MOTI ON COVPENSATED FRAME RATE CONVERSI ON BACKGROUND [ 0001] Thi s 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, poHER COMPENSATED PRANE RATE CONYERIDN cker * can
occur. The area t he displ ay
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 h cenes. Hovvever, the repetition
introduces a new artifact in sce 2&0@3?%5%[3. on, known as "notion judder"

or "notion snear," particularly in areas wth hi gh contrast, due to the

human d§804] t eAbisniByention felater t@meQW%&@Qp@WfQTﬁEVIW@f@%%@% For this
reason, notion conpensated frame interpolation is preferred, in which the
pi xel s [AP82F onptiiaed displanrafrasbrrptesaffeexarapte, 50 fietdséar far inferlacacyidedi at e
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not i on. dlaﬂayld@%bsl a&m@wpbﬁﬁmﬂr@mrﬁﬁ o as Taremfianert ¢l dequr. Thamredo the
next is described by a nbtion vector. LOOOB Mot i on vectors can be
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obj ect basis can theore esu I'n hig reso utlon nd | ower
conput antrod-actesr amew ertifattsn sbe:tesnmtb cmotsn'g keowatdsoimoetiorajuddagldre mgitiog

ect or STEFRH cPaRPHT AR A SRt DRAN OB TE e Ty b8P ihg EhEEeEhtd.cy
exi st s haivBRNrABcOrPefirRAlingBgEcts. 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] 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 resuit 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.



notion due to eye tracking and a displayed inage notion in a digital video.
SUMMARY [ 0005] The present invention provides nethods and apparatus for

determining 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 qiaphpyeqnbrEtgre wiai isgeibédédas@ Why ﬁ% d¥iciRhe Ir%eﬁ]vebtl&rg;@ﬁﬁﬁéﬂ%i n one

aspect,b?ﬁe i nventi1on provides nethods and apparatus, including corputer
pr ogr anan acwatsly,isyshaehehiitta gr andliscrepgneeetisishatewetoran expestad mpget i on
vectors ip a digital video sequepce. A first i e fr s, received at a
first raelvaesto syrdaraqdng andaishiaviimads mipiondaaulidiel e "pat ches

that each has a respective first position. A second inage franme is received
at the first resolution. The second inage frame includes one or nore inage
pat ches corresponding to the inmage patches in the first inage frame, and
each imge patch has a respectiveskmﬂwﬂ@vﬁosition. A notion vector is
determ ned for each image patch in the first image frame that has a

corr esd6086hg iThegerepantinventiarheroyistasinethodegind apparatuser detesmiiingt i on

i ncl udes generating.two.,or [ e Ccopies h,, Of 2 f] econd

| mmge. Pafias veglash SR At AL S Eh AATBIE pr b Assrbler s e
first rnegekehifex@éses thagé midtioh desto 63 tracking endra digpRyed imbgeal ity of
vectors at each resolution.’ The determ ned notion vector is used to

est abl irshtiam in pgtigtatwifes e position of the image patch in an interpol ated
frame that is internediary to the first and second franmes. [0007]

Advant §8066% i mploenmeral ainianesaspaet,i thelinventionegprovides meetbpds Radfappiasaivag

features., The deterpm nation can,inhcl. : . Se Ld the first
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notion vector to the selected coEy of the first imge franme;, d) generating

one or fespvedpaid brsy srgalution. nThe,drsd dnage fame pglusies sayeralimageinateNes r ame;

e) sel ' mi § L or t-ﬂ.%ggr | ect t nd t he
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hi gher firesadsolution. | Evebecq)d inegEaframg intledes ohetdrmomghinfageypetches he fir st

resolution is 2 reached; and Q% usj nt% t he .sel ect ed bes tion vecE %r at
hes in the first c

t he fir<arresponding hthed(nagepa image frame, and each image pa

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

to 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 firstimage frame with a

higher resolution level; g) repeating steps ¢) through f) until the first resolution is



the determ ned notion vector. Each inmage patch can include a plurality of
pi xel s, and can, for exanple, be 8 by 8 pixels. [0008] Generating 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
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from the pixel where the selected motion vector ends.

