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ot herwi se reserves all copyright rights whatsoever, ND 1. FIELD The
present invention relates generally to digital i magl ng and vi deo systens

and nore specifically to video frane interpolation in video decoding
processes. 2. BRCKERODUAD DASCRIRTITUN RO KN OREASIAG VEIDROr BRAMEE RAT E s

enpl oyed by digital video encoding and transm ssion systens (such as video
tel econferencing systens) for exanple) often drop captured franmes when
encodi ng video data at |low bit-rates. This frane skipping may cause the
video franme-rate to drop below the frane rate desired to perceive snooth
notion, such as) potioenbiipldesrid@bre3( Uis anest doesmsecontding psgrial Adich is asbiktt)
low bit rate vide at times |ook jer k){@tO the user. The jerkiness my

be made mf%c%dﬁ‘&ﬁb?r}gy%vmi héhe RPRyFight O\V%ﬁf HNP PRiFelan Wulh%&cwm}wepraé%lon
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i nterpol ati ng bet ween successive encoded vi deo frames. An obj ectfive o

frame intewbolsaeveon then is to display the decoded video at a hi gher frarre
rate conpared with the encoded sequence) and perhaps at the original (i.e.)
capture) frane rate without having to increase the nunber of encoded bits.
In other BACKGROUNRB02 WO 99157906 PC TIUS99/ 05436 2 applications where
the video franme rate i s deened acceptable, it may be possible to take
advantage of franme interpolation at tire decoder by encoding with a |ower
target fra n%ﬁ:lﬁ? using the bits nmade available to inprove spati al
quality. Fra erpolation, therefore, is a powerful post-processing

techni que that Jxl?@seh'lsi ¥n rgmtrcg)ggnepﬁ Clg V ! 1Yﬂaqﬁ'@l agﬂ@kdcﬁ%gﬁﬁrgs b more

differentiate decodi ng p orms In stan ased eo tel

applicati orsgccxﬁ.‘cn’nltyetmarearfr;an{eomtcmdlatroatxevndedéa:odmrgmrmssmn techm ques such
as the International Tel ecomruni cation Uni on-Tel ecomruni cati on
st andardi zation section (I TU-T) H 263+ (ITU- T version 2 of Recomrendati on

1li.263) st %ndgrA@Ké‘ﬁﬁLﬁ\ﬁfﬁtﬁs%}ﬁﬁTWreSSi ng quarter

Video bit rate control mechanisms employed by digital video encoding and
transmission systems (such as video teleconferencing systems, for example) often drop
captured frames when encoding video data at low bit-rates. This frame skipping may cause
the video frame-rate to drop below the frame rate desired to perceive smooth motion, such as,
for example, 25-30 frames per second (fps). As a result, low bit rate video may at times look
jerky to the user, The jerkiness may be made more apparent by the inherent variability in
video frame rates delivered by variable frame rate (VFR) control algorithms. One approach
to rendering smooth motion in video transmitted at a low bit rate is to reconstruct or
synthesize the dropped frames at the decoder by interpolating between successive encoded
video frames. An objective of framc interpolation then is to display the decoded video at a
higher frame rate compared with the encoded sequence, and perhaps at the original (i.e.,

capture) frame rate without having to increase the number of encoded bits. In other
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comon interchange format (QCIF) video at 10-15 fps at plain old tel §p[ﬁ,§nﬁ
service (POTS) bit-rates (20-24 Kbits/sec), and common i nterchange Odrihd: 002
*(CIF) ‘video at about 10-15 fps at integrated services digital network
(LLSDN) bit-rat@996846128 Kbits/scc), at an acceptabl e video qB&F{US§OFPGher
frame rates are typically not used because the overall video quality is
degraded due tv a lowering of the spatial quality. The decrease in spati al
quality occurs when quality is sacrificed in order to nake transm ssion
bits availabhe for the increased nunber of franes. Various frane

i nt er pol at3P8 Catt@&?ﬁﬁmﬂf'eg‘ceﬁg?% AFCHyicds IEEme aereniakle. afpapdeurassibicolopiakst
the frame y4@ by 230 P 5 £, I 1
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is that notion still appears discontinuous in a manner anal ogous to.

zer o- or derPHGT el pestipapcgssing ehrnug thatmpr bbyssAdo improve aprceivap Videagprldsandi s
to synt hesi he. skj d fr by |inear . interpolation bet n_two
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anti facts i o he : £ r . 10 : to
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problem To inprove upon these sinple techniques) sonme nethods account for
t he obj ect cHyPPHIN¢raNANGR formag(Rall) fvidemas 10-1 5 Ledin it telsphenrsepace (POTS)
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then it naguabiéy.pddighen &ame reiss aire temicadly cuat atsed digcausatthe eiverdevideo muelity is
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object notion.” In general, the nore accurate the notion estimation) the
mor e real i fames. t Viarioustfempoin&irpaatjonusahalquys etiplohied expeitse dofodedhay ibomatd to

conput ati opal resopurces. Seyer fr | nt tion ni.ques. have beers
proposed | °°c5_héh TIBF F4f {0 26&9’%&(‘?’%4 a‘EﬁfE‘?ﬁb Bs B’r‘d%@i\gé’é‘ﬂﬁ‘é‘e‘"?&ﬁ%‘lﬁ e
of notion ﬁ%bmtfleg&dfﬁglgit%\ABd by frame synthesis based on the generated

notion information an er ancillary information. The differences between
t hese processes.,ar.c in the details of the ecific.nption, estimmt

t echni que used AndMPHe2BRIGRT BhEFreRHPS ¥ RGP i EAT GG isr 1oy InpeTh, fePea téﬁagé]‘?ss. A

Most  of thsrdbceﬁwﬁqqﬁ' tda¥h iﬂh_@:ﬁﬁ&kﬁtgumggegre@isg&ﬁﬁmeﬁﬁrm ffakndtameReous
notion estimation technrques simlar to those used i1 n notion conpensated
codi ng. Aststab-ediaholtin ditc midrpaihtivropreblems e Anottet simply approatted to syhthesize
ability to capture conplex types of object notion. TQ overcone

t he
i mitati ondeofkippesc Ramgsly lingan Bieraalaiqrabetyissn SWReavatliapi adircent fomepeehhe
proposed t tical  flowfi -] I J f i - hased
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better accaeuidce tamec&elfuqamiherrﬁ:}neiin@gﬁlaMﬁEidwcrﬁxased t echni ques have al so
been utilized. These techniques estinmate the interpolated frames by warpi ng

obj ects in one fIfoam?pxjoOéQx bhenshaps thelzmq&%,h%m;r dsTgt%ggﬁte%rQBe \ghjieP
frame interpolation Temai RS an actlge area of research aided by the rapid

i mpr ovenentmadtivncCianthe toadginah #fantees dfiobest mptisrecembe eedmsted \What frirse eageltios a
process that overcones the deficiencies of the prior art and effectively

i ncreases the video frane rate. 07 0CT 2002,
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I ncreasing a video franme rate of a sequence of video frames in accordante
with bne invention is as follows. The nethod includes interpolating at

| gast one frawe 98rMWeen successive frames of the sequence by BEPUSIMEPIIS
spatio-tenporal nmedian filter to pixels qf the two franes. BRI EF

DESCRI PTI ON OF THE DRAW NGS The features and advantages of the present

i nvention will beconme apparent fromthe followi ng detail ed description of
the present invention in which: Figure 1 is a high |evel block diagram of

t he syst en?@fssF M HsAtheomoden wfsaaiion it otsgin thremphes Baiectpralihe ebiectrheugs 2

is a diagr %@iétlf:rlfg')%ﬁﬁerdaitrz;nr?% ltfri'hec &hfa C]Z! ngot%g%%l'r 51}0%&?%3% acqgﬂin?‘ﬂio];\!gﬁ%%r lsnnan
; [ ow

enbodi ment  of e present i nvention; gure 'S a di agfam's ion

conpensat i g frsieNthehiit msf bERITLBRUb @BtainHrodcH@hietRtidhtedT RDOsHcaTAMOf t he
present invention; Figures 4 and 5 are diagrans illustrating forward and

backwar d m)ti0”Tﬁ§hhzﬂﬁ§z}o@'fhc%tc%l:ﬁé’@%%%d B oRPIRiGE e FINE HitPiation

Figure 6 is a diagramof a nethod for 1ncreasing franme rate according to an
enbodi nent pwtesshiepprdssarieast nvpart bonhe partcHargmogor estenaioh| testinitjuagrsadnahdrits

classifying .pi xels into states according tgQ a statfe segnentati on operation
accor di ng oihigh (o Apcimlnpregret tq%@cbm&@ﬁt ThBEREAbrihe (PeTA] 1t GreRmohonN

o ookl U8 PTULSER) Dok L B Bkt
computational resources. Scvcral frame interpolation techniques have becn proposed in the
prior art; virtually all of these proccsses use some type of motion cstimation followed by
frame synthesis based on the generated motion information and other ancillary information.
The differcnces between these processes are in the details of the specific motion estimation
technique used and the additional information used for frame synthesis.

