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for block notion estimation in video encoding 5 BACKGROUND OF THE

| NVENTI ON The invention relates to a nmethod for notion estimation, a

met hod for encoding a video sequence, a notion estimtion device and a

vi deo encod®0®A884in the field of encoding a video seqb@ufRasV/gotTsdeo

encodi ng), the conpression of video data has becone a very inportant

i ssue for reducing the anbunt of data needed to be transmtted and/or
stored for the encoding of a plurality of 15 pictures in a quality which is
sufficiently high for a user. A very inportant factor with respect to video
data conpressi O Hesagbm-hasetofasls sexath oethetwBen sidakefioeidn pi ct ures of

t he vi deo sequence, which gmgﬂgﬁq_:@maggte%ﬂg&i on information fromthe
vi deo sequence. The extracted notion information i's used for the reduction

of tenporal redundancy between subsequent video pictures. Bl ock-matching
notion estimation is widely applied in nmany 25 notion-conpensated vi deo

codi ng té&chni ques/ st andar dgaskciom® OBQHPEGvELEId and | TU- T
H. 261/ 262/ 263/ 263+/ 263L, which is ained to exploit the strong tenporal

redundancy between successive franmes. B artitioning a current frame into
non- overl ap ?n’g"vreé*f‘ftlaﬂg‘iﬁléiteﬁltiﬂzlésf‘ﬁﬁ@% oscRet i egidrpakione, 23 30 bl ock
mat chi ng newhbidedtfosnpierdiogf & ndideobbegleraep me anotriehe sebeatficane (past or

future framgpyviddtanBestvimbChgSofr. Predefined block in the current frane.
Mat chi ng_oi s perforned

In the field of enco&ing a video sequence (video encoding),
the compression of video data has become a very important
issue for reducing the amount of data needed to be
transmitted and/or stored for the encoding of a plurality of
15 pictures in a guality which is sufficiently high for a user.

A very important factor with respect to video data
compression is the motion estimation between subsequent
pictures of the video sequence, which is used to extract
20 motion information from the video sequence. The extracted
motion information is used for the reduction of temporal
redundancy between subsequent video pictures. :

Block~matching motion estimation is widely applied in many

25 motion-compensated video coding techniques/standards such as
IS0 MPEG-1/2/4 and ITU~T H.261/262/263/263+/263L, which is
aimed to exploit the strong temporal redundancy between
successive frames. By partitioning a current frame into non~
overlapping rectangular blocks/macroblocks of equal size, a

30 block matching method attempts to find a block from a
reference frame (past or future frame) that best matches a
predefined block in the current frame. Matching is performed
by minimizing a matching criterion, which in most cases is
the mean absolute error between this pair of blecks. The

35 Dblock in the reference frame moves inside a search window
{(region) centered arocund the position of the block in the
current frame. The best matched block producing the minimpum



by mnimzing a matching criterions which in nost cases is the nean
absolute error between this pair of blocks. The 35 block in thdOrkN2eR%e
frame noves inside a search window (region) centered around the position
of the block in the current frane. The best nmatched bl ock producing the
m ni mrum 10 JAN 2005 WD 02/ 32145 PCT/ SG00/ 00176 2 distortion is searched
within thoVaeseh wi ndow (region) in the reference PFERETIe di spl acenent
of the current block wth respect; to the best matched reference block in x
and y directions conposes the notion vector assigned to this 5 current
bl ock. However, the notion estimation is quite conputational intensive and
can consune up to 80% of the conputational power of the encoder if the
full seardstpstipredsbyearrhedhwiidtingghy wanchatiadPhl (Fegodyi BPe candi dat e
bl ocks witHai BeférqiicedetintadTheadichplutataw ofhehefarmentastosal gorithns are
hi ghly 0GR hetebec 081 AL BALL otRACH HOEdBCRTBEAUGS AUt sact i T cing
the distortion arply. 15 Many conput ati onal Lé e%f | ClI gnt vaiiants were
devel opedtireey oS | PPPAFR FRMIWHCRr Lo tHF S55¢E9PFedQ ift®-step search, the
new t I eeswstrept selarakh, the four-step search, the bl ock- based gradient
descent search and the diamond search algorithms. 20 In the block-based
motTon estl Bl Oy Rgtfen%ﬁfén&)a%to%f fs Wnlite Qb%ﬁ@:;]aeﬂ%nabapes or sizes has a
great inpact on’the reachable search speed and the resulting distortion
perforrm”ﬁﬂgansive and can consume up to 80% of the computational

power of the encoder if the full search is used by

10 exhaustively evaluating all possible candidate blocks within
a predefined search window. Therefore, fast algorithms are
highly desired to significantly speed up the procedure

without sacrificing the distortion sharply.

]

15 Many computationally efficient variants were developed,
typically among which are the so-called three-step search,
the new three-step search, the four-step search, the block-
based gradient descent search and the diamond search

‘ algorithms.

20
In the block-based motion estimation, the search pattern with
different shapes or sizes has a great impact on the reachable
search speed and the resulting distortion performance.

25 On one hand, in the three-step search, the new three-step
search, the four—step search and the block-based gradient
descent search algorithms, squaie-shaped search patterns of
different sizes are employed.

30 On the other hand, the diamond search algorithm, as described
in [1] and {2], adopts a diamond-shaped search pattern, which
has demonstrated faster processing time with marginally worse
distortion in comparison with the three—step search, the new
three-~step search and the four-step search.

35
The search pattern used in the diamond search algorithm has a
rectangular, diamond shape. Two different size of diamonds



25 On one hand, in the three-step search, the new three-step sediCcdANZRES
four - step search and t he bl ock-based gradlent descent search al gorithns,
squar.e-shaped search patterns of different sizes are enployed. 30 On the
ot her hand, the dianond search algorithm as described in [1] and [21
adopts a dianDnd-shaped search pattern, which has denonstrated faster
processing tine with margi-nally worse éstortion I n conparison wth the
three-step search, the new three-step séarch and the four-step search. 35
The search pattern used in the dlannnd search al gorithmhas a rectangul ar,

di anond shggg & f epant di anonds 10 JAN 2005 3 are enpl oyed.
The larger o econsjlgésts org@nlia?ed h el 9 90517 ?f]&nﬁnF@ﬁcéﬁlm checki ng

poi nts surPREREEa Tedthhcr Grehh & ﬁﬁﬁ%ﬂg PRiatsmelircdizadoad ceageeh pattern
consi st s ofhedkingg gheicid .NnThpoismag,} a&ambh@hséaﬁﬁhcggggégg BBhQ&?ﬁ%“rEOU”d
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ST the: Shet s eednEdiPaTe g cBiRCCuPnEr S cenint weronna

estimation? '?he@ 08 PRVENTEONCIMBPEtothe dlamsndnsiigpect of the
invention to provide a nethod for block notion estimation which can be

carried OUlsyatidh EHBEQVQQ EE?fesshQTﬁﬁgg E%§?W¥ g%hﬁ%%ga%%?ﬁﬁagvﬁéthod

descri bed di anond search gorlt m
for bl ock Rﬁﬁqe(’fﬁlngsﬁpﬁﬁfil rf’B?t%a"‘bl%“:ﬂdéa%’r%k of a current picture with

picture blocks, with reference to a reference picture,

\*0 SUMMARY OF THE INVENTION
{ i S

Therefozre, it is an object of the invention to provide =z
method for block motion estimation which can be carried out .
with improved processing speed compared with the above—

described dlamond search algoerithm.

‘The object is achieved with a method for block moﬁion
estlmatlon for a picture block of a current picture with
plcture blocks, with reference to a reference picture,
wherein the motion estlmation is5 carried out in a search area
with a hexagonal form in the reference picture preferably
with respect to a picture block of the current picture and =
plurality of reference picture blocks in the reference

~i picture. The search area comprises a pluralityv of checking

(5 points, one checking point is arranged in the center of the
search pattern and each further checking point is locatéd at
an endpoint of the search pattern. '

Thus, the hexagon search area comprises a checking point at
each corner of the hexagon and one checking point in the
center of the respective search area.

