METHODS AND DEVI CES FOR ESTI MATI NG MOTION IN A
PLURALI TY OF FRAMES Technical Field [0001] Various
weedvodissent s generally relate to nethods and deeT/6€%009/000200
for estimating notion in a plurality of franes.
Background [ 0002] Typically, a video sequence contains
many redundanci es, where successive video franes can
contain the sane static or noving objects. Mtion
estimation (ME) nay be understood as being a process
which attenpts to obtain notion vectors that represent
t he novenent of objects between franes. The know edge
MUTHODS AWD ORVIOES RORESTIVEA TINGIMOTION [NA PLURALITY OF
conpensation to achi eve conpression. [0003] In
bl ock- based vi deo codi ngrRANIES MOt i on vectors are
determ ned by the best match for each macrobl ock in
the current frane with respect to a reference frame. A
best -match for a N x N macroblock in the current
frame can be found by 1eesdielim@d exhaustively in the
reference frane over a search w ndow of + R pixels.

[000F] S ARBHN SHofin{eAR géndrally2reBRAL Rl HIA! MHdSievBACHr estimating
requiring 3N2 arithnmetic ‘operations to conmpute the sum

moBbn Lk debhey ences (SAD) as block distortion
criterion. "This is very high for software

i mpl enent ati on.

Background

[0002] Typically, a video sequence contains many redundancies, where successive
video frames can contain the same static or moving objects. Motion estimation (ME)
may be understood as being a process which attempts to obtain motion vectors that
represent the movement of objects between frames. The knowledge of the object motion
can be used in motion compensation to achieve compression.

[0003] In block—based video coding, the motion vectors are determined by the best
match for each macroblock in the current frame with respect to a referenge frame. A best
‘match for a N x N macroblock in the current frame can be found by searching
exhaustively in the reference frame over a search window c;f + R pixels. This amounts to
(2R + 1)? search points, each requiring 3N? arithmetic operations to compute the sum of
absolute differences (SAD) as block distortion criterion. This is very high for software
.implementation.

[0004] Some conventional ME techniques to reduce the number of seérch points

using predefined search patterns and early termination criteria assume unimodal error



[ 0004] Sone conventional ME techniques to reduce the

nunber of search points using predefined search
WQP2i0va483$2 and early term nation criteria assuneCT/SG2009/000200

uhi nodal errorsurface; i.e., matching error increases-

nmonotonically away fromthe position of globa

m ni mum [0005] Wen content notion is |arge or

conpl ex, the assunption of a uninobdal error surface

may no | onger be valid. Consequently, fast M nethods
surfa®y 1.1 MedRAg babiSfcremEchia®tonidaus al@agiom thetpositiod of dlehal

guality notion-conpensated franmes that degrade coding
minBguhor mnce. Summary [0006] In various enbodi nents, .a

nmet hod for estimating notion in a plurality of franmes

[0005] Pr kA 8hter: BRtOPRE MRSE dritohpfixNte BRBHTENYFAAnnddbl ¢xtor
set of notion vectors with respect to a first frane

surf@ffindy SERARY bt VAN CohfGusRIGORS NI ai¥holemR@ploBuce false
succession with the first frane along a tine

matPhdsShlid RMindBLHER Yulbly o8k L8P SSite Pfrari@ithR QegtRielBiRg
wth respect to a predicted franme and the second .
pﬂ&ﬁﬂg%& the predicted frane being in succession with
the first frame along the tinme direction; wherein sone
noti on vectors of the second set of notion vectors are
interpolated fromnotion vectors of the first set of
notion vectors; and det I Ni.ng a third set of notion
vectors based on the fiTﬁﬂh@%f of notion vectors and

[OO{Ilﬂ: Sbfng%]ﬁas:gﬁboﬁfmqus é Y& %r%gtﬁnatﬁg %@io%sacﬁlhlgﬁéy%@ of

frames is provided, the method including determining a first set of motion vectors with

respect to a first frame and a second frame, the second frame being in succession with the
first frame along a time direction, determining a second set of motion vectors with
respect to a predicted frame and the second frame, the predicted frame being in
succession with the first frame along the time direction; wherein some motion vectors of
the second set of motion vectors are interpolated from motion vectors of the first set of
motion vectors; and determining a third set of motion vectors based on the first set of

motion vectors and the second set of motion vectors.

Brief Description of the Drawings

[0007] In the drawings, like reference characters generally refer to the same parts
throughout the different views. The drawings are not necessarily to scale, emphasis

instead generally being placed upon illustrating the principles of various embodiments.



[0007] In the drawi ngs, |ike reference characters
generally refer to the sane parts throughout the
walpdobassamnt vi ews. The drawi ngs are not necessarCT/gG2009/000200
scal e, enphasis instead generally being placed upon
illustrating the principles of various enbodinents.In
the foll owi ng description, various enbodi nents are
described with reference to the followi ng drawi ngs, in
which: FIG 1 shows a hierarchical B-picture structure
In the felbedtgidencription} yariains eaitbdictienBnte debdriBed Rith hefeyena ththeck
diagramillustrating a notion estinmation in accordance
folviwtide diawinghddiviieht ; and FIG 3 shows a di agram
illustrating a notion trajectory of a macrobl ock
acr PE% 1fshawes hiefrch@aDB pangestictule Rnceii@dé Wehtn FIG 4
shows a hierarchical B-picture structure in accordance
emBbdilhemnot her enbodi ment. Description [0008] The
followi ng detailed description refers to the

acCPRP 2Ry b6Wda Bloawdip gamtim{ratﬁig@%otm e¥¥@ath in accordance with
illustration, specific details and enbodi nents in

anmb&ﬁmgllﬁeaﬂdnventl on may be practiced. These
enmbodi ments are described in sufficient detail to

enaplce 3RO €a &Kgﬂaﬁqgus'trgtlﬂg@qn&fcﬁi thafcRRAGH lﬁgcrw]@ck across

i nvention. O her enbodi nents may be utilized and

fraﬁltegha%wr@elmemglaﬁ%bomémel ectrical changes may be
made w t hout departing fromthe scope ,

FIG. 4 shows a hierarchical B-picture structure in accordance with another

embodiment.

Description
[0008] The following detailed description refers to the accompanying drawings that
show, by way of illustration, specific details and embodiments in which the invention
may be practiced. These embodiments are described in sufficient detail to enable those
skilled in the art to practice the invention. Other embodiments may be utilized and
structural, logical, and electrical change§ may be made without departing from the scope
of the invention. The various embodiments are not necessarily mutually exclusive, as
some embodiments can be combined with one or more ofcher embodiments to form new
embodiments.
[0009] The word "exemplary" is used herein to mean "serving as an example,

instance, or illustration". Any embodiment or design described herein as "exemplary" is



of the invention. The various enbodi nents are not
necessarily mutual ly exclusive, as sone enbodi nents
w@ a0v9hes4enbi ned with one or nore ot her enbodi PENSG2002000200
form new enbodi nents. [0009] The word "exenplary" is
used herein to nmean "serving as an exanpl e, instance,
or illustration”. Any enbodi nent or design described
herein as "exenplary" isnot necessarily to be
construed as preferred or advantageous over other
not@eRedirien s cafstrdakdsgnsferrddad 20antapecn oesrloda erbddiments or
“circuit" may be understood as any kind of a logic
desigipl enenting entity, which may be hardware, software,
firmvare, or any conbination thereof. Thus, in an
[002070 0d i@ ¥mbodimedt, B.Ctikduit" ARY b andershaddds why ldad bglogic
circuit or a progranmable logic circuit such as a
imPéRGHAEEREY, AVHMIOESS S ardviird soffw ik, ST BRARE 656 lcofBingtiond
Conpl ex Instruction Set Conmputer (ClSC) processor or a

theRBEURRE, ih BS babsdith 6, SelrcEP MR Haldl- widd PERCREEMI)a. A

“circuit" may al so be software bei ng i npl enented or

proframihRdo Y cRoul BAERS Y rogrmBhabld Plockssiide.Ofa HRFMHIBIsOr (e.g.
program e.g. a conputer program using a virtua

a c{&ﬁ%fék MEuBAHE KHEOAReCISC)IRYRssof bk IRIdNEdd KA Set

enentation of the respective functions which wl|l

Coﬁlﬁlétglre@tﬁ%%)gﬁgceks%rm echg&i?ar{léy Y o lTR¥re @leiﬁg irﬁﬁemented or

as a™“clircurt”™ 1'n accordance wt an

exe%ue&ag Qbéoxgs%g? g.ﬁ%ggﬂﬁ; ofL&gael&Jir ﬁgc?kéﬁar{l:e.cg. 9 lcblﬂ}é\&t%‘%ir%gram

vect ors” an wi | usi n

usillg 11 Li?tl{lgl rfehiffe lc(l)de%ﬁcﬁjﬁc@é’. lJé\B' ng ioﬁlteﬁﬁﬁ(li‘ S’Pi%%he%tation of the

respective functions which will be described in more detail below may also be
understood as a "circuit" in accordance with an alternative embodiment.

[6011] In the following, vectors and matrices will be indicated using bold letters as
well as underlining interchangeably. |

[0012] InFIG. 1, frames 106, 108, 110, 112, 114, 116, 118 (e.g. so-called B-pictures)
at the lower temporal levels of the hierarchical B-picture (HB) structure 100 are motion
estimated from reference frames (e.g. so-called I-pictures or P-pictures) 102, 104 that are
temporally further apart. Largef inter-frame motion can be expected at lower temporal
levels. The frames may be grouped in so-called Group of Pictures (GOP) 120, which
may contain a plurality of e.g. 8, 16, 32, or even more frames (each frame including a
plurality of picture elements (pixels) to which coding information such as e.g. luminance
and/or chrominance information may be assigned). It is to be noted that a Group of

Pictures (GOP) may contain an arbitrary number of frames, which may also vary in a



[0012] In FIG 1, franmes 106, 108, 110, 112, 114, 116,
118 (e.g. so-called B-pictures) at the | ower tenpora

wo eawehiss40f t he hierarchical B-picture (HB) strRC/SGEE09/000200
100 are notion estimated fromreference franmes (e.g.
so-called I-pictures or P-pictures) 102, 104 that are
tenporally further apart. Larger inter-franme notion
can be expected at |ower tenporal |evels. The franes
may be grouped in so-called Goup of Pictures (GOP)

plutdlly offBOBhinrmevjdeo ceruanae, Bor prampdd. i Ih yhioimpdengentaBion, ke HB2,
or even nore franes (each frane including a plurality

strgfturp il €0 megineludereplumlifypifedd. four tempadil Ehels.odiditipnally, a GOP
i nformati on such as e.g. |um nance and/or chrom nance

may ebatainditracmd gt fianea sisargRaé than aklitriarg ofder fve niotibe ektifadion.a
G oup of Pictures (GOP) may contain an arbitrary

Tha tiBefuctofe i§ 6sach exdhiplivfoRdériag mahy/@OP. i n aplural ity of
GOPs in a video sequence, for exanple. In this

[0018BD! eniBbE aebcribdden MBresdetdiiieling va@dihis BRBodinehty fRvRAle a
plurality of e.g. four tenporal levels. Additionally,

frame®bIR (WBich GAIBIB6 Be lefired t(Pid abib & thE FARREnD iHaRR@SFhtdsn
an arbitrary order for notion estimtion. The H

seaBilésdly tvidfins lsSchQBByentEa1 AR nRt1Rfds BREIgAY Mpréve thdiemGHIR:
[0013] As will be described in nore detail bel ow,

pred@Eib® it uRBP AT BIHISy il QY FBEst@cifedTRVD EXtefdihY B8 Wrlc hive

al so be referred’'to as Lacing in the followng) .th

mokiBh SAF A EiTe ARBBHRISeYsi v thliS e &b e ARMYERbANRL f ast
ME net hods and nay inprove their notion prediction

maBoBIsLRS Ya M&lsemagmmgdetdh@ oFBoRIYISKE, Wa& BYciEndnding a
extending their effective notion search range thro gh

pluSHES 653 S BRibA eaye&&@ég%g?iﬁ%sfrm@\f«& 1Rl ﬂtnfsrbgen

t
macrt obl ock's (a nmacro may 1 ncl ude one or no

obRhRE S rigﬁ%t]d}bllngﬁ‘&s irrﬁ?'p%u@égcoﬁtinuous motion trajectories spanning a

number of frames across time. By exploiting these motion characteristics, Lacing may
help to progressively guide the motion prediction process while locating the true’ motion
vector even across a relatively large temporal distance between the current and reference
frames. In this context, it is to be noted that fast ME algorithms, which may be very
effective for motion estimation over relatively small motion search ranges, can become
ineffective When applied in the HB structure. In various embodiments, fast ME methods
may be provided to provide a fast speed and simple motion estimation even with
increasing temporal distance.