Most of the lower complexity interpolation techniques use block-based motion
estimation techniques similar to those used in motion compensated coding. As stated above,
such techniques are inherently limited in their ability to capture complex types of object
motion. To overcome the limitations of block-based motion estimation, some tcchniques
have been proposed that use optical flow field-based motion. Optical flow field-based
techniques arc computationally expensive and have found little use in real-time video
conferencing applications. As a compromise between the simplistic fixed block motion-
based interpolation processes and thc computationally intractable optical flow-based
interpolation processes, researchers have employed techniques that find motion estimates of
triangular patches formed by a triangular tessellation of the video. To better account for
deformations, image warping-based techniques have also been utilized. These techniques
estimate the interpolated {rames by warping objects in one frame into the shape of the other
frame.

The area of video frame interpolation remains an active area of research aided by the
rapid improvement in computational resources in recent years. What is needed is a process

that overcomes the deficiencies of the prior art and effectively incrcases the video frame rate.



a video frame rate will be described. For purposes of explanation, Zﬁfﬁt“ﬁ
nunbers, systens and configurations are set forth in order to provi 002
*t horough understandi ng of the present invention. However, it will also be
apparent to oM@ ¥E%ed in the art that the present invention Redyu3g5436
practiced wi thout the specific details. Ign other instances, well known
features are omtted or sinplified in order not to obscure the present

i nvention. An enbodi nent of the present invention conprises a video frane

i nt erpol at ggg‘@%@ss that may be used with both raw (that is)

unconpr ess&d) conpressed video to increase the frane rate. The process
is scaleable in terns of conputational conplexity and video quality, and
consi sts of several stages in which the quality of the interpolated franes

i s increnental | ywienpodinesit oAn regiprdpf inateasimg) atveteo dfanst mges nmyguéreewdetieo
dependi ng ?n t he armtént of , processi ng power, available at the receiver. The
process i s ANESENACERrdaRreaVith ARG I VERHEY is A RIloNs: H hermactird,Brygpeinternalating at

s subseaugat o ErT sy hereES BikieC ot Qoo Ahihe RpalProniifieo

sequences, nmatidn &lkdi lol KRS of MEOwoRhhep estimated fromthe decoded video
sequence. Figure 1 is a high level block diagram of the system environnent
of an enbodi nent of the present invention. Transmitting end 8 coupled to a
conmuni cat ' [ bit stream source 12. The video
bi t streambg{?)%fclf:%%ta Ei’ﬂ%‘i{‘@lﬁggﬁ?ﬁé% als fromeither an active source 14
or an off line source 16 and transmts the video data signals over the
comuni cati ons channel 10. The active source 14 rmay conprise circuitry or a
devi ce to gener dbe [eaurenanthadvaniageseaf theipmsentsiogdntias vall pecson appaonfunethe
(PO, wvi de? lg)arrer@é add-in.circ iﬁ cards., or.other 'cfl- ectroni c devices for

t he gener at$ &YV ¥ dCe SSIRGR o5 #hg RIEENCgNERIN M MR s enbodi ment, t he
active source is typically used in a system enploying a conferenci ng nodel
of operation. Of line source 16 represents a stored file on a storage

medi um accessi bFgurotas hhighr leesidriock diegramrd(,ths sydtenasndrdnaeal ofise amhedimenk
(LAN) or the Internet. In this enbodinent, the off line source is typically
used in a §§§Fé’ﬁ’?séﬁ‘ﬁf‘6§ﬂ“|‘?§3a stream ng nodel of operation. Both the active
source and of f Igt our.£a;.i : Vi deo,en 17 IN

vi deo data int o%géhg%zp}réezgggg&% Iéqu%ttatli{%q?h?sg gﬁ%%&?l#etﬁ{"?g?ﬁﬁgdﬁng%@gt :imons
0 7 OCT 2603dMBandof thé pE8cGivddtiBAl 05436 6 channel 10 is one of POTS,
network, Ethernet, ISDN, or |ocal bus (for exanple) PCl, |SA, and the |ike)
comuni cati ons &&gEDIT ii8 % sliagmn sshowdrg Micigne FRMADSHOIpHEES tiit 1sijgam motion
conmuni cat iin ns zﬁkaanog.el ei@z} g dce?oﬁg‘re }c8 t‘ll'hgenﬂec,oder recei ves the encoded

vi deo data si aﬂai U/ QoG P Ry dﬁ%{lg "NCG raw or deconpressed vi deo
data signals. The video data signals are then processed by a frane rate
upsanpl i ng ( FRUF8WiFEE 52m3rvﬁféﬂt§uilbi&&augg M@dw farkuardppugneestiBkiion §f o
vi deo rend : | -1l jsplay to a user or to file store 24 for
future use%%hbéglr?ge&q\o/feﬁ?/,pr%shgqgﬂétng@b’ signals of the decoder 18 may be sent
directly to vid&igurenslas er ddagrami d¢fl hemsthod efo2 Anvvedshgutraimearste ragaeding to an
upsanpl i ng processing. In sonme enbodinents, the FRU 20 is integral with the
decoder 18.emmmgtf@p@¢semmverﬁwssm i nvention include nethods and
apparatus for inplenenting the FRU 20. One nethod of generating a higher
frame rate is tFigenet & e Row idiepparhir fomelassifying pivesds) ints istagest dveoching ¢nta siaid
previ ous decoded franes froma video bit strea One enbodi nent of the

i nventi on iSREMERIALOT PREFEIONACEIPHIBAP 2B K eqhﬁgen&gélf Bresh YRR hedi an
filtering (as described below). The goal of Frane interpolationis to
generate a video frame (or franmes) between the current and previ ous decoded
frames fro {.d i Initially) a spatio-tenporal nedian filter
(STMF) is %@X*%@S%%ﬁ@ﬂ]@ used as the basis for the evolution of the
frame interpol ation process of an enbodi nent of the present invention.

Unli ke frame averaging) a spatio-tenporal nedian filter can capture small
noti ons between the franmes. In other enbodi ments) the spatio-tenporal
median filter is used in conjunction with notion information and state
segnentation to inprove the quality of the interpolated franes, albeit by
usi ng nore conputational resources. The region of support for the
spatio-tenporal median filter conprises N pixel x M pixel regions at the
sane spatial locations in the current and previous franes) where N and M
are positive integers. . In one enbodinent) N = M= 3) although in other
enbodi ments different values nmay be used and the region is not required to

be square in shape. Wien N=M=3, the region of filter support defines a set
of eighteen pixels, nine each in the current and previous frames. The
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t echni que works well when the notion between the franes to be inter o] &t el!
“is small. Wien the notion is larger than the support size of the filter)

t he spati o-t eN®?%79t6edi an cannot capture the notion, and the PCA{lEAYBI3G ed
frame wilt contain artifacts. In such cases, it is desirable to use other
techniques to estimte notion before applying the spatio-tenporal nedian
filter. Inproving the performance of the spatio-tenporal nedian filter may
be acconplished by incorporating notion information into the frane )

i nterpol ati on proBesylowing dessaplion. vamngisagpectsed iaanethed ans anparagys fpy mareasingr
accounti ng i f et ri. gl Y f .. TWO
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inter-frame notion estimtion at the encoder for notion conpensated coding.
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estimati on %r oceﬁses. Motion estimation is performed gn a per bl ock, or
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macr o- bl oc .S | xel 6_npixel . I o F I
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estimate of notion. The encoder transmts the notion vectors as part of the
video bit Srreanalivhinniowide HRamPppaaleynibse 0hsPeticIYibaased Aereadington the

decoder. Thes ; [ - r :

it or poi at S P RORL=AR e e KERHAL 3 Mee ARl 1REBrok e IERRLALEL in 2 maprer
frame, a mobdnsistent@dihdts déVelopmbiv)asiasm@llitstigh @ebckssamarti e frbintspatid-Raporal iedian
notion vector gives the |location of the best matching block in the previous

frame (e. §lprigs roriomisosubsequentlyeiined by thenise i9é sampesal drdyrgamyoakerertyin padeo
bt ai ned ding to a. i.ned. . ] . Assuning th
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of the present invention. Transmitting end 8 coupled to a communication channel 10 includes
a video bit stream source 12. The video bit stream source takes video data signals from either
an active source 14 or an off-line source 16 and transmits the video data signals over the
communications channel 10. The active source 14 may comprise circuitry or a device to
generate video data in real-time, such as a personal computer (PC), video camera, add-in
circuit cards, or other electronic devices for the generation and compression of live content.
In this embodiment, the active source is typically used in a system employing a conferencing
model of operation. Off-line source 16 represents a stored file on a storage medium
accessible locally or over a network, such as a local area network (LAN) or the Internet. In
this embodiment, the off-line source is typically used in a system employing a streaming
model of operation. Both the active source and off-line source include a video encoder 17 for

encoding raw video data into a compressed format. In this embodiment, the communications



9 frane at a location given by the vector (d X Mk , d X MY)) fromthe

|l ocation in the current frame, where d is given by d = k/ (N + 1), k05 GCT 2002
"N, where Nis the nunber of frames to be interpol ated between the current
and previ ous WOS8EEN6franes (i 1 being a positive integer). TRETHISSUS4
this location in the interpolated frane gs obtained by applying the
spatiotenporal nedian filter to the block in the current frame and the
block at (MK , NY) in the previous franme. The spatio-tenporal mnedian

byt he. bl URMTRIDGR OB OF REISG nerC g RENS. YRR Gl lacal ot e 156 aele, BELASA"
bl ock) thear%ﬁﬁéii@c’e)tcg n?éati@?gézfﬂgbi peration is replaced by a sinple average

of spatially corréspondl ng piI xe et ween the previous current franes.