The motion estimation method is preferably used in the field
of video encoding.



wherein the notion estimation is carried out in a search area 1@4@2005
hexagonal formin the reference picture preferably wth respect

pi cture block of the current picture and a plurality of reference picture
blocks in the reference picture. The search area conprises a plurality of
checking points, one checking point is arranged in the center of the
search pattern and each further checki3ag point is |loeated at an endpoint
of the search pattern. Thus, the hexagon. search area conprises a checking
poi nt at-_each corner of the hexagon and one checking point in the- center
of the reSHt9ROTEeal Ehiar 2 af UtkhambbircesbENahieonnPRLRP L sopreferably
used in tiesvide d motiyh deoe BROSSNded 5 Furthernore, it is a
further qbidch bcinged AYaNdON. Lo ﬁer gﬁégﬁhé‘%@ ?%ncﬁ’s'FYn%‘f‘Foﬁ devi ce

whi ch can carry out a  not O SRPEREEA ORTIFe F5 1 her omeed pramesseag speed
conpar ed Akt B BOREPR o¥Ftedta tiwmi gavilesi wieiothi 0b dsraganaes J SArTY out
t he noti omteshenasidon usitighatienabsy sy descrd ol earch -al gorithm
S 10 JANs%ggéhV\QQ%é%A:S PCT/ SG00/ 01?)%76 4 e{T e ogcjieg%%orr}?’ecg&ﬁiw with a
notion estimation device for notion estinmation for a picture block in-a
picture wwth picture blocks, with reference to a reference picture,
preferably conprising a processor, which device or which

ey



5 processor is arranged in a way that the follow ng steps can belGcdhNi20D5
out: a notion estimation in a search area in the reference picture is
carried out, and the used search pattern in the notion estination-has a
10 hexagonal form In an alternative notion estination device, a separate
unit for eM¥RULHHY the individual step of the notion BS¥IGHEHEn and the

I nvol ved search al gorithm may be pragvided. 15 The notion estimtion device
is in particular suitable for the use in a video encoder. The invention
may be inplemented using a special electronic 20 circuit, i.e. in

har dware, or using a conputer program i.e. in software. The invention can

general |y BBSsRUFHNIZ HELEHBA-Haded Wi EheshigHiornAeTHe R8Tl ock ot i on
esti mat i onmphien segiemcienoffo25bs micturesldckeinaa \pidéorsedidnce, where the

search al 99&&%&%@ bﬁaekécm&neréf&@hfzéc@ta $Beefrd LM a IRt over t he
di anond sear

f’b%l%a & By lr_ﬂt_1 on per forg;a Thus, the
notion est PABET ‘f/ rf?énﬁr"ggesspe cﬁﬁcﬁ"' FEVed 36 gf)ew ¢ orrpar ed with
t he not PonPESESFRANT dh AaRgethin @ davridhats Ehe cfoldloydnat H1@Ps| A2Bummary, the
hexagon- bagedcsedrahogcheme according to the invention may find any point

in the noti,on fjel; gig\ﬁt flﬁgﬂmﬁqnsgagg]:ﬁ@ph%g kﬁltggoggf%%ﬁgeas checki ng

poi nt s) t han the | am)n searc al gor
p cture is carrled out, and

. the used search pattern in the motion estimation has a
10 hexagonal form.

In an alternative motion estimation device, a separate unit
for executing the individual step of the motion estimation
and the involved search algorithm may be provided.

15 )

. The motion estimation device is in particular suitable for
the use in a wvideo encoder.

The invention may be implemented using a special electronic
20 circuit, l.e. in hardware, or using a computer program, i.e.
in software.

The invention can generally be seen in a hexagon-based search
algorithm in the block motion estimation in a seguence of

25 pictures, i.e. a video sequence, where the search algorithm
can achieve significant speed improvement over the diamond
search algorithm with similar distortion performance.

Thus, the motion estimation may be processed with improved
30 speed compared with the motion estimation using the diamond
search algorithm.

In summary, the hexagon-based search scheme according to the
invention may find any point in the motion field with fewer

35 search points (also denoted as checking points) than the
diamond search algorithm.



The | arger the notion vector, i.e. the larger the notion betvmaﬁp e%QO
considered pictures, the nore substantial the " speedup gain wl %%“i SN

terms, 0f nunber of checking points saved by the invented algorithm~
according to the invention conpared with dianond search al gorithm The
reference picture (reference franme) used for notion estimation may be a
preceding or a followng picture of the current picture in a sequence of
pictures, i.e. in a video sequence. bGurthernore, coding information may
be assigned to the picture-elenents of the current picture (current frane)
and the reference picture. Coding information in.this context may be
| umi nanc&BenfGEARE| B droteinroHarteen iinfor mhki 08z geki ehei fotrass gned to one
or nore pietters eheMBRs Sl idaeoe ' heture According to this
enbodi men, gk %hgajdpvweir}%f UL th? rmi’?'?gﬁll%gét ?ir}%t}ld%ei §u]B§§%B‘g-6ﬁ1th%e codi ng
i nformat icon. “AecHrdi ng tor s i EREMScRboRIARAE of checkimvenpobnrst he
noti on e$EFREt PHntkoimvesded alperdithp atcoedefidi b Ngha m,;glqrymdnbl ock
each

di storti eompet &€ et iRmehur Qte:eﬁkaP{; Hfl%,g&u”enf picture an
consi dered candi date picture bl ock of %e plurality of candidate picture
bl ocks of the reference picture in the search area. - . According to a
further ERBOTFIRHANGST PEREUr Ry éREfOrenceattare) useel [Fodr aloittiyn0f checki ng
poi nt coesebponids tmayabees peLétading i FHA 1A iR f e reference
pi cture é@%ﬁ@%iﬂﬂﬁre@ﬁi{?%@%ﬁérﬂ% | Q. i,gcli:cor di tr?%r?% lgggér t%ﬁ_e?:p‘?rrbodi ment
of the invention, each —checkihg polnt EorteEfsnds-Bo APbRo¥kdIRA t he
r ef er encEFIMENCE — S g
=) Furthermore, coding information may be assigned to thé

picture elements of the current picture (current frame} and

the reference picture. Coding information in.this context may

be luminance information or -chrominance inférmation, which is

assigned to one or more picture elements in the respective

(

picture.

According to this embodiment of the invention, the motion
estimation is based on the coding information.

According to a further embodiment of the inveﬁtion, the
motion estimation comprises the step of determining a minimum
block distortion between the picture block of the current
-~  plcture and each considered candidate picture block of the
. plurality of candidate picture blocks of the reference
picture in the search area.

According to a further embodiment of the inventién,,, each of
the plurality of checking point corresponds to a respective
candidate picture block of the reference picture usad for.the
motion estimation.

According to a further embodiment of the invention, each
checking point corresponds to a block in the reference
picture.



pi cture. 10 JAN 2005 By this enbodi ment, the notion estimation i JOfJANIIREOS
sinplified, thereby further inproving the processing speed of the notion
estimation. According to the invention, the notion estimation'is further

i nproved in speed, especially when a second search-pattern, which wll be
further described in detail, is noved in a way that the newy generated
second search pattern contains only "thrge new checking points, for which
the cal culation of the mninmumblock distortion with respect to the

pi cture block of the current picture-has to be provided. This neans, that

t her e onl yBhauRis ceddfodpimdHided sNewW L ati ons _of novel m ni num
14 23 fg hbhh%%:r.%?l es(églngglggaf‘ﬁthﬁFg@Fn, _

bl ock di st LOop=d N, t e eper at.ed secon
Furt her m)rg,ﬁlgt) %Ee]f‘.{n%% %é};ﬁ?’ﬁp&& ChayPERYLRGethdcptotéasing spéeRSos
det er m ni ngha TRHEGFUMSIgeiktionst orti on between the picture block of the

current, picture and each considered candidate picture block in the
ref erence pi ccording to fhe search pattern, determ ning, whether
the candi ({gc'fcgé%l{ic gu.%g %F‘SC%QW?W‘C"M&I}W ReARTH | St mi tsitoor tiisoFurkhiele
candi dat e IRAAYES iB| 5BRedor ¢ EBPOIRA Ty witerd he serkher s@a%@ﬂ-%%rﬁ%&ﬂt in the
search patheron widd baseutbive £ ol daige Pi Gl Wl o hock with the mni frum
bl ock di stgrhi QRedREs: Pohek@LdosPUL Lo, the center 1§ FRN®S068 dorap132145
PCT/ SG00/ Q0176 = - search pattern contains only

three new checking points, for which the calculation of the

minimum block distortion with respect to the picture block of -
the current picture has to be provided. 7

~)

( This means, that there only have to be provided‘three new
calculations of.a novel minimum block distortion in the newly
generated second search pattezrn.