[0014] FIG.2 shows a block diagram 200 illustrating a motion estimation in

accordance with an embodiment.



plurality of pixels) notion trajectories across the
frames within the GOP. It has been observed that rigid
whowy/ 198312 ons may produce continuous notion  PCT/SG2009/000200
trajectories spanning a nunber of franes across tine.
By exploiting these notion characteristics, Lacing may
hel p to progressively guide the notion prediction
process while locating the "true' notion vector even
across a relatively large tenporal distance between
[0G1RE cursrsbovn it Gr 2fagoepinel GORASmay be prhvidedctontlasitg prodess
is to be noted that fast ME al gorithns, which may be
204 avhjched flldwetdesceibédbin nrpe desail eeddv.nEid rosulte vithe taeingtpiocedsy204
smal |l notion search ranges, can becone ineffective
(e-gHleandedgyplinied ghradivtadmeotidB vedtors 1 Liofthe laving aroicess 204) may be
enbodi nents, fast ME nethods may be provided to
prquided fdtenatioh @stimaipe erbcess 0§ iwhidhemayDise anles bidradnSiuceden
with increasing tenporal distance. [0014] FIG 2 shows
refereideqfrkme 268) raadrutA88t-ddelalfiintedhlsd (f@redd dsafe 6SdihdIBlrkan
i n accordance with an enbodi nent.[0015] As shown in
fanfd 230, i, otieed wokdsgihe atigifkDifraril 2vhiahyshbeld Piiresat1gl 86 eAcddéd or on
| aci ng process 204, which will be described in nore
whettaahdtidaek@matiohRBoul EBd b atrFeddut) tsbiBctb BEbA heBOL 265 18 ¥Mrious
(e.g. the determ ned predicted notion vectors 212 of

embbEmERS, (RImBHACREMatdhdkodEBY208 @whicR WilfRsh beldesdbed Rmore
estimati on process 206, which may use at |east one

deth2 6616W] ¢ bRJidE BoBbLRERord 2 1423Rick ABhirPRsy Bl usbE RS mANRA @
frame (also referred to as the original current fane

cordpdhsation pRIRA! . ¥k § Framb Qﬁco@fn%%}cﬁ@is ok HRRE addlimb padaedd] Which

currently be encoded or on ich a notion estimation
wilk e UeRBibsP deR hO¥inforsRhBR! &dihfIRM I he GOP 202. 1In

various
[0016] In the following, an implementation of the lacing process 204 will be
described in more detail.
[0017] Having observed the motion continuity of rigid body motions across frames,

the Lacing framework (in other words, the lacing process 204) may exploit these strong

temporal correlations in the motion vector fields of neighbouring frames, such that:
Mir—2(P) = M1 (0) + My 12 (p + My 11 (p) )

where M, , ~denotes the set of motion vectors of current frame f{z;) with reference
frame f() and, M;, ;, (x.y) represents the motion vector of macroblock positioned at p

in the current frame f(#;). Generally for (#- £5) > 1, Mt;,to (p) can be approximated by



enbodi nents, the notion estimation process 206 (which
wi Il also be described in nore detail bel ow may
wW@e@yilgld1ot i on vectors 214, which in turn mayP@BESGHe2000200
in a notion conpensation process, e.g. in a frane
encodi ng process or frame decodi ng process, which wl|
not be described in detail herein for reasons of
sinplicity. [0016] In the follow ng, an inplenentation
of the lacing process 204 will be described in nore
GG&&I ed the notion continuity
of r |d5fn§ &%ﬂwfﬂ??ﬁgﬁ%ﬁéﬁ?ﬁi&é frames, the Lacing
r ameyor k (|n ot her words, the IaC|ng process 204) may
mex@oi t Mhese-st4@nE’t ehporal correlations in the @
notion vector fields of neighbouring franes, such
withhsitial chEfiéh denotes the set of notion vectors of
current frame with reference franeX ) and, represents
notiop vector of macrobl ock positioned at p in the
@nthFane f(ti). Cenerally for can be approxi ed
byn1u3|ng the following iterative equation, wth
[0018] t i &l is actadiihbi heupddBidBieroh in dgnativdt(2)is tindtioh hectardebat i ng
termin equation (2) is a notion vector fromwhich is
fnomtoylrast ) shich isinily adressp@nienipotad italal. ThukS thetupéating motion
updati ng notion vector can be conputed using fast (or
ve@bitdah b Edfigiifednmg st Mr skl Kafts rankd) BIEGRARJIRS This bbritAsts
the direct conputation of which would otherw se

with@RHHifeBt dofipuffibh SBM, O) (pgf whiBl {veid bifekwise RY@iFe He bdifdon
search range if t is"Parge.

of motion vector over a large search range if 1 - £, is large.

[0019] In various embodiments, in each iteration of equation (2), the macroblock at

p+ m/ ! is motion estimated. Using the exhaustive method with v motion search

range, each macroblock may require an average of (; - f)(2v + 1) search points. For a
GOP (e.g. GOP 202) of T frames and with 1 + log, T temporal levels in the HB structure
100, each macroblock may require an average of(1+log, T)(2v +1)° search points.

[0020] The following process outlines the steps to reduce the average number of
search points to (2v + 1)* per macroblock.

|1 =211

[0021]  Forto#1, My 4 (p) is approximated by m from the following
iterative equations:

m/ =m s ulMy s GiR) )
p;=p+m/! ®)



[0019] In various enbodi nents, in each iteration of
equation (2), the macroblock at is notion estinated.
wajgiong4s4ne exhaustive nmethod with v notion seaPCrSG2009/000200
range, each macrobl ock may require an average of -
search points. For a GOP (e.g. GOP 202) of T franes
and with 1 + |og2 Ttenporal levels in the HB structure
100, each macrobl ock may require an average of ( 2
search points. [0020] The foll ow ng process outlines
with e sEh@P9,) bfd the diga chititi@ver age nunber of search
poi nts to per macrobl ock. [0021] For is approxinmated
&ypiron1 e followng iterative equations:with and6ghe
i "M arsi™hdi tion [0022] The updating vector funct{on
uin equation (4) is a notion vector at pj
i nterpolated fromthe neighboring notion vectors (in
vari ous enbodi ments, bilinear interpolation my be
[00a2jed The glaktmgvedtor fiactort at eqodtivan4) ind eopoh adckayat pj
nmet hods are applicable, some of which will be
intétpsiated hed themeiphberinahatidn veetbsn: aflOdFmbodinieht, bilinear
foll owi ng, the process will be sumrmari zed in a pseudo
it P61 gLk ay beAkGIab obiaih uk noleakdt Bhef inteAmIMMION nfetiodéte
structure [0024] Equations (4)-(6) form conputing
appic 8§ sbile bihehiblawilnge des@ipeiMH tore\@Btalt Belbw):out | i ned i n
Algorithm 1l for notion estimating franes in the HB
structure sqph as e.g. HB structure 100). Unlike

m

ndgqgg%gqpﬂfzv , notion estinmati on may be required
when' eval UatliMg/t he updating vector in equation (4),
si nce can(bar%pecal ated (see

My —sjy-s(j4)| N yj +[1=OL]Ta

™

p .
Mtl—S'j,tl—S‘(j‘l'l) N ‘FJ. +[0’1]J >

- p .
Mtl—s-j,t1—s-(j+l) N FJ +[1=1]D
LV ]



step 1 to 2 in Algorithm1). In various enbodi nents,
only may be accessed at fixed macrobl ock positions.
wQ 0®25)84kn the follow ng, a conpl exity anal ysi BCBG2009@00200
provi ded on the abovedescribed | aci ng process. [ 0026]
When notion estimation is used with Lacing, the
conput ati on overheads are attributed to the foll ow ng
processes: [0027] - ME is performed during the
pre-cacul ation stage in step 1-2 and the refinenent of
[002RF p e thedoliovimg thegmoogssowitlbs simmstized i 2 pefidooge fértdam
1. Dependlng on the actual M strategy used, Lacing
T_an_additi ine[ t he nunber

I'nda
! ]pﬁ th?émH P SHEE b bR IJ”Lf‘ﬁ"ﬁ‘rs i s| acceptabl e
O RE Iready have very | ow aver age
B4 3| e £(2 obé‘ }VQ‘SHG foedsY-- I nterpol ating
thé’%thd\ri Vet dase ?&%é}@é@ﬁé’ﬁﬁi@feﬁ) requires only a

rel maIJ g;qn‘@ tion. In the bilf near
ﬁ%%%“ﬁ ? B a”; LF (12|\/ULS+6ADDS) (MULs:

Mult p] %S“‘ ditions) is provjided for each
rﬁag‘iuo T"b s i s insjgnificant rrpalred to

N2 ABS* ("2 ‘F‘\F"‘E{Z‘”i Jisppys GIAHS) rapsisy f@‘f@é‘?f@ﬁi ue) required to

conpuf ftfHéi"SAD (Sum of absol ute differences) of N x N
nfacr obl bukadk Meerehloskear phingdinde [ 0029] (Using the

exhaust i véviyet pigsl i dppecix. 38y clyparge of| v pixels, and
appl yi ng l@gﬁiﬁggtm_@,)HB-structur ed GOP of T franes and

1+ 1092 Tr oAbl 8Y ¢l b T es an

9 Mesin(p) — approx. M nip)
using equations {(4)-{6);
10 end
1 end
12 Refine M, ;_p(p) and M, (p) with ME;
13 else
14 ]Wt #=pip) = M :_1(p):
i3 Bl&g.‘_ﬂ(p} b hIf1+l ]}J
14 end
17 end

Algorithm 1: Tacing framework for HE structure

[0024]  Equations (4)~(6) form computing steps in the Lacing framework, which is
outlined in Algorithm 1 for motion estimating frames in the HB structure (such as e.g.

HB structure 100). Unlike equation (2), no motion estimation may be required when

evaluating the updating vector in equation (4), since M, ;41 can be precalculated (see
step 1 to 2 in Algorithm 1). In various embodiments, only M, ;+ may be accessed at

fixed macroblock positions.

[0025] In the following, a complexity analysis will be provided on the above-

described lacing process.



average of ( )( ) search points, or 2(2v+l) 2 search
poi nts without the refinenent step 12 in Algorithm 1.
wQ 0@30)84var i ous enbodi nents provi de an appl i capCDRGTINY/800200
hi erarchi cal B-pictures structure in e.g. a H 264/ SVC
vi deo codi ng standard and provide a solution to neet
the challenge for effective notion estimtion (ME)
across frames with rmuch | arger tenporal distance.
Various enbodi nents provide a Lacing franmework which
[0026)y | Wiegmadtion ssmdties &l ugeduvitiL asng thelvompuaidot dverhaids are
fast ME nethods to extend their effective search range
att@dubsiigo thecfoli®bing protésggsect or i es. Experinments showed t hat
Laci ng. can yieldsignificantly better notion prediction
[002C T ur aBAE BypedSmitd dorigSthd prk-chelifion ¥aEe inesept 2 iand ggal i ty
and gi ve snoot her notion vector fields that require

refinieiit of thelpeddic@dd Métich veabrsenaasi Ner Albarithmt 1, WepREieUnShe
[0031] In the follow ng, a nore concrete

actbdTIMI® RS tuiseT) Lading &8 lﬁmau@e 1§26 6h bitBEoRAMD AL MO huiber of

the lacing process will be described. It is to be
seaf @ Rfhts pd a{acfomot:ia erﬁ@i |a@é’é‘pﬁgle sthcRdi NEQSthRh&tal ey Wald
be 'used conpared with | aci ng process descri bed

verd ARV GverdddQ32tn NEl)ﬁﬁn@{of &gﬂ%{ﬁent i oned above, notion
estimation is a nmechani smprovided in video

[00_(29?2 r eiﬁbrgﬁlauﬂgl thé Fofor ¥ RfoRSiH ofilatiBR Eaﬁ'r&;hlﬂgs h Rilativel

rmation to predict video franes e video can be

mSPEAFSEL Mo A, U0 ot
Mukftpﬁcalfl%nso fAIﬁﬁé( %d%ltlons i Erlojs?ildécy foP €ach macroblock. This is
insignificant, compared to NABS+(2 N2- )ADDS (ABS: Absolute value) required to
compute the SAD (Sum of absolute differences) of N x N macroblock at each search
point.

[0029] Using the exhaustive method with a search range of 2v pixels, and applying
Lacing to a HB-structured GOP of T frames and 1 + log, T temporal levels requires an
average of (4 — 3/T)(2v+1)? search points, or 2(2v+1)* search points without the
refinement step 12 in Algorithm 1.

[0030] Various embociiments provide an application of a hierarchical B-pictures
structure in e.g. a H.264/SVC video coding standard and provide a solution to meet the
challenge for effective motion estimation (ME) across frames with much lérger temporal
distance. Various embodiments provide a Lacing framework which may integrate

seamlessly with as such conventional fast ME methods to extend their effective search

range along the motion trajectories. Experiments showed that Lacing can yield

10



found in neighboring picture frames. The notion
i nformati on coded nay be the displacenent between
woradoghasag pi xel bl ocks, or macrobl ocks. [ 0033]PdT562009/000200
coded data may al so be referred to as notion vectors
(such as e.g. notion vectors 214). To obtain a
mat chi ng for aN x N macrobl ock, an exhaustive search
can be performed over M pixel range in the preceding
picture frame. This requires N2(2M+1l) 2 conputations
sighifiSdnflg beten infotioh fretictdn adosatyutyeastidh 28 3N aBsimpEABhe@sn a
matching criteria), which is very high for software
qudlispdrdgartsaiobther mbi34ttoERdaphaseqfire fféedr nivinbéret bité pres
or ME nethods that may be used in various enbodi nents
encdBifg tHeMiRionakétars. t hree-step search, 2D logarithnic
search, new three-step search, dianond search (DS) and

[003€RPt [Vife KRG iRk hRFd contBleGRpleABRSon dfARIBbve gesaitee

already nentioned above, under the HB prediction

emBEdidEdt OF Bre (R i prédBssSillue ldedcBbd Q) is tEREhbidd, BEinitRe t he
GOP (group of pictures) 202 may be .

folBirdl & ROUIRRAALLYSSHITRLSHY LhPHel §iBHRNEEN PHOLUE 8ScMed
lower tenporal level. At |ower tenporal levels, the

abfkstance (also referred to as tenporal distance)
between the estinmated and reference frames increases.