Figure 3 is a dhagram.i.llustratin tion conpensation using bit stre
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current anﬂ’sﬁ?‘égﬁ%&smﬁ fypgtion %Z’lﬁltﬁ@afn% 9‘36‘{‘?5 P‘ﬂ‘?‘%%gﬁ YE 8Nt 49 A islso renderpr £2
enmbodi ment g depe: C f i t..S i . onS.

hi s cont eut e BRpl0o B0 B Ple WO DI tor AR TP BN EEL Ol Y an
the corresyigmudd afthehjeecdervd may BOtin0direqlyrendddoe@dndéacd IMor Fike Bei Nwithout
conpensat ed codi ng, notion estimation may be used to reduce the entropy of
the franme GRPE&enpEaplintorrocessingctin segacmbedimgnts: B FRHe tristintsgral ivdthdthe
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interpolation, on'the other hand, an objective of notion estimation is to

estimate the actual object notion for interpolation. The two objective
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badl y mat cheldally, e shaticatetpexat esdiandiltso(SEME Tk desshibedthabwi borousdd 'as thedtasis dore
for interpglation that c ri.ses performng tio sti fon on the .
decoded 11 Dirersolitiopid thE SameinepoLAten RIGEH org: PREEFEN aRe PrESHUAY o
i nter pol at egiik& aRS av'emgrr&vqrzgmo-@tngbm iR O 8 Shi BRI RISnPAYABHod Wdtween
provi ded by the encoder “may be needed. Although it may sonetinmes be
pos'si bl e t thenfpathésy Inhetherotmbodimstts,nthe ispniodempbml erndddilter ds ssedtintdoejuneteats
of frame interpolation at, the decoder, thjs may not ﬁl ways be ‘Sleasi bl i"’é
Ther ef or e, %t PBHom étPraatiogrndeyalp SCEBIAIOR 18UMPARVe e GUBRY; Helhe dRicaroittkd
video framgg, .6 4 eitlgﬁu’ir%emg%cc%%ﬁta%nﬂtr&% ckecei ving device such as the

ng dewi ce) to'b i

frame rate upsanpli etter rnplenent frame interpolation. This

i mprovenent in ality i ossi bl e at the expense,of gconputat.ional .
Conplexi Ty and (PECEEiEn 55 sBoRet st FRallgdeiRTal edgn d1aF oGRUsEaN pirel x M
advant ages p} r,m t| i: at: r L t re
no restric }%%E%La;ﬁlgtag}a&%ia{z}g Sg?&tl E%ta% oéhgﬁaﬁgebﬂ%dﬁgﬁg?ﬁ %%&%Sﬁg%rlr%atr?gﬁ&w
vect or s as arenpaesititeairdegets - doniei aniodenernddr = Mnal 3, ealthbligic ks otfeen dmgbadgeents or
nore accurate estinmation of nofiop) whereas | arger tjon vector siz can
enabi o oot PHEETabresI By B¢ HBEY B IhSdEBAR 1 PHDILBBFNP B SUUEE (1 Shape ac W
preference ﬁ%ﬁ%h@%ﬂgﬁﬂ?o?ﬁﬁ& éﬁﬁtblérpﬂcﬁ/rﬁzgra%tsofté?gﬁt,@ﬂ#ﬁ?cl’é,hﬁné‘Hi@HQE tRd cufFRdnk ON
vector bits to be code do not have to be takenh into account, thereby
provi di ng antetdvesusdstmesatTherougfut sighalgirodmetd by thdmedjar fidteryis theistedtahef these
forward notion vectors are available fromthe video bit stream Using
forward notion vectors alone can result in blocking artifacts due to

m smat ched bl ocks and hol es due to unmatched bl ocks. To overcome the
limtations of forward notion estinmation, in one enbodi nent of the present

i nvention) both forward and backward notion estimation may be perfornmed at
the decoder. Figures 4 and 5 arc diagrans illustrating forward and backward
notion estimation. In forward notion estimati on as shown in Figure 4) each
bl ock in the current decoded frane is assigned a notion vector by finding
the best matching block in the previous decoded frame. In this enbodi nent)

. o R o o Y



above. However, both the forward and backward estimates of notion are now
used. At each pixel either the forward or the backward notion vectof 7 8Ci 2002

- sel ected, depending on which of the two estimates yield the m ni num SAD.
This sel ecti o‘?’ioé?fé"gp%s that at each pixel, the best estimate df/HbPI%H!

whet her forward or backward, is used foryinterpolation. The interpolation
is performed by using the selected notion vectors and by applying the
spatio-tenmporal nedian filter as in the previously described enbodi nent.

Utilizing hf rd..and,backward notiopn estisatign resul in the

pr oved SUIEE yHEE] REROSPATEH 2 R b ARREST TS, BRGRER Wbt e
‘possi bl e aétuinhie BigRENGRhOfwCONRUt allai@nal conpl exity and processing power in
t he decoder. Wen conputational resources are limted, the backward notion

estimation proq}%;ﬂ:@g- i \ o @t j - T i : lity
of interpolated Tr arrelssr?nlagggggn%&gﬂv’a@gzug%Ef%g%ﬁégéggﬂ g{}figmrrpgg%“gurf%di an
filter resualbodiment af hepodsbntrigveationh.n€he ndles poh phetinf than@empolhtidsir@dlisgtven

obj ects to appear, blurred, especially when the object size is conparable to
the size & Bpangdian wlue chtgined prdhe sratiogemperal ssdianRpceationr aver Medk3areeian t er
isto co te spall _nptions, it.need not be applied to regions, that do
not - cont ariranse MRl fmmerpirk e Senisfe ¥ B i e REPeivEh: ifles!
spati o-t enpyer St MFeghpaited bhhlElobfBOHotoRetAPRd 8diild thiw1sd alppofedmmet Midron
may be perfornmed. The state segnentation schene is pixel-based. Regions are
portions ofhardie thd sippoitm{ghe Wiltchisuhc aiay of pecieion taswlich sheeliitgeompphigd. Thi s
segnentation divides.the regions.in the current and previoys, franmes ijnto
gt ons. 1 AR SRRy FOS2E 8¢ HECPORn 2 ThEcERgeahe (h Ak are. BReitged.
Thi's cl assjki a8 PRe sﬂatie-[&nga}gﬁqc@mmw?% gied 1d SOk §f9113tl@{1£‘ﬁﬁn98nlﬁ.
applying a threshol d operation to the pixel-w se differences between the
current arld thrseembedimknanes chibhe plpat voluteiponalntonpdiated framt ere iobtairdednby
applied to Ehose regi ons that have changed Pet ween the frames. This
prevents tRECBIGIHE HYOBR YaBISS Ghdha FRC $pRlialhlocaliog, By thSeRTRKIBHS OREUFFHNEATE The

i nt er pol atgg i Yo Sk ] [ ieker A tntereded Weh
06/ 7000, pICKaBFE, R ghin LaiGOMALE 1B Blant. PE ensureP i theinbriles fitha
apply a nedil@s dndl their doeretgoadmgr ehgoron valubabeloay eochangegonding Ipéysical object
non-interpol ated Franmes. The size of the filter matches that used for STM
as descri @ ABoVRhinAfERRIal ity of the interpolated frames can be i nproved
further if information about occlusions, uncovered background and scene
changes can be ‘Videaisagubncdsnintdmpadatedrivsidg nenSTMD teidt @i exhithii ¢ flickepingeariifaa),
regions in the decoded videg franes be, segnented intq five _states -.
stati onar y?SPﬁB%IPYnﬁrP“E é@%agﬁéa@gﬁmﬁmscw iRssdn thn¥idse @Hﬁs'agg“sctlrlu‘ﬁgﬂe’a
scene. Thi t] u r; 1atedt B&m
curront | desaisaine, SR e hOle SRR B0 | SRoHERRFL iRETPlated Pomes,
previ ous fwhéreas thB@ohiiverpdlatddefran@aEMmhatided sequenty &k medsmyothed. Vdhdnathe two