Forthermore, the motion estimation may comprise the following

steps: S : T T

*  determining a minimum block distortion between the |
picture block of the current picture and each considered
candidate picture block in the reference picture
according to the search pattern,

. determining, whether the candidate picture block with
the minimum block distortion is the candidate picture

e block corresponding toc the center checking péint in the

- search pattern, ) ‘

. in case the candidate picture block with the minim&ﬁ

block distortion dees not correspond to the canter



7 checking point of the search pattern, - generating a second
search pattern around the checking point wth the nininun1b|ogﬁ§ag&%%05
distortion, - carrying out a newiteration of notion estinmation in 5 the
second hexagonal search pattern, and in case the candi date picture bl ock
with the mygiggims bl ock distortion is the candi date pigktdafodd OCK
corresponding to the center point of the search pattern, ﬁectlng this
candi date picture block for furthet 10 processing. This enbodlnent of the
invention with the iterative search algorithmleads to a further inproved
nmotion estimation result. 15 In order to further sinmplifying the search

and t hus- rend éé]&n ﬁ(g Joty ifOEhgs%éa%hl ﬁ%t%‘éﬁn nore sinple, the search
0

pattern and e se searc ave the sane size, i.e. the

same form and™ t‘i%‘%éﬁén%&nﬁéf‘% haFegRPMY Sﬁ&FﬁPspa"'ft&mZE)r%pl e. According
to a further ehndadienkity gfoinhewitty abei nininuvmebloot idistestiamti on further

conprises the_ f@Aé:ﬁM&l Joet @Pfew Q&%Ft%ﬁr& dok Dok bstaaseiopakt ern in the
first earch F%%Soec rn_or |n t e secon s%ar pattern in which the
t

sel ect d cand tlﬂﬁéieagl?f"% o Rt et pfocessi ng | has been
determ netd, t ke qaser Eh%eaﬂf@ﬁdﬁh? tﬁ#ﬁu%lwﬂsﬁﬂf} die FLa{WB t han t he search
pattern and/ oplédie dise6OtHbnS @Ar €t Pantfditapdutard dogkl ect ed candi date 30

checki ng pOinEOrresponding to the center point of the search pattezn,
selecting this candidate picture block for further

10 processing.

This embodiment of the invention with the iterative search
algorithm leads to a further improved motion estimation
result. '
15
In order to further simplifying the search and thus rendering
the motion estimation even more simple, the search pattern
and the second search pattern may have the same size, i.e.
the same form and the same number of checking points, for |
20 example.

According to a further embodiment of the invention, the

motion estimation further comprises the following steps:

. generating a third search pattern in the first search

25 pattern or in the second search pattern, in which the
selected candidate picture block for further processing
has been determined, the third search pattern being
smaller in size than the search pattern and/or the
second search pattern around the selected candidate

30 checking point,

. determining a2 minimum block distortion between the
picture block of the current picture and each considered
candidate picture block of the plurality of candidate
picture blocks of the reference picture in the third

35 search pattern.



determ ning a mni mum bl ock distortion. between the picture bl odi JANHES
current picture and each considered candidate picture block of the
plurality of candidate picture blocks of the reference picture in the
third 35 se qﬁnﬁ tern. 10 JAN 2005 WO 02/ 32x45 8 PCT/ SG00/ 00176 The
wording "th search pattern being snmaller in si 2&T 1'%fhe search
pattern and/or the second search pa&tern” in this context neans, that
there is a smaller nunber of checking points included in the third search
pattern than in 5 the search pattern and/or in the second search pattern.

In other rds, .t her, unb of . cal culatlons of the mninmm
bl ock di st"\(',)i? PERITR gh(?a?}é’tﬁd:t%ﬁr%hgaﬁia’fn PR&EDP R SE el cﬁ%zﬁattern is
pl aced i n &iea sharzsrnght parteranandfon fhe ecosdcsprrdeRrEreuat tarn. 10 The
used t hi r detieaEehtpat mekfis] thahetiiefeci enc esmalltetiraumbey ofll SO have a

hexagonal %@c’ﬁné%}ﬁtﬁ%cﬁ%&%' ﬂsch'entltu{}ﬁi SBLEG: RARER AILR Ry De

arranged one 0|nt IS In the center of the
third seartif paeter rPatGﬁEn AR oFf 17 ﬁé‘er%%‘{o F‘T"n’édbi?é‘(’?fi?% Boints of the
t hi rd searsthepavtsis ithetocht edfavermnuepeipoifntaloflathens vf dheearch pattern

anslt t he Otxﬂﬁﬁmhﬁl ﬁl&a‘k ngtcs&&ton%b seheamcahﬂa.agamima%t ehe tthe Lhhi [d Sfa[ ﬁh
attern is e n Qglnts o e
p %555 1§ h?lﬁa(f sear Cth ep ??rcqx Sa{)?é]‘:’# 2Ry 8P 4 C’L'Pze

smal | er
second search pattern.

i0
The used third search pattern in the reference picture may
also have a hexagonal form.

The checking points in the third pattern area may be arranged

15 in such a way that one checking peoint-is in the center of the
third search pattern, one half of the rest of the checking
points of the third search pattern is located at an endpoint
of the third search pattern and the other half of the rest of
the checking points of the third search pattern is placed

20 preferably in the middle between two endpoints of the smaller
hexagon of the third search pattezn.

According to a further embodiment of the invention, the
search pattern and/or the second search pattern
25 comprises/comprise seven checking points.

This special number of checking points and the respective

arrangement of. the checking peint on the endpoints of the

hexagon and the center of the hexagon has revealed a further
30 improvement of speed in processing of the motion estimation.

According to a further embodiment of the invention, the third
search pattern comprises five checking points, one checking
point in the center of the third, smaller search pattern, two
35 checking points located at two endpoints of the hexagon of
the third search pattern around the center checking point
arranged on opposite sides, and two checking points on the



According to a further enbodi ment of the invention, the searchy®ahneighs
and/ or the second search pattern 25 conprises /conprise seven checki ng

poi nts. This special nunber of checking points and the respective
arrangenent of. the checking point on the endpoints of the hexagon and the
center of {ybeykewsagon has reveal ed a further 30 inprovesemnbndd speed in
processing of the notion estimatiqgn. According to a further enbodi nent of
the invention, the third search pattern conprises five checking points,
one checking point in the center of the third, smaller search pattern, two
35 checking points |located at two endpoints of the hexagon of the third
sear ch paidger 6f aftelhdxdédun dantiey mthebKiatgtpei ngear pageedfonh@pposi t e

si des, anl£ug: chiagkigg AOLBboe AR Lest0-10PLA0AEIYO 02/ 32145
PCT/ seoo?%é‘l%% e gg I hgﬁ"ﬁselxagon il P T | onger edges of

the hexagon arranged on opposite sides, respectively. The enbodi ments of

t he i nverfiheoambledimenbe dofalibeeimgspityon glasiszibed mldved2eplindei B esti mati on,
to the neihadaf OF ro@dbh et iMhERm,SequUERCaesthed Ll @otieN sestidemt i on device
as wel | as, 1.0 10e . Vifemncodat A Dottt ad Armhadiment.ofpLhe |nvention

will nowHe Geser itbe W th Tefrerence to the acconpanyi ng draw ngs.

