METHOD AND APPARATUS FOR FRAME RATE UP CONVERSI ON W TH

MULTI PLE REFERENCE FRAMES AND VARI ABLE BLOCK SI ZES
w@@io/12382 Priority under 35 U S.C. 119 [001] TPET/US2005/025811

present Application for Patent clains priority to

Provi sional Application No. 60/589, 990 entitled

;mgﬁzgwégpgpﬁgmﬁﬁoﬁ PIANIEURAYE P CONVEIBION WiTH
ner eSO HPRERESERENCE ERESCND Y NIARYSE BOCK sy

e

herein. Reference to Co-Pendi ng Applications for
Pat ent [002] The present Application for Patent is
'@hih of Priorith anflet 39WSIG. §ptpendi ng U. S. Pat ent

[1cation No. 11/122,678 entitled "Method and . .

ratus e DVBePoAPRIEH R S FatenEraias PEQIEY (pProvisional
Conver g 3 I & ] v B
oy 4. DSt NG Q7 e 098 Eniit RGP XbiiERus Jor 2o Rate up
expr e Ginyeisivagt filed dtleg@0bY004e hed essignet 67 thierassi SREKESROUNDI hereby
Field 0034 The enbo‘gl)rreqr}ts descri bed herein relate
gener &PIESLY IFGORAEAtEd PY IIBICRERALFIS on (FRUC), and nore

particularly, to a method and apparatus for frame rate

ll?ef@&ﬁ&@f&b@ﬂ’ehﬁ%pﬂi&&ﬁoﬁb‘ kdr Pheent ef erence franes
and variapl e OCK SI zes. Background [004] Low bit

rate video conpression is very inportant in many .
002 i medi a Bppreseat Applscasioe Fordatent isakkatsl toithkelvllowing co-pending

streaning,and video.tel.ep ue to.t. li,m ted

bandwi Shpf%@gd%ﬁpj’éﬁt‘%ﬁg o4 ﬂ@% B yi@%fhogwgf*?magms for
bandwiMbiion Bamg¥hsdicd FsAP Rate T vaRSorCRE BldtkaBase@Wow Bit-Rate
bit-rate can be accor&agl shed by reducing the tenporal

r esol WNideei filed Mayhb 200 rand assigrpdda dheodssigaemphaae aryl eipeessly
sending. a thir per second (fps) ’
bit-sfg%%ﬂéakﬁgxfé%%%yépggggoIution can be halved to

15 fps to reduce the transm ssion bit-rate. However,

t he consequence of reducing tenporal resolution is the

i ntroduction of tenporalgéﬁggﬁgﬁ?UFWbcts such as

notion jerkiness that significantly degrades the

higgal quality of the decoded video. [005] To display

the full frame rate at the receiver side, a recovery
rfeeshani sm TeldrewdimentedesatibedipereioneletesgeoerallF RUDIme irage up

neede dco%\gergi%ﬁ %ﬁﬁﬁ&?} a%dtrﬁ]c)elre %gﬁﬁ:gfagly, to a method and apparatus for frame

rate up conversion (FRUC) with multiple reference frames and variable block

sizes.

Background
[004] Low bit rate video compression is very important in many multimedia

applications such as wireless video streaming and video telephony, due to the
limited bandwidth resources and the variability of available bandwidth.
Bandwidth adaptation video coding at low bit-rate can be accomplished by
reducing the temporal resolution. In other words, instead of compressing and
sending a thirty (30) frame per second (fps) bit-stream, the temporal resolution
can be halved to 15 fps to reduce the transmission bit-rate. However, the

consequence of reducing temporal resolution is the introduction of temporal



franmes and to reduce tenporal artifacts. Generally,
FRUC is the process of video interpolation at the
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[008] Although block-based MCI offers some advantages, it also introduces
unwanted areas such as overlapped (multiple motion trajectories pass through
this area) and hole (no motion trajectory passes through this area) regions in
interpolated frames. As illustrated in FIG. 3, an interpolated frame 302 contains
an overlapped area 306 and a hole area 304. The main causes for these two
types of unwanted areas are:

1. moving objects are not under a rigid translational motion model;
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A
motion estimation using the extrapolated motion vectors and a content type of
each extrapolated motion vector. The method also includes deciding ona
motion compensated interpolation mode, and, creating a set of motion
compensated motion vectors based on the motion compensated interpolation
mode decision.

[016] In another embodiment, a computer readable medium having instructions
stored thereon, the stored instructions, when executed by a processor, cause the
processor to perform a method for creating an interpolated video frame using a
current video frame and a plurality of previous video frames. The method

including creating an interpolated video frame using a current video frame and a

plurality of previous video frames includes creating a set of extrapolated motion
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BRIEF DESCRIPTION OF THE DRAWINGS

[019] The embodiments described herein may be more readily understood by
referring to the accompanying drawings in which:

[020] FIG. 1 is a block diagram of a Frame Rate Up Conversion (FRUC)
system configured in accordance with one embodiment.

[021] FIG. 2 is a figure illustrating the construction of an interpolated frame
using motion compensated frame interpolation (MCI);
FIG. 3 is a figure illustrating overlapping and hole areas that may be

encountered in an interpolated frame during MCI;
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[032] The methods and apparatus described herein provide a flexible system
for implementing various algorithms applied to Frame Rate Up Conversion
(FRUC). For example, in one embodiment, the system provides for multiple
reference frames in the FRUC process. In another embodiment, the system
provides for content adaptive mode decision in the FRUC process. The FRUC
system described herein can be categorized in the family of motion compensated
interpolation (MCI) FRUC systems that utilizes the transmitted motion vector
information to construct one or more interpolated frames.

[033] FIG. 1 is a block diagram of a FRUC system 100 for implementing the
operations involved in the FRUC process, as configured in accordance with one

embodiment. The components shown in FIG. 1 correspond to specific modules
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configuration may include multiple reference frames; variable block sizes;
previous reference frame motion vector extrapolation with motion acceleration
models; and, motion estimation assisted double motion field smoothing. In
contrast, a low complexity configuration may only include a single reference
frame; fixed block sizes; and MCI with motion vector field smoothing. Other
configurations are also valid for different application targets.

[036] The system 100 receives input using a plurality of data storage units that
contain information about the video frames used in the processing of the video

stream, including a multiple previous frames content maps storage unit 102; a
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frame Eane peiraokied IFIPE‘@P flﬁlfiétftr?’&e ) 108 ih gl%lﬂcaé%noted that other

%Blef] gc . J%g%:atl&(]ﬁ\ﬁg ?)B 381% aﬁ ’%%g)e éﬁlﬁﬁ%.ln%%] ec% gAf 6516 two different
content map storage un1ts may be combined such that one storage unit for
storing content maps may be used to store either content maps for multiple
previous frames or a single content map for a single previous frame. Further, the
storage units may also store data for the current frame as well.

[038] Based on the received video stream metadata (i.e., transmitted motion

vectors) and the decoded data (i.e., reconstructed frame pixel values), the content

in a frame can be classified into the following class types:

[039] 1. static background (SB);

[040] 2. moving object (MO);

[041] 3. appearing objeét AO);

[042] 4. disappearing object (DO); and,



[042] 4. disappearing object (DO ; and,[043] 5. edges
(EDGE). [044] Thus, the class type of the region of

wo b@e01238E at which the current notion vector PGI/US2005/025811
poi nting is analyzed and wl | g@lffect t he processing of

t he frarres that are to be interpolated. The

i ntr, ti EDGE cl ass to the content

cl a§S| @‘ﬁ%ﬁﬁgdds an additional class of content

qoagsi Thlﬁ@ﬂlie @Ms@tighe PF el rdgion aN tHelTRnay &wlith thHe dufrenttiRblon vector

process, as described herein, C£045 FIG 4 ﬁ@ovi des. an

il ustlp@pmﬁgwartah@e@aw wilbplfect thegaracessing of thei fsames that are to be

i nclu v fonld¥ED

obj ec ﬁh%at% Tﬂgm g%poélan ngé]g%}ag%{b t?%%?rﬁéﬂitr&gassﬁlcatlon adds

stati Carbaﬁidkgfn@hdfldss(&antéﬂ&lmﬂlcmmmdgbpréGﬁeshmms;&evefrmnt in the

MCl, where a set of arro 412 denotes the notion

traj e ¥RV mspcesh@s geseapPed Pgfehe three i1l ustrated

f[lb@g]es F(tElQ. 4 [F &\tl)iesaz{?ﬁllﬁg&af%)l -of %%ff@feﬁ%lhéées bf"plké]? 1nclud1ng

cont'ext of MCl, "each pixel or region inside each
frane xaoving ocbjeaSGVIO) é08.i antappeamimgabjach é”x@bé&ﬁb 4 dl@pp@nng object

[) Ir \(‘/)ie g@@%ﬁﬁ grs]'%ﬂ?g?%gs i Idf?ggﬂ‘l@? Iggfgle%{s Bé olfiedes k%gr MCI, where

conpary §20f oW P1 LHHER thd MoBOY drafettofy) 86the pIRR in the three
i nformati on. For example, if a npotion vector that is

poi nt eidfustrated ﬁ@gﬁ% H(t DaF(t) andFEsbi Speeifigallya insthgtcpetext of MCIL,
backgr S Enxepo# rll"?s\{h OlRh V?Je%rf?agﬁee Jnrb%r@as@flieﬁ‘émb %ﬂe of the

changes crassi O a noving O

cur r endbolve-digRed five Qldmislaﬁﬂ aM aﬁsbefateﬁlﬁﬁotiml vestdt @ghyetse mocessed in a
outlier notion vector. In addition,
abov e-prsfeylgifashien based gn taéﬁmpam%sqffth%%ham% 6f any) of glass type

group | t
differ gﬁggglsa b Ellieteﬁ V\O/eljeeﬁé?‘ﬁge?géﬁli% anéé:lt ﬁ%ﬁ% g{sédgpgreglon that is
m nor : cl{is@iffe}i at a sBEcHak erodddifdhe PEViOLO ref¢BA fréne MED which

foo df SebEts s iaRamaYins R ndhe, STt B eLhe Midtion vector
cl assihh¢ 6t hafeAfas BRPofAR, m%@of} Qgctoﬁ%dagﬂltﬁﬂdth@/@o%entmned

content,” each based on different corrput ati onal
conpl eficvet m@nt b}asalfmtlloos\pmreup ino thyew lestetestrictad classes when

exanpl e fo e used t.0
cl assi d %?récﬁf PVG% hem@@%an%ﬁi AR [ xn]) ;
[046] [051] SBABDSAGRDYDON; Fpp[yn] [xn] ) [052]
(Z Qc>t hr eshol d); and, [053] Q@ =(Qp>threshol d);
[047] MO 408; and,
[048] 3. EDGE 406.
[049] In one embodiment, two different approaches are used to perform the

classification of DO 410, SB 402, AO 404 and MO 408 content, each based on

[043]

different computational complexities. In the low-complexity approach, for

example, the following formulas may be used to classify content:

[050] Qc=abs(Fc[yn][xn]-Fp[yn][xn]);
[051] Qp=abs(Fp[yn][xn]-Fpplyn][xn]);
[052] Qc=(Qc>threshold); and,

[053] Qp=(Qp>threshold);

[054] where:
[055] yn and xn are the y and x coordination positions of the pixel;

[056] Fc is the current frame’s pixel value;