two-state (cha&ged-unchangeQ) segnentations. The first two-state |

segnent at i nes of frrmdsonersvwadnwquisk sueressi, thergmentisnepy diffetpnee manifgstsdteglitana
second bet n.t he evi qus and previ ous to previpus frames. . The fjve-state
segnent at i ﬁﬁ‘EF%“gt ﬁ@ﬁ?ﬂseﬁd?otr(?g‘éc&n@fsr ﬁbcﬁ)("_t'r?e“icﬁfaé‘r B@?fa{‘@a er_gﬂ%l%cg tIonlhé"ag(_z&'of
a scene ChaRggdiafel Franits CFIRE sk SF tHe r3EBn uSed @I PERMrRMEBREARINHE dMBe PEENGRUS
decoded frame. Stationary pixels are interpolated by averagi ng between the
current andndewenblrsmes makbes Govize efia pigical ssed by tha§ EMFoingeaetalg e piels ¢ig
fromthe Cﬂl‘ rent frape. Uncovered pixels are interpolated by selecting from
the previ ol PFPACABINEYy pi xel s are interpol ated by spatiotenporal median

filtering on the spatially correspondi ng noti on conpensated pixel.s fromthe
current and preVh®sratiortgmearal megign Suerisi Gog PR ORMSINGERGRXPSRSIYE WaRAKFREINE:

e oy B0 ebffudlianly  (RIES 1l dnded e HLAE AR heRIPSARE g BEFERES

t he coherenceo ed regions In termns ects. i's reduces
the artif aestimitiont lehdiqieer ROh@tigsh {0 edpbsringT§rRal$ inditidns Y B BPitRS-ieaporah madizo
be used to inprove nDtion.esthationé by includi ng know edge about covered,
uncover ed &ar alsy iretyceseepidngsartifacts suR aﬁéhcbmge@ﬂimmg@hvmkdxf%am&we edges
enbodi nent of the present invention conprises a process for synthesizing
video franmes that have been dropped at the video encoder by interpolating
bet ween the decoded frames at the decoder. The process conprises successive
refinement stages that increase in conputational conplexity. Starting with
a spatio-tenporal median filtering approach) each 0 7 OCT 2002 CVO

991 57906 PCT/ US99105436 13 stage uses information that benefits the

i nterpol ation process such as bit stream notion infornmation, decoder-based
notion estimation and notion-based state segnentation of regions. Each of
these stages result in inproved quality of interpolated video. The notion

o . o o o o - o,



Table I Pixel State Logical Conbinations Changed 0Q = 1 Unchanged ~Q =0
Stationary Qf = O~ Q= = 0 Moving ~Q =1 AND OQ = 1 Covered ~Q [ OCANR
~a@Q- = 1 Uncovered ~Q = 1 AND aQ- = 0 One enbodi ment of a process for

per formi ng i MOSJE79%6i xel notion estinmation of forward notion F&I(Y&PT8h 110
and backward notion estimation 112 of Figgure 5 is shown in pseudo-code in
Table I1. Forward notion estinmation processing is shown as an exanple; for
0 ~ 0 0-i zoo2 WD 99157906 PCT/US991 05436 15 backward notion estimation,

the previous |uma fr s angd. the current | frames are exchanged in the
procese. | SRl N e8RS b S T BT e Redfe. | s
a two di neNgh@pathie@ni 3hall WhiehR Roti&HIsN18kr HANBLEERRr stz@of WR filter, the

di rensional array of pixels 3. Block Size is an integer of the size of a

bl ock 4. $patioterrprrghmedign ganiattceptere it mdtwnhendtite inferpdiged fane will Forae

Wdth is an.integer of the width of the frane 6. Search Arca(Pixels) is an
i nt eger oTn'ﬁ‘iG' sﬁ‘z%‘“‘?’ncaﬁf:%(éﬁ i dasirple tQ dige 8@8&#%@5%&& estimate patiognbafRsct or s

is a two giJeRsiRRBhtiAldnBbrafmdid @ vectors 2. Sum of Absolute Differences
is atwo %%prrr%rlél ongl larr yrofmsur?s o{ absol ute difference Begin Cal cul ate

t he nunber of plock rows and colu from Franme Hej.gh Frame Wdth,. and

Bl ock Si ze. EURE RS BediurResttTdfe S uradiByntd fhbneafihe freampin
pi xel's onpeasdbrsdratenddndiRR! irnférhlalign Fhtelie REmE NRIcBRERRN FieEes8aCTnBl Pato-Si ze
X Block Size block [1, j] in the Current Luma Frane | oop M ni num Sum of
Absol ut e Ditfpbeal eneskan filtebuts apphicdnafeegexccouGting doreth8ummadn Abobjcatsebetween the

Di fferences.. llf rr(ent S of Absol ute. 'ff[eren es. < M ni mum Sum of

Absol ut e SREPr SERSTHRES, MRi FENTAST BB T SHEh BPY FASRCERMEEBHINAR Sum

81;0?2?‘2' Faﬁcﬁ?édfgﬁﬂ,ﬁ?&ou@fm%@mi&& ReRE 1MALA Qﬂh?‘!%stp@&.s and store in Mtion
i) jl-

The first technique is called motion compensation using bit stream motion
information. This technique uses the motion vectors transmitted as part of the video bit
stream received from the sender (hence, it only works with compressed video data). Several
video compression techniques, including those based on standards such as H.263+ and
Motion Picture Expert Group (MPEG), perform inter-frame motion estimation at the encoder
for motion compensated coding. The most popular motion estimation techniques are block-
based motion estimation processes. Motion estimation is performed on a per block or macro-
block basis, where a block comprises an 8 pixel x 8 pixel region and a macro-block comprises
a 16 pixel x 16 pixel region. For each block or macro-block in the current frame, the best
matching block or macro-block is found in the previous frame. A motion vector between the
two represents the estimate of motion. The encoder transmits the motion vectors as part of
the video bit stream, which are then used to reconstruct video frames at the decoder. These

encoded motion vectors are also used to generate interpolated frames.

In this embodiment, for each block in the current frame, a motion vector (M, , M,) is
obtained from the bit stream. This motion vector gives the location of the best matching
block in the previous frame (e. g., a forward motion vector). The best matching block may be
obtained according to a predetermined correlation measure. Assuming the trajectory of

motion of the blocks to be lincar between frames, this block should appear in the interpolated



End | oop End 0 ~ 0cz zo02 WO 99157906 16 PCT/ US99/CS. 136 Wien the WD@(H%UZ
vectors arc known for both forward notion estimati on and backward mgt

~est|mat|on) t e notion vector is selected, the spatio-te [gml an
filter is app\vse?g ﬁ%l holes in the interpolated frane arc fil FP?{E)Q%S’ e 111
shows an enbodi nent of these operations ©npl enented in pseudo-code. Table

[11 1998 Intel Corporation Inputs: | . Previous Franme (Y) C, Cb) are
arrays of lunma and chronae values 2. Current Frane (Y) G, Cb) are arrays of

| uma and Cﬁ&%@z X%cl:{ﬁgn Exvc V@é gcc t¢d%£>/e§§ ﬂ;,g he lﬁcz{)é’ﬁtlgl n‘#sréioptlals

array of forward notion gr's° vet

a two di nensm@rta{eraﬂnagwerﬁ b9@04< & Mpki=on, 5N, @H&b@fls%}@ﬁurﬁb& P eH6es
Array is an array of Sum of Absol ute Differences G State O assification

Map is an dtaregialod betuses thatcasefitond paeviousidgesided frapies 6K béing e positieminitegedger  of
the size of a block 8. Frane Height is an integer of the height of the

frame 9. Franme Tidbibclk st t&h lbdfhlheg&t’tlﬁfmttrl‘pelawdCﬂ'dmafs obheleﬁr‘o@rr’ﬂpp@,ﬁm&?z.patﬂo
I nterpol ated Frame (Y Cb) are arrays of |ama and chroma val ues Be

For each Bicawerabimesiaa @I‘%J'ctl@ BE podk)| ipdhe FW?%tf@rﬁﬁoWH’t@G bipcknat (anrMa)yml Gp
E/g‘rp e?(l\:/gvr)hé?fof’ ﬂa}n?eT}ﬂg Qpalflo lgl% 0!.%??1%(1!? ?%II‘ tal% c&m%ﬁ:ngz,}tgs or ?essz{xr];lln Itaﬁ)

I on vector XI'S or ward

then Sel ecinoliBid @ A€ abQIapiurald B vk ehoMah |cQFmM€§3t Obr AikEIdYhaR BE aFchvm;rr&r
Motion Vector Array using the m ni num Sum of Absolute Differences. Perform

Spat i 0- t enpb# Alocketlie spaticr emppraligiedign IrGatigmigoaplecedpivxesimpla ieragheo f Ppaiallyus
Frame Y ar Egﬁ{esponding pixcls between the previous current frames. Figure 3 is a diagram illustrating

motion compensation using bit stream motion information.

In this embodiment, the above process is repeated for all blocks in the current frame to
obtain thc interpolated frame. The interpolated frame will usually contain holes in the
regions through which no motion vectors pass. Pixels in the interpolated frame that arc holes
are filled by averaging the pixels at corresponding spatial locations in the current and

previous frames.