[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 absoiute
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.



[0011] The details of one or nore enbodi nents of the invention are set
forth in the acconpanying drawi ngs and the description below. O her
features, objects, and advantages of the invention will be apparent from
t he description and drawings, and fromthe clains. BRI EF DESCRI PTI ON OF

DRAW N 01 FILG.. 0 : c ] ] recRhGal
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original resolution of a video frane. 0014& FI.G 3 shows an exanpl e of
vect or dvantages f theninvgntiomudl baspparent & the desgintiofAng: Fiawings. 2% of an

origin o) jon of a video franme. [0015] FIG 4 shows an exanpl e of
vector?opi)&sedé?@% ning a best notion vector at an original resolution of

a video frame. [0016] FIG 5 illustrates a conputer system enployed to
i npl ement the invention. [0017] Like reference synbols in the various

drawi ngs indicate |like el | OF THE | NVENTI ON

[ 0018] The present inveﬁﬁ%ﬁ%ﬁ%ﬁﬁﬁwﬁ Pparatus for determ ning

notion vectors efficiently and accurately, such that little or no
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ve hierarc

using a réecurs I cal approach to determ ning notion vectors.
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assunptgt @nesaligionwdd ;4 abanbrigimal redalutiorodf 4 kigleoldfaae. noti on: 1) noving
obj ects have inertia, and 2) noving objects are large. The inertia

assunplip@faf MPEiES3 haivsandtdrile\dF Geetors famgstermining a beatimaliby veictdr _
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the di gitteateseludion)of TTAef paogigin resalaticselapdesraMBt i es that a notion
vector 4 changes only gradually with respect to a spatial vector sanpling
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[0016] FIG. 5 illustrates a computer system employed to implement 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 expected image motion due to eye tracking and a displayed image
motion in a digital video. This is accomplished by using a recursive hierarchical

approadh to 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



applying a source correlation window to a first inmage frame and a target
correlation w ndow to a subsequent inage frame, and placing the target
correlation wi ndow such that a best match with the source correlation

wi ndow is obtained, that is, the contents of the source correlati on wi ndow
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the recursive hierarchical process (100) for determ ni ng a m)tlo vector
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owest reso ut i
(step rk@dlutiohnewsieiowrptcimeribwestoresbhitiontles!, asd pestihgrinart bye conperei ng

on“The dafin, GhiY hest GHTONETRLBheRRIoBUAP P .8 Fianst st IRUBY —
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can, for éexa e perforne tracting a luma val ue for each pixel
in the Hoismesy béstdootion matibhcs mpagatmim tyyetmnathen higbﬁrer&S@b\{él@atleV@ t ar get

wi ndows. In this ca best mat ¢ dbe efln ding a m ni num
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determined. This process is repeated until the hlghest, original, resolution ievel 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 cotrelation 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. In this case the best match would be defined
by finding a minimum sum of absolute differences (SAD) for a source correlation



wi ndow and a target correlation wi ndow pair, and the best notion vector
woul d be the vector associated with this source correlation window and a
target correlation w ndow pair. [0022] After the m ni num SAD has been
found, the best vector is selected (step 106). The process (100) then
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up to tthe veewr aBkakiated WO tHIS so0rdecomtelbitdrewindcd) andd meget aiosretdtieps 104
through 108. If there are no higher resolution levels, the process proceeds

to stepvindaw paihere the best vector is selected as the motion vector and is
used for notion conpensation, which conpletes the process for the current
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10024] The invention. will now b |lained.,in greater detail, by way of
exanpl ecqwperasat'@auwﬂ%cwelﬁéﬁ%ﬁeo%l&e&%@?éh% Hef‘{ﬁ%@ % evel s o?‘/ re)s/ol ution