BRI EF DESGREPTRER®ASF- THE DRAW NGS 15 Figure 1 shows a diagramillustrating
an exanple of determning a search path finding a notion vector in a

motion esf iFBELALALIOSd Rt 25£ Uhdi Bvdr®18n will now be described

10 with reference to the accompanying -drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

15 Figure 1 shows a diagram illustrating an example of
determining a search path finding a motion vector in
a motion estimation algorithm according to a
preferred embodiment of the invention; and

20 Figures 22 and 2B show a diagram illustrating a larger
hexagonal search pattérn {(Figure 2A) and a smaller
hexagonal search pattern (Figure 2B) according to a
preferied embodiment of the invention:

25 Figure 3 shows a block diagram illustrating a video encoder
according to a preferred embodiment of the

invention.

30 DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT OF THE
INVENTION

Fig.3 shows a video encoder 300 for encoding a digital video

sequence 301.
35



preferred enbodi nent of the invention; and 20 Figures 2A and 2B styAHN 2005
diagramillustrating a | arger hexagonal search pattern (Figure 2A) and a
smal |l er hexagonal search pattern (Figure 2B) according to a preferred
enbodi nent g; &IZEFI s'. nvention; 25 Figure 3 shows a block diagramillustrating
a video encOdEF**4tcording to a preferred enbodi ment ACHIGERMOGyent i on. 30
DETAI LED. DESCRI PTION OF A PREFERRER EMBCODI MENT OF THE | NVENTION Fig.3
shows a video encoder 300 for encoding a digital video sequence 301. 35 10
JAN 2005 WD 02/ 32145 10 PCT/ S0/ 00176 The digital video sequence 301 is a
sequence of subsequent digital pictures 302 (digital frames} conprising
picture efnedgital vigeopsequaneee}indsst 8 otausach pf ctulseaBe®t are gr ouped
in picturéiditatksiceael ROZt(MigibdDECanOEPrddipRgstny Rcpusbure el enments
or 16 x 16 pigehdte elements. In this context it should be pointed out that
the invention 10 is not restricted to a specific formof picture bl ocks,
the picture elenents are grouped in, in particular, the invention 1is not
rest ri c¥ edThep pactyes ieflegenusivdr cath micture ¥ aeatgrdupedaipi cture bl ock. 15

Any form obidthetUbEodtsQCkait th cBfie MIBRR" cpRisChy € £lge BB Sre

elements or 16 x 16 picture elements.

In this context it should be pointed out that the invention

10 is not restricted to a specific form of picture blocks, the
picture elements are grouped in, in particular, the invention
is not zestricted to a specific number of picture elements in
a picture block.

15 Any form of picture block with any number of pibture elements
may be used in the motion estimation according to the

invention.

Four picture blocks with luminance information and two
20 picture blocks with chrominance information are grouped into
one macroblock, respectively.

According to thils preferred embodiment of the invention, each
picture 302 comprises 16 x 16 macroblocks.

25
Luminance information and chrominance information is assigned
to one picture element or to a plurality of picture element
(in the case of sub-sampling) as coding information.

30 In a selecting unit 303, each picture 302 is selected and it
is - determined whether it is to be coded in a so called INTER-
mode or the so called INTRA=-mode.

If the selected picture is to be coded in the INTER-mode,

35 i.e. in a differential mode, for each macroblock in the
current picture to be coded (denoted as first picture), a
motion estimation is provided in a motion estimation unit 304



may be used in the notion estimation according to the inventio ‘[;t% K&Lg
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i nformation is assigned to one picture elenment or to a plurality of
picture element (in the case of 8ub-sanpling) as coding information. 30 In
a selecting unit 303, each picture 302 is selected and it is determ ned
whether it is to be coded in a so called | NTER- node or the so called
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reference to a reference picture. The reference picture nmay be a preceding

plcture or a follow ng, picture of  the flrst ct ur t he vi deo sequence
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determ n&d,, reference picture, is determined.

10 The coding mode 305 for the selected picture 301 and the
determined motion vectors 306 are provided to and stored in a
picture storage element 307.

The motion estimation will further be described in detail.
15
In the INTER-coding mode, the data 308 in the macroblocks
(the coding information) is provided to a subtracting unit
309, where the data 310 of the macroblock from the reference
pictﬁre, which macroblock has been matched and selected
20 according to the motlon estimation is subtracted, thereby
generating motion estimation error coefficients 311.

In the INTRA~coding mode, no subtraction and no motion
estimation is provided. In the INTRA-coding mode, the entire
25 luminance information and the entire chrominance information
of the selected picture to be coded is coded, not only a
differential signal as in the INTER-coding mode. In the
INTRA-coding mode, INTRA-coefficients 311 are outputted by
the subtracting unit 309.
30
The motion estimation error coefficients 311 or the INTRA
coefficients 311 are provided to a transformation unit 312.

In the transformation unit 312, a discrete cosine
35 +transformation (DCT) is provided to the inputted motion
estimation error coefficients 311 or the INTRA coefficients



10 The codi ng node 305 for the selected picture 301 and the
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In the entropy coding unit 316, a variable length encoding,
such as a Lempel-Ziv-Encoding or a Huffman encoding is
performed on the quantized transformation coefficients 315,
Furthermore, a run length encoding algorithm is performed on
the variable length encoded quantized transformation
coefficients.

The resulting coded data stream 317 is outputted by the video
encoder 300 and, for example, transmitted to a video decoder

unit.

Furthermore, in the inverée guantizing unit 318, the
quantized transformation coefficients 315 are inversely
quantized, thereby generating inverse guantized
transformation coefficients 319, which are provided to an
inverse transformation unit 320.

In the inverse transformation unit 320, an inverse discrete
cosine transformation {IDCT) is performed on the inverse
quantized transformation coefficients 319, thereby generating
inverse transformed coefficients 321, which are provided to a

first input 322 of an adder 323.

The data 310 of the macroblock from the reference picture,
which macroblock has been matched and selected according to
the provided motion estimation is provided to a second imput
324 of the adder 323, thus being added to the inverse

176 311, thereby



which are provided to a quantizing unit 314. In the quantizing 4k 5
the transformation coefficients 5 313 are quantized and scanned, thereby
generating quantized transformation coefficients 315, which are provided to
a entropy coding unit 316 and to an inverse quantizing unit 318. 10 In
the entropyoeasifgg unit 316, a variable |ength encodppglscreats as @
LenpeI-Ziv-Encodlng or a Huffman encoding is perforned on the quantized
transformati on coefficients 315. 13urthernore, a run | ength encodi ng
algori-thmis performed on the variable |ength encoded quanti zed
transformation 15 coefficients. The resulting coded data stream 317 is

out PUtt e i dihe! dilke:RREHML135300 AL T{Phr-GRAED! Enodebgnsm tted Lo a
coae

vi deo de runit. 20 Furtherpore, . he 1 nverse quanfizing unit 318,
t he quar?teP%%F’t“fJaﬁs’?WFF‘éﬁt%W?a& gﬁ%s 315 are inversely quantized,
t hereby generating inverse quantized transformation coefficients 319,
whi Chf ar Rl SNdHRErk®r N s28n4 1N\32ESSuigiRBSHE O yredhicO Bddkn 8232?5 In the |( nver )se
t ransf.or nat | Unj i e di e cosine transformation (I DCT
is peﬁ?ogﬁggggﬁH&héeﬁﬁggpgg gg%%hgi%%' %?a%@%brnation coefficients 319,
t hereby generating 30 inverse transforned coefficients 321, which are
provi ded Mo, athd imosicn mEitind2ibrohlaeridtoenc@23linghboddtea 310 of the
macr obl ocl kLMY BRoSEHRNENGE tHeC ibdhtionhircin RCcueM awedhas been mat ched
and sele%%% ,fccording to 35 the provided notion estimation is provided to
a segﬁpd put-

Tt should be noted that the now described motion estimation

algorithm is not restricted to the architecture of the above-

dascribed encoder 300.

15 The motion estimation algorithm may be applied to any other
encoding architecture, where a motion estimation is needed,
for example in an object-oriented encoding scheme like MPEG4
or in a hybrid block-based encoding scheme and object-
oriented encoding scheme.