The quality of interpolated frames in this embodiment depends on the accuracy of the
bit stream motion vectors. In this context, motion estimation, in general, has a different
objective than thc corresponding objective in motion compensated coding. In motion
compensated coding, motion cstimation may be used to reduce the entropy of the frame
difference without strict regard to whether the motion field actually corresponds to true object
motion in the frame or not. In frame interpolation, on the other hand, an objective of motion
estimation is to estimate the actual object motion for interpolation. The two objectives are, in
general, difficult to satisfy simultaneously. As a result, satisfying both objectives does not
always correspond to the correct object motion. Motion estimation at the encoder is also
biased towards zero motion vectors, to reduce the amount of information to be coded. In
addition, the bit stream motion vectors match blocks from the current frame to the previous
frame (known as forward motion estimation). Forward motion estimation alone is typically

not sufficient to accurately estimate motion when there are situations such as occlusions and



Frame Y array. U7 UCI 2002 WD 99157906 17 PCT/ US99/ 05436 Sel ect

~val ues for nedian |uma candi date Assign selected Cr, Cb values to pixels in
| nt er pol at ed WOME'W and Cb arrays. El se Assign pixel in Int é’r‘:ﬁ(}@?’%ﬁ“
Frame Y array to (Previous Frame Y arrayqpi xel + Current Frane Y array
pixel) / 2. Assign pixel in Interpolated Frame C array to (Previous Frane
Cr array pixel + Current Frame Cr array pixel) / 2. Assign pixel in

I nterpol ated Frame Cb arr.ay t,o..(Previous Fragne Cb array pixel + Current,
Fr arrepCb PTG x Y P Yie %r%lmg‘f“m%t”é?‘igoﬂl?ﬁﬁw 5“?9:%6%%@8““}%’&% Fswib|in n

I'nt er pol at gebefdi B aftiBllsuel 8 UK Ghattbd 16 QNS kEANBe KoL IPerefOSS h Yok X €l
in Interpolated Frame Cr array to0 pixel in Previous Frane Cr array. Assign
pi xel in |wtleripael &redtempaatorChaarcomprites prrfoemingnmdriew icstirattoran®e the dacdday.
"Cover ed" @ssign gqixel in Interpolated Frame Y array to pixel in Current
Frame Y ar FFapcs 34l dpsodsrieplsp Hsqdnt er pol ated Frame G array to pixel in
Current Frame O array. Assign pixel in Interpolated Frane Cb array to

pi xel in Currento FmgraveCpar Hwyqualityd of anterpBlated fopcEnidprocpicEhdf W Inetiohi s
I nvention has beerg descgi bed \gl éjp refer%{éce tqQ ill ‘stra\tive enbodi nent s
this descrFHT1HRAM PEYONG: INRRTBKIGEY OY HheiFaceShERY (Redicrdrda Altiaugh Hgnaksripetimes
Various nogl %?5‘5‘?51& qasmeﬁiﬁt/ h&e 'nllvdﬁég':]{sg{n'gf(& SRR ARRAES 10 it WRL Ine8d OF Ak

enbodi nent s the 1 nvention,
intcrpolation at the decoder, this may not always be feasible. Therefore, motion estimation

and the Current Frane Y array. Assign nedian value to pixel in InterUQI%bﬁ@Z

may be carried out at the recciver of encoded video frames, e.g., at the decoder or other
receiving device such as the frame rate upsampling device, lo better implement frame
interpolation.  This improvement in quality is possible at the expense of computational
complexity and processing power at the decoder. There arc several advantages in
performing motion estimation at the decoder. First, there are no restrictions on the size of the
blocks and the length of the motion vectors as in a standards-compliant encoder. Smaller
blocks can be used for more accurate estimation of motion, whereas larger motion vector
sizes can enable estimation of large motion. Second, the coding biases (such as a preference
for using the zero motion vectors to reduce the number of motion vector bits to be coded) do
not have to be taken into account, thereby providing a better estimation of object motion.
Frequently, just the forward motion vectors are available from the video bit stream. Using
; forward motion vectors alone can result in blocking artifacts due to mismatched blocks and
holes due to unmatched blocks. To overcome the limitations of forward motion estimation,

in one embodiment of the present invention, both forward and backward motion estimation

may be performed at the decoder.

Figures 4 and 5 are diagrams illustrating forward and backward motion estimation. In
forward motion estimation as shown in Figure 4, each block in the current decoded frame is
assigned a motion vector by finding the best matching block in the previous decoded frame.
In this embodiment, an exhaustive scarch for the best matching block is performed by using
the sum of absolute differences (SAD) between the pixel values as an error measure. The

block in the previous frame with the smallest SAD is chosen as the best matching block. In



07 a G~ L~~_"~V4 99157905 PCTI US9914~436 18 apparent to persons skilled
in the art to which the inventions pertains are deemed to lie mﬁthanﬂH&fZWZ
~spirit and scope of the invention. 07 0CT 2002 What is clained

A net hod of MeP¥H8Phg a video frame rate of a sequence of V|&€6U$?@ﬁﬁ§
conprising: interpolating at |east one fitame between a first frame and a
second franme of the sequence by applying a spatio-tenporal nedian filter to
pi xel signal val ues of the first and second franes, mherein output signal s

of the sp lan f Ler eonprise di val ue .of the
ol xel's of Bl ENRALR otTRAAIhs!chblif in FRIRY $ 3EcifuBRT AR ReSNy ghReF rlinel
and a pi x¢d asbla\vttd\l rﬁd@t@n%@'ﬂoaey fﬁhgﬂa|thé/@dsllﬁtatcﬂmg-gt&kﬂﬁttlm&f\t &dcoldn frame.
wherein the second frame is a current frame of the sequence and the first

frame is dhpsevehouridayansingior thidasusqd drderwardmmetivmestmptipr.ecedi ng t he
current frame. 3. The nethod of claim2, further conprising repeating the
i nt erpol ati ng fl"dlle cmﬂnﬂmmtﬁoneﬁ”sﬂwémf:ripbkmdafmnséx:similaf tate aobdiimaitti ddssribet

The net hod, of a|m1 rein pl the spatio-tenporal nedian filter
conpri ses 3BpEr ?\ﬁ@vebrbow]bﬁwefem t%étcgtjﬁtsir@l@ﬁlcbp&@m%n @‘ﬁé‘PW\/‘éFﬁeﬁ“ F?F*‘t he

first and 56kt rd%r tt%@nfacﬂ%gxl}aqgot n e l‘[ystl.l\’lcv%t%q{cﬁéx@ IE}J}::%

signal value is the centra ues plxels

in the spatvoaisdtma&@@m@mwﬂxhrngmmegwsm@ sElbﬁtJnl dnStire@ it ateeAtHCbtiél;’:Imadess
even. 6. The nethod of claim$5, wherein applying the spatio-tenporal nedian

filter cor?b‘rlmé'é@famlloyt wbcthtrrefoswdpobmm sslus ﬂqrancrtmllatnem Tb: piorpelaionynal
val ues of .a {@PI% tlhe fll rst and seco 'H'(S @ si gni n? theI
nedi an si d?t&ler o4y ?Sfust‘H’e et mpgn 5 eﬁ‘@fs MY PREPPRTEY tS’I og-'FrRNE! 7.
The et hodn&ﬁarpd'llft’érrﬁ‘s(ﬁﬂtt{cl{fré\h&fsl)cwpﬁbe%cﬂg)ogtﬁe?ﬂm ng a signal value froma
chroma plane for the pixel having the nedian signal value and assigning the

chrom signal uakind Solil foatlank (hatbur LBEALREG: S ASRLs e o EmfBVBY

of claim1, further Tonprising: -
quality of interpolated frames. The improvement in quality is possible at the expense of

computational complexity and processing power in the decoder. When computational
resources are limited, the backward motion estimation processing may be omitted, but this

may result in a poor quality of interpolated frames in cases such as zooming.

The spatio-temporal median filter results in a smoothing of the interpolated frames.
This causes objects to appear blurred, especially when the object size is comparable to the
size of the filter. Since the task of the spatio-temporal median filter is to compensate small
motions, it need not be applied to regions that do not contain any motion. To identify the
regions to which the spatio-temporal median filter should be applied, a two-state
segmentation may be performed. The state segmentation scheme is pixel-based. Regions are
portions of the video image without any specific associated geometry. This segmentation
divides the regions in the current and previous frames into regions that have changed due to
motion and the regions that are unchanged. This classification into changed and unchanged
regions is obtained by applying a threshold operation to the pixel-wise differences between
the current and previous frames. The spatio-temporal median filter is then applied to those
regions that have changed between the frames. This prevents the blurring of regions that

haven't moved between the frames. The interpolated video may still contain some flicker.



