi cescomipgtt&tprmndirﬁ kanecimplementeerinal hagb.nehreilpsdi@echmdl oraohjecthriended ks;
magnet o- opti cal di sks; and CD- ROM di sks. An f the f.f?épesgoi _ng éan be

suppl enBFAgSAMIYINg ANGUACE: §6INLASSETIRY OAgIaed '%/%1 guegeil 154 P I BRY egr at ed
circuit q}ﬁlﬁ % SR 8fhdedsbpp! enment
t he |n§/aesn% |t%% gFlg(%n%rﬁ?éra syst qggo |sr oncfra%g}ljggganp | e o? a gr‘saphi cs
syst em inoludsh by wayhef gxarsplet boMmmneramnrhapemah purpese migdprodessetsaput er
%rsr;?;n %ﬁﬁéll@?la%?’gcs:esaso%%ﬁ [éCeive nsfractions and Ea{aqgcl)% a(rSce%\O -(.’ml),arl rﬁgmng%m 6‘,00‘355_

and/or a random access memory. Generally, a computer will include one or more

mass storage devices for storing data files; such devices include magnetic disks,
such as internal hard disks and removable disks; magneto-optical disks; and optical

disks. Storage devices suitable for tangibly embodying computer program

. instructions and data include all forms of non-volatile memory, including by way of
example semiconductor memory devices, such as EPROM, EEPROM, and flash
- memory devices; magnetic disks such as internal hard disks and removable disks;
magneto-optical disks; and CD-ROM disks. Any of the foregoing can be
supplemented by, or incorporated in, ASICs (application-specific integrated circuits).

[0037] FIG. 5 shows a computer system 500 employed fo implement the
invention. The computer system 500 is only an example of a graphics system in
which the present invention can be implemented. The computer system 500
includes a central processing unit (CPU) (510), a random access memory (RAM)
(520), a read only memory (ROM) (525), one or more peripherals (530), a graphics
controller (560), primary storage devices (540 and 550), and a digital display unit

10



(520), aread only nenory (ROM (525), one or nore peripherals (530), a
" graphics controller (560), primary storage devices (540 and 550), and a
digital display unit 10 (570). As is well known in the art, ROMacts to
transfer data and instructions uni- directionally to the CPUs (510), while

the RAMEER0) Ab$s Wef knbwpi 1ﬁ4|hérartt ROM e ©r trétedfér datachndintirustionenmii N a
bi - drrectronal manner. The CPUs (510) can generally include any nunber of

pr ocess @irectianally tothereRis (90AguhitretiiedRAM &20) a?n'dSQIBUPIC@élM te Hangigs datmy

bl | whi ch
"5 ! oy p gt 18 Ao RO mah G THESCHLSBIBRE TN BitRlde " e
CPUs. ( 5358y nuafitsbripf processos dBbihoprirhadestararjed evdee s (iadcarid/ 550} eaminskidee mor y

device (580) .is a conputer-readabl e nedium that can be use&ﬁt hlc;?
pr ogr amgny @@rtaalﬁr@rewﬁnreadab&%a@dlaj atrsecgRganyioragedanediyin dSmass

menor e
i oh o SLedf; ¢ MRS hemPrr g is ARRPElBIEN BRaRSctRrah o Mel 8%498"?“’
mass rrerand)pretfrdeagdddmabéai(am)egempaakya The masy mmemom desigadb80) isra paper

t ape reader r SO t her, wel |l -known devjce., It wl reci ated that
L hoCl i SPTRUE SPERRIR AN ok AR D& Re Drsiate piagtanes ol omputss |

?pp{);"pf cBHE, Gaacs nd Bfe hmomsrgﬁ]ﬁﬁ]éeﬁmggﬁgn%ﬂbgg Hevbs g5BaSs Basftéragfe the RAM

as Vi rtua menory are al so coupled to one or
nmore i nm&dummtqw:h aiaearhaﬂid1s{<5@@)tapaavhrclagenaxaﬂy@mwemhaaﬁiee pﬂmaIFYm ted to,

devrces s vid track baII rds ophones
t ouch- sé ?9? @V'&?ﬁgg‘%\@zosgg(b ednass Mempey %’?@Qr V'%é%@ can 67kep er tape
r-eader sforhfBf % rrettwdrmervabétrea@rerBaaéhweldth@gwenme@ﬁlcreercfe lewilpbder