O porsr il natheT Ao R 00 (TRSIH MIDFER heffnbllly ¢

. ' | . ' .

ol B SRR B RS O i i

' ot . Pl

o B Y905 o PR BRGRD SAOfL U8RI SBRon

preﬁngﬁéng%rog{: E‘RIS %}lhsogsxg)sl?sgo%g%f# @mﬁlh ())/Jk? 6t %Sﬁgélg Deln{]%%ally be

cant I NCr ease

found in neighboring picture frames. The motion information coded may be the
displacement between matching pixel blocks, or macroblocks.

[0033] This coded data may also be referred to as motion vectors (such as e.g. motion
vectors 214). To obtain a matching for a N X N macroblock, an exhaustive search can be
performed over M pixel range in the preceding picture frame. This requires N*(2M+1)
computations (using minimum sum of absolute differences (SAD) asa matching criteria),
which is very high for software implementation.

[0034]  Examples of fast ME techniques or ME methods that may be used in various
embodiments are, inter alia: three-step search, 2D logarithmic search, new three-step
search, diamond search (DS) and adaptive rood pattern search (ARPS).

[0035]  Asalso already mentioned above, under the HB prediction structure (e.g. HB

structure 100), each frame in the GOP (group of pictures) 202 may be bi-directionally
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conmput ation cost. Hence, when fast ME nethods are
applied to the HB structure (e.g. HB structure 100),
wo b@y/1gganeral |y fail to give satisfactory perfRCTHaGL®9/000200
because of their Iimted effective search range.
[ 0036] Various enbodi nents may i nprove the prediction
accuracy of fast ME algorithns in the HB structure
(e.g. HB structure 100). This may be achi eved by
extending their effective search range through tracing
estifftdd Frdnt ey DGE PIEIBS alg [0Wws tefdpbral [e0€ 341 lowakfgoraSlevels, the
algorithmcally sinple with nodest conputation

disM& (AIS@fferré8 to asTbrgparhi distidce R @h REsEmgad Mdrefkrdace
observed with the Lacing framework. [0038] As will be

frafl&SiBELRE MAticREEnst&Indhdy hRebd¥ ot ieribAtAs1Be fehPORYGis nce
may extend the effective search range of existing fast

inchRlds ORir & ShdrOBUIKER 5B RARS oA ABYng RGOSk BBE {0 occluding
predi ction accuracy in the hierarchical B-pictures

anclfi&l{cb‘\?etriﬁé GreadNGiid HBAR to“l?r%@: PicBSHReR: iRIYeduded&ddied N9

acing rs to trace the nofion trajectories of
orRRSE RO, 503 Rl SIS LBy,
nectbdf laThd it A5B9S ! THiOfaligfIREHAPIBRES R _each

ace lcaE . ftO term . 1 on vectpr of a
oo BB A PR BRI H5oBeup b
TEUANR 98, ) Sek B 5L e aBRSTE i gL

. idlustratin he notion trajectory tracing of
ofi AR B Bt

[0036] Various embodiments may improve the prediction accuracy of fast ME
algorithms in the HB structure (e.g. HB structure 100). This may be achieved by
extending their effective search range through tracing motion trajectories across GOP.
[0037] Lacing is algérithmically simple with modest computation overhead. Yet,
significant performance gain may be observed with the Lacing framework.
[0038]  As will be described in more detail below, the Lacing framework may extend
the effective search range of existing fast motion estimation methods and may improve
their prediction accuracy in the hierarchical B-pictures structure. One idea of various
embodiments including Lacing is to trace the motion trajectories of macroblocks across
GOP.
[0039]  The ‘lace’ of macroblocks along each trajectory are likely to have high
similarity. The position of macroblocks on each ‘lace’ can be used to determine the

motion vector of a macroblock with reference to any picture frame in the same GOP.
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GOP. [0041] Letfi represent a picture frane at tinme t.
Also, let X(t i,to) denotes the set of notion vectors
w@bldoomussn2 ref erence frame/( t i). If to>t i, PECEBG2009/800200
a set of forward notion vectors. Backward notion
vectors if otherw se. [0042] For sinplicity, a notion
trajectory tracing to determ ne forward noti on vectors
will be decribed in nore detail; the adaptation of the
process for a notion trajectory tracing to determn ne
ThdREERIsdhATBeltRRcI6EES nSovinfy SHjdcl il B bictiryggtbnc 8@43derally
Consider a GOP of K.frames wth key ftanme/ (0), its set
cohfent SldWBAThubRY dcR3s M@st ors is denoted which can be
obt ai ned using fast ME techni ques. Then, the Lacing
[0080190T i WL R Yy iRk gtRembBor B4 M8dr{l trAGthd SnatRblRkSacross
fromXp by tracing. As an exanple, wll be estinated
goprom both X(Jc, Jc- | ) and [0044] For each N x N
macr obl ock positioned , its notion vector is denoted

00 \ bl K1 i i i
[oogtﬁ[ : Ogg& 6(‘51‘) repidGent §£f%fihgem|§§r97 gﬁg{e& IA9&Ki1el X1, 4 eROSE fk 1@

wever that may not be in

mo’lﬁbl?gegto@g %f?‘@@ WiFre RO REHS ?612 b ﬂf%‘oh>( ﬁ,'}heQX(ftl?@ i§£’£€£ of

n er 0 continue traci e trajectory I

for&er% n{g%foh ggctélrgcﬁgcﬁcv%aﬁmi v%&tgfsqp$tﬁér®%e

[0042] For simplicity, a motion trajectory tracing to determine forward motion

vectors will be decribed in more detail; the adaptation of the process for a motion
trajectory tracing to determine backward motion vectors is straightforward.
[0043] Consider a GOP of K frames {f{¢)}o << x With key frame £(0), its set of

forward motion vectors is denoted
xp ={X(1,0),X(2))),...X(K,K -1}, )
which can be obtained using fast ME techniques. Then, the Lacing algorithm estimates

the HB forward motion vectors,

X(K.0,XC0), X(—?@X(%,-[z‘i),... ©)

from yp by tracing. Asan example, X(k, k — 2) will be estimated from both X(%, £ — 1)
and X(k— 1, k—2).
[0044] For each N x N macroblock positioned [m, n] in f{k), its motion vector is

denoted as

x(k,k-1;m,n) e X(k,k-1). (10)
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where and [0047] Finally, the interpolated notion
vector x may be used to conpute [0048] GCenerally, for
W@ 209hes4abt ai ned by iterating the foll ow ng [ OPABR$GH09/000200
obtain the backward notion estimation in the HB
structure, the sane procedures may be repeated with
the setand iterating for , [0050] The foll ow ng
summari zes the Lacing procedures in accordance with
one inplenmentation: [0051] - Step 1. Cbtain using
[0046] Warldie feferenaed niacmoblesk inpfit—+ Dris pasitioakd atf r ames i n GOP.
[0052] - Step 2: Cbtain using backward fast notion
[mesl =imtr] ox(X,ér-1akln).f rames in GOP. [0053] - Step 3:(11)
Using and , Lacing is perforned for each nmacrobl ock in
[0038Fh  PickeVéreit i 1XRT th PPL &Ik % e, Hmedinet 8inoli- A — 2)
vector into their correspondi ng réeference franes.
. 5 = : lock, refine the .
sing @B 2y e BBk ey BACT) PR SORPREGr , 18 ol Bpine the

el ARG R T2}, aRFRRRN Lo e 3G RRRONI ng  ef er ence

i[k-Lk-2;m',n]=b l(m ]_;rm jA(k ~1,m", n”)b r(%] (12)

where

bI (Q) = [l —-q, q]s

b,(q) =b; (9) ®L,

=t P
[m,n]—[N[NJ,N{NJ],

and

A(t - n)— x(t,t—l;m,n) x(t,t—l;m,n-l—N)‘
S x(t,t—Lm+N,n) x(t,t—Lm+N,n+N)|

[0047] Finally, the interpolated motion vector X may be used to compute
X[k, k—2;m,n] =x[k,k—1L;m,n]+ X[k —Lk-2;m',n'] (13)

[0048] Generally, for 0 <J < K, x(K, J; m, n) can be obtained by iterating the

following
. K
xX[K,J;m,n] =x[K, K —~1;m,n]+ Zi(K—j,K—j-—l;mJ-,nj) (14)
J=1

[0049] To obtain the backward motion estimation in the HB structure, the same

procedures may be repeated with the set
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[0055] - Step 5: For each macrobl ock, choose either
the forward or backward refined notion vector that
WQ@R00es483ini mum estimati on error. [0056] |n varP@USG2009/000200
enbodi nents, an effect of the Lacing techni que may be
| ow conmput ational conplexity, which may depend on the
type of fast ME nethod applied. Fromstep 4 in the
summari zed Laci ng procedures above, the nunber of
search points per macroblock in the Lacing nethod can
ZbQG{XI-KﬂltK}TK%IZ—IZWﬁT of.., Xe)gor respondi ng fast ME  (15)
techni ques. This nmay be acceptabl e since fast M
ve | ow average search points per macrobl ock
andn%ragg%folr]a\%l h.[0057] Another source of extra
conmput ati on cones frgq1|nterpolat|ng t he notion

Sy IR S5y, SR g o 20 ) onsto?

ThIS is a reasonably snall overhead conpared to ADD

era U|red to c | cul ate t he .SAD
0058cr o bheoRlonbe SR i AG0e Rtoceduias peopRBice s a
. diagram 300 illustrating a notion trajectory of a
impleRstEHPHck across frames in accordance with an
enbodinent. In nore detail FIG 3 shows lurality of
[0081]g. t$ieRd Qnip o mPsiye forvd fast @Pt}omeétv@hfaﬂafgt ﬁbﬂ?l’f*%ﬁﬁ%s
302, 304, 306, in which a linearly estimted notion
gopector is obtained that may reference the macrobl ock
to any one of the frames 302, 304, 306. In this

[008342PL ﬁe%ﬁf@btﬁfiﬁt F OBk arRRY Botich dsthSERAFLAIBRanhds Gl

t he nel ghbouri ng “rotion vectors.
GOP.

[0053] - Step 3: Using y P and yp, Lacing is performed for each macroblock in each

picture frame to obtain the predicted motion vector into their corresponding reference
frames.

[0054] - Step 4: For each macroblock, refine the predicted motion vectors from Step
4 with another round of fast ‘search in their corresponding reference frames.

[0055] - Step 5: For each macroblock, choose either the forward or backward refined
motion vector that gives minimum estimation error.

[0056] In various embodiments, an effect of the Lacing technique may be low
computational complexity, which may depend on the type of fast ME method applied. -
From step 4 in the summarized Lacing procedures above, the number of search points per
macroblock in the Lacing method can be 1.5 times” that of the corresponding fast ME
techniques. This may be acceptable since fast ME methods have low average search

points per macroblock to begin with.
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[0060] In various enbodi nents, one or nore of the
followng GOPs (e.g. GOP 202) may be provided. [0061]
Wab@Ise41zp is an illustrating exanple for forRer/8G2009/000200
notion estimation that follows the {IPPP} frame coding
pattern. This frame coding pattern is one of the
si npl est and commonly used hi video coding (fromthe
earliest standards |ike H 261 and MPEG |, to the
| atest H.264). [0062] Other representation is al so
[009SSi Bh@herBotircd 6f eixfra 6mPRation @omestrdne thtdrpoltingthé afidr y.
[0063] In the alternate exanple where sone of the

vectodd flegh. (B Whidh sfnabits] dnadbitiogs 2 -SUehUAS+FADDSIpans t he
notion estimation may have to search a wi der range to

ma@6BlodCivahge. estimation. That is why the pattern with
unit inter-frame distance, i.e.is still provided in

[oogany PROKEEdoRBly shAeR efesl ehpaRRkd FUBSHENT-oNn)apeed
and accuracy reasons. However, by restricting to unit

ope'reﬂito% reliifd®o Eidl&ﬂzﬁ@ﬁl% ’SAﬂ‘ﬁerYﬂagl%Qlo@]PE’tl daftidehiOR poiRY, be

unable'to utilize nore advanced or nore

at u
[005§21 UF: .CW adrh@¥80 mgﬂra tgra%ﬁ%ﬁ% eSS Tbf @SndcfBlock

|erar picture ( ructure ‘and "{I1 BBP} (as

acrGd ﬁ@{n%?ﬁﬁ@éo{r«ya%c ngﬁ gﬁ @mﬁ(‘icﬁ St UTEm¥R iaei1 FRY. 308 0RE QV' ded

In alternative e nments) since these coding

plu@é’o?e @X?@QM ifhnkeQtfdid £ ogljlﬁr i 3b% 388 kSRt er

I on estlna I 0 t is, where t

T SO ek R B0 G B bk
ge searcn area

to any %Hé gte[ge ﬁ'améEBSI Et’a"%)'4n3 d6h §n ﬂﬁ'@&a&i‘le%e motion vector

%(t,r —2;0,0) = x(t, 1 = 1,0,0)+ F(t — L, = 2m', n') (17)

where X(t -Lt-2;m', n’) is interpolated from the neighbouring motion vectors.