determining a first set of regions in the first and second frames that have
changed due to notion of objects represented in the first and second( f 0g§Tee)]

and a second set regions in the first and second franes th
WBhelrs i an f Fer oy o

changed; and t he spatlo-terrpora{ median filter to the fiT$s
regions. 9. The nethod of claimS8, wher e}d det er ni ni ng the first set of
regi ons conprises applying a threshold operation to pixel-w se differences
bet ween correspondi n i xels of the first and second franes. 10. A nethod
of incr easngldaCQ/Ibdfeglcgﬁra#éS naveufficicat seappbhe emedianilite o thossresgiasithatitaveg:

determ ni ng _noti.on_of objects | bl oc uence of vid f s by
appl yi ng. NG Bonp ARttt FagerodTofze b BT BRCRote bt s A Bhe
sequence; &ds&ddnGodd | east one bl ock of an interpol ated frame between a

first frame and a second frane by applyi ng a spatio- terrporal median filter

to pixels of bteﬁ ﬁ%{lﬁy opﬂlc mPc o?:%tgcj ramgs L 54 1r9;prgvesdef’unhc 1513?‘3@%@011 al?%lt

det er m ned by n, and averagrng pi xel s

spati al | osatisis) thchbbeed bﬁcﬁagr@ﬂd 268 Gene chidrR®sard B obt8@e@NIn afis Bnk&difchi)
t he interpol ated frame t hrough whi ch no motion vectors pass. 11. The met hod

of cl ai m 1@, obtain thieinfoongicng rqwnSflmrthq)dexedesi vdeafriroedmry Gk sepaciibd ol five

t di t he f t d d f
A e A e e TR R It S

of vi deo f TRIFREE HFRIchEBE ‘scittdlLiddl HirBdddtBadORamEs Dmce&ﬁﬁut Bedoli€d %ﬁﬂ@eﬂ%e
of video frames by applying notion conpensation with at |east one of

f orwar d nopriepiouededodad iftamezand thapfewsnusl tarpieyions éwtricmaklicofive Bate Isegmeyatemcis of
video franes re | ved b t he deco&g} ﬁel ecting notion.vect d,from bl ocks
of & fir st ORPIARD BY e [ TP S (REANRFOriNSAADBE RS SRR o ff gifs! Wo-SIate
conpensat i %mcﬁfaﬁ@ﬁ'lf‘gcﬁénﬂcﬁ%ﬂw& qnhdL Bt Qrfld gf;evlo‘?@sﬁtanﬁnﬁ\d' Rk %E&Qh%ﬁﬁccn
frame between the f t and second framnes ppl yi ng a spatio-tenporal

medi an fi | thepreviousemst] preiclsito gravious iames. the first and second franes as
determ ned by the selected notion vectors; -20 07 ocr zoo2

The five-state segmentation is then used to construct the interpolated frames. In case
of a scene change, the interpolated frame is formed by repeating the previous decoded frame.
Stationary pixels are interpolated by averaging between the current and previous frames.
Covered pixels are interpolated by selecting from the current frame. Uncovered pixels are
interpolated by selecting from the previous frame. Moving pixels are interpolated by spatio-
temporal median filtering on the spatially corresponding motion compensated pixels from the

current and previous frames.

\ Incorporating the knowledge of a semantic segmentation of the video frames into the
interpolation process increases the coherence of the interpolated regions in terms of objects.
This reduces the artifacts in the interpolated frames. The state segmentation can also be used
to improve motion estimation, by including knowledge about covered, uncovered and moving

regions into the motion estimation process.

An embodiment of the present invention comprises a process for synthesizing video
frames that have been dropped at the video encoder by interpolating between the decoded
frames at the decoder. The process comprises successive refinement stages that increase in

computational complexity. Starting with a spatio-temporal median filtering approach, each



wherein pixels of the first and second franes are selected for creation of
the at | east one interpolated block based at |east in part on segnermtpgfplill
"states of pixels of the blocks, the segnentation states resulting from
generation of WRIFBS state classification map by applying bi FaFyS¥s&enol d
operations over the frames. 13. The nmetRgd of claim 12, wherein the notion
conpensati on conprises both forward notion estimation and backward noti on
estimation. 14. The method of claim 12, further conprising determ ning the
best mat chi ng bl oc accor&‘i ng t? an error_.measure conpri Si ng suns of .

absol ut e JHEF HS&hEHRmMAlIoR; thay Benglifse Whe; ipterpalatian, RIOCESS FUER ASYT Siream dnotian
The met hoqnfaknﬁtcﬁa!, @eléderfbuf]édhgr[otisﬁ”&Eihﬁh&g 28! folibAGaRd! QLALLAMIHBR of
vector for each pixel 1n the ock when the forward notion vector yields a
m ni mum sungiofis. abshl afttkesdistdges exnalesn froprotddequaliocét infdipoldibé videbhdthcahottdrai m

14, further conprisi g@ sel ecting a backward g}ﬂi on vector for each pixel in
the bl ock SRAWANEHEN Hechniics ampthassd 9B cRlesk-Yased deotion FHimations ukthorshbieskit e

di fferenc raob:he,: | ai,m 12, i.SL.Ng:
det or i i ng otpostBRud BRks kb MR AR BF wE PRy e LURD MBI EAVRREBERD.
changed du@ard endrotsopiistidatedbphReibs dsBPaRSE Mdchfiqués. t Nmptdvedtmanish eawames fatanes
and a second set of regions in the first and second franmes that have not
changed; a0WRiagshPy LFigs theoraaation- elelopwird|anddarighard jbleck mphon atimatiost Teg of
regions. 18. The hod _pof .claim17 erej eterm ning the first, set, of
regi one. caprersds TR yrdted Bhesfer i BB G it i B uifioh aied BF s
bet ween cogce@emeiéh MoRh#RIS @b diifofing Sagd dvrsiag Ndciniqe o é&napcﬁaatc for

apparatus for increasing a video frame rate of a sequence of video franes
compr i si ngmopr resytting foe defsranapbisag device to interpol ate at | east one

frame between a first frame and a second frame of the sequence by applying
a spati o-t enporEipume@isaa didgrinerof tan@hoad e iofreddimg Vides tiranlrate accerding-tw ow?2

and second frapes, erein output signals, of the spatio:t oral, nmedi an
filter com@mm%hfaﬂre%ﬁwenw ecoried ﬁémfﬁ 3 ea$c=sVﬁ§t ogp p glecoder (not
correspond] egl LBt I LSt f : } [ t he
rodi an si graryar o8 gyl iincs A€ infiido BaRE e (RERDI A doled  fF Lo BRNLASS
signal val vided bittshrearthi I@aeKavifg inteepotaed frainey Bltergserssdenitli decodedrifiamesf Inioxel s

in the corresponding regions in the first and second frames is even. 21.
The appar atmeodiment| ithe presenpinveetion, theslegadsddramas arcuprid SEsthtoseyictempgral her

i : f { 1.nj first 1 i in the first
cocond {1 aMBGER R hod e dinha Tt b RimeRt pf B peipel Pt Boctb 2Rt e
first and geg;endrd 'ii?é?ei%g@tn% v A8 esBinati®igRdtesd N1 hedf bicklvaan ehatidgond

frames that have not changed; and neans for applying the spatio-tenporal
medi an fi | ts#mmationtprecess ridR. sEbe ofitputedatarsignalz2of theemalpraestirnationf prokessen arg,

sher ol n Lnc,SELSTR THD TESDS SOPLL e, neas, (o, abil X! g2 LY cohold
fi rst and according to a predetermined correlation measure. The motion vector is input to spatio-
temporal median filter 106 via line 114. In either embodiment, the spatio-temporal median
filter outputs interpolated frames 116, which are combined with decoded frames 100 to form
video bit stream 104. In a further embodiment, decoded frames 100 are input to state
segmentation operation 118, which provides state information to the motion estimation
operation, the spatio-temporal median filter, and the resulting interpolated frames 116.
Further, state segmentation 118 provides state information to median filter 101. Median

filter operates on non-interpolated frames (from decoded frames 100) to.reduce flicker in the

resulting video bit stream comprising decoded and interpolated frames 104.



second franes to determne the first set of regions. 23. An apparat I]Bl;"[][]l
increasing a video frane rate of a sequence of video franmes conprising L
*notion conpensator._to determ ne notion of objects in blocks of tr/‘%a sq‘ﬁgnce
of video frarré@gﬁff"%loﬁpl yi ng notion conpensati on operations usipr?g ?’ £o)
vectors received as part of the sequencejyqa spatio-tenporal nedian filter
to create bl ocks of at |east one interpolated frame between a first frane

and a second franme by applying a spatio-tenporal nedian filter operation to

pi xel s of best hi b ks of the fiirst. and second, franes as determ ned
by the notion c%cg%%nzggc?r bg‘g{né agragk g%redz"ssé@ﬁ%tpézfeﬁ%h"qﬂrﬁmttesc?)‘ifﬁfdzrb? Ooatsﬁg?e
spati o- t en@irhtatiedl(i@ittibn Il 1 8r Atcars@! fRede @ 208li$ c@thpdi&ieiofd frédio@FameaonN @02

frames for generation of the inter.PoI ated bl ocks based at |east in part on
segnent at i BrPreduseasiivt abspdutp fpesditietsrcesineheattisolutesframe diffepengt t dlsmycdliedm