20
Fig.2A shows a picture 200 with picture elements 201 and a

large search pattern 202, in which the search during the
motion estimation is performed.

25 The large search pattern 202 has the form of a hexagon,
comprising seven checking points 203, 204, 205, 20§, 207,
208, 209. The center checking point 203, which is placed in
the center of the large search pattern 202, is surrounded by
six endpoint checking points 204, 205, 206, 207, 208, 209,

30 which are placed on the endpoints of the hexagon.

It should be noted that the hexagon can be rotated by
90 degrees.

35 Of the six endpoint checking points 204, 205, 206, 207, 208,
209, in the hexagon, two checking points 204, 207 are away
from the center checking point 203 with a distance of two



324 of the adder 323, thus being added to the inverse 10 JAN 20090WAN 2005
02/ 32145 13 PCT/ S0/ 00176 transfornmed coefficients 321 in the | NTER-node,
thereby generating a reconstructed signal 325. The reconstructed signal
325 outputted by the adder 323 is 5 stored in the picture storage el enent
307. Now, tW?W@&W%NIestination al gorit hm accordi ng t FGIREA8YES er r ed
enbodi nent of the invention will begdescribed in detail. 10 It should be
noted that the now described notion estimation algorithmis not restricted
to the architecture of the above- described encoder 300. 15 The notion
estimation al gorithmmy be applied to any other encoding architecture,
where a nofneghueed Pl dnt iodeperbRld 2ndf bhe sefitp feuF FheFkéRf ect - ori ent ed
encodi ng sshens 205e 20BEG08,0200 rhavehpbri stdilcec kE bes e dseroedioot schene and

obj ect origntsede gl QlleNGeSCe MRecRihd 3184 S3OWs a picture 200 with picture
el ements 201 and a |arge search pattéern 202, in which the search during

the notion estimation is perforned. 25 The | arge search gattern 202 has
t he forin ofida2Resthyton the coiiiirsi 200 sekenpEsiele AGePBItR 2020d 204, 205,

206, 207, sm8, sef¥%h Pheceanten, cheslkiny Hed Mindb3seadvhchutingdl aced in  the
center of e haf@f SeFhet RALLCL L Aldfed! §s SHATOHRAGL Y bed 1ater

in detail.

10 The small search pattern 210 also has the form of a2 hexagon,
comprising five checking points 211, 212, 213, 214, 215, a
further center chéckind point 211, which is placed in the
center of the small search pattern 210, and four further
checking points 212, 213, 214, 215, two 212, 214 of which are

15 placed on the endpoints of the hexagon on opposite sides,
respectively. The rest 213, 215 of the further checking
points 212, 213, 214, 215, are placed in the middle of the
longer edges- 216, 217 of the hexagon, also on opposite sides,
respectively.

20
In other words, the further center checking point 211 is
surrounded by the four further checking points 212, 213, 214,

215,

25 It should be noted that also this hexagon of the small search
pattern 210 can be rotated by 90 degrees.

The four further checking points 212, 213, 214, 215 in the
hexagon are away from the further center checking point 211
30 with a distance of one (picture element).

With the two search pattern 202, 210, the search procedure is
carried out as follows. ’

35 TIn the first step, the large search pattern 202 with the
seven checking points 203, 204, 205, 206, 207, 208, 209, is
used for search.



si x endpoi nt checking points 204, 205, 206, 207, 208, 209, 30 Wy $ANTFS5

pl aced on the endpoints of the hexagon. It should be noted that the hexagon
can be rotated by 35 90 degrees. 206, 207, 208, O the six endpoint
checki ng points 204, 205, 209, in the hexagon, two checking points 204, 207
are away fwomyte center checking point 203 wth a dectsmeews tw 10 JAN
2005 WO 02/ 32145 14 PCT/ SG00/ 00176 (measured in pixel elenments) and the
rest four checking points 205, 236, 208, 209 have a distance of (square
root of 5) fromthe center checking point 203. 5 Fig.2B shows the picture
200 with picture elenents 201 and a small search pattern 210, in which the
finer search during the notion estimation is perfornmed as wll be

d ib h | h h
fgffnr Iof ed, %aéa% ChQC]g-%f?Ia)FLJS-%%g-E Igl\llirggh ens%&an a%éﬁ'fzt%lgaglg 5(2)133-52&46'

215, a ?B‘Fth”é’ rc%?ﬁ'erzoc?he%%'n& Boi e ??c?LCkv%sEHrT' °hifced in the center
of the sHatérmsimatichy patlicalat k0, eand frder stwyrathéhe stvegkiing points 212,
213, 2144;285nenktWe. 212, 214 of which are 15 placed on the endpoints of the
hexagon on opposite sides, respectively. The rest 213, 215 of the further
checking points 212, 213, 214, 215, are placed in the mddle of the

| onger ed§eshamie, be Irensirked cthabx AR P tIRFs 6 HiRTaAROERE e si des,

determining the block distortion may be used, for exzamplie the
sum of the absolute differences.

10
After having calculated all seven distortions, the minimum
one is selected and it is checked whether the minimum one
corresponds to the center checking point 203.

15 This means that if the optimum match is found at the center
of the large search pattern 202, in a second stage of the
ﬁathod, it is switched to the small search pattern 210
including the four further checking points 212, 213, 214, 215
for the focused inner search.

20
As can be seen from Fig.l, the small search pattern 210 in
Fig.2 is placed in the inner of the large search patterm 202,
in which the optimum match has been found at the center
checking point. Both small search pattern and large search

25 pattern have the same center checking point.

Otherwise, if the optimum match is found not to be at the
center of the large search pattern 202, the search continues
around the checking point with the corresponding minimum

30 block distortion in a new large search pattern. Now, in the
new large search pattern, the checking point with the
corresponding minimum block distortion is at the center.

It should be noted that while the large search pattern moves

35 along the direction of decreasing distortion, only three new
checking points non-overlapped will be evaluated as
candidates each time, i.e. in each iteration.



respectively. 20 In other words, the further center checki ng poi nQ AN 2085
surrounded by the four further checking points 212, 213, 214, 215. 25 It
shoul d be noted that also this hexagon of the snmall search pattern 210 can
be rotated by 90 degrees. The four further checking points 212, 213, 214,
215 in the MEREYHN are away fromthe further center EESERMWEGI7P0i nt 211 30
with a distance of one (picture elfgent). Wth the two search pattern 202,
210, the search procedure is carried out as follows. 35 In the first step,
the | arge search pattern 202 with the seven checking points 203, 204, 205,
206, 207, 208, 209, is wused for search. 10 JAN 2005 WO 02/ 32145 15

PCT/ S&0/ 00176 For each checki ng point of the seven checking points 203,

204, 205, gQb1 2Mdws 2R8exAde bhard 96krdl $hent borkieyy Ueiamg 8ed by
cal cul ating, %fﬁ 3 %he gunaof_age‘igggr%p P§7d4f§@5%ﬂge%*Flt shoul d be
remarked t SRYODUREFOTri4rerton Fore det'er di ning £he Bl 'ocR distortion may
be used, fi¥rarshappindst heheakiRgoPole) apED(STREYAFP] eMefieB®. 10 After having
cal cul &g ediidat s6nve Bedistini=1i1gns, the mninmum one is selected and it is
checked whet her the m ni num one

As shown in Fig.l, the search begins within a first large

search pattern 101 with seven first checking points 102, 103,

104, 105, 106, 107, 108, where the checking point 102 is

10 located at the motion vector (0, 0). All the seven checking
points are marked as 1 in the circle point. The number "1"
denotes the first iteration.

Fach iteration includes the determination of the minimum
15 block distortion as described above.

According to this embodiment, it is assumed that the checking
point 106 has ylelded the corresponding minimum block
distortion in the first iteration. Note that the checking

20 point 106 is not at the center of the first hexagon.