[054] where: [055] yn and xn are the y and X
coordi nati on positions of the pixel; [056] Fc is the

weosemsst rane' s pi xel val ue;[057] Fp is the pPEWS85/025811

[067]
[068]

[069]

frame's pixel value; [058] Fp% is the
previ ous-previous franme pixel “value; [059] Q is the

[ ute pi val ue difference en col |l ocat ed
E&igl s (I og)él%@eélre‘flwﬂ%%?fpllxﬁl geﬁp%nt- and previous
(‘538 S;  an@pplifhelprédolssprtvieuahisat phel pilwel val ue

erence between col |l ocated pixels (|ocated_ at

[[9562]1 [xn]) Qe ipitkaabsokite piel @%WI@@@U%WW%C@LO&%@ pixels
061 c%_) th
E3bJ eLtl%ggte%L S[ﬁgf)élgj ec%‘(% 2[ é)é%nsﬁ%s@ {%c &z I Q)

tibeon cl ass |Qp’lStt]itﬁab%b]u&ﬁplxalSVEIEhle&ilﬁtﬂeﬁﬁﬁb@twbﬂCdl’(ﬂl‘wﬂtﬁdi pixels
[064] else if %&&' t hen cIassM%/the obj ect as
a di salopaiaf PhiyndBPBdR Proveys] and eVIPRS-plegyo SOUZEARYSS: t he
h s|§1 the object as an appearing object. [066] In

e h|g -conpl exity approach, for exanple,
goaegsi fi catif (Pr && Qpsthen olaswfyj the bbisetpsarmaring nbjal

hol N {] X ¢
DBl 1 caiiit B IBP LRSI F 2BIR G Huierdppekeromd:
Qhedjhe segngnte (t%cow &hp) tHdQassIf) v o%ect RSk ldappeabing ebject;

segmentatlon on the notion field; . trace the
Meélon of teftse 1&@@::3%&&9)@1@ elewfe/éhfgobje@wmmapm@mg OBIgFt.

AR 2 oy e P Bl pBBh 5 RARER i fhiof pased on
406 clobgezt §dgainta@idniafid actalelebld cﬁBpBaama, Gmmtﬂé)co&dges

characterize boundaries and therefore are

f undarpiassiicatiolningpr EOrmed Didgeing e BeLPR gt thééﬁ%‘@‘?‘%ﬁ’q object.
t he ed]?1 . of noving objects. Edges in inages are areas

W th strong intensity contrasts (i.e., a |arge change

in 'ﬂntpeﬁshhy)bjebomgﬁreetapbn eh theombtien fieldt ) . Edge

detection provides the benefjt of ideptifi i on
obj &cttEace fermetion efthe seg bizet (G y\%’if’é‘oﬁ%glﬁ’éro?%r?ﬂ?ns)
edge gﬁhectl on. However, the majority of the different
met hods iy be grouped into two cat egori es: gradient
and3L apirh¢heaobjectae S§; AD), D, amdtMOdregpectively. t he edges

o0 19 LR LB B8 it

for zefon. HaRsSiHsdrikebRBnEReO ALY thefdfv@tary/6f fahdiréntal
importance in image processing, especially the edges of moving objects. Edges
in images are areas with strong intensity contrasts (i.e., a large change in
intensity from one pixel to the next). Edge detection provides the benefit of
identification of objects in the picture. There are many ways to perform edge
detection. However, the majority of the different methods may be grouped into
two categories: gradient and Laplacian. The gradient method detects the edges
by looking for the maximum and minimum in the first derivative of the image.
The Laplacian method searches for zero crossings in the second derivative of the
image to find edges. The techniques of the gradient or Laplacian methods,
which are one-dimensional, is applied to two-dimensions by the Sobel method.

[0711 Gx=

-1 10 |1
210 |2




image to find edges. The techni ques of the gradient or
Lapl aci an net hods, which are one-dinensional, is

w@ppbioexst o t wo- di mensi ons by the Sobel nethodpCT/05ps5/025811

[076]

[077]

[078]

G&x =[072] &y =121000 - % -2 - 1[073] L=-1-1
-1-1-12-1-1-1-1-1- 19124- 1-1-1-1-1
-1-1-1-1-1-1-1][0%4 5 ng—enbodi nent, where
vari abl e bl ock sizes are ﬁied, the system perforns an
oversanpling of the notion vectors to the small est
hbegk @y ze. For exanple, in H 264, the smallest block
sizé for a notion vector is 4x4 __Thys, the
oversanpl i ng function wil|Il oyvérsjahplle all the notion
vectors of a frame to 4x4.0 Afper| 4 hg oversanpling
function, a fixed size rgi.~ cafr—he applied to the
over sanpl ed notion vectorls_t %% pﬂprefined bl ock si ze.
For exanpl e, sixteen (16) 4x4 notion vectors can be
ngyged, Lnto one 16x16 notion vector. The merging
function can be an average functjion or medi an
function. [075] A refierlenek frlane-Ingtton vector
extrapol ati on nodul e 136 |p{oyidels-jeXtnapol ation to the
reference frane's notfgarHetyg aqd thuefore,

provi des an extra set df | bt g% fielld"inf ormati on for
performing Ml for thelfdabhe|tb pd ijnterpol at ed.
Specifically, the extfgpolation lofi 4 neflerence frane's
notion vector field nay—beperforrea—r—a variety of
ways based on different notion nodels (e.g., |inear
noT4lon and Ineine embadivednsrveheare manebieblegk sizeseare used, the system

extrapol at ed notion f.i el rovj.des_an .

i or MG PP anat of Pt LGRSl R edoiBhy Yook sve. For
enbodi ¢kafiple, iHR 68X the 3ndalléblokispe feenmbeonl sédorf i9Ax4.NEhus, the
follow ng applications: [076] 1. notion vector

assi grawe ng fw@tigg h\é}l aversyppls gl thy mgfigr yectors of a frame to 4x4.
ProcesRtdGhe g@&sﬁ%ﬁﬁ?ﬂg@uﬁ&“&’ 2 Fkd El%erging can be applied to the

oversampled motion vectors to a predefined block size. For example, sixteen

(16) 4x4 motion vectors can be merged into one 16x16 motion vector. The
merging function can be an average function or a median function.

[075] A reference frame motion vector extrapolation module 116 provides
extrapolation to the reference frame’s motion field, and therefore, provides an
extra set of motion field information for performing MCI for the frame to be
interpolated. Specifically, the extrapolation of a reference frame’s motion vector
field may be performed in a variety of ways based on different motion models
(e.g., linear motion and motion acceleration models). The extrapolated motion
field provides an extra set of information for processing the current frame. In
one embodiment, this extra information can be used for the following
applications:

1. motion vector assignment for the general purpose of video processing, and
specifically for FRUC;

2. adaptive bi-directional motion estimation for the general purpose of video
processing, and specifically for FRUC;

3. mode decision for the general purpose of video processing; and,



[077] 2. adaptive bi-directional notion estimation for
t he general purpose of video processing, and

wG@pweioiissnl |y for FRUC, [078] 3. node deci si onP¢DUS100&025811

[079]

[083]
[084]

[086]
[087]

[088]

[089]

general purpose of video proce sing; and,[079] 4.
notion based object segnentation for the genera

P RSB SRR KPR AT APl S BRE s

gugojapol at esuks e FefbRnentiemt havien Yetof éxarapblaeiba nicalule 116
provi de an extra set of notion field inforpation for

MOl ofextTRRolptea s reisranse ERES ROt aThiielA do YRSl RetH{ra setd motion
FRUC Ser?t.Il ﬁ?&%lga iog %&%@f ﬁfétfpalﬁ@fo' &%n%é&édﬁ% 'o?@ embodiment, the
sted an MClI, as

( ME) - assi non- MEassi sted variations o
f ur t hefRWC Sgs1ema00 Bepmsts HolBrhbtidin estimpeeioa t(Mii)-asfisict end non-ME-

ext rapol_ ati on_npdul g}r\%ﬁp 0] he _FRUCd;yzt em 100 w | |
be des%?lﬁtﬁ_%dmf‘?t’r‘% 0 » R %rn‘@éculsﬁﬁe Vgl e frane,
lipggar mot ngh;b og@ga?iﬁ)h of HMExtREN bt RoliSiE a1 6RE el RO K88em 100

variations gle frame, notion acceleration,
nodel .willlte depaitetlifost with telfieercctto apulg frame fowet @otids model, and

in nmodels wit | t] f.er f d with .

el ¢ nertir WEA TR BN T e B e PO R aergggtion
Wil 1 fabddWrhé 882htidof thE eftApBl #ioh SARIBNCES ihmddtR]s with multiple
i near notion, nodel, the noving object noves in a

| i nearrefepice firamg ahd with<ither lingar mefioy or matial agaslesatjon variations
iIIustVE@tfeﬁo‘iNn FIG 5, where F(t+1) is the current
frame, (f’ I's the frame-to-be-interpolated (Ffrane),

F0$211) is tlnehe ghgleesfernts Atme, laitdr MotioR ) model tthemoving object
reference franme for F(t-1). In one, enbodi nent,  the )
ext r apBPYSilD A LiRgRI Lo &8 eopHaRty elagEY ndt FAMPLLS Hfustrated in
by: [ ' n I s o) NN .
o LR S {4865}t URRIR AL, Hepotca &
vect orfralosnFipds écthe nefetencd frame,i ande(t-2)ois thwereferéncarfeamd for F(t-1).

one enbodi nent, the scaling is linear. [085] EIG 6 )
1T S p e SO G EApBIERE SRR 0 RACS Miiption vector by:
ot '19%,vé}aﬁg khd REdrQiteYRHOE mBlibh 38 2kAEN, Where
F(t+1) is the current frame, F(t) is the franeto-

be- Rntmopalyaiceling e fomating)vectof tliowh basedidnghe Bmeringaxdo the F-frame.
frame and F(t-2) | he reference frame for F(t-1). In
the n -@Fﬁé‘i’?’gﬂ)%et“li&ﬁe ?ﬁ?@gg B ICET accel eration may be

gt ant  OrFIVRGIiBdtRteslthe QRgle estbRAEIEAe, Hdh€linear motion, model
extrapol ation nodule 116 will operate differentl

based wetiarheeciarexaapaation, whaeddtnt dcibs cupit feana, i?(t) is the frame-
accel erati. i t . )
extr agtg%ae?ﬁ%ﬁéﬁnoatg% pi-h%%g)vﬁ(ﬁ) IQF%T&?JB?%\%%%H& Ii(h%) is the

r ef er efegedct &fneHot F(t1). Iisthemohdmewmembidon (ablel2dhe;acceleration may

[087] 2. calculate the difference between t e,currgr]t .
frame Ye(qonptpntorygripllg. Jenegmbodiment, the extrapolation module 116 will

operate differently based on the variation of these models. Where the
acceleration is constant, for example, the extrapolation module 116 will:

1. reverse the reference frame F(t-1)’s motion vector (MV_2);

2. calculate the difference between the current frame F(t+1)’s motion vector
(MV_1) and the reversed MV_2, that is, the motion acceleration;

3. properly scale both the reversed MV_2 from step 1 and the motion acceleration
obtained from step 2; and,

4. sum up the scaled motion vector and the scaled acceleration to get the

extrapolated motion vector..