[0060] In various embodiments, one or more of the following GOPs (e.g. GOP 202)

may be provided.

[0061] The set y, is an illustrating example for forward motion estimation that

follows the {IPPP} frame coding pattern. This frame coding pattern is one of the

simplest and commonly used in video coding (from the earliest standards like H.261 and

MPEG-1, to the latest H.264).

[0062] Other representation is also possible, but it is of course limited to practicality.

[0063]  Inthe alternate example where {X(1, 0), X(4, 1), X(5, 3) . . . X(K, K — n)},

some of the inter-frame distance is large, such as X(4, 1). This means the motion

estimation may have to search a wider range to get accurate estimation. That is why the

{IPPP...} pattern with unit inter-frame distance, i.e. {X(1, 0), X(2, 1), . . . ,.X(K, K— 1)},
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estimation. [0064] In scal able video coding in

accordance with various enbodi nents, which use the
whe@passani cal B-pictures structure, the Me PCT/SG2009/000200

representation may depend on the different tenpora

| evel s of hierarchy in the HB structure (such as e.g.

HB structure 100). It is to be noted that other

non-dyadi ¢ HB structures may al so be used in

alternative enbodi nents. It should further be noted

is stnh;%wa&ﬁn L@y Behveht@ART Villd® dodinB @pplicatsdnk F tspedd lapd wdaataber
HB structure is dyadic or not. [0065] In the

reasfm@é |}@d%&a« bﬁﬁé@iﬁcﬁgrts AR iridrl FanftQRdidncY, akd A8 PRI May
|np enentatlons 0 |nterpolat|on processes 1 n

be uﬂ&lﬁ@ fdjlﬁpﬁ@mﬂetalavé{ﬁ‘éd S4fore ihadi-BRAhsd Walde cB@ng gafeFdskech
066] Bilinear interpolation: Suppose the function/is

as tl%lﬂé(}?rcﬁ‘itcalfﬁ) Pfctu?@(l—ﬂﬁ rsﬁucft@re afld {1887} (ag)an aft@nativk pRfade ( 1,

a unit square (e.g. a rmacroblock). For 0 < (x,VY)
t:
oy ol

ma}éféguﬂ%o Bi!eﬁﬁlme%stt e?‘to l%e %‘Egr R QYR For iR Q&ln‘?ﬁ&m? SThac’g )1s

e func nown at four corners ,

X(tln‘é whe%ﬁ tbc’l% i 1 oﬁ’fﬂg‘ca{ %ﬂ co]nlrﬁl tb/g)fop Hfo{ oo R ?{aﬁor() ‘?na? ‘indease

; ate surface P s given
as t’s otP %clgmes afge be becauge ael { %:a?%ﬁn egf af%&‘ﬂ{ed & Inaﬁ)l %ﬁrgt}gg g%lg %f

r
eﬂméﬁdpe |vat|ves at the f our corners.

[0064] In scalable video coding in accordance with various embodimenté, which use
the hierarchical B-pictures structure, the ME representation may depend on the different
temporal levels of hierarchy in the HB structure (such as e.g. HB structure 100). It is to
be noted that other non-dyadic HB structures may also be used in alternative
embodiments. It should further be noted that the Lacing algorithm is not restricted by
whether the HB structure is dyadic or not.
[0065] In the following, some more details about various possible implementations of
interpolation processes in accordance with various embodiments will be described.
[0066] Bilinear interpolation: Suppose the function fis known at four corners (0, 0),
(1, 0), (0{ 1) and (1, 1) of a unit square (e.g. a macroblock). For 0 <(x, y) <1, the
interpolated surface p is given by
11 o ‘

p(x%y)= ZO Zbaijx’yf (18)

i=0 j=

where
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[0069] In this description, /my be replaced by the
val ues of the notion vectors. [0070] In the foll ow ng,
wa oo/ 1edanpl es of Goup of Pixels are ill ustrapedSeinogno200
may be provided in various enbodi nents: [0071] In
vi deo coding, a picture may usually be divided into
bl ocks also referred to as nmacrobl ocks. [0072] There
are a few reasons for doing this, such as nenory
efficiency, |localized analysis and processing, and
amFQQTm efficiency. [0073] Conventionally, the defguy
nacroblock size is 16 x 16. There is no partlcular

J: t reasoning for this choice and ot her
awcﬁéﬂgggfk§3 be provided in various enbodi nents. ﬁ29%e

block is too big, local analysis nmay not be achleved
apil £ fd HI(OOK istoo small, say 1 x 1, it may |ead t@D
poor coding ef ficiency and render the anal ysi s

all_ja(yoj 8D - ?@ﬂﬁf)@o%6 si ze macrobl ocks may be a (22)

reasonabl e chor ¢é 74] I n various conventiona
[Ooﬁggregg}cg C%Frl 1@@?@1&2& regﬁ eedb\gr%éé %ﬁllée% %?gfé?no on Xector%
are ca bb 0
[00F1E eﬁécef? ¢ B En St B B @t sgrers .0,
f 16x1 blocks r opl.ocks.
. PEB a7 i 3&33 ARG R RSO B e 0 fﬁhee wor d
cks' be used as a unit of data for
““%&§§ﬁ$§ﬁ%ﬁ P@ce33|ng But it does not restrict
the IaC|ng algorlthn1to work on only 16 x 16 bl ocks.
le Ly %Z%%ggéy,appllcable to, for exanple, 8 x 8 (23)

i=0j=0
where the 16 coefficients a; are first obtained by solving a linear system constraint by

values of fand its derivatives (£, £, f) at the four corners.

[0069] In this description, f may be replaced by the values of the motion vectors.
[0070] In the following, some examples of Group of Pixels are illustrated which may
be provided in various embodiments:

[0071] In video coding, a picture may usually be divided into blocks also referred to
as macroblocks.

[0072] There are a few reasons for doing this, such as memory efficiency, localized
analysis and processing, and coding efficiency. |

[0073] Conventionally, the default macroblock size is 16 x 16. There is no particular
mathematical reasoning for this choice and other choices may be provided in various

embodiments. If the block is too big, local analysis may not be achieved. If the block is
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or 16 x 8 and all other sub-blocks di nensions that are
used in H 264/ SVC. [0076] Sone nore details on the
wO amongg4pr ocess wil Il be provided bel ow. [0077]PEDSG2009/000200
GOP of length K, we have and where Xa, b denotes the
set of notion estimation result obtained by estimating
fromf(b). [0078] In a GOP, e.g. of length K
Denote/as a picture frame. Therefore, are all in a
GOP. Referring to FIG 1, then Notice that/ 102 w ||
too Rall, &N & 1Pit Glaly Qead 1&36Fdr caditk dfiitiendy ahdheendetrtheaialy§OP 120
that may consist of (or may include) to ; but is used
mednfhgRis& REL16 AN6lsit®mbdr8dlockd dafy 4} a disénablelckoicd.) to
begi n.[0079] Merely for illustration purposes, let K =
[00&4] L opkiafi8ustdontdiBohdl WRiko E8dResDthetelige tibreSiafietCéhsice 0200 i n
FI'G. 1, notion estimation information (observe the

ma@bb1ONSIREsMAS Budhl@ 16 5&TBSk §,0 5Lk ! MEesk 8loakd ROEalledBIb- be
obtai ned given by the fol |l owing: and [0080] As has

bloaé%‘ dl@fglteﬁ@atpfh%iﬁ' ﬁ’diﬁ' {0é traliftiof Yoddgs éii)‘pi"d‘abl%’f dsidg 628 Bbéks,
the result when i.e., large tenporal distance bet ween’

lea{e%ac,a%@ocf(g b) . The usage of the HB structure in

SVC may require to conmpute and whi ch nobody has
00755 ARk abeBrilifg e 28IV drltBlHrlcHis AREWBRO iR Bl ey !
met hods. Fast

I ng exhaustiv

used as a unit of data for measurement and processing. But it does not restrict the lacing
algori;chm to work on only 16 x 16 blocks. It is equally applicable to, for example, 8 x 8
or 16 x 8 and all other sub-blocks dimensions that are used in H.264/SVC.

[0076] Some more details on the lacing process will be provided below.

[0077] For a GOP of length K, we have

IPP '
X forward = {Xl,Os X2 15000 XK,K—l} (24)
and

IPP '

Xbackward = {XK—I,KaXK—Z,K—ls---a Xl,z}a (25)

where X, denotes the set of motion estimation result obtained by estimating f{a) from
JB).

[0078] In a GOP, e.g. of length K. Denote fas a picture frame. Therefore, f(1), A2),
s K = 1), AK) are all in a GOP. Referring to FIG. 1, then K = 8. Notice that f{0) 102
will be from a previous GOP, and not in the current GOP 120 that may consist of (or may
include) A1) to AK); but f0) is used to predict AK) and {K/2) (or £(8) and f(4) as in

FIG. 1) to begin.
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ME nmet hods may be unable to conpute accurately X where
[0081] However, fast ME nethods usually work nicely if
w(abewg/1484m2 Laci ng i n accordance with various  PCT/SG2009/000200
enbodi nents, the information and may first be conputed

whi ch may be obtained confidently with fast Me

met hods. It should be noted that the enbodi nents are

not restricted to fast ME nethods, however, by way of

exanpl e, any bl ock-based ME net hod may be provided in
[00a9]t er Makdly for éswationpnip®ses] BOB2]8. [Leblsing etshe fist GORf the

foll ow ng discussion to conputing and since the

HBRtraeeaue s El&) 1 peotitnrdsimetbnhoihaioh Yobsave theaprotvi bgwadnd
[0083] First, it is denoted as tne notion vector of

the RGO 06 the hQ1GREn AL bd dbtdifedered By tHFEbIsvihg:0m
franme[0084] Simlarly, it is denoted as the notion

aect or of crobl Qeck catedgat 4n franme estimated
X forveh T ﬁeﬁaﬁé’r %‘?‘ig&a‘pgﬁ@%%ﬁa{ééhkw} X is given by (26)
t hrough conputing the followng iterative equations:

and 28) with the initial conditions ( ) and and[ 0085] The
above equation to determne u is a bilinear

Zl{gzlcnk&)aeg qu%,ts 1 fzrjmgée,sta T 5?324{ R06.X75} 27
[0080]  As has been noted previously, it may be difficult to obtain the result X, when
Ia - b] >> 1, i.e., large temporal distance between f(a) and f(b). The usage of the HB
structure in H.264/SVC may require to compute Z%ljward and Zﬁ,ﬁ,m,d , which nobody

has been able to do it efficiently and accurately without using exhaustive methods. Fast

ME methods may be unable to compute accurately X, 5, where Ia - bl >>1.

[0081] However, fast ME methods usually work nicely if |a - b| = 1. Thus, in Lacing

in accordance with various embodiments, the information z}ﬁﬁmd and ,g,{ﬁ,’fkwa,d may

first be computed which may be obtained confidently with fast ME methods. It should be
noted that the embodiments are not restricted to fast ME methods, however, by way of

example, any block-based ME method may be provided in alternative embodiments.

[0082]  Lets restrict the following discussion to computing z%?wa,.d and ;(%J,fm,.d ,

since the procedures can be mirrored similarly for computing Zg{zgkward and z;{ﬁ,’fkwa,.d .