at 1:1, 1:2, and 1:4 W th an tch f 4x4 p I d h

r2 ef er er{0828h FiTee. adyamtaget Ofsthtﬁﬁ;’é]&%g("ﬁ?ﬁ)ﬁ"@@% ﬁg‘?"(‘)'?'h'@%'e Xderéje %%Bﬁﬁ }Mnt Fl Gs.
4 ar NeAED f

r esol utep %&H%%@E[@?éadgﬁaﬁgdﬁr@g? 8?%(?1 /For t etlsilgggheg vec rrs ateregch

resol utdesphddia@bn ¢l differsmace ededehxﬁodlbegween e votevielsct i there aue hfoss

conput ati onal cost ocessj ng..spee an 4
shows axamelgeths aeéﬁSQH%'%P @6@) say th?ég‘g €4d Pﬁ?%%%%é‘g%g%ﬂ’@& (405)
of 4xd e?éﬁgle%el E:Sn@%@@n@é Y6layli§ pb{érl’!ﬂl{/ Ao Pa Fadter 6f fohik0) . The dark
pi xel s i cat cations at notion vectors are conputed for

each ﬂmmsag@dﬁmrehtlmfeﬂpct{wﬂls thmseaeamqaseh:geasﬁhyis v3ed tasacosipraltheon
vector |Is co

h 4x
whchi n el P Shavaenr ThE esp RS Safiighht FidoRShehl m PRat (o0
FIG 3 shausiat s fFatBs Rbitgliniad isthallddjectatmoving with high velocities.

[0024] The invention will now be explained in greater detail, by way of example 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 resoiution 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



hal f the resolution of the original pixel grid of FIG 4. FIG 2 shows the
sane pixel 6 grid (400) at the | owest resolution, which in the present
exanple 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 hi er ar chi cal
process . [ on n
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lettin candi ate ct f nate at

the sa&@ba Bb ) qugg Y‘gﬁarsn&1to%e_ sou ceB%ﬁ%%E‘?d'%h& %ﬁ%%t(gf"? (Igr ent

pi xel |rﬂﬁﬁ’hhﬁﬂ$A[ﬁaﬁ+ﬁ— argesl dran pideds freacthe old projected motion vector at _
this lowest resolution level (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
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 letting 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



candi date vector, a rectangular window is centered in the target franme on
the pixel pointed to by the respective candi date vector. A correspondi ng
rectangul ar window is centered in the source frame on the pixel where the
candi date vectors originate. Then a pair w se absolute difference of the
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vectors In can ectors. 0029 After the m ni num SAD has
been f thabdesthasdiestvillveiteoa nommto SAD, thhu wrlebam thenimimimune SADofthe SAD

(210f) is selected and sto nory (step 106). The process then
exam n¥€CtRRgih Eﬁé?;}&aafjtd’ag ﬁp& resol ution levels (step 108). As was

descri bed above, in this example th ?'S'ﬁ) hi her h on | veI S, SO
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vectors erated around the best vector after it
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process the xam n a n. whet Lon levels
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best vector 305a) fromthe 1:2 resolution level in FIG 31 filtered and
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[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 commonly 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



around a camera vector (415). [0031] The canera vector describes a gl obal
novenent of the contents of the frame, as opposed to the |ocal vectors at
each i mge patch location that are conputed conpletely independently, and
can therefore be used to aid in finding a better true notion vector. In
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[0032] In one 1 nplenmentation, the process tries to fit a mathematical nodel
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nodel inrtictareatorsHhat Bae been CRMMKRMHEINGS (§RASEERUAES 8dj f\agog Tiig
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m ni ”“fﬂiér?féarﬁ?éy?l \/%Tgrcg'hf%%irﬁdﬂéﬁ Bl mamtngﬁhs c‘é?ﬁ@?‘éade}%fcﬁ‘%@t%sw&%n gandi dat e

can poten avoi ding detéction of false local mnim and

di r ect adventageoessn thaidhe secursivegortivm pfithe recocBe] hienarchiogl searchveét or