wel | - known i nput devr ces such as, of course, other conputers. Finally, the

CPUs (5appresiated taat] tpearafnrmetlm ginisedivgthin Seermassmemory devies (R8M; 6abi ons

net wor k net wor k
Connect NP depufh e B Jn bl BLsBRoptt B0 2 RAREE e RAMREARGn, 1 ¢
is cont egmrajﬂehéﬁn@ty t he CPUs (510) m ght receive information fromthe

net wor k, or m ght output information to the network in the course of

per f or nouBg]he BROCPUSIGID) ahedIsBRIoupdiotife oSwdle iINPuBOTRIUt d@vicebi ch s

often re resented as a sequence of Instructions to be executed usrng t he
CPUs (5&%0) thalcancinchusis; butiarer rohlimited toutpvices guel ag ideemppitars, fraek

oL ol 48, Pyt PR, R R G000 cicd G | o veve

readers, magnetic or paper tape readers, tablets, styluses, voice or handwriting

recognizers, or other well-known input devices such as, of course, other computers.
Finally, the CPUs (510) optionally can be coupled to a computer or
telecommunications network, e.g., an Internet network or an intranet network, using

} a network connection as shown generally at (595). With such a network connection,
it is contemplated that the CPUs (510) might receive information from the network, or
might output information to the network in the course of performing the above-

- described method steps. Such information, which is often represented as a
sequence of instructions to be executed using the CPUs (510), can be received from
and outputted to the network, for example, in the form of a computer data signal
embodied in a carrier wave. The above-described devices and materials will be

familiar to those of skill in the computer hardware and software arts.

[0039] The graphics controller {(560) generates image data and a Corresponding
reference signal, and provides both to digital display unit (570). The image data can
be generated, for example, based on pixel data received from the CPU (510) or from

11



famliar to those of skill in the conmputer hardware and software arts.

" [0039] The graphics controller (560) generates imge data and a
correspondi ng reference signal, and provides both to digital display unit
(570). The image data can be generated, for exanple, based on pixel data

recei vednfdg@sinhhendddé (rfol @hoh).fin @Me erbadinft ahBamagBeRee i prevideaadnn) . I n

one enbodi nent, the inmage data is provided in RGB format and the reference
si gnal 2B ferewntiang syRteranee signriGnsiugraitie ¥8YNC langinSY NG signalstwell
However , j b S ' j

o) eme TRATIREHE ey SRERS: BEPubIR uh i RIGRIAR MBS OR b G g
nunber @ghplefidrited witht data srnafort referense sighals ihatkedfeematiescr i bed.
Nevertheless, it will be understood that various nodifications can be nade
Wi t hout [oglemqar t A i Bflimplchmérithtiorm s theaReeritiont ifvd Hendésdtibedor exanpl e
in additionto the hierarchical and tenporal vectors in the internedi ate

| ayer s, Nevertbalessait wiltibe ungersieed thatwvereds nndificatioss cap e made ayit@ube used

gencr ot SEPAENGtEh e o aE SBheRE e tERRAT Yo NPT BT e o e

rate conwgashtal afid GBmpdralaiesicrs irithagternidigte |syrshs ctheasamermadnedelon.
Accordi ngly, other enbodinents are within the scope of the _fallow ng

cl ai ms. geneateq Nerctor projeqiedifiaw 6an aseha Usef Aba Gndidate &SRR a digit al

» _ i na: i ) . .
\r“esglouf ?gﬁﬁ)ﬂﬁg hi ilr'slt %@ad;rg' ??arbréﬁ&? %%ﬁgﬁ%ﬁ%@%qdu%ﬁ%éﬁ 0 I%gegc egla??:hes,
- wher ei nused ffori sthgepuqiosbs fizen framespéetomersibny stictpas deimerladieg,eioiseng a

second i e frame at the first resolution, the second i e fr

Tkl udi FRSBREN oAndhp O, rkerorsiRolh elhes G RaSimed8re WRRANS Fages fhlthes i n
10 the fdllb?ﬁind g@gﬁs_frarre, wherein each image patch has a respective second
position; for each imge patch in the first image franme that has a
corresponding image " patch in the second image frane: determ ning a
notion vector for the i mage patch, the determ nation including generating
two or nore copies of each of the first and second i nage frames, each
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15 copy having a different, |ower, resolution than the first resolution,