[0083]  First, itis denoted X , 5 (x,¥) € ¥ Foyarg s the motion vector of

macroblock located at (x, y) in frame f{a) estimated from frame f(b).
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vectors from nei ghboring macrobl ocks around the
macr obl ock positioned at (x, , y3 ). It is possible to
wais®oosdaer as such conventional interpol ati on PCT/SG2009/000200
techni ques to obtain the notion vector, as discussed
earlier. The above iterative equations are conputing
steps in a Lacing framework in accordance with various
enbodi ments, which we outline in the follow ng for
notion estimating (forward and backward) franes
er ' | hi = PRI ur ;
o e e HPL X ES B0 8545 B Jecorof
estimation is usually performed in spatial: picture
magi9Riech loeb%e%x»w&gﬂefaam%ﬁﬂ)@gtgn%%%?rﬂﬁweg(géch)fi ed, such
as "Mdtion estimtion via Phase Correl ation" or
For AYblr, ettt dpsiokinatiowsr Xp ,FETy)de ety Jybt (0n) sfi frat iesugh
may be understood as a processof obtafning nBt' on
i nformatj on between two, or nore pictures franmes. That
Comwtwsﬁ%&fpﬁwm%ﬁ%qa% %IB¥Fed to as a notion vector.
[ 0087] For Laci n?, it uses the notion information
[xﬂﬁquu%_qﬂyjk_)mmtfron estimation method, say, XYZ) t@s)

predict notion Vectors, that could not be conputed

’moti on vectors that could not be
conmput ed by the sane nethod that gives the setM

LR summary, th Ia{c}:}j g can be described by the
Alybiich jr9pa plarn|english expl anation of sphe
Sas oy, g bt &
1

ot herwi se b thod XYZ. That is, given a set of
Noti_on | ¥ectorg Lacing can use the information i
[t m‘% Noi’é%i ;}w (29)

[ 0088]
udp) , . :
abqve N on’equatli on¥ and Al gorithm 1):

J —md
m’l,fo _mfb’o‘_}-u (1)

with the initial conditions

[x0,¥0]=1[x,y] (32)
m?l,,o =Mt1,t1—1(x0,y0) (33)
and
b;(9)=[1~¢.q] (34)
b,(9)=b; (¢)®1, (35)
and

(36)

Alt,x,y)= M, 1-1(%.7) M, (x,y+N)
7 M1 (x+N,y) M, 1(x+N,y+N)
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[0089] A nethod of estimating notion vectors for a
bl ock- based vi deo conpressi on schene including: [0090]
WO o0av1¢8412 ent frame, a reference frame and a sSECT/662009/000200
i nternedi ate franes between the current franme and
reference frame; [0091] ii) a set of notion vectors
(which will be described in nore detail below); [0092]
iii) predicting the notion vector of the current frame
and the reference frame fromthe set of notion
[0085jCt OThe aHoVOERMhtidd t6 deteininsih Rtadslindaeinegidlation 81 the mukibe h
vari ous enbodi nents apply. Assunme a current franme for
vecitid 6 S8i@HbEink énaohbRtitetount $heMddrsHlodkobitiaded @D (xf 1PN Iais
reference frane. However there are one or nore franes
poskiblR€o Lt sEdradivrh CorfveRivasl)inttipalatiah RcRe§uss & obidiethe iotient
frame and reference frame, according to their tenpora

vectr, R lda¥uREHQkidr ETh¥bvd iReAtRER o Pdre CQRHRIE Bed inlan
tlne) This notion estimati on scenario applles to

LachMBInadwr10 Hi d38or@dncs! Gt v &fous BabodmehtBBhicH VAPRItlinea the
Hi"er ar chi cal - B pi ctures.[0094] Iten1(||) states the

follfRn fslel%ﬁanee@uﬁlamgqmér& abd"GacRiv e ﬁarﬁs& PR teect or

inrtem(iit1) hi's data is the set X of notion

hietd RS B- hﬁnggﬁgahgpd by: [0095] Item (iii) describes
an | dea of various enbodinents. Using item(ii) to

nror*ll ot rmfl oh—vector ln fhn coffl nn Hocnrl ho hy |tem

(i mumqé\i@&l@pgst@wméﬁﬁwma i's describe asfol | ows:
[ EﬂﬂtIq¢593ﬁﬂ@m%héhbodlnents a method for estimating

ﬂuﬁ;& pk}ﬁ@% fvRf Frames is provided, the
%Eﬁf |ﬁg a first set of notion

e ng, S&t QLM
T,

L + get the temiporal level of frame (¢} in GOP;

I} — oet the temporal distance of frame F{i} from its reference frame;

foreach Mueroblock {1 4} in frame F(t) do

- Clompute I&L d—pley) using XLEP in equ. (11)-(14);

- Compute 1\[; seplz y) using ’ié‘f:fjmﬂ in egu. (117-(14);
- Comnpute ]T\I b pla.g) and ]&I i pl#. ¥y which are refinements

of ]h?Iﬁf%_ ple,y) and I‘*EM+ ple, g} respectively by another around
of ME using method 2

- Based on minimum ervor eritera {such as the Sum- of- Absolite-
Differenca), decide the which metion estimation result to be used
by the macroblock: forward 1’%3% plroyl or backward

P‘Iﬁ,ﬁ+ﬂ (. u);
end
end

Algorithm 1: The Lacing Framework

[0086] Motion estimation is usually performed in spatial picture domain (block
based) unless otherwise specified, such as “Motion estimation via Phase Correlation” or

”Motion Estimation in FFT domain”. Motion estimation may be understood as a process
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respect to a first frame and a second frane, the
second frame being in succession with the first frame

w@bk@ng4sa12 i me direction, determ ning a second BEL/S61009/000200
notion vectors with respect to a predicted frane and
the second franme, the predicted frame being in
succession with the first frane along the tine
direction; wherein some notion vectors ofthe second
set of notion vectors are interpolated from notion

of bR Bot@n ihfdemitichDetwieed tvaf oriidre pidtuydtaates.; Tigd thformation
determning a third set of notion vectors based on the

is afsh FeFdrred@d add mBBdd @Rto¥ect ors and the second set of
notion vectors. [0097] In an inplenentation of this

[00§71T0 00k ¥R Rbing liTse§ 816 Ao iforiatitD(cbRPuty@By MbSor@MmbEon
determned with respect to the predicted frane and the

meA&E AR X8 B pre¥iBEh Slidh vVebiBrsPthadoalaedt b cvipuitl dttehifise by

second frane are separated fromthe first frame by the

metfl Y7E AR 1?' 1\%&1%5%0’&@1& 9&90r§ Re Lﬁélﬁ@ceﬁiﬂ Us& ik iiffBrmation in
stratlvey the predicted frame may be at the sane

set glﬁlggpé’d?clt n‘Joﬁ {dcids ﬁlﬁt dolIR PEELRhphifea S tl?é s‘aﬂlg Iﬂeﬁﬁdttﬁamg
|

ction. n anot npl ementation”of this
gwgs é)sc%ﬂpnt one or nore predicted frarres may be
ed or chosen fromany tenporal |ocation along

[00%29(e ttn g{ bﬁ?ﬁe‘ 1200 £EMDR ?estcﬁﬁe(ﬁlgl{fl@%o'llg (wgfc?ﬁea;pe laiRN

tion ve S assotlated to t se pre

cn ﬁ’sﬂ%’ex%%ng%tneorf%e%%g}leallrteg%%Ptre[if‘atlgﬁ d%léﬁgﬁl‘%’lq . Wi t h

ence to an direction

[OOhﬂp %é"ﬁeltt dla 054 ﬁs%r?ﬁFﬁfn{o%gEn%eoc dc!rpfo\{ ?tblo%ﬁ-%td%ﬂ rr\%citeo cor{lpreiswn

chm)tlo vectors may be determ ned with respect to a
S arfl%ﬂlﬁ 8 plxels in the flrst frams and a group of

[00 )éte lo} & cglggrggag}eeg%r%gﬁréqr%g E‘E me an a se <|:)fd ‘faiteﬁng'd%te ﬁgmégnote{vpe@n
the current frame and reference frame;

[0091] ii) a set of motion vectors (which will be described in more detail below);
[0092] iif) predicting the motion vector of the current frame and the reference frame
from the set of motion vectors.

[0093] Item (i) states the settings in which various embodiments apply. Assume a
current frame for which should be obtained its motion estimation from a reference frame.
However there are one or more frames (the intermediate frames) that are between the
current frame and reference frame, according to their temporal display order (either
incremental or decremental in time). This motion estimation scenario applies to several

coding structures such as IBBP, IBPBP, and Hierarchical-B pictures.
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of pixels in the second frane. In yet another

i npl ementation of this enbodi nent, each notion vector
wo poobhes4second set of notion vectors may be dePEr/8G:1082/000200

with respect to a group of pixels in the predicted

frame and the group of pixels in the second frane to

provide a notion vector associated with the group of

pixels in the predicted frane. In yet another

i npl enentation of this enbodi nent, the notion vector
[0094S OCitéth € siakes thet daen rgquited tofonfpukeeths priedicteth enofive déctdr éxl

frame may be interpolated fromthe notion vectors
iten@ 60 Thidlded isvhé ket Xhef ngstion wectert isniexedibsd by t he second
frame, wherein the gr oups of plxels in the second
f1ane; ( ne group of pixers in tne
pF%dlc S dfthugi% H%f anot heri npl enentation of this

ﬁ@ﬁf’f e 5h vector associated with the
*oiaglxels in the predicted frane may be

|ﬁ%@ ddf fio¥’t he notion vectors ass?0|at@d wi th
t he "gReups—ofopiDue BratiynreyEmsées il cHFaReamtel Gt Bups
of peketseifimmeé(isedbnd franme havi ng pi xel s
over4 appi¥ng { hesgrdup of pixels in the predicted
feae. In yet another inplenentation of this
e'ms%j'ﬂﬁ%@hﬁmzﬁ@ﬂ%b@ﬁmﬂeﬁﬁlé ity &isat (1pfc poti0Rrvectors
n?% e notion vectors aSSOC|ated with the groups

n| v ol c ln the prarll cted frames—In yaf another

|nplenentat|on of this enbodi nent, the notion vector

[0095]3 ocCltath @fﬁg)mshhbd:s lae idgh otiaridhs @hlxﬂirﬁenltsn Udves iptredi) et edict

frame nmay be determ ned by interpolating the notion

moMEE RS irAhE Q! Rekrite bR itbiA€i) OTHRWRDs of itepi (i) iS désdribdes
second frane being adjacent to the position of the
group of pixels in the predicted frame, wherein the
position of the group of pixels in the predicted frame
may be determ ned with respect to the group of pixels
in the
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predicted frame and the group of pixels in the first
frame. In yet another inplenentation of this

wepodssyent , illustratively, the position of tPET/SGEHAY000200

of pixels in the predicted frane may be estimated from

position of the group of pixels in the first frame.

The position of the group of pixels in the predicted

frame nay be in the regi on surrounded by groups of

pi xel s in the second franme, wherein two or nore groups
follefvs:pi xel s in the second franme bei ng adjacent or

over | apping the position of the group of pixels in the

4DI' QH' f‘f QH f l' :er Tho mmii1 nn voact ar QCC‘QI‘I At Qd \l\l f 'f\

LA~Z IIUI.I A\ AN ] Voo T OUT \= g e LW AVE IR O 4§ R Wy W |

tEéBEtTﬁﬁibWuﬁﬁﬁ@ﬁ@H@ups of pixels in the second frame
miyputefilibe réftcerpdlaateed t o provi de the notion vector
agspaiafgfl| o skihel o vodtopitels ¢i.nsthegrpi@di ct ed

f [[ﬁ Aty t Wp@eﬁtl & mamﬁ\s eQIIE I £1tAE T (abd Bysat)) of

|on vec f nc ude | ter ol at ed notion vectors
a ‘6@# 4t 6C§£PH 3 é 4F AL 6¥1hfR%el s in the second
frar¥es Ay Hhot her i npl emrentation of this

enbd@iﬁenﬁ;tvﬁe*nbfﬂon vector associated with the
group o (pixglis d wlidheaprdldcl pediitr dnd (thethebe t he
not i on vectrog.assioci gatadoiivn Meatpreotpneawblick fbxal, fom
the second, frame, wherein the group of pixels in the
predi chpd frane may be at the sane position as the

group of _ppxelts g FL thenseeMkEl har®) tilda dataiangicher
I mpl ement %it% hi s enbodi ment, i1llustratively, the

group of Pzr e'?s &‘9 f%j%g e ﬁﬁmwﬁ%@tc@?&?ﬁ? Lex B,

pOSItIOﬂ 0 ramne.