(MV_1) and the reversed MW_2, that is, the notion
accel eration; [088] 3. properly scale both the
w0 eaesB82 W _2 fromstep 1 and the notion accebPE&r/E$100$1025811
obtained fromstep 2; and, [083] 4. sumup the scaled
notion vector and the scal ed acceleration to get the
Z@%@Iagglata It gﬂ’helg (g%c\é Cttf)orn 1% [v%rh%ll%\é%rgne %QPI??E}]C}‘ the extrapolation
extrap@bmlwmxmmul e 116 will: [091] 1. trace back
mul tiple previous reference frames' notion vectors;
[0911 [ 093] tpacedbasicmuliinde prexionp refeignes fames HQfoBVes9ryi ng a
pol yn -
092) 57 SR HE A GO R dob e £ BPhbAigRlgrie mathemaical
ex an'_pl fRnctéond or bPA3fistZal M:h modelirey ushes lexdt squeat, doeckaiple; and,

on_ the calculated notion tra 094]. Th
10931 eyt ﬁapv@ﬂ%ﬂat%werﬁé&rawatfiw 4nsi4P8 @%J@@u;?t%%@sh trjectory.
3@9&3060 h i n}rﬁéﬂ&tﬁgaﬂhﬁn floa0R 118204 aRb %seﬂg c&bsl ﬁ%ﬁr@ébh in the
5] 1. uSe the del,

del: [09 constant accel eration
as desdingléramispvariablecaccalbtibatmoddhe

accel eratj on- adj ust ed forwar t

10951 7 all W e orp gt JecE P00 fepdel o Fsscripg Gagve o k) lg e
the a%%él%faﬁbh%ﬁﬁﬁarfsﬁx&a@@lM@rmﬁbﬂ tM/mdtibR flgﬁt of F(t-1), Fﬁt—Z) and
reversed W_2; [097] 3. performstep 3 and step

as deskit3hed in the Si ngI e reference frame, non-linear

[096] g})t Iggpﬁcgggﬁ: gale.agéeq?{% x%f:ée tM@t 5%(? g& e??ed%'\/oa and,

dfor a rrulr erence

[097;1 frame, pdﬁdﬁﬁ%teﬁ'@&ﬂd)ﬁep Wﬂ&éscn%tﬁh&h@mﬁglémﬂznﬁ@fmme non-linear
vector of a decoded frame nay not point to its
i mredi BPdopmafebus ref erence frame. However, the

[01007 0! | onF]!GS 751 1hditatS QRS bihti oI b olaﬁ&l B&ul& 196'¥Sa multiple
R Aol

F(t+1) e curren
flreﬁamwbdrahm hhmrmdtﬂinemoaa- ﬁvhm)fprvﬁ(rdm()twnszettlme of a decoded
reference frane and F(t- 2% is. the |mTe ate evi ou

rlEqme BRY @Ot P%'l%tofl@rlmfﬂ{qdl%[ preyious & g‘@flc gmg.g Hgwever, the motion is
rﬁﬁﬁfo%@t]%ﬁt \;eﬁ&ﬁ[lﬁoflﬁ) Ehefﬁg:ll‘ﬂ@ PE(—IID ils)the bﬁhérﬁ IS BE) is thé]ﬁam&to be-
ol ati on .

extrap dul e reversing the
riafeep@atce (F-frame), & (b} is dline m&rclme fraam:land[lﬁ_ﬂ_@)zjs the immediate

I I ' [ d t
FHEvuY fefiEnee (e bor BN D AT (- PRE SEIFFRG T [ohdgme FE-D:
[ B8R]ImddeGihSerttdpbRtibAbRAuR 16lWillp! e reference frane,
non-linear notion, nmodel in which the extrapolation

[01011npdu} eremrsln\&ﬂllﬂ reéwmrfmmm metion ¥e¢ter; aaskt r apol ati on,

[0102]}/“;2;: QFr %)% e)) scalin %'o%{ éagcl(bf:mi t'im"élq%}e 15{1%){ t_o|t§ F rf?atni;]e In one

refer edﬁﬁlﬁbdlment the scahng is linear.

[0103] FIG. 8 illustrates a multiple reference frame, non-linear motion, model in which
the extrapolation module 116 will perform motion vector extrapolation, where F(t+1) is
the current frame, F(t) is the frame-to-be-interpolated (F-frame), F(t-1) is the reference
frame and F(t-2) is the immediately previous reference frame for F(t-1), while F(t-2n) is
a reference frame for frame F(t-1). In this model, the non-linear velocity motion may be
under constant or variable acceleration. In the variation of the non-linear motion model
where the object is under constant acceleration, the extrapolation module will
extrapolate the motion vector is as follows:

[0104] 1. reverse the reference frame F(t-2n)’s motion vector (shown as reversed MV_2);



frame and F(t-2) is the imedi ately previous reference
frame for F(t-1), while F(t-2n) is a reference frane
wo oo6012382 F(t-1). In this nodel, the non-I|i neR€T/US2005/025811
vel ocity notion may be under %nst ant or variable
accel erati on. In the variationof the non-Iinear
[OIOS]QEEIeF)gr uﬁieger:] the egrgi(lhre%ego ZC‘L:hg r(}:ﬁl;rm %qfarmeclg(rf’f) ﬁmtion vector MV_1

extr apzﬁid&h@rdvhfseﬂMV o1 wiget Brthd ﬁlOﬁSﬂ f@elepmton; [ 0104] 1.
reverse the reference frane F& 's notion vector
[0106] ( s h@wnPraBethyesraleshaih the royersed s 2 znd &he TeliQR eecelgEation obtained

differg n the current frame F(t+l)'s notion

vect or %‘%&e@ ﬁgﬁghe reversed W_2, which is the notion
[0107]accél equai 1P the scfleddvesed MO P2 mhcyths Gedled baelerdtion to get the

reversed MW/ _2 rM% the notion accel erati on obt ai ned

f r om s¥dpolated [0107] 4. sumup the scal ed reversed
[0108]M_2 aﬁﬁlefellge §&§ie?&*e@ﬁfbﬁbﬁ‘ i3 dt @Bndthe I8k vififble, the extrapolation

extrapol ated MV. [0108] Were the accel erated noti org)

i modwlt wilb dsteeming tlhmctstiumtddabbtmn Ydeeorén bnapobedinent as follows

dIeW|IId ermnet edm)to vect
10105] g ot e QRO VoGt SRl Hepps et e
[0110] MOt DONcYREAOFe rﬁ&tldHJﬂerJb&b@ B RWiRs 8 pbRheiek8adh@d®Saihematical
[0110] 2. calculate the notion trajectory by solving a
pol ynofehetigrerduratisticataleanedalingl(e.Bu HENE areast mpgn square
statis nodeling (e.g., using a | east nean
squar eéatll,gi‘lzilatl %gta?lgh) and, [0111] 3. calculate the

[0111] ext B3ape @il el th\éxtI@p@‘dteﬂ |MlV td beerlupl the! l:aihﬁdte&mdtmn trajectory.
rajectory. [O1 QA} n anot her enbodi nent,
e

fo112] ext r ap®iaethshemberiment s er&ppelatiopaogpls léﬁtdﬁtgﬁamaf B
as

Tl W85 MRS LRI APl 23,
[0113]as desweithecaistantadcelecaionwhatekbas describe above to calculate the

accel er atj on- adj.ust for 2 fromth ti.on

fiel dsacs?le:fg(lpn-Ia)iJus’fggi&Q%arW F}(\%/rglgx)t[‘le P@i}o&ix]e{@ of %(t-l), F(t-2) and

rever sgihe accel eration-corrected forward W_2 to get

rever sed 2; and, [01 15] 3. repeat step 3 and step
[0114]14 ag. desesé thediccaienahen nmrctqtepﬂ forwarideyi¥n2a ¢ gétiraesased MV_2; and,

not i,on_no havie been
101151 g3, P cFBRR ey el bk sty e iBE BfeteriBuffaedp gioton

nodul emdddl. The functl on of notion vector snoothing

nodul e 118 is to renove any outlier notion vectors and
[0116] r educ eOndecthe imetion veetogsrhave heensexgiaeted gheyaresptde pgnesfon vector

| Ong r
J%&?o%h %Anodgli(;sltlgr 1 ﬁéﬂ?({%i%ﬁé)%&gog ﬁ%él’tffg&{l&tﬁﬂlg rﬁl&iu(l)g]lpgls to

Sieive arpblitfieti@stion betors And edpesthe mgnibat efdrtifacts due to the effects

appl i cation nunber ) ) . .
of these outliers. One implementation of the operation of the motion vector smoothing

module 118 is more specifically described in co-pending patent application number
11/122,678 entitled “Method and Apparatus for Motion Compensated Frame Rate up
Conversion for Block-Based Low Bit-Rate Video™.

[0117] After the motion smoothing module 118 has performed its function, the
processing of the FRUC system 100 can change depending on whether or not motion
estimation is going to be used, as decided by a decision block 120. If motion estimation
will be used, then the process will continue with a F-frame partitioning module 122,
which partitions the F-frame into non-overlapped macro blocks. One possible

implementation of the partitioning module 122 is found in co-pending patent application



11/122,678 entitled "Method and Apparatus for Mdtion
Conpensated Frane Rate up Conversion for Bl ock-Based
wao.oweBit3sRat e Vi deo”. [0117] After t he noti on BOMUSI0FIERS811
nodul e 118 has performed its f yn nction, the processing
of the FRUC system 100 can chalnge depend| ng on whet her
in
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Sl on not1on

VR hike ub@diﬁeﬂlontf@ﬁBlchQd@é@ﬁ@@ﬂBltARhte videdt. Mg prfitorBng function
F-frame partitionin rmdul e 122, which partitions the
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[01181\/ deo Altgyhe Eaﬁrﬁm@ Fieey PRGRIORSHINIQ MAcTQPIRckst 3 POHAR NeFtor
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decisi on nodul e scrl
hlemmementaitmwmfrthﬂ wtmh atdter assigement moqhdb a4 .ovhivh isl aldwensed after

ck-based o i xel - ed 1 After. t he F-
B ae R e PR Rt & SrabRtrbh seiaenigk gatepbeppcation number
VEDL 22,6 AS&itHRAT MetHBAHAIA phathtid flob MastRndIbeR@BatB® FFa8ue Rate up
bl ock a notion vector. One possible inplenentation of

t Genvestiomfor \Fé@QkoBa@éshO@hBﬁﬁatﬁrb’ tflgod. 124, V\,hl ch is also
[0119] gzggr a@ﬁcge mg{lgf vecng Oaléélgﬁ Be! en \%Vg]ee ina dte% the’ ma %0 blocks an

in co-p appl i ion nu

1ddapiies Bi/@reetibndl |nﬁiﬂ10nl&ﬁ1|hﬁtﬂora(r]11 MEPp ﬁfoﬁhléslzﬁaﬁﬂll‘ﬁétlmaﬂas a part of
Co ensated Franme Rate up Conversion for Bl ock-B

ed
opringhe @Q%oa@étlmatgmqsggste@w%ﬁsgm@g@p@qnbed Below, the
Bt | ven%l Qaﬂzﬁ nRRRR IBOGHSProk ﬁl@ngé&oﬂe?w module 126

Irectional notion estinmation
npxduides th2Golwwinglverifisaibnaheckipafunctbngper f or m ng t he

notion estimati on-assisted FRUC. As furthef describe
101201 d, WERLE B85t OO FeciA B B4 HorePH B ELETPRIOPGIF LS the

for FRYavRATASIIEECRY Bl bMrwWIRI B o 46ctBF ﬂb’l'[nQE@blt Lfifectional

follow ng verification/checking functions
vvhen tltnetl@eesﬂlmmmnangme sh@nd bg similaw to esch othescanidpt i on
f.orward