" and selecting a best notion vector anong a plurality of vectors at each
resol ution; and using the determ ned notion vector to establish an

i nternmedi ate position of the inage patch in an interpolated frane that is
internmediary to the first and secongLAmgges. 20 2. The nethod of claiml,
wherein determning further includes: a) selecting a copy of the first

i mage frane at the | owest resolution; b) selecting a notion vector

ot on Yect ofs Bk EPLBhG B TTEinls e Qe Sbdiend, g, = =
gener at icBghpeidiger nore update vectors in the selected copy of the first

i mge frame; e) selecting a new best notion vector anong the projected
vectdr and t Keceivipga# st Boags Famemtra firsk resolytiog, the,bigt bBage BBMene fir st

et S A TP GEH spePh AN HRe oot [ oL

mot i on Yiesttpesith; t he first resolution level as the detern ned notion
vector. 13 3. The nethod of, claim 1, wherein eacfh_imgﬁe atch includes a
plurality of re(fﬁ“k'@ﬂ@.SQEO"ﬁHH‘%fFﬁiHe@FT'@ﬁﬁSH%ﬁ, P di6 SeENGIMAdSt each

i mage p : ¥ - i i

gener at ﬂrﬁgﬁ ml@#%ﬁ%%ﬁ@r@n}aﬁgﬁﬁé@s& &gﬂé%l%&gtg |fn (s ft \*Rgl l%gg%hg#&elgch of
thelfi r the firstlimag®s frameyageréinoeas, imegehpatch s lranespgctivedsdédomderasitiarower |
resol ution than the first rﬁsolutf’.og. 10 g Thtg {Tﬁthod of claim2 wherein
sel ecting a FRItGasH inagehatgl in g tiakinage Lams gt Bes 2 Samespen g J0aFanes
i-Acl udesgichehars isBBoAd FRBge Yafir to be the notion vector if no continuity
exd sts between the previous pair of inage franmes and the first inmage

fr ame, or if deterpigingeumopan veokor forthgémbgamaichs ihe determination including
generating two or more copies of each of the first and second image frames, each

15 copy having a different, lower, resolution than the first resolution, and selecting a
best motion vector among a plurality of vectors at each resolution; and
using the determined motion vector to establish an intermediate position of

the image patch in an interpoiated frame that is intermediary to the first and second

frames.
20
2. The method of claim 1, wherein determining further includes:
a) selecting a copy of the first image frame at the lowest resolution;
b) selecting a motion vector determined for a previous pair of image frames;
c) projecting the selected motion vector to the selected copy of the first image
25 frame; '
d) generating one or more update vectors in the selected copy of the first
- image frame;
e) selecting a new best motion vector among the projected vector and the
update vectors;
30 f) selecting a new copy of the first image frame with a higher resolution level;

g) repeating steps ¢) through f) until the first resolution is reached; and
h) using the selected best motion vector at the first resolution level as the

determined motion vector.
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15 7. The nmethod of claim2, wherein selecting a notion vector determ ned
for a previous pair of image franmes includes: filtering the notion vector
determ ned fromthe previous pair of inmage frames. 20 8. The nethod of
claim7, wherein filtering includes: determ ning a vector nedian in a set
of two @ noMhembihed ofafift $, WRsreih8ac ey patchahsludés arp@elifygimes. 9.
The met hod of claim7, wherein filtering includes: 25 performng a tenporal
partiti ®hely procedure in a set of two or nore notion vectors for the
previ ous pair of inmage frames. 10. The nmethod of claim2, wherein
generating one or nore update vectors includes: 30 generating one or nore
vect or s 4¢ hat Thewaethod cfali@inDB, Wherersthdhsize ef eséteimage paichds SURLS pixetnd t hat
end at different pixels in a horizontal direction or a vertical direction
fromthe pixel where the selected motion vector ends. 14 11. The nethod of
claim 1@ wh i v, i - rated by
one or t% WO pﬁi@l@eﬁbg# Bﬂ%ﬁg?’x\gﬁéﬁiggﬁ%ﬁghg% é?trzndé 'Jr%Dac%quér’]SE'\r/lg@ta %? ends in
ah hori zont ial gendl‘emimgvtwot%cqﬁdzsdie;axﬂtdﬂdhe fiostlghd ?’ét?nmrrtagéf ftﬁmeﬁ,&éinmh