generation,ef .a pixel, .stat | assificatign by appl yi.ng bi nary. t.hreshol d
oper at i onsAgv&"ngwetoft}'g%sfﬁmgu?ﬁ PRerat }cogdeﬁcp%rﬁyﬁ‘b%g?lgt'ﬁ‘gc?l%g{znﬁr‘éa‘é‘i 'Ry a
video franpgfal oRbirtisf WHRAARNOI0Y 1 dRO, f S I infv it - ‘
Z002 a noti g’n co?rpelrlse{t o(r)wt%o dgt e?gr% ﬁg %Erﬁ?gﬁ of o jggétvqsmllsn&%ﬁ% (tsg)qég%% of
vi deo franesniyedatopd pravipustbitnpeeivpe finaiki(60) M0 b prodbieeasiecomne atsbute framed

not i on esti.q@ti on_and_backward potion estimation to the sequence of video
frames rectillfEgchy2ndhiscrbsalue framendiffasence.ciscosallsd [4Seit isAnaub tas binget thiasheldn

vectors fr C of i . hl oc of a second .fr.a based. on
t he noti on&gecr)%gngg i gnh;% %ecé%%%l?réfﬁ?ﬁdﬁ%ng}cglorm i éfnalf? I'rl’pé'?q? c}o%?zg?ﬁog’%d?%‘@l?s
of at | eastpomn QO8I pathat edipht aTEthBelosRan coi®idatibtopdhtios €2EMNds fidrestan

applying a spatio-tenporal nedian filter operation to best matching bl ocks

of the firsessiifatieeawndfr anes as deternined by the sel ected notion

vectors; a stat t i oupl t he. spati o-t enpor.a di.
iiter to sel el orag SgrSHEtch ool 8als FoaRElonrat SR RURL: THEER

t he i nt er pehetedsifcatdSmapseekcatbyntRph estimPadd fuRRiERANBNTIRL ARNspatieieipdil
the bl ocks, the segnentation states resulting fromgeneration of a pixel
state cl as3ietiag diltesrppeeasiopy! ppThe sigtebomelesy foheesthpixel isplsteaminsdsaceerdingt t9e
frames. 25 n,apparat us for increasing a video frane rate of a sequence of
video frames conprising: nmeans for determ ning notion of objects in blocks
of the sequence of video franmes by applying notion conpensation using
notion vectors received as part of the sequence; neans for creating bl ocks
of at |east one interpolated frame betwdebleh first franme and a.second frane
by applying a spatio-tenporal nmedian filter to pixels of best natching

bl ocks of the first and second franmes as determ ned by the notion
conpensati g e ats—er—seteetrg—ptets—of —the—f+st—and—second
for general PShoBI the interpol at ed BPSERCHANBHION | east in part on
segnent at i tgtesof—thebtocks—the—seggnentat+on—states—resut-ting—from
generationgg?mgﬂpixel state classifﬁggfign map by applying binary threshold

oper at | ons Un¢Ringed AQ, =0
Stationary AQ,=0AND AQ,=0
Moving AQ,=1AND AQ, =1
Covered AQ, =0AND AQ,=1
Uncovered AQ,=1AND AQ,=0

One embodiment of a process for performing integer pixel motion estimation of
forward motion estimation 110 and backward motion estimation 112 of Figure 5 is shown in

pseudo-code in Table II. Forward motion estimation processing is shown as an example; for



the franes. 26. In a decoder, an apparatus for increasing a video frame
rate of a sequence of video frames conprising: means for deternini n@ bt B
‘of objects in the _se(zuence of video frames by applying notion conpensation
with at | east Yh¥'39%f orward notion estimation and backward nBCitEH?9/05436
estimation to the sequence of video frangg received by the decoder; neans
for selecting notion vectors fromblocks of a first frame to bl ocks of a
second frane based on the notion conpensation; -23 0 7 OCT 2002 neans for

creating bl ock f at least .one interpolated.frane tween the first and
second fragr)rag?(\l’)vémgﬂjﬁl%;? neﬁagmg%rétlf’%-pfeé’ﬁ‘g%r@angﬁrf‘%\snarﬂbﬁ}ee?urgﬁu%{f"i‘ SRS B st
mat chi ng béxeaksgedfin tHigyrbédsst and second franmes as determ ned by the

sel ected notion vectors; and neans for selecting pixels of the first and
second franes for generation of the interpol ated bl ocks based at |east in
part on segnentation states of the bl oclkég Lhe segnent ation states
resulting fromgeneration of a pixel (?I | assification map by appl yi ng
bi nary threshol d operations over the franes. 27. The nethod of claim1,
further conmprisimg sefectingprxXets ofthe first—and—second—frames—for
gener at i on©or9%Hetel Gbgopaioat ed frane based at |east in part on segnentation
states of mpgtsHns of the franes, the regions including the pixels. 28. The

met h_Od of clai m1.27’rcvm@.rlfiin{h Fr%e%%ﬁif%hﬁ@na%é&ﬁ&f fprise at | east )
stationary, movhNGuRAMElflrAlds KRCONHAGoRNAHES of fifels ThE et hod of claim
10, fur_ther COMRY i rp( .Sel ect.l ngq pm\e S 0 e rst and second franes for
gener ation of 'rg'e |+ﬁ %ﬁ%\szﬂ]éﬂc roEIncsize 042

- ocke?st in part on segnentation
states of the bfofkdne Heightigan inieacpal e heisht of W9 Mperei n t he segnentation

stat es conpri se’afriea¥idbtinen virgeyof thowidig of hevdmed, and uncovered states.
31. The net hod 6f Secirah MrddPixelspisehmtedre of dgreimetiapixels of thetsemciconprarese at

| east stationary, noving, covered, and uncovered states. 32. The apparatus
of claim 1®umherein the frame rate upsanpling device selects pixels of the

first and second. sy L @b eI eRSal L% bNhaIAabRd frame based at
least in part og %g@%&&%gnz%%én%é gat(@%ﬁ@&io‘%ﬁ&m&h&gmg{ hghﬁscﬂﬁt@ ons

includingtﬂfglxel aratus of clfaim erein

segnent atig ' Fes conprise at |east stationary, noving, covered, and
uncovered states. 34. The apparatus of claim 23, wherein the segnentation
states comBBBe at |east stationary, noving, covered, and uncovered states.
-24 . AA. A3{ % A Talchatéthe. nihlbeAbf blddk, rods and\Eolurhs AbmAfrasve Height, Frame

Width, and Block Size.
Expand the boundaries of the Previous Luma Frame by Block Size pixels on each side
by replicating pixels on the edges.
For each Block Size X Block Size block [i, j] in the Current Luma Frame loop
Minimum Sum of Absolute Differences = Maximum Integer.
Compute Sum of Absolute Differences.
If Current Sum of Absolute Differences < Minimum Sum of
Absolute Differences then
Minimum Sum of Absolute Differences = Current Sum
of Absolute Differences.
Computer Linear Motion Vectors and store in Motion
Vectors [, j].
End If
End loop

End
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8. Frame Height is an integer of the height of the frame
9. Frame Width is an integer of the width of the frame

Outputs:
1. Interpolated Frame (Y, Cr, Cb) are arrays of luma and chroma values

Begin
For each Block Size X Block Size block in Interpolated Frame Y array  loop
For each pixel in the block loop
case pixel state in State Classification Map:
“Moving” :
If motion vector exists (either backward, forward,
or both) then
Select motion vector from Backward Motion Vector
Array and Forward Motion Vector Array using the
minimum Sum of Absolute Differences.
Perform Spatio-temporal median filter using 3X3
window on pixels from the Previous Frame Y array
and the Current Framec Y array.
Assign median value to pixel in Interpolated Frame
Y array.
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Assign selected Cr, Cb values to pixels in
Interpolated Frame Cr and Cb arrays.

V4

Eise
Assign pixel in Interpolated Frame Y array to
(Previous Frame Y array pixel + Current Frame Y
array pixel) /2.
Assign pixel in Interpolated Frame Cr array to
(Previous Frame Cr array pixel + Current Frame Cr
array pixel) / 2.
Assign pixel in Interpolated Frame Cb array to
(Previous Frame Cb array pixel + Current Frame Cb
array pixel) / 2.
End If

“Stationary” :
“Uncovered” :
Assign pixel in Interpolated Frame Y array to pixel
in Previous Frame Y array.
Assign pixel in Interpolated Frame Cr array to pixel
in Previous Frame Cr array.
Assign pixel in Interpolated Frame Cb array to pixel
in Previous Frame Cb array.
“Covered” :
Assign pixel in Interpolated Frame Y array to pixel
in Current Frame Y array.
Assign pixel in Interpolated Frame Cr array to pixel
in Current Frame Cr array.
Assign pixel in Interpolated Frame Cb array to pixel
in Current Frame Cb array.
End case
End loop
End loop
End

While this invention has been described with reference to illustrative embodiments,
this description is not intended to be construed in a limiting sense. Various modifications of

the illustrative embodiments, as well as other embodiments of the invention, which are
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wherem output signals of the spatlo-temporal median filter compnse a medlan signal value of the
pixels of spatially corresponding regions in the first and second frames and a pixel having the

median signal value.

2. The method of claim 1, wherein the second frame is a current frame of the sequence and

the first frame is a previous frame of the sequence, immediately preceding the current frame.

3. The method of claim 2, further comprising repeating the interpolating for all successive

first and second frame combinations.