012110 c P BOHBE PG DERTLI R it P RO GG TTGRToRBE gl the

est i mefokrRardenatidieveshi? dhd bigwatdrinofibn vecteRw il 8 f\Bfe: different from
and, [0121] 2. when the seed notion vector is a wong

descrl‘?ﬂch@ﬁleﬁf the notion field, the forward notion

[0122] d’ﬂﬂso{he%n 1@&9&1 i t1 %&8}%11%%? pe . oln sgﬁrﬁg gé &glurring operation

éren rome

o e odeiwiza aiscﬂmtmmns bloamaﬂamﬂlmoﬂﬂe eatdre Risaslly/sisasast picture.
a blurring operation on the otherw se discontjnuous
[01231 ) ock sTheEEPRAIERCEREGPIGTdntarRwion 1pithgmotign pitaaliontprocess as

Plezfoa€d by the Bi-ME module 126 should be noted because the role played by
Chroma channels in the FRUC operation is different than the role Chroma channels play
in the “traditional” MPEG encoding operations. Specifically, Chroma information is
more important in FRUC operations due to the “no residual refinement” aspect of the
FRUC operation. For FRUC operation, there is no residual information because the
reconstruction process uses the pixels in the reference frame the MV pointed to as the
reconstructed pixels in the F-MB; while for normal motion compensated decoding, the
bitstream carries both the motion vector information and residual information for

chroma channel, even in the case when the motion vector is not very accurate, the



[0123] The inportance of color information in the

notion estimati on process as perfornmed by the Bi - ME
worwele3s?26 shoul d be noted because the rol e ppelEs2005025811

Chroma channels in the FRUC opgfation is different

than the role Chroma channels play in the

" tdsamhhf infRAatioNEES8 I AdibierORe Al LR ensé%% feb Gtin¥ted value to

Chroma information is nore | nportant

0 g@n@@xtm ‘Haggefore, threcotmomessif suetlonnetion énmote " inpe et for FRUC

of the F eratl For ration, ere.is no
bt T o B T o e TP BB AT i g ied in the process of
pﬂ&@ﬁﬁﬁmlg&ﬁ@bés]ﬁ@nd%ﬁé@'séed ﬂoﬁ&iﬁvéc@ér%yecfé?&nﬁﬁﬁge the W

ted to as the reconstructed pixéls in the F-MB;

[0124]\Nh| I e Total Réstertipn ro_dri* BaMpeWsated_ecBHi3rigD_Vhe

b rea r th.th vector, i nfor

101251t B € el difSeia i€ P TR K AT EAnS s B L R broma
t OharmeE &7 ki and®_ VChoma@ehndl, V SxidPire RS (‘ﬁst%ﬁtfdﬁrlﬁét?ics for the U
th esidual information carried in the bitstreamw |

¥ fdupraa channelscrssrachtiely eandy N ue W.o2 ashW_dserecthe welghtmg
T, S 0 t 10
Tt 418 BRI SADARS bR B
Onr Zvma_3=if@r mat | on i S i ncluded in the process of

o120 T AR R T i
*erfhddimieM Sther RoNoh OtiZdtio (SC%SSGE)-SIY H a3 Jn%ﬁl('egk&liﬂ LidiRa

metric for the Y (Lum nance) canne
Grtimatipn maydeiusyd anah ditevhatieh tcohladlmanm:-llmotibneestlm)atlm eln general,

f
HE SRUFLR O} BBRT MRS offl gl <R bias on frbif Eetpualgpgion
vastighation & sudfedientTof HEivel fadso H}bcl@rﬁgy ¥e 6530 '@)ﬁlsﬁch factors as the
res ectivel For exanple, w_1=4/6;, w 2=w 3

f ClRgst ofkhe magiey bioak, eeder e eambet of Dotiat mm pasaing through

tion. In one enbodi nent, other notion
W@%Pﬁgﬁc’?@h&%ﬁocesses such as uni di rect| onal notion

[0127] est i MERIGOA ilteytrabes alsefdrras addptia hdtidatehti@ati¢h decision process
bi -directjional notion estimation. In general, the
FELHQU BIPTIGR VRFIEE FFaPalFHian i CotThsrmextapolatd metiomyaciasn do not exist
| ectional notion estimation is sufficient for
ggggvgﬁb%acro bl ock may be based on such factors as
[0128] t he cdnt entlf elcassnichap teesmatexistPOGK andihe/neicrd Bleck is not an

t t hrough the nacro
o EREref 61 55le hices BCRI718 e BEmoton eftupstich i aasiomad 920
ticAalE Shdrort drafor PEFhRiRNa HoRBR SSimhi o H‘b1 ARLARR motion

vect or extrapol at i on, I.e., wher e extrapo ate not 1 on
\eeidmatien processts Eerfcmne(l gs)zg a swialrsearch @428] For e)dafrnpie a 8x8 search

SRt 9975, 02y 201 o3P B o5,

nigenbil- difeceishdl MBdtonesiiSai@ fPerBAndP@4D);

[0129] 2. If a content map exists (906), however, and there the macro block is not

an overlapped or hole macro block (908), if the seed motion vector starts and ends in the
same content class (924), then no motion estimation is performed. Optionally, instead
of not performing motion estimation, a bi-directional motion estimation process is
performed using a small search range (926). If the seed motion vector does not start and
end in the same content class (924), then no motion estimation will be performed (930)
if it is detected that the block: (1) from which the seed motion vector starts is classified

as a disappearing object (DO); or (2) on which the seed motion vector ends is classified



Optionally, instead of not performng a notion
estimation, a bi-direction notion estimtion process
wo 2000016382 med using a small search range. For BPXED§1005/025811
a 8x8 search around the center point. If there exists
ei ther an overl apped or hole f8cro bl ock (938), then a

bi - di recti onal j t ' ' | ) .
P BEhBEDA DRI AT B 30 gt A0y po modon
titR will®e kBpied. (OBOY KTHeSame resuits 0938 mal pecliraf the@haero block is an
macro bl ock (908), if the seed notion vector starts

avverlaprest arioferaaga hlockHBmnd dheasegd ppsian vegtRefiaipand ends in the
[.0 LBt hom.1 s performed. Optionally, instead of
% ep%?%gﬁr%g%g(bg@fi on estimation, a bi-directional
[0130]nDt | or3.est | Helid sead protioa Ssctbsd@smioostar dvithsd P @ntmibt end with an

search range (926). If the seed noti vect or does no
R CaR I ST RN R ?@%C}aﬁs KA pgave a
. . : | ViRt
B L3P 54 90) A by B AR 30 iy o e
noiioction vextorthatahaches the M) 6540).f Oderaise seidies appwtipn agjimation is

object (DO ; .or (2) on whi.ch the seed notion v i
cPuiBted g1 sbupahadn et e PpSaE PR P Rep A 658y and.
01311 nstead, t hg KLHP@&l0LVE vesibt &6 Bl dAAs O thAGRB Chb@Bnt class (910),

vector will be copied. (930). The sane results (930)

vilhen a bdigectionalt thetieraestisnabipn PrOCESs ig sashie cregipibig metioneetor (912).
| ock 8 ' . .
oo 2, BhoEler B AReRRR AR TeHP 5 Y58 s gy movon

t dyeinmeenl deatibn procestio diffkoas fifoad thetpasdesyvhéreahd 8 trapolated vectors
content or _end with an AO content bl ock (928), but
RSB 806 {6 tVheR CEFRPOlHEhmAtion ¥eakom i3ISt (9925 assified to
[01331have ay mvi &911 ARcFHIodkMs GRNeE M rotibfl %‘c&&@: a forward motion vector
uni di rectional notion estimation I's used to create a
n@_ MV) anelct isrck tvhgt motdrc veesort(BeMYD; (934) . Ot her wi se,
either_no nption estimation is perfaromed or . .
1013410t i orial |y, MSSOTARER BHOD PG 1o erad Py e foryyur mqtifag ector:
(£36); and, [0131] 4. If the seed notion vector starts
and ends in the same content class (910), then a
[0135]bi - di r®ct i othabaciordrd magion eptimatiom igseasled Sy ithe baskwardomotion
create the notion vector (912). [0132] However, when
e¥€t%pol at ed notion vectors are available, the
[0136]2dapt i wies. MOtiileArafs tal prefeirod adEive hidfioR kSefsSon decision process with
different fromthe process where the extrapol at ed
viaetion kecsgreexirapolations wheyghen ext r apol at ed noti on
vectors exigt X 33] .
[0137]seed rr%ti onﬁ€§%g%fﬁgs¥naé\g%g§\x/}a¢0§ ) grfg? pjgn%%%{ilg?& E%O} #8tees with

athel backvaed witidn Vet too(1006Y; irond BnbddimeftDAd4]otidn estiration will be
forward notion estimation is seeded by the forward

risrfosred £k419) 1f thinsped mepfipn)vestors siart patRtHR dhseamegpntent class.
e§ide[Rhi19hd RofGEeketha%n Wif bbBEHURESA (181 )P RdcA ude and

direction, and also the content class of the starting and ending points of the forward
motion vector agrees with the backward motion vector. Optionally, instead of not
performing motion estimation, a bi-directional motion estimation may be performed
using a small search range (1010).

[0138] 2. If the seed motion vectors do not start and end in the same content class
(1008), then it is determined that wrong seed motion vectors have been assigned and a
forward motion vector and a backward motion vector are reassigned (1012). If the

reassigned motion vectors are in the same content class (1014), then, in one



[0136] FIG 10 illustrates a preferred adaptive notion

estimation decision process with notion vector
wezioapsBat i on, where: [0137] 1. If a content PEPUS2005/025811

exi sts (1004) and the forward tion vector agrees

with the backward notion vector’ (1006), in one

(TR0 R praful AL TEhs Biotrel (FRGR R H R ingion vectos
saaR afd st the bassconbfr elaks. c@ptiynallypinsiead ofn@ peifomhing Motion

wil]l be performed (1010) if the magnitude and .
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a j ' I ' veator

o RE PRI RN eTefineh BB, PR R 3 content
otlassothepepdtoul mteygolaton srused (1018);i on, a bi -di recti onal
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VELEQ 306, M6k aBi-8frbc Al 8080r Sstitlifion PR SO HEAbmHBE622) if the
(1008), then it is determned that wong seed notion
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CéamgScdnlddd 8iass, b @iredtionaN@BABIOtiidon Wil bEQkiBiined using the
estimation will be perfornmed (1016) if the seed notion

veetion secerthet has glagmg and enRSDIES HOE 6HDe epriey class as a seed
[ hast ead of not perform ng notion
&ht%lil?rgt@%%%f(lgﬁ@i -directional notion estimation may be
[0140]per f or#ed uHKine@her ofiied notedmveation Angestididg Gnd ending peints

reassigned notion vectors do not start and end in the
shtengioniahe S@v%g@i,terttﬁgﬁﬁs 610 dhen ?éqrpyarfgwpsﬂn vectersd the
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not agree Wt a tion vector
a(1oR8)liif tetreassighedmiotion vesoisrmat indhe panoedsss (11830), then a bi-

perfornmed (1022). if the starting and endi ng points of
DS i et apat ek s e Pes B seE SRRl dudion vectors
( ?1@?)2) -OthbRAENMISBe staltirid¥ndindSoiMs bPMe YEREBA& motion vectors are
starting and ending points belong to the sane content

chetdn thegapyie-canicatelpss{A03Mothew spatial intarpolatonisperfoaned (1034); and,

perforged usi the noti.on vector has starting,. .. .