As such, E gﬁéfgﬁ%@ %?ﬁar gg@gﬁg t he
mot i on véEWB? £ R g?@ﬁ &V%%I t4-h' t he predicted
frame A8y be updated with the notion vector associ ated

wi th t e mpdetp (of. /il xaltd the thpisbConariolared mogiget

anot her rmnﬁendmﬁghngn of this enbodi nent, */
{(PesPy) + (Poa Py + U0t 1 1
el

— The predictad motion vector of Maeroblock (x, %) of (i) with
referenice frame f(ig) is given by (p, — 2.2, — )3
- Refine the motion vector (p, — &, py, — ¥) 10 get mindmuin estimation
EITOT;
~ The refined motion vector assign to this maercblock (x.¥) as final
result:

end

[0096] In various embodiments, a method for estimating motion in a plurality of
frames is provided, the method including determining a first set of motion vectors with
respect to a first frame and a second frame, the second frame being in succession with the
first frame along a time direction, determining a second set of motion vectors with
respect to a predicted frame and the second frame, the predicted frame being in

succession with the first frame along the time direction; wherein some motion vectors of
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the method for estimating notion in a plurality of
frames may further include determning a fourth set of

wWorRaposs4vect ors wWith respect to the first franeCEHSG20097€00200

second frane, the second frane being in succession
with the first frame along another tine direction
bei ng opposite to the tinme direction. In yet another
i npl enentation of this enbodi nent, the method may
further include determining a fifth set of notion

the Ye61id4et ofvhbibnvespRGte ihRrpoleedif@g nctiadvdctord e thaikst soeof
second frame, the predicted franme being in succession

motidnieclole add detdrminirEhiad §ub 8f @bEddvectots biseddinrtRe fidstset of
bei ng opposite of the tinme direction; wherein notion

moti§CVeBloss Ml titd8cdntl kétldf SdtioYectdpd.i On vectors are
interpolated fromnotion vectors of the fourth set of

[009t | Of MEmbRERNtatidh o s SABIINRENt] tHDERERI LB Bstiod vedtbis S
enbodi nent, illustratively, the predicted frane and

ma%t@de%&ﬁl%q withd8®e | thD BredRRAARRGN (R4S fibink SthefdiRiie

y the sane tenporal distance, along another tine

pre?iie;%g @rtafn? Q?d thB SecBhERARd §6 sdpa PR fERY thB Gird raib %%/ #REme

oral lTocation as the second frame along the tine

temgh%gﬁlyrarlg%i e}lbrlfg t}‘@ﬁm@ @ﬁ’éclﬁglﬁ. TIREEFEDL AL bRBicRE fhhk fhay be at

ustratively, one of nore predicted

f . . .
the rs%n?%{éiﬁqggl%}/llopeﬁloﬁ g%ﬁlg tséacgn(ﬁ frarﬁg Qlﬁﬁél’glfe bR @A8%ich e PRofer

n along the another tine direction across the

impﬁ%rgeglgétfgh Yr s Jn{é)%Pi?lT;é i eﬂedn%mgig B%dl*e&ﬁtﬁ%és AS58E ée@écﬁg ok 0

n
redicte nes y etermned along t

choyiTForf b Ehb O 8hidn EHETERUER difloRiaclond Bt DA & s,

Irectron I n urall ranes.

andiI rﬁ?tégvregtnl%tagﬁ%%i’a{e?‘ﬁg t%g%% IT)} %ﬁ(::té%{h%esg%%soe %g@r%glh

Ive e eec on erm ni ngéqeﬁéengthe
timggltr%ﬁ%ign Y]w?tglir%flé%%(?eftg %rbyﬁ%r%f ﬁ‘loa:]ntle\r)aelér%eggt}lg Iimgnaﬁéc?lgn Y&kl Slﬁtsaliw
frames. - In yet another implementation of this embodiment, the first set of motion vectors
may be determined with respect to a group of pixels in the first frame and a group of
pixels in the second frame to _provide a set of motion vectors associated with the groups
of pixels in the second frame. In yet another implementation of this embodiment, each
motion vector in the second set of motion vectors may be determined with respect to a
group of pixels in the predicted frame and the group of pixels in the second frame to
provide a motion vector associated with the group of pixels in the predicted frame. In yet
another implementation of this embodiment, the motion vector associated with the group
of pixels in the predicted frame may be interpolated from the motion vectors associated

with the groups of pixels in the second frame, wherein the groups of pixels in the second

frame is adjacent to the group of pixels in the predicted frame. In yet another
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may be opposite to the direction of determ ning the
noti on vectors of the first set of notion vectors and
wobtiovhes4second set of nption vectors. The not i PET/SG2009/000200
vectors of the fourth set of notion vectors and of the
fifth set of notion vectors nay be backward notion
vectors, whereas the notion vectors of the first set
of notion vectors and of the second set of notion
vectors nmay be forward notion vectors. The
implédnestien bathiseathofimeae tiRrmidtidh Fectdihisdelateditwithethe @buprot | on
vectors and the second set of nption vectors can be

pix8lp Bl thepetliotetl Miani oniythl i@bolated Mot (ROmYEaT RkraRshetad with
fifth set of notion vectors at the group of pixels

thelgf84 of PixklyiflthedRedHaeTFaniek SORPE G pisk @ fthe BEhd frame having
enbodi ment, the nethod may further include determning

pix8l8 o@e?fabﬁﬁ% ine Trgrcs%alrpro_@ bixelks PR PrefRtcdd FAMEE 4 Pt aldthdrhe
second 'set of notion vectors, and an estimation error

imfEm&EREBn BPIisUMboaEteRr, a®fuchNBe firli k& o Blotid vePRird BBy include

vectors. In yet another inplenentation of this

moBSPRLiciERL ocididd Wit ﬁa@%}éﬁd?éi Fpidelin tRGHrEBIANGars &l 1Pet

noti on vectors and t fth set of notion vectors,

andtff i %ﬂa%ioﬁ 6 g'{isr Ghbddien? %e%&fmﬁtxﬁ&oyésk&%t&l v@tlpﬂhgr gllu&pp

possibl'e resi energy determ ned between the g
oA ol Bt 5B A5 0 B o
assg%%faﬁnlgglggg&@% 8f 1%&«2%1% tﬁm%ﬂdh ¢ beix%fead_gagin(lt) FB‘&P% S&ition of

. usi ng e sym .
oS0 SERRER 4 Pl 4, SRPLRC L RLATEAL POl

t f th d. .0f '
the\égeﬁdﬂbc?e{d fAme mg“y Becde Exénnég %Vﬂtﬁé sF%c:t] 1cog he %r‘r%ﬁ% ?f p;i}é%ﬁf’ﬁ r’%g ei on

ared agai-nst
pre\c/h%&:'él Ham? fatn H]% gfrélfpto plsxglts inotfhe lgPstt EQ%e. In yet another implementation

of this embodiment, illustratively, the position of the group of pixels in the predicted
frame may be estimated from position of the group of pixels in the first frame. The
position of the group of pixels in the predicted frame may be in the region surrounded by
groups of pixels in the second frame, wherein two or more groups of pixels in the second
frame being adjacent or overlapping the position of the group of pixels in the predicted
frame. The motion vector associated with these two or more groups of pixels in the
second frame may then be interpolated to provide the motion vector associated ;co the
group of pixels in the predicted frame at the position. As such, the third set of motion
vectors may include interpolated motion vectors associated with the groups of pixels in
the second frame. In yet another implementation of this embodiment, the motion vector

associated with the group of pixels in the predicted frame may be the motion vector
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vectors, to provide conparison results. In yet another
i npl ementation of this enbodi nent, the third set of
wWOorRivoB4vECt Or s may then be determ ned dependi PQI/86G2009/000200

t heconparison results. In yet another inplenentation

of this enbodinent, the third set of notion vectors

may i nclude notion vectors of the fourth set of notion
vectors and notion vectors of the fifth set of notion
vectors if the estimation errors of the notion vectors

ass@iatdd\Gitt] thé Edus 61 pidls Hhé @RoNEERAnRY, ShéareR thomBip biiakeldihe
estimation errors of the notion vectors of the second

the g&blc% IR R b¥ 8EhOEsine pAlitibfhs BB ?;dns of piRlk BNEBOLRbAPN
his enbodi ment, illustrative if the estimation

frarfrd. '1B" ePJnolthQﬁn@gﬁﬂeﬁﬁuM@ &£ 18fs e&%oalﬂl@ntf fifubchhtisay, tﬁé %1@9[5 bon

vect rs IS than the estination error of

pix&lP I (ROpYRELL fraﬁ% n{aﬁﬁesfstﬁ? ?ﬂé‘iﬂuoﬁ%tf 3fer to'f BlxeM@Ehek&ond he

nmoti on vector o set of IOﬂ vectors may

frargg. g?iu%ff t1 ?@@ﬂgorqﬁﬁé(y P& b ?&lluﬁgde&d'tﬁ‘e Bt?oht\]%bt%fioistﬁé a®hp off

nmoti on vector o e second Set

p1xer:¥§) tg%or\ég gtte? ﬁgmgﬁ%g %@ %1{)1 tte‘ct"i. vﬁﬁﬂh@ {noﬁc‘ﬁl Relof Q?bélﬁtcd with the

I mpl enentati on

groP]?] 8P pdigeg%mtthe %d eraﬁ’lu ¢P¥n Q{t aH&tﬁ&llﬁﬁlaﬁFﬁtQt?onfdf it erlfll?]cﬁl'i‘fﬁent,

pI xers he 'se rame, and

oS b L AT R
detmp!%as {ﬂ%ﬁ% ﬁ‘g 8?%8%1 Yeé:?orgw?lépets ntg tﬁltl)la(ertllrgﬁ e alﬂ? s seccind

O B ROIRREh B Lo 35 B %agleﬁ?c’%%t e
dirgzgsvit«%%”?aépmta@%z%‘) 5565 435,900 B S,
emE(? Ig?rg tggmgtlhﬁcf Ay g.?/rthgr 18 lﬁ& ie‘term ing a IL fh be¥ otl mot?onxv%lct%fs 8
with respect to the predicted frame and the second frame, the predicted frame being in
succession with the first frame along another time direction being opposite of the time
direction; wherein motion vectors of the fifth set of motion vectors are interpolated from
motion vectors of the fourth set of motion vectors. In yet another implementation of this
embodiment, illustratively, the predicted frame and the second frame may be separated
from the first frame by the same temporal distance, along another time direction. The
predicted frame may be at the same temporal location as the second frame along the time
direction. In yet anqther implementation of this embodiment, illustratively, one or-more
predicted frames may be selected or chosen from any temporal location along the another
time direction across the plurality 6f frames, and motion vectors associated to these

predicted frames may be determined along the time direction with reference to any first
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by 8 pixels, and 4 pixels by 4 pixels. In yet another
i npl emrentation of this enbodi nent, the tenporal
waelr@vassae2 bet ween the first frame and the secoPdI/$6z00%000200
may be |l ess than or equal to three franes. In yet
anot her inplenentation of this enbodi nent, the
tenporal distance between the first franme and the
second frane may be exactly one frame. In yet another
i mpl ementation of this enbodi nent, the tenporal
fraie aloag e ahethme@ie difeetidniin die pluralite offtainésh &n patanltadred
frame may be between 1 and K-1, where K being the
implewi&eitioalof fhavedsboldient) éllystrativelyl, thy dabctioh dfSermliningy Bk
anot her inplenentation of this enbodi nent, the first
motibRi@RtdFRYT thefoufie sét of RoastCeclotdiE of the ifth 8eTehotibR IR ITRY
be the internediate frame. The predicted frame may be

mal BE oppbitiedith direb @GS ideferniiRg thdmdtein vafes b the first set of
I npl enentation of this enbodiment, the third set of

moliBh { QoY &l STt sBEMd R G HidBoRveefIrd. eﬁieQﬁotf(Kﬁ tvbc%lrs YEME dith
that represent the notion information obtained

setlof Rlofdd veloYs Ql@b‘f\ﬁl% Bieh RE: FIRRbR V8Gork ﬁ@?ﬁ@bé&kw&ﬂdrrﬁcﬁﬁh
franes and a first frame or reference frame. The third

vec&ih, vWHerdXPine Mb1i¥E ¢EcRrs of MY fifstéck BEhotideESRMhd bGe SRLAPN

trajectory fromone frame in the plurality of franes,

set%?m%aﬁ@n \tze%’fog&ﬁ ef’r{)e fot a%i’@ﬂl%tl&g Flbors. 3fHe ﬁle&@ﬁatmny bAl | ty

r anes Ity of franes ng a group of

detgﬁlﬁ,ﬁlﬁé ﬁ'le(fﬁ;sq: %t o'f %’tl&g{’&%r% !l}{dﬁtﬁe %c&d{@g@oﬁn{%ﬁ %ﬁct(l)rg cynet;e

inpl'ementation o I ment

app\i/%ﬁ tPthe FRih Qgt é)‘t‘ ‘g]%%l@r[ Fecfidaddific fﬂﬁJEe% B I@Sﬁonclfec Lt 81@ group

ectors may ermned usin searc

offi&&?[e%lhﬂ e;[ gﬁotlﬁe??ﬁl%l&?@ﬁt%t%n%f% érhl%'&‘ixﬁ@ﬁ’ Peemétﬁ&?&%}? d

f om but

fu&h‘é@m@%&?@é&’}ﬁﬁogo%loe% ’?Ec!?l’@n%r 3 QEPm?H %UBP of e & QISR set of

lve 1 ern sea I'
mohgg vec[t.r%] % 'ar? &tl%];u(gnhénsor of each motion vector of the fifth set of motion

vectors. In yet another implementation of this embodiment, illustratively, for the second
set of motion vectors and the fifth set of motion vectors, the estimation error may be
computed using a minimum possible residual energy determined between the group of
pixels in the predicted frame and the group of pixels in the second frame. In yet another
implementation of this embodiment, the esﬁmation error may be computed using the sum
of absolute difference (SAD). In yet another implementation of this embodiment, the
estimation error of each motion vector of the second set of motion vectors may be
compared against the estimation error of each motion vector of the fifth set of motion
vectors, to provide comparison results. In yet another implementation of this

embodiment, the third set of motion vectors may then be determined depending on the
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enbodi nent, the plurality of frames nay be associ ated
Wi th a group of pictures coded according to an
wa\ewanesaa2 Vi deo codi ng structure. In yet anot hBCT/SG2009/000200
i npl enentation of this enbodi nent, the plurality of
frames may be associated with a group of pictures
coded according to a Scal able Video coding structure.
In yet another inplenentation of this enbodi nent, the
plurality of frames nay be associated with a group of
confpafidonlr&m1te MeGeethotediplinit@iation af this@fdbdilieatthe Bhifl set ofr €
predi ction structure, wherein notion estimation across

motidheretioR HBMinfl8dARSRN R of the TGN dBdTaRbtioh bbctdrBend
direction and coding order of the Hi erarchical

motRnRleblobt o (Y fEEh et 6Qhbidh Ve iffhe dsfimiBén @RS dF8ke motion
i npl ementation of this enbodi nent, the nethod may be