(405d) is . then found, | Lk the 1: : : i OR-

(e o Shai Db iy Bontetie b Aee el RN Lo S
whet hef i @ifimdhe FRY dahrapregisfld e @or tantidsteaan patbhtiallystedp il 08) . Thi's
time there are no higher resolution levels, so the process proceeds to

step 1Eapidingdetadtien didalseleeal sininea gafl diestitherrrogessitawardast irém
corrpensa,[t%on which conpletes the process for the current frame. [0034]
The abdV® rBVWCess is perforned for all the 4x4 image patches of pixels in

[0033] 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 rhémory. 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 to eye-tracking, 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 calcuiations.
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 to resolution



the frame, and based on the determ ned notion vectors, an interpolation of
frames between a source franme and a target frane can be made, so that

there is a mnimal or no discrepancy between an expected i nmage notion due
to eye-tracking, and a displayed i mage notion. [0035] As can be seen from
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I nput , ut put device. Each conputer program can be
i mpl eneateide idataahi ghstrustiens firone,.eznd to transroibjdats arg instustion b g & ng

| angua or in,assenbly or machine | a i ' ; | ny case,
the | a%&’fé‘@@ qyg}t{erﬂeaye@%mq l&&’“gf’e}“ﬁ? e$|8¢’§?%§sf gﬁ‘géggﬁﬂ dggﬁg aE?gﬁpr 0Ccessors
i ncl ud@oriyutsPYrddfrafEaPbe impRiniergea et alhigibved priceidupaliap@biect-oriented

m croprocessors. = Cenerally, a processor wll receive jnstructipns and data

from a pregroming laguage, omnip/assemtlyREBIRACEIEI380Hage HHestadeany INany
conputer W

OB gt PSR (BRRER EERRee B e SA08o B Syl picibga o

and r enpylalkeb@ivekof evaansie dosthigereraldirekspecial puopdsecaiicroprocessors.
Generally, a processor will receive instructions and data from a read-only memory
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 to 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
controlier (560), primary storage devices (540 and 550), and a digital display unit
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di sks. Storage devices suitable for tangibly enbodyi ng conputer program

I nstructions and data include all fornms of non-volatile nenory, including
by way of exanple sem conductor nenory devices, such as EPROM EEPROM and
fl ash nennry devi ces; nagnetic di sks such as internal hard di sks and
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transfer data an nstructions in bi -'di rectional manner. The Us (510)
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data storage capacit The mass nmenory device (580). is a nPuter-readabI e

medi umstbrageciavitrs 560).sThe eansogersy sivrpaedsyicedratl @an ¥6d8e dat a,
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such a generall'y sl ower than t primary
st or agegpsjgutiats fzdthe ﬁﬂi&)nat'ﬂnﬂeltmaed NeiT §hesassgeerdeny davi¢esEB0)cean.t ake

the formof a_magnetic or p t r. or. sone

devi ce. In|app\m>n>mats&asaﬁp%m0§ﬂ§%i Gﬁg tﬂ%(?qrﬁffﬁﬁﬁﬁ{’,a&@ﬁlt?ﬁhﬁgﬁl\m @I%\Iﬁnt he
mass rre%o VudBeRo 580) can, in appropriate cases, be incorporated in
standard | ashi on as part of t he RAM (520) as vi rtual menory. [0038] The

CPUs. ( GhRhef" © THeXCRERYBY SfakLal8s RoBhIHRb Sl bR TBUYoUR BEPicet 590) 1t hat

can in but “afen eV|ces such as video nonitors, track
bal I's, (590%thdephdacidde, Inmtcaremmmafstedttouddzmsmsmh ae vitleopnapiorst traakducer

card balls, mice, keyboards, microphones, touch-sensitive displays, transducer card
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 wili be