01411505 erd ng ToPeertn Frd® Ba S ale LD SR Boko Lbggpation s
npdrfcthed @Cth® fortvhEP@btiol 0dcA6t andl.thd hadk@latd@btied védiers agree with
notion vectors have starting and endi ng points

beAch eiieh §1438)-+ Qutienphly, insisad af net|pgEferming pagtiontegratipp bi-motion

f arwar. i h O r.

i n 33} S P E0h (AE PoOBAHIEA (00 DRI i e
viatw ardan(l a8y ard infotiohevetwasdd yotedreewl 031), e bi-diredtional motion
in the sa cl ass (1030},, then a bi directional notjon

eSHiMAHEP 31l P8 PREPTRPR!Yies My RHECiond BRI ATRIPEYON
"Dt POl GEhI 116 ) direChibE bhE Smallér dubforSblbihteWeR ces

endlr‘ﬁ(':f:;1 pol nts of the reassigned notion vectors are
(SAD).

[0142] After the adaptive bi-directional motion estimation process has been performed

by Bi-ME module 126, each macro block will have two motion vectors--a forward
motion vector and backward motion vector. Given these two motion vectors, in one
embodiment there are three possible modes in which the FRUC system 100 can perform
MCI to construct the F-frame. A mode decision module 130 will determine if the

FRUC system 100 will:



not in the sanme content class (1030), then spati al
interpolation is perfornmed (1034); and, [0141] 5. If
W b@eowsent map i s not avail able (1004), thenpP@DUS2005/025811
notion estimation is performaﬂgif the forward notion
vector and the backward notion“vectors agree with each
ot her {1038 t [ t.. ' .
[0143] Mot i onf esti Lang tbgglnt!hg Er?otm}{ ve!:tg?s ?&%q)epffopﬁ% b\}mﬁfﬂﬁétggng] ngxlgflon
s sdtdngatcdyation (BBM@If)mad (1038). Otherwise, if
t he forvvard and_ backward_notion vectors do not  agree
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[0145] of t he3.smal dseronbuthe bhclkadzsd mdtien dettbe ashperforhSAm)idirectional
[0142] After the adaptive bi-directional notion
P PRETBRFISH ¥ ess has been perforned by Bi-ME nodul e

126 b1
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tn S 5 ik TR A Rref e et et RhEl ool Eotokample. here the
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cbﬁﬁb@ﬁ@%qﬂd redyced-4 6feanidhpy FHs %étll?ﬁ)]&}én@bgo £eS \gghip golor images
ct %ﬁ’s’@fg* Hifr |t(%ﬂeg;tﬁﬂélé yNﬂ)%}ﬁﬂ ﬂrlragrngm&&ﬁlt&?tafe%ed to group the

escr i true on trajectory,
cdkdmmnng)iyeelmto skin- umnﬂm’[zsamdmmamihe fsq:amtmetdﬁmckgmmm noise.

ndi s describ d. boye. For exa
W5, Fan e e DYEH veiotRey SPAB e Herhgrpm Geace plare.
rTl&‘Jhdfhéi‘ﬁs‘knﬁﬁﬂlH SNERA that ki Pel(QR8mE leﬁfanﬁ eBTEBLB!S! éﬁﬂ 0.5%Cr<0.7
a useful technique that may be utilized in the node

ddtsir apomplizrivere ydhera3ob and B axgi the blugand ved ¢oniponaets obthe Chroma

for fast det.ection. Specifically, by focusing efforts
o%a%eﬁyre%egé\é&yegl ons with the sanme color as the

[0147]t ar get FIQPJIQ GllustBRA hGhodel d¥BisIOAYproEesS | DOU ided@ B tithe/mode decision
r educed. gorithnms exist for locating human faces

vinpdile 13¢) qurthfr RRYEssyBipmskOfs Bhereivay 2 Kwardmgetéonpyeetar{Forward
205 ORI A S0 ST L, 0 Fpion
S hiadioe ﬂrdaassl@scmhed aboves eeedypiiaavdcyors eed MBGHS] 1@6e£and a
g}loz%ré& Pn%{)elolloén\é&r)otgnt}/a?r%u%r:ral | area in the chrom nance
[0148] 1. Bi-MCI will be performed (1114) if the forward and backward motion
vectors agree with each other, and their starting and ending points are in the same
content class (1112). In addition, Bi-MCI will be performed (1118) if the forward
motion vector agrees with the backward motion vector but have ending points in
different content classes (1116). In this latter case, although wrong results may arise
due to the different content classes, these possible wrong results should be corrected
after the motion vector smoothing process;
[0149] 2. If the forward and backward motion vectors do not agree with each other

(1116) but each of the motion vectors agree with their respective seed motion vectors



The human skin-tone is such that in the Chroma donain

0. 3<Cb<0.5 and 0.5<Cr<0.7 after normalization, where
w@ooantk3®2 are the blue and red conponents of PEEUS2005/025811

Chroma channel , respectively. I0147] FIG 11

illustrates a node decision prdcess 1100 used by the
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t(é&5Q)athen a spatial interpolation will be performed as the seed motion vectors are

incorrect (1152).

[0152] 5. If the motion vectors do not agree with the seed motion vectors (1150),
but one of the motion vectors agrees with the seed motion vectors (1154), then a
unidirectional MCI is performed (1156). Otherwise, if neither of the motion vectors
agree with the seed motion vectors, then a spatial interpolation will be performed as the

seed motion vectors are wrong (1158).



class as the seed notion vectors (1136), respectively.
[015 1] 4. A Bi-MI operation is also perfornmed (1160)

WO poobloe3g2 are no content maps (1110) but the fPCESTH05/025811
noti on vector agrees wth thev@ackward noti on vector
(1144). O:hervvi se, if the forward and backward notion
vect or ree T

[0153]macr ob oc 1s‘ﬂ)ia)lél}lean acrébrlé?]%(e %(l‘%ﬁ'&fﬁ(ﬂi’ﬁlg%l% ﬁgﬁ‘?sﬂ% %II?breéir}% co-

llﬁ&i‘dﬁlg@a‘&ﬁk appldatibs nahbérie /LX), d 78catided Puisthod and Wipphratus for
notion vectors i s copied ( 1148). If the notion

videtign Sogmensrigd FramediieUn fanYaEor Scm Bled-BasaddervoFiltoRue

| §;p.~ ntra-macrobl ock (which inplies a new object),

thenit is very reasonable to assunme that the current
[0154]macr obAfteJkth'e Sndcheblpekst are feakdeenbiaitoatopstaict die K- friamat Eit dﬂEblocker

|nst ance t he. copy of t e col locate ro
o R hred todplise aitAg fieaied doFing Hhe eorroekn el

bl ke #1 HR8othdd thb'f \%ngéﬁ 5 15166@ At R)108R% DGk ok ﬁfé boundaries
noti on vectors agree” With the d notion vectors
(4et®89n the heacr@bloples. i al i nterpol ation will be perforned

0155175 PRSI MBS Rt 5 e B e Y gt EARR o appees poim
SERAx TR ivARINE G{RES oh WD the FIRU© BFprohch diBcriB¥di Hefein may be
vectors ;?r ees Wth the seed notion vectors (1154),

t ieeraent dArl é‘é@qeﬁﬁntﬁmnm v ?Ssdlﬁ)’-élﬁifedrh@éfdn (refe1Big)a, device providing
h n ti r
CHIEL IS ] LA 8 e A 00 VS A B R o
Wedrhputi@ memfce @.ﬁ@phsazslaptbp c6Pute ot dle;mto\pe;@hrpn&r aorét mapbea self
(1158) 0153] The Bi - and macrobl ock reconstruction
@zmessue}é%? P@é@“aﬂ ngétab%sﬁlataﬁ@ g acess terminal can also be
[ d
aﬁgéar#egl?% 39 ? Wﬁérou}]]y(%&rfélelﬁ gtg%lgrgﬂ{’k&ﬂﬂ% reggfé &Qt‘ijorfe‘ Béhote terminal,
Govey il ufsexragBhIo okudsasqdpinont. Bite-aRedse téﬂ‘mh}ﬂ) mayﬂiampscnber

After the ro bl o e rea d to constru

{0, PISIRRS G o 5 D R R £ daap ey B REss (sephone, a

aSéshlfoﬁ Hhifiabie BdRstof ES’]P?Ehdﬂéea (ARR3E IBQEMO(()? E iL}) k@@abh,Ya personal
he debl ocker 134 smoothes the jagged and bl oc

adlgltalaasmsantdd?@tﬁéda laaruﬁngldah:vmélabmg vdealése sommcue@ papehdity, or

MBEr 0 bl ocks. ‘]ff &-} ﬂ bl ock dJc ram of .,

RGeS SPE drrRa Ponspsd oA i SRPOBeR. porMl SFSoR ROy as

adl%lfSéHdQ&@ﬂﬁM‘éfC@iﬁdH‘d%Cﬁﬁ ah REckELLwRBPMaPEI S BFCsbdSLr the air-

herein may be inplenmented. An "access termnal," as

dinteziase dbronsh enmor mereesestors wathdhe pesessienwingls n ghe a¢cess point acts

ta&dz( L%{Jte? %Et@ve‘ég %eac&és\él %ﬁé‘aﬁe}q aﬁd H‘?&%St O-El?l?e ggs%%%twork Yx]lhlch may
ermn connec uting device

aisclude ap TP petovoiip blyeon edrting ﬁdCEﬂBd amﬁmetf%a framed to IB@ylcRm The
a self contained_device such as a_personal digital
aReESsbRHit alsprreondinatessthe mappgeanrent ghatgitugespar the air mterface

[0156] For the reverse link, at access terminal 1202x, a transmit (TX) data processor

1214 receives traffic data from a data buffer 1212, processes (e.g., encodes, interleaves,
and symbol maps) each data packet based on a selected coding and modulation scheme,
and provides data symbols. A data symbol is a modulation symbol for data, and a pilot
symbol is a modulation symbol for pilot (which is known a priori). A modulator 1216
receives the data symbols, pilot symbols, and possibly signaling for the reverse link,
performs (e.g., OFDM) modulation and/or other processing as specified by the system,
and provides a stream of output chips. A transmitter unit (TMTR) 1218 processes (e.g.,



referred to as a subscriber unit, nobile station,
nobil e, renote station, renote term nal, user

Wo 20060382 user agent, or user equi pment. The BCT/ESH05/025811
term nal may be a subscri ber ati on, wreless device,
cellular tel ephone PCS tel ep a cordl ess

S Qo Pechien oy i e foeg]tugﬁc 8B} e R Ehip s
dlargi %e@bra&%i‘al hédiited BiAYI, which aﬁdﬁl&hdttéteﬁtbﬂ@nhe&wdnﬂl 1220.