Thus, a second large search pattern 109 with seven second
checking points 107, 102, 106, 110, 111, 112, 105 is formed,
wherein the checking point 106 is the cgnter checking peoint
25 of the second large search pattern 109. Note that due to the
overlapping of the first and second search patterns, only
three new points {block matches) marked as 2 will be
evaluated {they are the checking points 110, 111, 112) in the
second iteration.
30
According to this embodimént, it is assumed that the checking
point 112 of the second large search area 109 has yielded the
corresponding minimum block distortion.

35 After having determined the minimum block distortion in the
second large search pattern 109, since the corresponding
checking point 112 with the minimum block distorxtion is not



corresponds to the center checking point 203. 15 This neans tha1t0 hé s
optimum match is found at the center of the large search pattern IH . Ina
second stage of the nethod, it is switched to the small search pattern 210
including the four further checking points 212, 213, 214, 215 for the
focused i npgtzsRarch. 20 As can be seen fromFig-1, pdwescamhils search
pattern 210 in Fig.2 is placed in the inner of the |arge search pattern
202, -in which the opti mum nmatch hhs been found at the center checking
point. Both small search pattern and | arge search 25 pattern have the sane
center checking point. Oherwise, if the optimummatch is found not to be

at the qgRteLnQfr bRerhdIQYeoRE A G P RINp2OZerd h895aarBRrgoNt i NUes
around t he checki n% $OI nt \Méﬁ .tshef copféespondl ng m ni mum 30 bl ock
di storti oRTFR ITHEN PAYGE s &47 ¢IF paFTSTn. [how, in the new |arge search
pattern, the checking point with the corresponding m ni mum bl ock
di storti ahuss @ie thereenirge. sédrcdhpatideive 1n3t wikh Isavemitheckihe | arge search
pattern rNGSs B33,ahe89 dohe 9#,63%.59“1@, 46! easiddgmed Strokhkon, only three
new che |nﬁ gm nts non-overla eg,wl 1 .gg\oﬁ\;gl.ua%gd astcandl dat es each
time, i. @At i YRFZRIPOR"® [OFAN'S S /5248 T6PET/ S0/ 00176
Fi g. 1 shokeckineraipteobfthehthkeshdahopadrrshreatdgynl Ehdt AdSPo the notion
vector (4bniyHhrethaeR @bdking goihts Sarked 4543 widdabehclpaikatisig checki ng
points) a4 eXAl4Iakedad b Ve
10
After having determined the minimum block distortion for the
third large search pattern 113, since the corresponding
checking point of the minimum block distortion is not the
center of the third large search pattern 113, a fourth large
15 search pattern 117 is formed.

According to this embodiment, it is assumed that the checking
point 115 of the third large search pattern 113 has yielded
the corresponding minimum block distortion.
20
Thus, the Eourth large search pattern 117 with seven fourth-
iteration checking points 115, 116, 112, 114, 118, 119, 120,
is formed, wherein the checking point 114 is the center
checking point of the fourth large search pattern 117. Also
25 only three new checking points (block matches) marked as 4
will be evaluated in the fourth iteration.

After having determined the minimum block distortion in the
fourth large search pattern 117, since the corresponding

30 checking point of the minimum block distortion is the center
115 of the fourth large search pattern 117, a small search
pattern 125 is formed for the last iteration.

The small seaxrch pattern 125 consists of five checking points
35 115, 121, 122, 123, 124, which is formed in the inner of the
fourth large search pattern 117 in Fig.l. The checking point



5 iterations sequentially. As shown in Fig.1l, the search begins within a
first large search pattern 101 with seven first checking points 1502aN19d5
104, 105, 106, 107, 108, where the checking point 102 is 10 located at the
notion vector (0, 0). Al the seven checking points are marked as | in the
circle point. The nunber "1" denotes the first iteration. Each iteration

I ncl udes t havodesmasm nati on of the m ni me 15 bl ock dimmsGeiwiveas descri bed
above. According to this enbodi maﬂh i s assuned that the checking

poi nt 106 has yi el ded the correspondi ng m ni mrum bl ock distortion in the
first iteration. Note that the checking 20 point 106 is not at the center
of the first hexagon. Thus, a second | arge search pattern 109 with seven
second cherki{agspainat sedbedr ci02he 1iGirth10srgbl tpatdi® pat®Bra sL1f70r med,

wherei n t hes ghgckl rpehgakﬂébg bSat N €88t 81=18heekiag pRetatn 45507 the
second | arge searc pattern I 5 Note that due to the overlapping of the

first and second search patterns, only three new points (bl ock matches)
marked as Pomiehbhbef tdeaFbetkiny pattaidsSt Hlehddki ngdolsds oF10, 111, 112)
i n the 5segn@nihl ersdared. p3H-ARC 02l ra;glyoﬁdr sieentlosh¥imgt poidtsi s assuned

that the checkigg o ”&z&l%uﬂkehh EQ&néeﬂeg,etéeﬁl%lQ‘E@achLog has

yi el ded t he ~’corresponidi ng jstortion. 35 After having
det er m nedP}arE F?’?-?I*F‘?ﬁ]:r*PBI 6Ektl'tﬁ &ST']? %ﬁr?ﬁlcfr’ne second | arge search pattern

109, since the corresponding checking point 112 with the m ni num bl ock
di storti ongssAbnd,J Ale 2000 mum block distortion of the calculated

10 block distortion is determined, and the final motion vector
corresponding to the minimum block distortion is obtained.

The motion estimation algorithm according to the preferred
embodiment of the invention can be summarized in the
15 following detailed steps.

Step 1) Starting: .

The large hexagon pattern with 7 checking points
{refer to Fig.2A) is centered at the defined

20 coordinate position (0,0}, the center of a predefined
search window in the motion field. If the minimum
block distortion checking point is found to be at the
center of the hexagon pattern, proceed to Step 3
(Ending); otherwise, proceed to Step 2 (Searching).

25 Step 2) Searching:
With the minimum block distortion checking point in
the previous search step as the center, a new large
hexagon pattern is formed. Three new candidate
checking points are checked, and the minimum block

30 distortion checking point is again identified. If the
minimom block distortion checking point is the center
point of the newly formed hexagon pattern, then go to
Step 3 (Ending); otherwise, repeat this step
continuously.

35 Step 3) Ending:
Switch the search pattern from the large size of
hexagon to the small size of hexagon (refer to



WO 02132145 PCT/ SG00/ 00176 17 the center of the second |arge search pattern
109, a third .large search pattern 113 is fornmed. Thus, the t bﬁ?ﬁhﬁﬁﬁé
search pattern 113 with seven checking 5 points 111, 106,' 107, 114, ,
116, 112, is fornmed in the picture 200, wherein the checking point 111 is
the center checking point of the third |large search pattern 113. Al so

only thre ecking points marked as 3 will be- chegdashd the third
iterationswqgm%?ger havi ng determ ned the m ni mum bl ock d?g%grtion for the
third | arge search pattern 113, si®nce the correspondi ng checking point of
the m ni mum bl ock distortion is not the center of the third | arge search
pattern 113, a fourth large 15 search pattern 117 is formed. According to

this enbodi nent _.i tzr#}s Sﬁ‘%%q g%tecé.‘teg?-g@%gﬁgg c&%r@ﬁ gdgapef the third

| arge search paF%gf 1137has vyie e’ carrespondi ng m ni.mum bl ock

. distortion. 20 ?ﬁﬁ%%lFﬁQQWbdF¥ﬁeF%F§§ gEatvategat éFW*T%? f'th seven fourth-
i teration checkithg qoirets dikEmut lglock] @isticktion jgheckigg aint. is forned,

}Nherei n thehCheﬁ'BE%vﬁﬁ%ﬂim&lﬁlbgktﬂ%r:ﬁﬁmh&f cﬁéeﬁﬂgﬁgo&ﬁt nis of the(L ?)ur'f( h
arge _search patterp, : S0 n re hecki ng points oc

mat ch@s) nar kedtté? ﬂma\]h F?ﬁlbtemélvg datre O%Jhont %ng%%ﬁﬁ%'i teration. After
havi ng determ ned the m nimum bl ock distortion in the fourth |arge search
pattern thé, asdvecpridesscappbisondi eari38lotlecin rgopoient dkamdie nmi ni mum bl ock

distorti %Briﬁbéﬂgﬁ gg%gﬂgiion. From the above procedure, it can be
easily derived that the total number of search points per
10 block will be 7+3xn+4, where n is the number of execution of
Step 2. The method according to the preferred embodiment of
the invention attempts to find a sub-optimal motion vector
using the least number of search points.