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

[0039] The graphics controller (560) generates image data and a borresponding
reference signal, and provides both to digital display unit (570). The image data can

be generated, for example, based on pixe!l data received from the CPU (510) or from
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readers, magnetic or paper tape readers, tablets, styluses, voice or
handwiting recognizers, or other well-known input devices such as, of
course, other conputers. Finally, the CPUs (510) optionally can be coupl ed
to a conputer or telecommunications network, e.g., an Internet network or

i nt i { t
(bos) et KRES e i oui R SmBBARRGY: R Flacl\d SBRSIGeq th &
(510) R@EBolmesEinEthevefsrente slyrial fmoludes urnet\mmc @md HEYNE sug,naamWeu _
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and ou rmof a conputer data

I di d d
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and a correspondi ref erence signal, and prOV| des bot doddfgflgg{?tﬁl di spl ay
uni t (siw)artmm@omggesmr&twb%ﬁppeo@f therayation. FpppxaxR ﬁn@ pi xel
data r %Z%ta\éﬁﬂ%aei:]eﬁm l{e@o@g“/éc?&l@m%e |ﬁt8m1éa1a?‘llaﬁéi;se & CafiRes Aoddnot  shown).

In one I mage data 1S provide RGB format and the
referergeﬁn@aigdajec'tmmmwed uew\dﬁ\éhcalambemsm@ssa gandidateefdr SAhown in the
art. However, it should be understood hat t he Bresecﬂ%ﬁﬁ'g gﬁy on ca

i eerEUAfion, BBOHRARo G BIRoBHEstaP Gttt FndrescrpGh MEPS A

nunber pf. 4 :@ﬁ;? rApeStrive efNdaiattEchRg noise

Nevert he esf[sﬂ:)b{:?{']éIF I 6%e§tll}% eftds?f%(g%%t hat \F}sa@?\(;%scanodlgﬁcatl gfr?g can be nade
wi t houtreddetjia, tandgsd onmAcherdimglyj othendmbosisents areevithin éie Beape eitheexanpl e
in additjon to,the hierarchical and tenporal vectors in the internedi ate
| ayers,f 0@%"@6&@ P¥-nodel generated vector projected down can al so be used
as a candidate for SAD conputation. Furthernore, the notion vectors
generated as described above can be wused for other purposes than frane
rate conversion, such as deinterlacing, noise reduction, and so on.

Accordi ngly, other enbodinents are within the scope of the follow ng
clainms. 12 CLAI M5
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1. A nethod for conputing notion vectors in a digital video sequence,
conprising: 5 receiving a first image frane at a first resolution, the
first image franme including a plurality of inage patches, wherein each

i mmge patch has a respective first position; receiving a second i mage
frame at the first resolution, the é?ﬁﬂﬂg I mage frame including one or
nore i nage patches corresponding to e Image patches in 10 the first

i mage frane, wherein each imge patch has a respective second position; for
each imge patch in the first imge frarre,th%t .has_a correspondi ng i nmage
pat ch iln t hé\ Bethediformagapytingraotign veetorsimg Q‘W@V'idéﬁ SPYUEBFSf or the i mage
pat ch, Cbpfprgﬁaqe]rm nation including generating two or nore copies of each
of the S id second i nage frames, each 15 copy having a different,

| ower, resolretéioimgtaiirstihagé ifraste aka divsitresolutiamdhe dirstdmagg fearbest not i on
vector anong a plurali %?/ of veccil%rs t each éesol ution:;, and using the

det er miiffdadingtd BHralEy o5image patchies; WReHHN EACR IMagP 22 Cqu%? 2B Ve he