wi rel ess connection capabilit or other processing

[01571devi ceAtsaEawR 1284% hf merdulatsd fismaln trangmetigd bysagcess terminal
p@di& and 3 eg 'tezﬁ#lﬁa?‘fq claﬁﬁﬁdrpcatloﬁfvﬁ{hsactzgssﬂ)oﬂ‘ﬁ\ibéfx 48 r8ived by an
acceéss ne at  conmunil cates over
adrtértad2b2C 8, retdivaugit (R Ry 1258 peoceset ¢¢.§., conditiorshad digitizes)

access terminals. The access point acts as a rout
b@@\xféféwefiﬁenak%esanfe@ﬁﬁﬁﬁ% rgfmomes Fesyedrampies. o dgmgdulator
cg% I cf? 1296} fo%e&@é’ NChdiuiies RdBleRR) he r@yewed samples and

i ng ece| ve a| r-interface franes t
pprokEks detddted date sgpmbplsj which hwmoisyorstimatet Qfshtt Hﬁéa symbols

managene f attrlbtesfor t rointerf 156
Farhateed ty Op 48 MTaRS Seessdoitd20B e e BR) daly ProcHssor 1258
dﬁl%&%@ést (elel 8t aen@%pa C&s5efleavdd Antl A6€IEOSthé Babéke data symbols
ata froma data buffer 1212, processes (e.q.

efor galcélstenmmle&ﬂdeavedes dasedesdasofor tha drminaih d_at a
[015 8]ggﬁgr6rteF ﬁego agégctcg& Spogl;g 1?64)?21%51&? QEHL ?St né)r8?essed tgl aTX

Fﬁkbs@ﬁr S%ﬁl@geﬁﬁ'ﬁtedﬁtaasynﬁmk A moldﬁlatc&ylllﬁ@ kedebred the data
m)du ation synbol for pilot ich is_known a prlorl%,DM)

Yaehols, filet symbpds, pad egv@@gtfﬁetha£9lav3§9%b|p§rfom g 0
YO Fon %ﬂgop%ﬁ%y%k%ﬁeﬁ{ s'si[ﬁ 5 np&&)ﬁﬂesr &ﬁﬁ@t dhiream,

or s or o

pwhxchssﬁm@neﬁmmmﬂ bgd thlylSlhhtBr myﬂ; fl 26 arahdaqsrmmdjfemantenna
g@g&ox&gagg &ltng g}:glg 7 %rﬁg% gng &tﬁgvee% F(%Jr{%@ g&}ﬁ%ﬁ 8 z&:gle?'nlersated by a

aé'ﬂhltﬂoiléﬁfzgo%flaﬁ {RUBNCYarREBRY Bh ki reldiSe HME Mccedalp@mt 1204x.

stream an enerates a nodul ated signal, which

t Aammﬁtbmuinalr 102 sstha nodnlatedisigal trpm;lmﬁ?d by afmsﬁemmt 1204x is

poi nt 04 ted als t ansm tte

a’€8"e1¥%d1 %%?‘ﬁ?‘?fbﬁhﬁfgo%? 8?’&‘2?‘%&% (RS Unft222, and
ECBY b G&nMﬁlHtoﬁ@FEZ?Sﬁ) dbedif aet&aealuata rs?mb@lﬁemfﬂﬁx ota

an antenna 1252. A receiver unit 1254 processes

(erogessockiRdiproasases diridatecgid qla;zee»mwea evidesidedogedflata for the
f d
déam) ig ecﬂﬂg {(%éf%gd ?ﬂ\ggg (ﬁ‘ﬁ' o@géggaj(l\ggg rgc%mls ﬁ?f Lﬁd%fer control

aétdmﬁ@ﬁd%@ hr&D cdnlv®ls @Cﬂrmdn%ﬁﬁrﬂﬁraaﬁnﬂlt@bwr dﬁe the reverse link to
detected data synbol s ich are noisy estimate of the

JRACESSRAHH J2R4% 1 H%tFﬁﬂetf%HZWn@H@W gt Ahg Qperionfageess terminal
t
S%@gsaéég@%ss éelth? %nf\goTeggg& vgig @/Idé?ﬁ&? ﬁg g%%éﬁl 1272 store
derogaesgodeb endldite usabbﬂainaroﬁgm‘daB@ afidbi2Haodspearvelynal
onsoEhS P e dcedd, Sete Lol nok e ne (9328l o
dRiBwins @Elﬁfb?&g?@sd d%ﬁe @1\7 %ﬁoﬁ Nhﬂu eACRESQTDMAY s¥fems, Multiple-

gener ate data sy ?{)r 1262 recei ves the
d@tmmier CDMA (MC- CDMA) Wldeband CDMA (W-CDMA), High-Speed Downlink

Packet Access (HSDPA), Time Division Multiple Access (TDMA) systems, Frequency

OVI

Division Multiple Access (FDMA) systems, and Orthogonal Frequency Division
Multiple Access (OFDMA) systems.



synbol s, pilot synbols, and signaling for the forward
link, perforns (e.g., OFDM nodul ati on and/ or ot her
w@erbiomss: processi ng, and provides an out put PBEI/pS2005/025811

stream which is further condijjoned by a transmtter
unit 1264 and transmtted from antenna 1252. The
f or war ' [ (| [ele . t.r o

101601 0t i shoil of bR b RIS N in ERD HeRlnplemented on a
t erieknal GonirhaisatdntHandv 48, frbcess@y and ey stenkkriow nateC@sesof ordinary
point 1204x. At access term_nal 1202x, the nodul ated
stk a1 the pitn ior exasep!eythe gencsal rediitemenbios she dienpioegneee as
b . . it . Lt . .
s BT sy, PR bR S BN (bl Sl nformation, o
1pddessor tolebatrol thebparatbeh adathackynbnd 8 meAwriRFordadring data and

processor. 1226 processes the detected data. synbol s. and
p?raara&_&srela&édaé@e QRETHIP G R by %{5@@&3@%@ e ligtes 2
| {dtt13 p96%. | I GnofiePdhBbdiRknt ARQ1ERCSE h WaRdHNEcRBWRE }aaving

control.connands, and controls data transm ssion an
t camsmicatpmsenpabilitidse In getemsthet emkodimentc desdiepbis atpersonal

1204x. ntrollers.1230 and, 1270 dirgect the operatjon
O e e R 5095 S e e LA ot PaBAe ch &a e
r REE0&L ﬂ%ﬁbé’incbﬁﬂ?ﬁtéﬂ M Nelc8ssdrd3R iR eliehRO2Anipldhént EOSHRAY
codes and data used by controllers 1230 and 1270,

re@spedivenie| yhe varias)illyatiye Lgicslogicehbloeisrirodyleseapdigarcuits
o e et ;

LA Rl AR R st BEch bk iomenicd o

syafoened withl 4 ganbed phigiosd procésobi)\a (diditaCidsiyl prodiesstl @DEP), an

CDMVA (W CDWVA)., . Hi gh- Speed. Downl i nk Packet Ac (Iass
(HIRBPAOn SPERRC RIGETated ippit (ApICe: %@e’éﬁogrmm% es8Al¢ iy, (FPGA)

3 g _ i ol
COREIRY PR 5E L FBM PN Wl
segahmpmenis 0dGh)y chbmbgtatioh theoeof mlotigued thgerfoime theefluhctitsis described

escribed herein may be inpl epented on a variety of .
B A St PR ATSSs<B BELDE dracmmip ey orang. Rilhtematve,
bife PRSeior Rla§1DBARY coifvdntiond] pdt@ssek lconfrBNlerS@dFBEShitrolIBE or state
general requirenment for the client to operate as

degching et phegesson may aldeche itfpderadniteshas depsnbinationif ppmpuoting

di spl ay content. and inf tion,. a _processor t

cieeSte g cabaRim T b PSP Rus AnigfeRisRioR Nilwshyy ot
Sin@iroptcéiadrd, GhRGbr PidRE it pfoeksbR4n tonjuh@icapgitiah DYP ke, or any
the client. In one enbodinent, the client is a

cether qugh coegygationn anot her enbodi ment, the client is a

handh i NQ: N i 0 AREER . )
ot "1 EARUNEIONE O8cS PR 34 A5 ARSI Bescrved

campedttizn widy thegnibodimetitc dis¢lossl hesgim hialyibeiimplentented or performed

addj ti on, hardware such ag a GPS receiver be o

i VB A SRS AIRITRRS PERCE S04y & digHalisgnal Progeisof @%@%ﬁt@%am

AR AR ARGk DEDIS, o PO MBbAld L) ) ot
deegranbeablé logoodavees discrets gake ¢rtteansistvo thgie disrate baldessd
h(:e({rr?rlorr]lerrlrt%}/ orba%yicggllb:?nrarl‘faigltl %geré)orf designed to perform the functions described
herein. A general-purpose processor may be a microprocessor, but, in the alternative,
the processor may be any conventional processor, controller, microcontroller, or state
machine. A processor may also be implemented as a combination of computing
devices, e.g., a combination of a DSP and a microprocessor, a plurality of
mMiCroprocessors, one or more microprocessors in conjunction with a DSP core, or any

other such configuration.



performed with a general purpose processor, a digital
si gnal processor (DSP), an application specific
wo pioegr2a8ed circuit (ASIC), a field progranmabP@r/ysioes/025811
array (FPGA) or other progra bl e | ogi c devi ce,
di screte gate or transistor F?r;gi c, discrete hardware
nbi nat on, th of desi ned

[0162]82??8?‘%1 sﬁ%pso({fr?gr{q%‘tg% orqaeg C? %ergiill’rl] co ec on Wltﬁ‘l(%he

gEhied ety dROREe PREIa T80/ bd@ﬁbdlﬁed?dli’écﬂiy @rph@ﬁeﬁﬁd? in a software
but, in the alternative, the processor ma

c@ﬁ@l@lﬁpmﬁéﬁd l}i’r%@é@@é‘i’f Okt GasntBztion Af dhey t“?* éPHy tware module
%ag¥ em yPﬁa%% SRGryTROM hfe%d?? E}‘ﬁ’b%@&%&
conbl nation o conp Ing - devi ces, e:

CERPROM memogy, regifd&i, ahatdalisk, & lrﬁmmkﬂﬁsi{, a @{R@Mabr ny other
of mcr oprocessors, one Qr nore m cr Qprocessors

clomph storags mEdEmAnpEp it fegrt. fin WRJ?IHéFO%%FcWCdlum is coupled to
Ct‘ﬁ@ %&Hgs% sﬁﬁh thLlpﬂ‘l@ k}oc@%r\f fegHﬁlfbhhéig)tnrf?&hV&d'vﬂ@ﬂe@ﬁormatlon
| ogi-cal bl’ocks, CIrCUItS cribed in
cm)mhecstqrme nm:dltumt fhe therdbtediatieerttbe stomgk omdiinh ma@ubn intggral to the
nted or perforned with a gener ur
OEEo e grogegior 478 e gHIPEpPEREguar (fEs/h SRANIC. The ASIC
apRY taflelif A uBRQEIntihel. TAURAIRHRMVE, thE Hfdcesfs&silﬁ) the 8torage medium
field programmbl e gate array ( FPGA) or ot her
pm@]gre@rﬂmbldescte@wnmn@en agpgydemivalgat e or transi stor

| ogi ¢, —di scr oL e e -
o160, 4 S5 S PEUBES SETROBE Bl b i s

digaké kb athymewehike Ming@ 06y wes Pflapd depptuesdscn, therayoveedescribed
m croprocessor, but, in the alternative, the_ processor

shfy Ve BRVdRPRBiRgITos Sedayeitive eanaepts| diglosed herein. Various
BRI Uk 0B SR SRS AR RSERA T e
dendi the geneﬁc@n,nc@las aefinethhdrein mdy se @@Iﬁedimjother embodlments e.g., in
m cro[]g{locessor lurality of m o rocessors,

ndras %‘PB%?%E%%%I& § OF AN BH]CrA YT ’FHC’WE‘EB}‘ é‘PP lcatlons
OlvitRdid d@ézﬂﬁﬁg HANNE Qﬁ{lt 9%@0%{3& 8fkhE b6 lasgdees c@s&ﬂ%dq{erén Thus,
nmet hod o orithmdescrib in connection wth

etrb ochipewf tls ajnlsmllmsmsl ishrent antnndnalyo be hemgddw te e@tllhOdundarys shown
in hard nodul