vectol ket Qt 88mbiRfmivaGoM aHlo@eﬁﬁ%@ EQinftibe6rtort 6f the
I mprove the prediction accuracy of fast notion

mot‘?oilt\}g%fs' Ad s@anB%et'U'fﬁfoﬁB&Oécﬁfi‘é 1By &Bfﬁéleimplementatlon of this

predictionstructure. In yet another inplenentation of

emilddrfen® ITHI% tr%:l:}; if tﬁ@éﬁsugl'é SHPerRb oPih¥ ﬁloﬁoﬁ PecfROPhE FRARtBRY

e tra using a onaln transtormto provide a

{orsqgmepthtdﬁ %Etﬁﬁeﬂﬁq eﬁglectff hecﬁlgt%nsvet:tgf ﬁﬁ&&c«gﬂdasgpof
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omal n transt or m nay omal h transform such

moﬁdngVec'{o}I%ﬁL‘: lmo%ﬁ-\/eﬁttc%%? tﬂg\ﬁljjﬁl‘c ciftn¥<ﬂf°0n kfeé%ﬁzﬁleg ¥P ?e'léc}éd%a-

et anot
may ?3;161:]111”%&?& rﬁ%ttheotﬂ%@ get Bfﬂqgtlo%m?trgfgwg mr%hgrgx(r: %q%f ﬁlle second set

of I?%L?P VES oxis rnéap{s e ret:teru%n )reln}texﬂ‘?%@ {\{rlgeg Ibggt%g REIJT] f ast

orm urrer transform

lmRiﬂ'i’]%friaz Hiseflbt e ﬁ{ﬁ% oup% %%%% 1s Janﬁj aﬁrgei%%anger fif groups of

efor

plX%F letg? Fe[c doii‘raniaq, gwtt € group of 1xels m then 9recrlm !i%ram;e ma? have the

same number of pixels. In yet another implementation of this embodiment, the group of
pixels may be a square block of pixels, a rectangular block of pixels, or a polygonal block
of pixels. In yet another implementation of this embodiment, each group of pixels may
be a macroblock, the macroblock size may be selected from 16 pixels by 16 pixels, 16
pixels by 8 pixels, 8 pixels by 8 pixels, 8 pixels by 16 pixels, 8 pixels by 4 pixels, 4 pixels
by 8 pixels, and 4 pixels by 4 pixels. In yet another implementation of this embodiment,
the temporal distance between the first frame and the second frame may be less than or
eqﬁal to three frames. In yet another implementation of this embodiment, the temporal
distance between the first frame and the second frame may be exactly one frame. In yet
another implementation of this embodiment, the temporal distance between the first

frame and the predicted frame may be between 1 and K-1, where K being the number of
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I's provided. The device may include a first circuit
configured to determne a first set of notion vectors
wowrab/14s3spect to a first frame and a second freeESG2002000200
second frane being in succession with the first frame
along a tinme direction, a second circuit configured to
determ ne a second set of notion vectors with respect
to a predicted frame and the second frane, the
predi cted frame being in succession with the first
framesinehesplamlitytdf &amiesren ger aothetimplemeatatomofshivembodimen, the
vectors of the second set of notion vectors are
first Bt pay dé dad réfeentafidm Thy @cbral fantdf mayhie: the Insdrmsdihte Ghime.
notion vectors; and a third circuit configured to
Thélpilegictat fi@ma nidyibe GheS@itremtfor et GAmMY.CRity@RT SnoltRs Ribl@Rentdtion of
first set of notion vectors and the second set of

thi§@hbodhinehE ehedthid s¢tQOBtiod Vechrs PR ki OO RdtichVe&ors
enbodi nent, the device may i nclude an interpolating

tha€tepfekdnk the Qﬁtftioﬁ irBiEhakion bRtbigEPRIraivelyiHaBvddR tHeQPredidtsd Bimes
associated with the group of pixels in the predicted

or ErRAEF iR B EirdiBhine Br MEEdRE %axﬁé S 8@ Skt WE FnbtidhRctors
groups of pixels in the second frane, the groups of

ma 'fa&ﬁleﬁreFfésér}ﬂ Ehe SRS OA Sraleb BB QR bAORALY i@ (t‘l'?é’ﬁluﬂaﬂtytotﬂ GaflEOHP

of pixels in the predicted frame. The interpolating

the%ﬂé@t%‘r burR&it BGmE, %fds%l% Sﬁlll‘al:h%} SHERIRE)! iR ﬁluxtaﬁ% dT‘ﬁta{nQQbemg a

tor aSSOC|ated W th the "group of pixels in

gro\?\tP %ﬁb &ﬁ]x I%%l&(fg%feg Gr ﬁ{gxte'ﬂ% e¥. eﬁx f ?‘I%? ﬁ@lé}ﬁﬁl@a’mn of

e groups of pixel's in the

thl%grﬁaﬁnéhft thd f{ﬁﬁ{ St bidthR &6 gﬂ% fhlé W@&Vdf%gm{}h )6%‘[5}5 may

appi ng e group of prx

be Eﬁéﬂzgnedlugmg naLd %ar({hrg? oggﬁ?.t ’f’ﬁe sc%]i'cht *%0?1’[1%15{?1%8 %%@écted

evi ce may ourt Cl rcul ure

froﬁlg;u? E&ep 1t tct Met-gi]epssgcjtrclg ftwg[ﬁﬁﬁeggio}{ﬁ ?c;ggﬁt‘flm\ﬁd, gegrcﬂ,ecﬁ&?o%td

search, and adaptive rood pattern search. In yet another implementation of this
embodiment, the plurality of frames may be associated with a group of pictures coded
'according to an Advanced Video coding structure. In yet another implementation of this
embodiment, the plurality of frames may be associated with a group of pictures coded
according to a Scalable Video coding structure. In yet another implementation of this
embodiment, the plurality of frames may be associated with a group of pictures encoded
according to a Hierarchical B-picture prediction structure, wherein motion estimation
across the GOP may be determined in accordance with the direction and coding order of
the Hierarchical B-picture prediction structure. In yet another implementation of this
embodiment, the method may be referred to as lacing with a possible effect to improve

the prediction accuracy of fast motion estimation in the Hierarchical B-picture prediction
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first frame and the second frame, the second frane
being in succession with the first frame al ong anot her
WO pove/1¢i412Cct | on bei ng opposite to the tine di rEC/BGI09/000200
In yet another inplenentation of this enbodi nent, in
addition, a fifth circuit configured to determ ne a
fifth set of notion vectors with respect to the
predi cted franme and the second franme, the predicted
frame being in succession with the first frame al ong

striRfRd. T8 KetlanfBertdinp BpichRfioD 6l thig eMPHAMEHLEhO Eroup Of pilkéle in each
direction; wherein notion vectors of the fifth set of

fraf® k@ Be ¥ARIANE] @it 4 dinRiiPeAndiond td provideRbdtendMash Or s Of
the Tourth set of notion vectors. In yet another

traﬂsm%sdmmﬁén@rfopéacﬁ Rbse EMROSRMransfohf nthe \be @ RlofBiM

further include an estimation error circuit configured
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of the secon t of ‘notion vectors, and an estlnatlon
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vectors. n ‘yet anot her 1 nplenentation of th
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determine a second set of motion vectors with respect to a predicted frame and the second
frame, the predicted frame being in succession with the first frame along the time
direction; wherein some motion vectors of the second set of motion vectors are
interpolated from motion vectors of the first set of motion vectors; and a third circuit
configured to determine a third set of motion vectors based on the first set of motion
vectors and the second set of motion vectors.

[0099] In an implementation of this embodiment, the device may include an
interpolating circuit configured to interpolate the motion vector associated with the group
of pixels in the predicted frame from the motion vectors associated with the groups of
pixels in the second frame, the groups of pixels in the second frame being adjacent to the

group of pixels in the predicted frame. The interpolating circuit being configured to
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are at the |lower tenporal |evels and tenporally
further apart. In this inplenentation, the HB

w@reogass4te2 400 may include a plurality of e.g.PCTHs&m09/000200
tenporal levels. [00101] Wiile the invention has been
particularly shown and described with reference to
specific enbodi nents, it should be understood by those
skilled in the art that various changes in form and
detail may be made therein w thout departing fromthe

intefdlatd the BidEod CRRE agbeibitbe with ierprouprof pikeRend the @ebdipyed fhuene
appended claims. The scope of the invention is thus

frorh B o Fedidhs hitBeiapP et @ cedups BBpiaslslinahd sccbranyse, Wi ch
come within the neani ng and range of equival ency of

gro&ﬂ@%f pixals WBtha kRohd@ared Riveng pitetdleflappingiBe group of pixels in the
nmbraced. d ains Wiat is clainmed is: 1. A nethod for

precﬁ@tEdl FRhLL.NG aﬂ%éﬂﬂlpleﬂleﬁtaﬁéﬂ%ﬁhlb EMb&imbAtoHE 8evideBayBElngd
conprising: determning a first set of notion vectors

a fofthth Bird dﬂscgﬁﬁéurédqo Betbinfind a fuRABetN Qoﬁoﬁ?&%ﬂwftﬁ lIFoct foltge

secon being in succession with the first franme

ﬁrsfailre%kganﬁ thd SEordifFafifel the Secol® EBHIHIANE sBecRQFRANHIISEE fifkk

tion vectors wth respect to a predicted frame and

frar}u?ﬁo eg§ GOk kil Hqﬁecﬁfoﬁ?yle g%ﬂ#d@ﬁ@ﬁiy thd GAEdP&LB l'n'}/et another

succession wt ramsaongthetl

1mp%n{16%%%101? 8{ MG 6k eﬁto B ddRbh AT UE (ﬁttcgft §or¥ﬂ‘ [R%o 386 2

I on vec are |nt er pol at ed m not i on

- fifel), set P mé‘u ve%t%% \{#hrrggpeétecg t néﬁ%t%(f;@a\/n)éesa?lg?lé %(2121 ame the
precfhcteg tfrar% E)elng 1nn9<t:éegsnonv\9% {6 First frame along another time direction
being opposite of the time direction; wherein motion vectors of the fifth set of motion
vectors are interpolated from motion vectors of the fourth set of motion vectors. In yet
another implementation of this embodiment, the device may further include an estimation
error circuit configured to determine an estimation error of each motion vector of the
second set of motion vectors, and an estimation error of each motion vector of the fifth
set of motion vectors. In yet another implementation of this embodiment, the device may
further include a comparator circuit configured to compare the estimation error of each
motion vector of the second set of motion vectors against the estimation error of each
motion vector of the fifth set of motion vectors, wherein the third set of motion vectors
may be determined depending on the comparison results.

[00100] FIG. 4 shows a hierarchical B structure of another embodiment. Frames

404,406, 408, 410, 412, 414, 416, 418 (e.g. so-called P and B-pictures) at the higher

temporal levels of the hierarchical B-picture (HB) structure 400 are motion estimated
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and the second set of notion vectors. 2. The nethod
according to claim1l, wherein each notion vector in
W b@ofiassst set of notion vectors is determ nedP@i/$62009/000200
respect to a group of pixels in the first frame and a
group of pixels in the second frame to provide a
noti on vector associated with the group of pixels in
the second frame. 3. The method according to any one
of the clainms 1 or 2, wherein each notion vector in
froth hefersaaedines d02,d04 (nd. sonalied dipiotiges, £-pikdtres o Brpidtunds) that
respect to a group of pixels in the predicted frane
are andle dvwer gihpofal kielphndabmporpiihfrthecpad hrthivimplem@rtaiongdide
a notion vector associated with the group of pixels in
HBtstectife @00 aiag thoiudaaplurality dheg. natdethpaatievels.ng to cl ai m
3, wherein the notion vector associated with the group
[00061]Pi ¥&Hil8 theIntdndomlia Gesi RetidulagiBhdven dndidescpibéd il reffarenve
the notion vectors associated with the groups of

to sPeoifd Smbodirhdils, REEAINIbS WndBBtool BR tHREOKHEdai the iadt @las viribus
the second franme being adjacent to the group of pixels

chahBestil forRl 86 Usth® tha{ béhBde tRereihREthHoRE AtPSHIAE GO Bhd PirttAndNY
one of the clainms 3 or 4, wherein the npti on vector

scoPS 506 A EHiotiat Befinb@ b PR YPplicdd1aiRk S ThdlschpEohEr i Gitiel is
rame is interpolated fromthe notion vectors

thu@RrRGeA b theWobdhab d'Qaids AP HanBisXich come within the meaning

and range of equivalency of the claims are therefore intended to be embraced.
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in the second frame, the groups of pixels in the

second frame having pi xels overl appi ng the group of
w@Rooel1gs41n t he predicted frame. 6. The net hod BCT/AGZIONG00200

to any one of the preceding clains, further

conprising: determning a fourth set of notion vectors
"Wth respect to the first frane and the second frane,

the second frame being in succession with the first

frame al ong another tinme direction being opposite to

the time direction, 7. Tghimet hod according to any one

of the preceding clains, further conprising:

m.ning a fifth set of notion vectors with respect

vwggﬁgkghg$€dicted frame and the second frane, the

predi cted frame being in succession with the first

fra : L . . . -
L ¢ he TSR FAB e AR 1) RRELL G RELEIPRRERA L Hsine

fif &é?erﬁl%{in £ fiftP Eég BPlﬁXt‘?c%t \%Et%ﬁsa\{'% ﬂe%%e‘é{tB ocll fﬂgt%nferaﬁﬁna secgnd

notion vectors of the fourth set notion vectors. 8.