erein sel ectjng ew best notion vector ipcludes:. for each of the
sel ect e&o%ﬁ?wﬁg\ﬁe@'ﬁéf@'&n "‘fer'iereﬁﬁﬁ-ﬁlpﬂ tﬁ@&ﬁb"‘r@?ﬂ E‘%ﬁ?ﬁ‘étl‘qrhg a first window on
a pixel in the first image franme that forns an origin of the vector;
centering a second wi ndow on a pixel in the second imge frane that 10
forb® af. end Tpeimethot! afladainme? twhereirheeleetingna mutimovediardetgrminedfanea
di nmensi gns . as t.heffi rst.w ndowI 8et_erm' ning a sum of absolute differences
of | uma PUA{\UYEEPRIEP Fﬂ%g%ff?meé m?H B%e first wi ndow and pi xel s at
¢oj r espondi ngeleesind h¥Fovectod® BEIRE thotioRdRMtorNflo c%ﬁiiﬁ’@igy &dst8DhethBeRew
bést notion vector a vector that has a mnimumsumof 15 absolute
di f f er eHt&eRrevicgis paiechimagsdirames eadithe firstimageifrarnecordf ne pee\deiss pair ofe
L;{ (s:';] athaﬁgﬁgﬂ%s é@éié}gpws are identical to the dinensions of the inage

15
7. The method of claim 2, wherein selecting a motion vector determined for a
previous pair of image frames includes:
filtering the motion vector determined from the previous pair of image frames.
20 8. The method of claim 7, wherein filtering includes:
determining a vector median in a set of two or more motion vectors for the
previous pair of image frames.
9. The method of claim 7, wherein filtering includes:
25 performing a temporal partitioning procedure in a set of two or more motion
- vectors for the previous pair of image frames.
10.  The method of claim 2, wherein generating one or more update vectors
includes:
B 30 generating one or more vectors that have the same origin as the selected

motion vector and that end at different pixels in a horizontal direction or a vertical
- direction from the pixel where the selected motion vector ends.

14



20 14. The method of claim11l, wherein determ ning further includes:

" projecting a canera vector to the selected copy of the first imge frane,

the camera vector describing a global notion between the first and second
I mage frarres and selecting a new best notion vector anong the pr oj ect ed

vect or, MOT1 ON
COVPENSA ED gﬁ%ﬁ@%&%@%@ V&%Q%Eﬁ Hﬁd@dﬁ%@g%ﬁaﬁ %’[1 gsajc %xr%ﬁ% ng conput er
pr ogr amsppeacated &y unmxbretm‘;blxelg fraan dhel pixebwherehihiecg edected matrpegatorgendd i on

vectors.in a di i deg, sequence are disclosed. A recursive
hi er ar cHi 8510%83{% fjé)rd%tépaﬁlg'rﬁ%tﬂ%} mine a motion vector by wusing multiple
resolution levels of the image franmes. A best notion vector is first

determ ned for the | owest resolution |level. The best notion vector is

pr opagatied t dha me’gwelrofr@aim 2t whberdireselectingamevs best radiion veelot imcludespade
and a new best rr[)t"'af(r)t{1 tcﬁr |stdeterrén ned thTh {1 ew best notion vector is
pr opagat ed t O'S/%q Hot'Fee'e ?%Héq'%‘?&?ﬁﬂ% e At WHEPE nor e adj ust nent s
are made and anot ety & At wilddw on alﬁb‘(épih thé fisttielagieTefne TRt FoPhOBASS 1S
repeated until the highest, original, resolution |Ievel has been reached

and a beggimefithervestart or has been identified. The identified best motion
vector at the orl %efl}f%nnbeé%é’édc"@vun'd%‘éﬂ)n Sk 5 b ESid il WamBRhhP"

conpensation. FIG
10  forms an end point of the vector, the second window having the same dimensions as

) the first window,
\:} 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 new best motion vector a vector that has a minimum sum of

15  absolute differences.

13. - The method of claim 12, wherein the dimensions of the first and second

windows are identical to the dimensions of the image patch.

20 14. The method of claim 1, wherein determining further includes:
projecting a camera vector to the selected copy of the first image frame, the

camera vector describing a global motion between the first and second image

frames; and
selecting a new best motion vector among the projected vector, the update

25  vectors, and the camera vector.
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