RRBLLRRI6 br otk RurtObe BRI TR BT B by pat nove

NRAR dRYose@ BéER. I TheRAIMBREMYary liasdd ¥R EMEYelyRelin to mean
menory, EPROM nmenory, EEPROM nenory, registers, a hard

dissivingas arowablics ntaske, i LBBIREM.” chnerybesdiment desgrhedherein as
st Qr. nedl n ' r r

gel%ﬁ]ﬁmé 1% (r)lﬁ{rr}eléaé)s?%l})ttﬂ (le)te %?g%élgag gﬁ&&é&?@%&gﬁﬁ%ﬁ? &ver other
peralsRBBOtits CABcdr&ﬁn@l}i, fHeatavel aspactt bbihe eaibddimtiéntedescribed herein is to
i nformation, to, stqrage nedium_  In the
e dafingd sQlely ttyhtée §QQ?F§§§‘%£@HPW}H&F&%WEe integral to the
processor. The processor and the storage medi um nmay
reside in an ASIC. The ASIC may reside in a user
termnal. In the alternative, the processor and the
st orage nedi um



may reside as discrete conponents in a user termnal.

[0163] The enbodi nents descri bed above are exenpl ary
wepwedi2sent s. Those skilled in the art may now@EkKE2005/025811

nunmer ous uses of, and departures from the

above- descri bed embodi ments wifhout departing fromthe

i nventive concepts disclosq@ E@&ﬁin. Vari ous

nodi fications to these enbo F S may be readily

avpaf Rlaihfedtifiose skilled in the art, and the generic

princi ples defined herein may be applied to other

qbodi ABRttfod Br SreatiganfifterptsiitaatideB $28@ RtheSeturtepevideo frame

any general wreless data conmunicati on applications,

wing laalierabied ipre viep st vidae fraaess giermethed coiBifn®t t he

novel as ts ' i 1. . .

emboci FEniE et SRRl Hetlol sl rorh dFIAGURE pRlvibiaeo

dredinTee puiraitpvhipleioas nideofrab®standbe accorded the

wi dest scope consistent with the principles and ngvel |

f eat urg8eIgiing p Skign yepter for oxp éreﬁx?? Hle'lé??éﬁ?g‘i‘t%‘? yl%e? g‘ ame using the
1%% ' . A to nean "serving as an

ggg‘#p e, b#ﬁ%?%%@?%?ol ‘lustration." Any enbodi nent

described herein as "exenplary" is not necessarily to
e corBtermettodef geief brwisdciorzenetating tg saninoieeior fertnme area of the

enmbodi nents. A di t [ t f . th -
STESUhTERY Boa S8R A Uitics B Y BhgERRH ffa s compriig
B rfoRRinsGaRRapivethstdmdstigatiog. cl ai ms. CLAI M5 What is

claimed is: 1. A nethod for creating an interpol ated

video frane usi na a current video frame and a

B ur al Theymethodplecipigy &, Wides sepeiiag the aotips; iester for one area of the
G | 5 i . .
S L5505 L AOOMA 0 o e
Henemating sheahotiurexdctou Sonondeved ofdhesiterpoldted endeodtamgusng the set

nmotion vector for one area of the inpterpol ated video
fof SaRRIFUAg ToKien BR OTSrAn APRISB PE AT FEPIBeRled FIOTog vector

The method of claim 1, wherein generating the notion

VECT OrTOheBB& ofEIRE Of fubther dondRisY REREhg/bifl@ fotibA BBmpensated
usi ng the set of extrapol ated notion vectors further

doteppdlgiongneds. f or mi ng an adaptive notion estimation
3. The method of claim1, wherein generating the

rg)t I 0 Velerﬁét%{)%éfg élﬁﬁgfﬁ{étgﬁrc%gn&f%&gﬁ%{n%% @t Xﬂi&?@ompensated

franme on vectors

fHbliiEVectaiPided ©8 tigemefiai tagpdistedmritépalatien imide idecisione
area of the interpolated video frane using the set of
extrapol ated notion vectors and, a cont ent tl}/pe Of{-ﬁ eachl d
dxt r apreaneiodst clgim ¥ FT GPMPFIFIE RGNS Fiecsehplfxfrapolate
fHEE S ectiPr i si ng deciding on a notion conpensat ed

i nterpol ati on node.

7. The method of claim 1, further comprising creating the interpolated frame based

on the set of motion compensated motion vectors.

8. The method of claim 1, wherein the at least one previous video frame includes a
plurality of moving objects, each moving object being associated with a respective
forward motion vector, and wherein creating the set of extrapolated motion vectors
comprises, for each moving object:

creating a reversed motion vector; and,

scaling the reversed motion vector.



5. The method of claim4, further conprising creating
a set of notion conpensated notion vectors based on
W0 b@enma38n conpensat ed i nterpol ati on node decPGI/U820085025811
The method of claim1, further conprising snoothing
t he set of extrapolated moti of“vectors. 7. The method
ri.sin

I(Hnt erp eé?%taoéj Pé\ﬂ%mbgs% I‘CIH C t1 G5 e re?grséc[] ],%Otlon vector comprises

Gevasing eleadspdati voforveetversr. 8. The met hod of cI aim1,
wherein the at | east one previous video frane |ncludes

a plurality of npoving objects, each novi ng ohj ect
- ng Eiegnethad etclaim B whereis seating dhe r&t/%é?%mﬁ%?t Ygftor comprises:

VECL Olyyae ﬂ%‘)a‘é@% <Biidd d‘frrﬁc?&dn%c{o?ﬁnstﬁé fﬁ}alﬁ%%{)@t@% #hRs associated
notion vectors conprises, for each nBV|ng obj ect
owigiathemgovdng ebjectsed nDtlon vector; and, scaling the
reversed nption vector,?9. E t hod of cl.ai m 8, )
Wher o SRKTEADE Aghae trissiany Biseor Bns s 06 MoUgypigissand.
rever Sﬂaﬂﬁllattllﬁ artﬁa;&%\%z oY ehel BIMBRINYEST PdctorkOsit bR @he determined
nmet hod of cl erein creating the reversed
moti@rirajetoyr conpri ses: traci ng back a series of
nmotion vectors in the plurality of video franes

s iogln tesrgftﬁngtﬁ gﬁ %}Q}E% Vfteg gﬁée %&éfse&j S‘l %vagét&gls 3caled based on a
MEaé BidSk ofthd at Rabiamk pedvigusaviddodrass.ory of the reversed
notion vector to sit on the determ ned notion

trajectory. 11. The nethod of clajm 8, erejn the
rldver s RethpSAf laidn 8 Whereinsaalimg the EaTssH mPton YectopeIpprises:

of t h‘g;i ?%mﬁ?ﬂg by g{ﬁ% rcﬁ\ﬂl&ﬂﬁl a\ébéi&%tlgﬁ ﬁflr@alcﬂ-lgtmg D@ifference

nmet ho erein scaling the reversed notion
Vietwerm mn‘mnt gideo frdme dorwand mptian vectouartd thé rewetsed motion vector;

accel er | calcu tin i ff rence
curr ertd ¥ltﬁafﬁ¥erf %‘ Yﬁ'f? GIECC?IB?WE ﬁ\ﬁ%ﬂtfgn acceleration;
rgyer sed nDtlon vector; scallng both the reversed

motion vector and the anDunt of notion accel erati on;
and, ocombiningghetteversesmpben vertariand thesnount ghgoties acceleration.
am)unt of not i on accel eration. 13. The nethod of claim

I [?t er Sf; etﬂgg an gn \x}hgteelméc G&F‘% 6R %er%f%r?g(fné%enfsated

itFon nD e conpri ses: rmnin
rmtet-matmcm@ded risd@scri be a true notion trajectory
of an object; an
determining at least one motion vector that describe a true motion trajectory of
an object; and,

performing a motion compensated interpolation.

14. The method of claim 13, wherein the at least one motion vector includes a
forward motion vector and a backward motion vector, and performing the motion
compensated interpolation comprises performing a bi-directional motion compensated

interpolation using both the forward motion vector and the backward motion vector.

15. The method of claim 13, wherein performing the motion compensated

interpolation comprises performing a unidirectional motion compensation interpolation.

16. The method of claim 15, wherein the at least one motion vector includes a
forward motion vector and the unidirectional motion compensated interpolation is

performed using the forward motion vector.



perform ng a notion conpensated interpolation. 14. The
met hod of claim 13, wherein the at | east one notion
woe@bo1238ncl udes a forward notion vector and aP@HUK4a$/0R5811

notion vector, and perform ng the notion conpensat ed
i nterpol ati on conprises perfo ng a bi-directional

e} nsa erpol at [
7B} o BRAOR, S 1S SRR E L 0B OB (BBerpguces
1&ck§5ﬁﬁl wetidioeectdr 2t ahdnridirectioailendti qredongrens el inhﬁpolatmn is
not j on conpensated interpol ation conprises performng
aPaifAreIEd 8Eng HirackyaidgRoedeiat i on i nt er pol ati on.
16. The nmethod of claim 15, wherein the at |east one
mpg | ONANBHIpler ke GRdurh REVIAE the theBLH SRR ke @rBAdnt BRred
uni di recti moti on conpensated I nterpolation Is
pmslfnmtmsi wisnregeduted Hyoa pmcdssnntcame; theptooessdi7to peEhierm a method for

t hod of. cl ai . erein. the at st .one tion ..
VGO ierumed Ve BRI O eULOAG: ARG g a plality of
URte ol € Gldb® RameiRhé ﬁﬁt}@a%@ﬁ@ﬁ%g%é Asgrdrol ation is
perforned using the backward ion vector. 18. A
conput @patrrg@mb b’éextmpplaﬂmdha«?/mm)qucm fropy atdenst enegetegence video

stor.ed i st g%ons when executed by a

&e eon e
%@%g’s@?p 531Ef¥é’flpﬁew%lrs 610 perform a method for

creati ]?@'f il dreddaptiad ﬁldtlUﬂl eendionnRingshegkttapolikddanbtion vectors
video frame and a plurality of_ previous video franes,

t 3l gAnERHE LIPS 19 ed] @i‘érat)ﬂ]@teét%@no‘feﬂoéf eating a set of

"ot or oxEan g ot R LR R RNl SARRARIEG, e

vi deo éreatimesy sepef fnotioh ogmpensatdd pidtioa vettbrsdrasedson thetoaion
using the_ extr oI at eg?gotl on vectors and a content

t%&?g’eé‘ﬁat%@FFrB ‘%Eb’é’lo e'§18%i on vector; deciding on a

noti on conpensated interpol ati on node; and creating a

SE. ofTﬁ@édn%t&%&fam%e&iuﬁmflcpﬂmmcWE@IJ%%%MH fufBer
noti on conpensated i nterpolation node decision. 109.