15- Compared with any other known search patterns known, the
hexagon-based search pattern according to the preferred
embodiment of the invention is found to be the most efflcient
in terms of minimizing search points.

20 For example, the diamond search method is one of the most
efficient algorithms known, which requires 9 + M x 7+ 4
search points for each block where M is either 5 or 3
depending on the search direction and # depends on the
search distance. The # is always greater than or equal to

25 +the n in the invented method to find the same motion vector.
For small-motion image seguence that implies small n or i,
the method according to the invention generally can save at

least above 15% of search points used by diamond search.

30 Furthermore, for large-motion image sequence, much more
search points can be saved using the method according to the
invention, e.g., about 40% may be saved in some cases.

For the five motion wvectors located at zero point and its
35 nearest four points with distance 1, the proposed hezagon-
based search algorithm according to the preferred embodiment



115 of the fourth large search pattern 117, a small search pattern 125 is
formed for the last iteration. The small search pattern 125 consiigt saMboos
five checking points 35 115, 121;--122, 123, 124, which is forned in the
inner of the fourth |arge search pattern 117 in Fig.1l. The checki ng point
10 JAN 2005 WD 02/ 32145 18 PCT/ S0/ 00176 115 (also the center of the
fourth | argwoseaziesh pattern 117) is the center checkireg/sgoeimoizsof the snal |
search pattern 125. For each of the checking points 115, 121, 122, 123,
124, of 5 the small search patter%ﬂ 125, only four new checking points 121,
122, 123, 124, marked as 5 are needed to calculate the block distortion in
the fifth iteration. Subsequently, the m ninmum block distortion of the

cal cul at eths :Re bl @latdbs talst kOscdrariet ©F rinlgd] 1 asekrichepdintad noti on vect or
corresponding_to,th } Di I i AN i aj 1¢Hge notion
estimti oncoggaﬁ?? twﬁ‘%hg}(:%osr%g é)%i&tt eﬁ%%{é e??%d§%%%og?§rr%n]ft% t he

i nvention can be sunmarized in the 15 follow ng detailed steps. Step 1)
Starting: Mdre hetgethexbgorfopaldmrenmeiidn imgbeckdangngesntihe {refer to

F:c 9. 2A)g ijsn%&ﬁegeé&%rakﬁé% 3ﬁéi§!.%¥te29e&%dbé_ HRabe Qﬁsit?éoihwfeﬁx_,t@._)m thebfen}( er
of a predefine sear wi ndow A 0 i ni mum oc
distorti oWh&f‘fﬁi'Wé:?‘gg?ﬁr isgaf%l{lj%é’l gsg%{%lt @F%eﬂ%é)ﬁ%lg?é%%r{nhe hexagon
pattern, prkscséthnowieep aFoupntith Jyithieidrfre ot frocab Pt FesFEp 2

(Sear chi NQJoints in diamond search algorithms may be saved in some
certain cases. Equivalently, the speed improvement rate may
1¢ be up to 83.3%.



25 Step 2) Searching: Wth the m nimum bl ock distortion checking point in
the previous search step as the center, a new |large hexagon palg)t%{lﬂz:q@
formed. Three new candi date checking points are checked, and th PYdm
bl ock 30 distortion checking point is again identified. If the mninmm

bl ock distortion checking point is the center point of the newy forned
hexagon pagbeist hen go to Step 3 (Ending); otherweskeegprat this step
continuously. 35 Step 3) Ending: Switch the search pattern fromthe | arge
size of hexagon to the small siz2lof hexagon (refer to 10 JAN 2005 WD
02132145 PCT/ SG00/ 00176 19 Fig.2B). The four new checking points covered by
the small hexagon pattern are evaluated to conpare with the current

m ni mum Ql.oc j st.orti checki ng._noj : SR bl ock distortion
checki ngbﬂﬂ%ﬁ %?gi%w%gt ﬁ@orhflicr?g J§'!§‘J'(;I%t]ftgl !(:)#eo lgiﬂgh%ﬁ on %@%I:imrrati on. The above
process applies to each block in a current frame for notion estimtion.
From t he gpljovshqr @baduksi-Kuang dfe,.bad neasiihponriesadht kgoribmt ot al nunber
of search p](c)i g‘? RSk gil)%@l_g,ggﬁy%dgl mggi&f%&etﬁatwmrgm%mi S 'élhemr;ugber of f
executjion o t e e _net hod accor din t referred enmbodi nent o
the imventi onTﬁ?’f%’?%E'gnsf oonfrTil'a[ﬂ %%ﬁﬁ?%%rﬁggﬁaflg%rb?ﬁoﬁo\?e%’t or using the |east
nunber of seaPeh 253 nt220,15¢ t €80€4 t h any ot her known search patterns
known, the

[2] Jo Yew Tham, Surendra Ranganath, Maitreya Ranganath, and
Bshraf Ali Kassim, A novel unrestricted center-biased
10 diamond search algorithm for block motion estimation,
IEEE Transactions on Circuits & Systems foxr Video ’
Technology, Vol. 8, No. 4, pp- 369 - 377, August 1238.



hexagon- based search pattern according to the preferred enbodi nent of the
invention is found to be the nost efficient in terms of mnim zinRg FbERS
poi nts 20 For exanple, the dianond search nethod is one of the nost
efficient algorithnms known., which regyires 9 + Mx n + 4 search points
for each block where Mis either 5 or 3 depending on the search direction
and it depends on the search distance. The n" is always greater than or
equal to 25 the n in the invented nethod to find the sanme notion vector.

For small-notion i mage sequence that inpplies small n or n, the nethod
according to the invention generaIIyCE% Miave at |east above 15% of search
poi nts used by di anond search. 30 Furthernore, for |arge-notion imge
sequence, nuch nore search points can be saved using the nethod according
to the invent'dh, 12 ¢ 2imFohf 40% may be saved in some cases. For the five
notion vectors | ocated at zero point and its 35 nearest four points with
di stance 1, the proposed hexagon based search al gorithm according to the
preferred enmbbdi hergthal fax Qgeskv@mrsaalstwmﬁseoal pbererefolduk

i nvention has; ' :..an i . ; Lth 13 search
poi nts by diaﬁgnﬁﬁggg%§%3gﬁé%r#%ﬁ%%r%g$%ﬁ§?f3%c i&gﬁggp?%ggPéége not i on

i mage sequencesemenies 5 wibhodfacenrei ity & oraflvramcef picédrenbodi nent of the
invention may use .nmuch fewer search foinls than t he di anond search

al gorithm wheré afSthifF 40uPiitR RXtIEHE Bt 5 BHFasFhsahfenin pdithts in
di anond search al gesfdduieay cbersaveddirise®ut, the search area

10 comprises a plurality of checking points used for

motion estimation,

* wherein a search pattern of the search area used in

the motion estimation has a hexagonal form, and

* comprises seven checking points with one checking
15 point arranged in the center and each of the other six
checking points located at each endpoint of the

hexagonal form search pattern,

* wherein four of the checking points at the endpoints of
the search pattern are at a distance of V5 picture
20 elements from the checking point at the center of the
search pattern, and the other two of the checking
points at the endpoints of the search pattern are at a
distance of 2 picture elements from the checking point

at the center of the search pattern.

25
2. The method according to claim 1,
wherein the reference frame used for motion estimation
is a preceding or a following picture of the current
plicture.