Theg IIBL NRd <8560 lh%{ng %e{ng iff | sfl s fon {vﬂﬁ ttﬁéﬁﬁrs‘r‘ ﬁEﬁBE 'a?ohg % time

determ’ning an estimat fon error of each notion vettor

of &he.second set of notion vectors, and an estimation

err&#mggheach nmoti on vector of the fifth set of notion

S W a3
aﬁa%hﬁ sfcq:ﬁﬁa&% if‘fmfﬁd&ﬁeci Fie Heiedn oo iR oWy A, St fpme
t he | tﬁl set

. of . e _ . .
along the time direction; wherein some motion vectors of the second set of motion

vectors are interpolated from motion vectors of the first set of motion vectors; and
determining a third set of motion vectors based on the first set of motion vectors

and the second set of motion vectors.

2. The method according to claim 1,
wherein each motion vector in the first set of motion vectors is determined with
respect to a group of pixels in the first frame and a group of pixels in the second
frame to provide a motion vector associated with the group of pixels in the second

frame.
3. The method according to any one of the claims 1 or 2,

wherein each motion vector in the second set of motion vectors is determined

with respect to a group of pixels in the predicted frame and the group of pixels in
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notion vectors, wherein the third set of notion
vectors is determ ned dependi ng on the conparison

wo e®ali#s12 10. The net hod according to clai m8 BPCT/SG2009/000200
wherein the third set of notion vectors further
conprising notion vectors of the fourth set of notion
vectors and notion vectors of the fifth set of notion
vectors wherein the estimation errors of the notion
vectors of the fifth set of notion vectors are | ower
t hahe tehendefsdmeaatpravidess motich vettot dveochaitd with the gtomp ©f pifkels in
the second set of notion vectors. 11. The nethod
acahe pledigted dramnay pr ecedi ng cl ai s, wherein the group of
pi xels in each frane is transformed using a donain
transformto provide a set of dommin transforned
coefficients for each frane. 12. The nethod according

4. t 0 THeghdhotlaccomi@E & ¢laitd® dormain transformis a domain
transform sel ected froma group of donmain transforns
conglepdih Mgk Mbtidry P&tdr AXotiatet Witr thy dub, oft piRels kn B&Tpredicted
type-1V DST, type-|I DFT, and type-1V DFT. 13. The
et ik 19 GRepElaR oM BEMoRREVRiord RSodtQICREN MY gfdupé Hpixels
wherein the plurality of franmes is a group og pi ctures

I N i@ eV TRheY ihe 8RUFOSH P 1sSih FHéCesting fradd-beihB @djaBnhRdhe

according to any one of the preceding clains,
group of pixels in the predicted frame.

5. The method according to any one of the claims 3 or 4,
wherein the motion vector associated with the group of pixels in the predicted
frame is interpolated from the motion vectors associated with the groups of pixels
in the second frame, the groups of pixels in the second frame having pixels

overlapping the group of pixels in the predicted frame.

6. The method according to any one of the preceding claims, further comprising:
determining a fourth set of motion vectors with respect to the first frame and the
second frame, the second frame being in succession with the first frame along

another time direction being opposite to the time direction,
7. The method according to any one of the preceding claims, further comprising:

determining a fifth set of motion vectors with respect to the predicted frame and

the second frame, the predicted frame being in succession with the first frame
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we@siom4ing notion in a plurality of franes,

10.

11.

wherein the plurality of franmes is a group of pictures
in a scal able video coding structure. 15. A device for

conprising: a first circuit configured to deternm ne a
first set of notion vectors with respect to a first
frame and a second franme, the second franme being in
succession with the first frame along a tine
direction, a second circuit configured to deternmi ne a
s eaivng asaher efmenditelidon bedrpt appssiteiof thertimsspdicsrtiong wdierein motion
predicted frane and the second frane, the predicted

f r asBo QI 0E fifth Su6Lme8dOvecHird dre tilterpblated tfrokir moBoraveotogs of
the tinme direction; wherein notion vectorsof the
segdugiedet of mofdn vebtowsect ors are interpol ated from
noti on vectors of the first set of notion vectors; and
athird circuit configured to determne a third set of
noti on vectors based on the first set of notion

Vectehidd dedof@nS R 75 airthef cofpkikiag: vectors. 16. The
devi ce according to claim 15, wherein each notion

VeeRminth étaﬁ @stirhdtivh 6t ofRhcHMbiicH We¥RE bPhS sdécdnd set of motion
det erm ne h respect to a group of pixels in the

fi rgliofsr ﬁﬁeanaé},Qmﬁtlcg{ Q¥R Rleadhi M&ich JeBtot BEhS NGt bff AbRon
to provi de a notion vector associated with the group

‘ga%gls in the second franme. 17. The device
accordlng to any one of clainms 15 or 16,

The method according to claim 8, further comprising:

comparing the estimation error of each motion vector of the second set of motion
vectors against the estimation error of each motion vector of the fifth set of
motion vectors, wherein the third set of motion vectors is determined depending

on the comparison results.

The method according to claim 8 or 9,

wherein the third set of motion vectors further comprising motion vectors of the
fourth set of motion vectors and motion vectors of the fifth set of motion vectors
wherein the estimation errors of the motion vectors of the fifth set of motion
vectors are lower than the estimation errors of the motion vectors of the second

set of motion vectors.

The method according to any preceding claims,
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wherei n each notion vector in the second set of notion
vectors is determned with respect to a group of
w@rooeliss4in t he predicted frane and the group oPCPB&HI02000200
in the second frame to provide a notion vector
associated with the group of pixels in the predicted
frame. 18. The device according to claim 17, further
conprising: an interpolating circuit configured to
interpolate the notion vector associated with the
gr aueréd thi xeJup ofmpikbie iar emdh crask iy aamsfdrmednusing aaloimain
vectors associated with the groups of pixels in the
s eqpRshoin A RovilddwesegbDdipinfransfonaédcoefiicidns forcoln ttahe.ane
bei ng adjacent to the group of pixels in the predicted
frame. 19. The device according to any one of clainms 17
or 18, wherein the interpolating circuit being

12.CONfHeGhEiRA ab&rdift & Panatie the notion vector associated
with the group of pixels in the predicted frane from

t hew b QR YRR binsASROR! AR S selcRdPBorRfa group of
pi xels in the second frane, the groups of pixels iIn

t heyReaPRAsfof AR nBRNG Bipke b‘é:@%elwmﬂqyd;&gn@gnw-w

of pixels in the predicted frane.” 20. The vi ce

acqggﬂ%HQJEqug%h P@I@iﬂﬁhe claims 15 to 19, further

conpri'sing: a h circuit configured to determ ne a
fourth set of notion vectors with respect to the first
franme and the second frane, the second franme being in

SUCHESS Lk e gk%ggf&g?ﬁg gmanot her time
1?"di r ecﬁlﬁ%ﬁdaba\g%&rggmgpp%l ite to eedt’i‘lég?re lal?’r ection.
wherein the plurality of frames is a group of pictures in an advanced video coding

structure.

14.  The method according to any one of the preceding claims,
wherein the plurality of frames is a group of pictures in a scalable video coding

structure.

15. A device for estimating motion in a plurality of frames, the device comprising:
a first ciréuit configured to determine a first set of motion vectors with respect to
a first frame and a second frame, the second frame being in succession with the
first frame along a time direétion,
a second circuit configured to determine a second set of motion vectors with
respect to a predicted frame and the second frame, the predicted frame being in

succession with the first frame along the time direction; wherein motion vectors
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21. The device according to any one of the clains 15

to 20, further conprising: a fifth circuit configured
wo ooodessgi ne a fifth set of notion vectors w PET/SG2009/000200

respect to the predicted frame and the second frane,

the predicted frane being in succession wth the first

frame al ong another tinme direction being opposite of

the tine direction; wherein notion vectors of the

fifth set of notion vectors are interpolated from

ot ¢lothe vesond st of inotion vegarstane inggrp@itechripingnoticactecioss, of the

22. The device according to claim21, further

confirst sk eignotan vegbisnadi on error determ nation circuit

configured to determ ne an estimation error of each

not a thirdwéctio condiguret ¢o daemink s dtirdakt ofohiton weeotsdrased @nible

an estimation error of each notion vector of the fifth

set fisf setof maivnweabdsraad 218.secbhé sd @ motorasactorsdi ng t o

claim 22, further conprising: a conparator circuit

configured to conpare the estimation error of each

noti on vector of the second set of notion vectors
16.agaThsdevicbaccording@iciapf 168y ror of each notion vector of

the fifth set of notion vectors, wherein the third set

of Whrtiaadte@bidnSvdctor Ge R irktNetotlapandicB@rsal détB@nined with
conparison results. 24. The device according to any

Onereifect 0@ i) FFpixdds Mthe Brst MAAE Bhdla bGP bhpikéls Hthe 9écond

notion vectors further conprises notion vectors of the

f oufrhfle ®frovide IMbliH Ve ¢RE hRbSatdd W ith Blel fdhp\WE Bixels $n B séddBd
fifth set of nption vectors, wherein the estinmation

errgiseof the notion vectors of the fifth set of
not i on

17.  The device according to any one of claims 15 or 16,
wherein each motion vector in the second set of motion vectors is determined
with respect to a group of pixels in the predicted frame and the group of pixels in

the second frame to provide a motion vector associated with the group of pixels in

the predicted frame.

18.  The device according to claim 17, further comprising:
an interpolating circuit configured to interpolate the motion vector associated with
‘the group of pixels in the predicted frame from the motion vectors associated with
the groups of pixels in the second frame, the groups of pixels in the second frame

being adjacent to the group of pixels in the predicted frame.
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wWQ@2009/T¥sg1devi ce according to any one of the cleCTsG369/000200

19.

20.

21.

22.

vectors are |ower than the estimation errors of the
notion vectors of the second set of notion vectors.

to 24, further conprising: a domain transformcircuit
configured to transformthe group of pixels in each
frame using a domain transformto provide a set of
domai n transfornmed coefficients for each frane. 26.

The device according to claim25, wherein the domain

t r ahlfdsviee egopusdingto pry enegdiekiiims therdf orm circui t
configured to provide a domain transform sel ected from
a gwhergin die idierpalating eizavgfhsingwonigirest tp irgerpélateyipemptiddYEctor
type-1V DCT, type-1 DST, type-1V DST, type-1 DFT, and
t y passdciatddRTith B growip ef pigels oethe predictid digmee droamipe orpgon Fectors
the clains 15 to 26, wherein the plurality of franes

i s @sapiapedowitf thpigreups e pixalsam thedsecomd dchme the @raupdiofigixels in
structure. 28. The device according to any one of the
cl athesecbbd tfram2 Gaving) pixelsrovelapppigitha oty ob pixblsdimgds pradieted
group of pictures in a scal able video coding

St r fighelr €.

The device according to any one of the claims 15 to 19, further comprising:
a fourth circuit configured to determine a fourth set of motion vectors with respect
to the first frame and the second frame, the second frame being in succession with

the first frame along another time direction being opposite to the time direction.

The device according to any one of the claims 15 to 20, further comprising:

a fifth circuit configured to determine a fifth set of motion vectors with respect to
the predicted frame and the second frame, the predicted frame being in succession
with the first frame along another time direction being opposite of the time
direction; wherein motion vectors of the fifth set of motion -vectors are

interpolated from motion vectors of the fourth set of motion vectors.

The device according to claim 21, further comprising:
an estimation error determination circuit configured to determine an estimation
error of each motion vector of the second set of motion vectors, and an estimation

error of each motion vector of the fifth set of motion vectors.
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23. The device according to claim 22, further comprising:
a comparator circuit configured to compare the estimation error of each motion
vector of the second set of motion vectors against the estimation error of each
motion vector of the fifth set of motion vectors, wherein the third set of motion

vectors is determined depending on the comparison results.

24.  The device according Ito any one of the claims 22 or 23,
wherein the third set of motion vectors further comprises motion vectors of the
fourth set of motion vectors and motion vectors of the fifth set of motion vectors,
wherein the estimation errors of the motion vectors of the fifth set of motion
vectors are lower than the estimation errors of the motion vectors of the second

set of motion vectors.

25.  The device according to any one of the claims 15 to 24, further comprising:
a domain transform circuit configured to transform the group of pixels in each
frame using a domain transform to provide a set of domain transformed

coefficients for each frame.
26.  The device according to claim 25,

wherein the domain transform circuit is a domain transform circuit configured to

provide a domain transform selected from a group of domain transforms
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27.

28.

consisting of type-I DCT, type-IV DCT, type-I DST, type-IV DST, type-I DFT,

and type-IV DFT.

The device according to any one of the claims 15 to 26,
wherein the plurality of frames is a group of pictures in an advanced video coding

structure.

The device according to any one of the claims 15 to 26,

wherein the plurality of frames is a group of pictures in a scalable video coding

structure.
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