I mage Wﬁ‘%t%bélitribr?n interpolated frame that is internmediary to the first and
second Tframes. 20 2. The nmethod of claim1, wherein determning further

i ncl udes: a)reseivingt @ sgcend tpggefratiecatthedirst reaglution alie seconddmestest

s on B el ] : g . S i of
| mge. frathedudfoig ddnpih Made oERBES caRaPPINNG do b irfadd RMfeBES 187 °
CORY Ofthé lki'i?stfiﬁfdagb frarmaewRardin @BBh ifthge patihasd ressedivesecend pasitieny ect or s

in the selected copy of the first inmge frane, e) selecting a new best
mot i on vect dor eadingnage ppial) isdhe dirstdeege featae that hagrispEeRNNG IMmage )

sel ecting a.ngw co t |.rst image frame with a higher resol ution
| evel ; F’?’S?h %ﬁ‘@aﬁ?%@[‘&i&#‘%hr ough f) until the first resolution is
reached; andidtpriigintga rheticrelestoefdr bies image patchy B deteanirntatienfinclading
resolution | evel as the determ ned m)hi ?,n vect or. .

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 interpolated 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;
¢) 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 c) 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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13 3. The nmethod of claim1l, wherein each inmage patch includes a plurality
of pixels. 4. The nmethod of claim 3, wherein the size of each inmage patch
is 8 by 8 pixels. 5 5. The nethod of claim 2, wherein generating two or
nore copies includes: generating two copies of each of the first and

second j mage- f.r . CO i i ff , r | ution than
the fi et rads BT 058 TrRbeRg 58N Jreop SR e nusgRsr ng s
not i on ppesig.or determned for a previous pair of image frames includes:
selecting a zero vector to be the notion vector if no continuity exists
between the previous pair of image franmes and the first inmage frame, or if
no prey ous r : : ; :

wher ei rf'sel e-lgﬁ Iﬁﬂg?%aoc’rn!% I gﬁn éé%felﬁg?%%%en%}%grma%%e ré[g?;,sugfozg @&g%s?i nmage
frages includes: filtering the notion vector determ ned fromthe previous

pair of_ image frames, 20 8. The nethod of.claim7, wherein.filtering
"ol udes: | qckhe meiarohClalh RoRNRERn AMERAUTG O O Mol CBbIERRLUIRT or
vectors for ' pai IFREETi | ai m 7,
wherein fil tée%}%ﬁ%tﬂfgﬁyéagggl%% e%‘te:rr]f orm ];Ilifgjc"Ii gﬁtﬁéﬁgg?%ﬂ-mgg%{ﬁ%ﬁ%fﬁgﬁpr ocedur e
i n a saopyfhaving adiffencet, lovennesalettbotiant the firsterepokNioous pair of i mage
frames. 10. The nethod of claim2, wherein generating one or nore update
vectors includes: 30 generating one or nore vectors that have the sane
orijgi n @s t hensSRIBRSEEf cIBfh 20 Whersih Yel@ifgtd dotiBAdeatordidiémrmiaad feri xel s in a
horizontal direction or a vertical direction fromthe pixel where the
sel ect gueviovs prinefdragedrarges neludes: The net hod of cl ai m 10, wherein the
updat e vectaq i . Tol gy i from
the bt xel - s et caRLIRE 0% ¥ oupBrRER I he o eistd bBtE

the previous pair of image frames and the first image frame, or if no previous pair of

image frames exists.

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;
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.
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in a horizontal and/or vertical direction. 5 12. The nethod of claim 2,
wherein selecting a new best notion vector includes: for each of the

sel ected notion vector and the update vectors: centering a first w ndow on
a pixel inthe first imuge frame that forns an origin of the vector;
centering a_second w
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of |uma ues rst w ndow and pi xel s at
corresm@ad*lmgopt}zﬁ|ein|d¢nirsvemcalhhresaoond wi ndow, and selecting as the new
best notion vector a vector that has a m ni num sum of 15 absol ute

di fferences. 13. The nethod of claim 12, wherein the di nensions of the
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patch 14. The method of claim1, wheréin determ ning further includes:
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centering a second window on a pixel in the second image frame that

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.

15