30

3. The method according to claim 1 or 2,



certain cases. Equivalently, the speed inprovenent rate may 10 be up to
83.3% 10 JAN 2005 WD 02/ 32145 PCT/ SG0/ 00176 21 The foll owi ng publications
are cited in this docunent: [1] Shan Zhu, Kai-Kuang Ma, A new aBéﬁwm@O%
search algorithm for fast block-matchibag notion estimation, |EEE 5
Transactions on |Image Processing, Vol. 9, No. 2, pp. 287 - 290, February
2000; [21 Jo Yew Tham Surendra Ranganath, Miitreya Ranganath, and Ashraf
Al'i Kassim A novel unrestricted center-biased 10 di anond search al gorithm
for block notion estinmation, |EEE Transactions on Crcuits & Systens for
Vi deo Technolog Na. o 3Ll u 0 JAN 2005
22 CLAI M5: \What ?626%:/?%?#% J":Ng %ﬂféplga?rgt odS %grsﬁ%%k%%%?gﬁu%%ti mation for
a picture bl ock- elemenip ctfutbewcthrenttpicticocks! chepriesengnpect ure

el enents, with reference tg a reference picture, wherein a notion
estimation in a S85reh'ar™dd in the reference picture is carried out, the
search area 10 GRAPEISEahed cBUYhE! LhYohatheckingspal AhStHSedod Lfn NOLI ON
estimation, wherein a search pattern of the search area used in the

noti on esti mati oRSh&EB2E Hexagonal form and

4. The method according to claim 3,
wherein the motion estimation comprises the step of
determining a minimum block distortion between the picture

10 Dblock of the current picture and each considered candidate



conpri ses seven checking points with one checking 15 point arranged in the
center and each of the other six checking points |ocated at eacRhgpeppophs
of the hexagonal form search pattern, wherein four of the checking points
at the endpoints of the search pattern are at a distance of i5 picture 20
el ements fromthe checking point at the center of the search pattern, and
the other two of the checking points at the endpoints of the search
pattern are at a distance of 2 picture elenents fromthe checking point

at the center of  the search pattern. 25 2. The mejhod acgording to claim1,
wherei n the rBFSFBREES ?Q%ﬁﬁpﬁégdPEBFa ?Ydﬂbé§F¥ itonPLESURepPLeelF ng or
a foll owi ng pbgt uhe eécédh gEthest inpted WesralD akealhe met hod according to
claim1 or 2, 10 JAN 2005 22a wherein coding information is assigned to

picture elenments of the current picture and the reference picture, and
wherein the cedi ffei MEOHIBIEHRRBHInYSLY ddY td¥e vl iRRcenifgt EMBELQN. 4. The
met hod according to claim3, wherein the notion estimation conprises the
step of det eFRAFREHY 28R MhAFRIPEORRIRE stwridsmensist Weed bhecki thutke 10

bl ock of the gurLeot Pigi,gand each considered candidate

6. The method according to any of the preceding claims,
wherein the motion estimation comprises the following steps:
i0 * determining a minimum block distortion between the
picture block of the current picture and each
considered candidate picture block in the reference

picture according to the search pattern,

* determining, whether the candidate picture block with
15 the minimun block distortion is the candidate picture
block corresponding to the center checking point in the

search pattern,

* in case the candidate picture block with the minimum
block distortion does not correspond to the center
20 checking point of the search pattern,

- generating a second hexagonal search pattern around



10 JAN 2005 23 picture block of the plurality of candidate picture bl ocks
of the second picture in the search area. 5. The nethod accordi%gghgzgﬁé of
the preceding clainms, 5 wherein each checking point correspondg ck
in the reference picture. 6. The nethod according to any of the preceding
clainms, wherein the notion estinatioﬁ4conprises the follow ng steps: 10
determ ning a m ninum bl ock distortion between the picture block of the
current picture and each considered candidate picture block in the
reference picture according to the search pattern, determ ning, whether

the candi date pi ghur enbbesly Wdikt ¥2thhendi fi Mmadodeidingkebtt@ni s the
candi date picture block corresponding to the center checking point in the

search pattern, ~i RRER¥ET HatcandPHalEeppbien ohisrkion EstimataPni Hum

bl ock distortioncdges.fola GL-SoRANdsLertRe SO A, £ checking point of
the search pattern, - generating a second hexagonal search pattern around

10 JAN 2005 24+ tihecabecthagamiinbtei phethee mivdcrimiihochedinshombmon, -
carrying_out a n iteration.of notipn estimation . t he _second hexagonal
search pattern, gﬁh0£i%l%§§§”fﬁbléah8?d3?%d€§%§?nﬁié%q§@k OF% the m ni mum
5 bl ock distortiedrissphedLaitdictat eeptetupeimt ask troEesRBNgsttord e
center point of the search pattern, .

selecting this candidate picture block for further

processing.

10 7. The method according to claim 6,
wherein the search pattern and the second search pattern

have the same form and/or size.

8. The method according to claim 6 or 7,
15 wherein the motion estimation further comprises the
following steps:

* generating a third search patterm in the first search
pattern or in the second search pattern, in which the
selected candidate picture block for further processing

20 has been determined, the third search pattern being
smaller in size than the search pattern
and/or the second search pattern around the selected

candidate checking point,

* determining a minimum block distortion between the
25 picture block of the current picture and each
considered candidate picture block of the plurality of
candidate picture blocks of the reference picture in

the third search pattern.

30 9. The method according to claim 8,



selecting this candidate picture block for further processing. 10 7. The
nmet hod according to claim®6, wherein the search pattern and them;ggﬁl%o
search pattern have the sane form and/or size. 8. The method accor ingﬁo
claim6 or 7, 15 wherein the notion estimation further conprises the
following steps: generating a third s2arch pattern in the first search
pattern or in the second search pattern, in which the selected candidate
pi cture block for further processing 20 has been determ ned, the third
search patter smal ler in size than the search pattern and/or the

0 ]lgeian1 .
second sear cli pat tRriarSeid P hedsepREtR P redaddi daeeseReeti ng poi nt,

det erm ni ng pictwienbiadloekxdichort f@Rnbet ween the 25 picture block of the
current picture and each considered candi date picture block of the
plurality of candidate picture blocks of the reference picture in the

third searchipatties het3RdactBeaiBs hod ﬁfﬁ?&%‘ 38 59 claims8, 10 JAN 2005 25
e

wherein the used third search area in t secon pi cture has a hexagonal
form 10.° ThehaEeHod-hee ddigingesock| aren Samprd.ses Whesechetking hird search

area conpri sggiﬁ{é/qrp@eqllélxgﬁonggi pLs.in a hexagonal form 11. A nethod for
coding a video sequence with a plurality ' :

11. A method for coding a video sequence with a plurality
of pictures, comprising a method for motion estimation

10 according to any one of the claims 1 to 10.

12. A motion estimation device for motion estimation for a
picture block in a picture with picture blocks comprising
picture elements, with reference to a reference picture,

15 which is arranged in a way that the folilowing steps can be
carried out:

* a motion estimation in a search area in the reference

picture is carried out, wherein the search area
comprises a plurality of checking points used for
20 motion estimation, and
a search pattern used in the search area for the motion
estimation has a hexagonal form, wherein the search
pattern comprises seven checking points with one

checking point arranged in the center and each of the

25 other six checking



of pictures, conprising a nethod for notion estimtion 10 according to any
one of the clainms 1 to 10. 12. A notion estinmation device for m)]tdC
estimation for a picture block in a picture with picture bl ocks gﬂﬁrgosqsng
picture elements, with reference to a ref&P®nce picture, 15 which is
arranged in a way that the follow ng steps can be <carried out: a notion
estimation in a search area in the reference picture is carried out,
wherein the searchpeinzs lcomiedses eagh wralpdiptobfcheekhegppmialt s used for
20 notion estimti nd search pattern used in the search area for the
notion estimati ongﬁﬁ%%ée%ré%a %%EFr?brm wherein the search pattern

conpri ses seven checking points with one checking point arranged in the
center and eag_ﬁ o% th(fif 25 other six checking 1Q JAN 2005 25a points

| ocated at each "efidpbFHt BICIE FERBHOIHIS & SN SBaFEh BRI Hev$e A vi deo

encoder CcoOBPr ia%icBgdingOid QFl L%t itwat i on device 5 according to claim 12.