4, The method of claim 1, wherein applying the spatio-temporal median filter comprises

operating on corresponding regions of pixel signal values in the first and second frames.

5. The method of claim 1, wherein the median signal value is the higher of two central

values when the number of pixels in the spatially corresponding regions in the first and second

frames is even.

6. The method of claim 5, wherein applying the spatio-temporal median filter comprises
applying the spatio-temporal median filter to pixel signal values of a luma plane of the first and
second frames and assigning the median signal value of the regions to a pixel in the interpolated

frame.

7. The method of claim 6, further comprising obtaining a signal value from a chroma plane for
the pixel having the median signal value and assigning the chroma signal value to the pixel in the
interpolated frame.

8. The method of claim 1, further comprising:

-19-
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applying the spatio-temporal median filter to the first set of regions.

9. The method of claim 8, wherein determining the first set of regions comprises applying a

threshold operation to pixel-wise differences between corresponding pixels of the first and second
frames.

10. A method of increasing a video frame rate of a sequence of video frames comprising:

determining motion of objects in blocks of the sequence of video frames by applying
motion compensation using motion vectors received as part of the sequence;

creating at least one block of an interpolated frame between a first frame and a second
frame by applying a spatio-temporal median filter to pixels of best matching blocks of the first
and second frames as determined by the motion compensation; and

averaging pixels at the same spatial location in the first and second frames for regions of

pixels in the interpolated frame through which no motion vectors pass.

11. The method of claim 10, further comprising, for pixels at a border of the block, averaging

spatially corresponding pixels in the first and second frames.

12. In a decoder, a method of increasing a video frame rate of a sequence of video frames
comprising:

determining motion of objects in the sequence of video frames by applying motion
compensation with at least one of forward motion estimation and backward motion estimation to
the sequence of video frames received by the decoder;

selecting motion vectors from blocks of a first frame to blocks of a second frame based
on the motion compensation;

creating at least one block of at least one interpolated frame between the first and second
frames by applying a spatio-temporal median filter to best matching blocks of the first and second

frames as determined by the selected motion vectors;
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motion estimation and backward motion estimation.

14, The method of claim 12, further comprising determining the best matching blocks
according to an error measure comprising sums of absolute differences of pixel values in the first

and second frames.

15. The method of claim 14, further comprising selecting a forward motion vector for each

pixel in the block when the forward motion vector yields a minimum sum of absolute differences
for the block.

16. The method of claim 14, further comprising selecting a backward motion vector for each
pixel in the block when the backward motion vector yields a minimum sum of absolute
differences for the block.

17. The method of claim 12, further comprising:

determining a first set of regions in the first and second frames that have changed due to
motion of objects represented in the first and second frames and a second set of regions in the
first and second frames that have not changed; and

applying the spatio-temporal median filter to the first set of regions.

18. The method of claim 17, wherein determining the first set of regions comprises applying
a threshold operation to pixel-wise differences between corresponding pixels of the first and

second frames.

19. An apparatus for increasing a video frame rate of a sequence of video frames comprising:
a frame rate upsampling device to interpolate at least one frame between a first frame and
a second frame of the sequence by applying a spatio-temporal median filter to pixels of the first
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and second frames, wherein output signals of the spatio-temporal median filter comprise a median
signal value of the pixels of spatially corresponding regions in the first and second frames and a

pixel having the median signal value.

20. The apparatus of claim 19, wherein the median signal value is the higher of two central
values when the number of pixels in the corresponding regions in the first and second frames is

even.

21. The apparatus of claim 19, wherein the frame rate upsampling device further comprises:

means for determining a first set of regions in the first and second frames that have
changed due to motion of objects represented in the first and second frames and a second set of
regions in the first and second frames that have not changed; and

means for applying the spatio-temporal median filter to the first set of regions.

22. The apparatus of claim 19, wherein the determining means comprises means for applying
a threshold operation to pixel-wise differences between corresponding pixels of the first and

second frames to determine the first set of regions.

23, An apparatus for increasing a video frame rate of a sequence of video frames comprising:

a motion compensator to determine motion of objects in blocks of the sequence of video
frames by applying motion compensation operations using motion vectors received as part of the
sequence;

a spatio-temporal median filter to create blocks of at least one interpolated frame between
a first frame and a second frame by applying a spatio-temporal median filter operation to pixels of
best matching blocks of the first and second frames as determined by the motion compensator;
and

a state segmentation unit coupled to the spatio-temporal median filter to select pixels of
the first and second frames for generation of the interpolated blocks based at least in part on
segmentation states of the blocks, the segmentation states resulting from generation of a pixel

state classification map by applying binary threshold operations over the frames.

24, In a decoder, an apparatus for increasing a video frame rate of a sequence of video frames
comprising:
22-
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a spatio-temporal median filter to create blocks of at least one interpolated frame between
the first and second frame by applying a spatio-temporal median filter operation to best matching
blocks of the first and second frames as determined by the selected motion vectors;

a state segmentation unit coupled to the spatio-temporal median filter to select pixels of
the first and second frames for generation of the interpolated blocks based at least in part on
segmentation states of the blocks, the segmentation states resulting from generation of a pixel

state classification map by applying binary threshold operations over the frames.

25. An apparatus for increasing a video frame rate of a sequence of video frames comprising:

means for determining motion of objects in blocks of the sequence of video frames by
applying motion compensation using motion vectors received as part of the sequence;

means for creating blocks of at least one interpolated frame between a first frame and a
second frame by applying a spatio-temporal median filter to pixels of best matching blocks of the
first and second frames as determined by the motion compensation; and

means for selecting pixels of the first and second frames for generation of the interpolated
blocks based at least in part on segmentation states of the blocks, the segmentation states resulting
from generation of a pixel state classification map by applying binary threshold operations over

the frames.

26. In a decoder, an apparatus for increasing a video frame rate of a sequence of video frames
comprising:

means for determining motion of objects in the sequence of video frames by applying
motion compensation with at least one of forward motion estimation and backward motion
estimation to the sequence of video frames received by the decoder;

means for selecting motion vectors from blocks of a first frame to blocks of a second

frame based on the motion compensation;

223-



1000! 0Ss! 109%&' () - gS10%&' () - Sl
109 () - @0%: ()-1109& ()-@! 10%& () - Se, 8aBSE7 070 zggz
1000S3+! 109&' () - f S3(10%& () - SF9% 109%&' () - S, #10%& ()-! SYs! 10%& () - Sf 10%& ()
YNC 1000 10 10 10 7mlO%& ()-f 4z109& ()- @S10%& ()-f/Z109%& ()-f @
. y109& () - Y TE} *?YNC 10SF-
109& () - @L10%& ()- @s! 109%& ()-f! @10%& ()-! @ 109&' ()-', YI0%&' ()- FdEYNC
181‘) /é&-! %;"Vfd <E>Y-Ngcsgg?ea95%§g )é;é i éﬁg‘%@%‘%’ﬁ 16ast dneRterpdlaa frdrme b kihe(frst @d second

109& ()!'V f 6'&'112@%3?186'1(13 aSlﬁ@A)—lﬁ@imta( nedigrpfilied ofration rf YesiOBREHing blodds nfthe first
"Headi ng 13]¢5 Eﬁﬂgl N9 o 2Rhirmine . gy 43l ¢ " Headi ng 53] ¢
"Headi ng 63] cd S Peadi ng /73] c’ Eggecgeg%tlontgb%gl ng 93] c"A "Default
Par agr aph Font[) [m_?ea@mp(se[mmg‘;{ixds ofiw-ﬂgst@@iepcpqdﬁm for generation of the interpolated
A'r'5, A35>H <= 3] 4 ' 5 ﬁ@ﬁ&- ' -l .er
New'h Root %’%cr y‘%}?d%o%ﬁnﬂe t n"ng@Jg&éﬁ% gté-}gkﬁfe&%igg%g 0, 36l %&Ag
<=>? @\BCDEF (eny genirriBmrea piivl/stete ¢lassification ouke by Aprl )ing1binary thsesholdseperstions-over

the frames.

27. The method of claim 1, further comprising selecting pixels of the first and second frames
for generation of the interpolated frame based at least in part on segmentation states of regions of

the frames, the regions including the pixels.

28. The method of claim 27, wherein the segmentation states comprise at least stationary,

moving, covered, and uncovered states.

29. The method of claim 10, further comprising selecting pixels of the first and second
frames for generation of the interpolated block based at least in part on segmentation states of the
blocks.

30. The method of claim 29, wherein the segmentation states comprise at least stationary,

moving, covered, and uncovered states.

3L The method of claim 12, wherein the segmentation states comprise at least stationary,

moving, covered, and uncovered states.

32. The apparatus of claim 19, wherein the frame rate upsampling device selects pixels of the
first and second frames for generation of the interpolated frame based at least in part on

segmentation states of regions of the frames, the regions including the pixels.

33. The apparatus of claim 32, wherein the segmentation states comprise at least stationary,

moving, covered, and uncovered states,

34, The apparatus of claim 23, wherein the segmentation states comprise at least stationary,
moving, covered, and uncovered states.
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