Té¢renprising the step @f dabdbingdte sehob £xicapplated Botigh ¥e&o18. t he
nmet hod further conprising the step of snoothing the

%dadabT ,ﬁrglgﬁpu%l;ﬁ%gﬂb 1%1!3(91 ]gl oef\ALa?&SLS af?\ﬁrey]&te%égpég fatther

f wrﬁ;msﬁng?tﬁﬁ'@tk%)%f Bﬁatlﬁlgttﬁtlﬁﬁrp@iatm fahé basetloa the set of motion
i nterpol ated frane based on the set of notion

CW§%@%@OWW%OR$GMOFS 21. The conputer readabl e
medi um of claim 18, wherein the at | east one reference
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each novi ng ect being associ at ed a respective
fudmfrdmrmtqhuhs weidrolity o rmmbwvtmtqccns,tehdl moemgcﬂbject being associated
C{Vlet tairg ect:tpvee f%levgzargfmotion vector, and wherein the step of creating the set of
extrapolated motion vectors comprises the steps of, for each moving object:
creating a reversed motion vector; and,

scaling the reversed motion vector.

22.  The computer readable medium of claim 21, wherein the step of creating the

reversed motion vector comprises the step of reversing the respective forward vector.

23.  The computer readable medium of claim 21, wherein the step of creating the

reversed motion vector comprises the steps of:



extrapol ated notion vectors conprises the steps of,

for each noving object: creating a reversed notion
woewbo1238and, scaling the reversed notion vectPCT/URRN5/025811

The conputer readabl e nediunlgﬁnclain121, wherein the

step of creating the reversed tion vector conprises

h ) . )
e LSRR TG SRR e AP HEF e i

nhq]ﬁke@y@ﬁ &vjeat i ng the reversed notion vector

conpri ses ﬁ%e steps of:tracing back a series of notion
vect o r@tquimm%a mqylloamaieyt%i bysed@p the seriss ohEwgen ye@ers; and,

Wi th t FCth? %?&Jto%gtof t}gerE\%rgg %&%I@V%'t@ it on the det énuned
trajec ory on the'series of notion vectors;
Gﬁbﬁdﬂﬁﬁwdmgya trajectory of the reversed notion vector

to sit on the determ ned notion trajectory. 24. The

comput r eadabl e d|u . of Ialm 1, wherein the .
Hhvor s e debigmetn of BT BESKeIBR e fvhiaes matign vector

qf s C?'flﬁﬁi tked @r?‘ﬂlnﬁ']ﬁdéxeéﬁﬁ@ﬁqgasf bR feréive fidife. CONPUL er
readabl e nmedium of claim 21, wherein the step of

scaling the reversed notion vector conprises the steps
5. de’ﬂ@rqcmmutﬁg readablepngdium of potrn 3h, whereindhe step af #ppling the

cal cu |f erence, bet a current video frane
OB Betreb BBt By ar ced ot i on vect or

scal i nigtdp@iding he amewerFesbtivataceslerdget by caodlatifea differanice

of notion acceleration; and, conbining the reversed
rhstwesn acetent Videriframe famsichmogen NeripomdLhe BiVerssd metion vector;
26. Ths%alﬁg%lt'ﬁ EEASaPhE P WPa08 o aﬁ'h(gﬁné 8f mMiiBh §éd3leration;
t he step performng a notion conpensate

umﬂerpolation node deci sion conprises the steps of:
detern1n|ng | east one . notion vector that describe a

true rAOMMbEHNE F@S‘] TEYRT O, YEChY; agglthe apepnt SE M0 ﬁppﬁaﬁ:&leganon
notion conpensated interpolation. 27. The conputer
readabhie d&ﬂiu%]r@.fdaﬁie%éﬂu%ﬁ of Wagh @B 'whétBindhe kep st p&ﬂﬁmmg a
notion vector includes a forward notion vector and
bactiawesanpepsateshintaspelation made dérasien egmprisep dref ensiohg t he

d I
o O ESRER y BB FRE KSR bR By o

| Mt i@l atll on using both the forward notion vector and
t he éackvvard notion vector. 28. The conputer readable
medi urReSOIBINg] AMOEON (HBPAERFHCHEXTBOIAIOR t he noti on

27. The computer readable medium of claim 26, wherein the at least one motion
vector includes a forward motion vector and a backward motion vector, and the step of
performing the motion compensated interpolation comprises the step of performing a bi-
directional motion compensated interpolation using both the forward motion vector and

the backward motion vector.

28.  The computer readable medium of claim 26, wherein performing the motion
compensated interpolation comprises the step of performing a unidirectional motion

compensation interpolation.

29.  The computer readable medium of claim 26, wherein the at least one motion
vector includes a forward motion vector and the unidirectional motion compensated

interpolation is performed using the forward motion vector.



conpensated i nterpolation conprises the step of
performng a unidirectional notion conpensation

WO niceopsBAt i on. 29. The conput er readabl e nediReT/0§2005/025811
claim 26, wherein the at | east_one notion vector
includes a forward notion vectdr and the

uni directional notiqgn c ensated,interpolati.on s .
30r f orhEQORBIRERARDIP mf@}g&%Oﬁ@m%&m%%P gt TqpgSne motion
RN e TudE £AFARMA ARG BAVEI torCdndithe dfidirkdiRinel Motihecahpensated
| east one notion vector includes a backward notion
veetpotatiands peréormad dsing thd askhwvardonetéenm estgiensat ed
interpolation is performed using the backward notion

ctor, 31. A video fr : | :
R er ot B e el AP B B TR Bl UG P Mine o cument
aibodraphdndl 4 plratity ¢ geviousvideslframbs eomaprishogipr i si ng:
nmeans for creating a set of extrapol ated notion
vect orgeaps fncarating aset e trapalalpd MOASOD VAEESHF AL {eAS ORE

RLATALL b e frafle B U udkilG b ABRSvialPRRed, OF
performng an adapti've notion estimation using the

ext r apadaat fudt perfbiming\aa ctlaptveanation estmiaton usipp theaixtrepalhted
extrapol at ed noti on vecfngg; nmeans for, deci di E@’

PRRL B CE R BN mEEn! FPe ) SRel FEAPHB RS mefog Ve 5%?2 1? or

creat in%n?ﬁo?%feciﬁingr@fi ARL6R ERBPSRLRE iftBipbRfiol @ddef snd,
based on the notion conpensated int e{ggol ati on node

deci sinpgans 82 créphiog wisdieef Metimecopnsosaiebmoben ¥eeplinbased on the
further conprisi ans for . snpothing the set of
é&?t}%wg%t@&g%oq%&} P qdeggs? rhe vi deo frane

processor of claim 31, further conprising neans for

@peat im@ vide fratheprootkbest daiarsy, haged comptikieg senanofor smoothing
notion _conpensat ed notion vectors. 34. The video frane
phoses o5 ertrapplagadaneiian veciiier ei n the at | east one

reference video frame includes a plurality of noving

Ofy] €C g e AL T RY hiddeRB} 8CllaitE3 NGRS C6MmphisiHe \%etﬁﬂs for creating

respective torward notion vector, and wherein the
rhaimserpolnted fmate baged dretleett affmeticy copapeasasel motipmrectors.
vectors conprises, for each noving object: neans for

creati a.reversed notion,vector: and r .
ST IR foseEas BeaRbt GERL yneREE T RS, dfsoference video
f it AALInBRAEES pRRFalRY of ndl Mg dbjecith edchimoviRg objeatteifgaassociated with
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means théns forastNigghaekersedmoii@svatormmid, on vectors in

the plurality of video franes,
means for scaling the reversed motion vector.

35.  The video frame processor of claim 34, wherein the means for creating the

reversed motion vector comprises means for reversing the respective forward vector.

36.  The video frame processor of claim 34, wherein the means for creating the

reversed motion vector comprises:

means for tracing back a series of motion vectors in the plurality of video frames

associated with the moving object;

means for determining a motion trajectory based on the series of motion vectors;

and,



associated with the noving object; neans for

determning a notion trajectory based on the series of
woreitsom3sect ors; and, neans for cal cul ati ng a tPEy/E81005/§25811

of the reversed notion vector .fo sit on the determnm ned

notion trajectory. 37. The vi déo frame processor of

cl ai m 34, erein the reversed notion vector i J
baced B A aEE GO Ll R ALy 3 B8 e
fdetiBincd8notioharjéd@q. f rane processor of claim 34,

wherein the means for scaling the reversed notion

vector conprises: neans for determ ning an anmount _of

gt | onl hgodegoeliame pipcesporel duimad4. mdiereiy fieriay@prdgmotion vector is
%@%@@g&kea oS W ROtk IBGelt TG dn@ YRt fRhi@N Vect or

an e reversed notion vector; nmeans for scaling both
the reversed nption vector and the anpunt of notion

@scel ertmtvidan; frane processosoff daincHiyiwheraiyg thehpeans Yerr seling the
noti on vector and the amount of nption accel eration.

JoVerymOE P SABPHFScessor of claim 31, wherein the
nmeans 05 B& defirflififAg 8n IRbLALIGRIRANREd18Mtion by calculating a

i nt erpol ati on node deci si on conprises: means tor
differengerhatyec a ¢weent vidiae fiapreiforward magiontvietor gedibe irpwersgd
true notjon trajectory of an object; and, neans for
ﬁ??%ﬁctﬂﬁ’ a notion conpensated interpolation. 40. The
Vi deo rhEREBoricAGRSISAR tHef reGdraddMndPon Wrtdreind thd@m@int of motion
| east one notion vector includes a forward notion
\asedlenatigmding, backwar d notion vector, and the neans for
per T o9 (NOn TRl E P RIREEALEL L Q4! RE! Y hifunt of motion
conpri'ses neans for-pertormng a bi directional notion
creogendati.ed i nterpol ati on using both the forward

notion vector and the backward notion vector. 41. The

video fra processor of clai 9, wherein the nmeapns .
sk peeaecE e BroRBisPbt HetbheteBln FBrAT3 gt rggprming o
GRIRSH &RSpeRBANPink@holRES] AbBE BstidoBhHpiget | onal not i on
conpensation interpolation. 42. The video frane )
pr oc esseans §ér dstexinimiB8g at lshssooe motiop vaetor batdeserkee fisug mgtion
vect?r i ncludes a ({lorvvard noti on vector and the

e A 2B RRIH B on cormpensat ed interpol ation is

per f orfi®hs i refoiiehof DmvasE corBbdngsted BtéPbladdn. The

vi deo franme processor of claim39, wherein the at

| east one notion vector ) . .
40. The video frame processor of claim 39, wherein the at least one motion vector

includes a forward motion vector and a backward motion vector, and the means for
performing the motion compensated interpolation comprises means for performing a bi-
directional motion compensated interpolation using both the forward motion vector and

the backward motion vector.

41.  The video frame processor of claim 39, wherein the means for performing the
motion compensated interpolation comprises means for performing a unidirectional

motion compensation interpolation.

42.  The video frame processor of claim 39, wherein the at least one motion vector
includes a forward motion vector and the unidirectional motion compensated

interpolation is performed using the forward motion vector.



i ncl udes a backward notion vector and the
uni di rectional notion conpensated interpolation is
w@eeobo1238l usi ng the backward notion vector. PCT/US2005/025811
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43.  The video frame processor of claim 39, wherein the at least one motion vector
includes a backward motion vector and the unidirectional motion compensated

interpolation is performed using the backward motion vector.



