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notion estimation in video encoding 5 BACKGROUND OF THE | NVENTI ON The

i nventi owoet/aties to a nethod for notion estimtion, a nechedodi@nzencodi ng
a video sequence, a notion estimation device and a video encoder. 10 In
the field of encoding a video sequence (video encoding), the conpression
of video data has becone a very inportant issue for reducing the anount of
data needed to be transmitted and/or stored for the encoding of a
plurality of 15 pictures in a guallt whjch is suff|C|entIy high for a
user. A very?® agen-bazedr fartnseasphomethod do5 BdrsX @RI®ssion is

the notion estimtion bet ee¥in@tdiseiuantvidistieiesdidgt he vi deo sequence,
which is used to extract 20 notion information fron1t%e vi deo sequence. The

extracted notion information is used for the reduction of tenporal
redundancy between subsequent video pictures. Bl ock-matching notion

estinmgtion is widely appli I 0Q+ sated video coding
techz?ques/standards such %ékk§%§§ﬁ%Eé?1?3%49§¥g8?$§&T

H. 261/ 262/ 263/ 263+/ 263L, which is ained to exploit the strong tenporal
redundan%ebth%%l&yclc@fé&é@ Eéag%ﬁetﬁx t g%ﬂ %rart%hfra”e into

non- overl appi ng rectangul bIocks/nacro Sl ze, 30 bl ock
natchlngmﬁﬁﬂﬂﬂjQQQ(ﬁﬁﬁQQ%Q9f¢rﬁP%¢%I%@ﬁu?ﬁﬁﬁvaa W@Fépénéétﬂméﬁéoppast or

future frE)cd hald kestidad cdesSoder predefined bl ock in the current frane.
Nhtc@'ng is performed by mnimzing a matching criterion, which in nost
cases’is the nean absolute error between this pair of blocks. The 35 bl ock
in the rdhertérec & ifalame froresod irsg e widear saguendew(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 quality 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
ISO 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 blocks. The

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



(region) centered around the position of the block in the current frane.
The best matched bl ock produci ng the m ni num WO 02/ 32145 PCT/ SG00/ 00176 2
di storti omonz3xenrched within the search wi ndow (regi on) ParT/SGheomsf er ence
frame. The di splacenent of the current block wth respect to the best

mat ched reference block in x and y di rections conposes the notion vector
assigned to this 5 current bl ock. However, the notion estinmation is quite
conput ati onal intensive and can consunme up to 80% of the conputational
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di anond-Shaped search
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, square-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



has denonstrated faster processing time with marginally worse distortion
in conparison with the three-step search, the new three-step search and

t he four woep3xnenrch. 35 The search pattern used in the dp@mwsae/@ezr ch
algorithmhas a rectangular, dianond shape. Two different size of dianonds
WD 02/ 32145 PCT/ SQ00/ 00176 3 are enpl oyed. The larger one consists of nine
checking points, of which eight checking points surround a center

checki ng point. The small dianond search pattern consists of five checking

poi nts, of which four checkrng oi nts surround a,centgrﬁ%heckrng point to
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bl ocks, with reference to a reference pi cture, wherein the notion

esti mat hghele rCakhed G é&ﬂm%@f&@n %éedatberﬁgee% fgemin the
reference pict(re preferably W th respect % pi cture bl ock of the

cur r ent PEPEESEENENEPES DI TRAIFINE R ?%ﬁ%ﬁ%%h%nplcture bl ocks in the
reference 25 picture. The notion estimation nethod is preferably used in
theHJieId of video encodi ng.

SUMMARY OF THE INVENTION

Therefore, it is an object of the invention to provide a
method for block motion estimation which can be carried out

15 with improved processing speed compared with the above-
described diamond search algorithm.

The object is achieved with a method for block motion
estimation for a picture block of a current picture with

20 picture blocks, with reference to a reference picture,
wherein the motion estimation is 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 a
plurality of reference picture blocks in the reference

25 picture.

The motion estimation method is preferably used in the field

of video encoding.

30 Furthermore, it is a further object of the invention to
provide a motion estimation device which can carry out a
motion estimation with improved processing speed compared
with a motion estimation device which is arranged to carry
out the motion estimation using the above-described diamond

35 search algorithm.



30 Furthernore, it is a further object of the invention to provide a
notion estimation device which can carry out a notion estimation with

i mproved wo oradgi ng speed conpared with a notion esti mat POTVSAenioe® whi ch
is arranged to carry out the notion estinmation using the above-described
di anond 35 search algorithm WO 02/82145 PCT/ SGD0/ 00176 4 The object is
achieved with a notion estimation device for notion estimtion for a
picture block in-a picture with picture blocks, with reference to a

reference picture, , preferably conprising a processor i ch deyice or
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notion estimation In particular suitable for e use in a video
encoder PETRELAPENOMSH nay be inpl emented using a special electronic 20
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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 1s in particular suitable for

the use in a wvideo encoder.

The invention may be implemented using a special electronic
20 circuit, i.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 sequence 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.



search algorithmw th simlar distortion perfornmance. Thus, the notion
estimation may be processed with inproved 30 speed conpared with the
notion esvonmsilegh using the dianond search algorithm |npeDRGEIY17d he
hexagon- based search schene accordi n% to the invention may find any point
in the notion field with fewer 35 search points (al so denoted as checking
points) than the dianond search algorithm WO 02/32145 PCT/ S&0/00176 5
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and the reference picture. Coding In mation in this context may 15 be
| um nance i nformati on or chrom nance information, which is assigned to one

or nore Thetiyfewdref@ndSctAiréhere €SPEARLEYV @ raRkit UsBd %&Oﬁgitqggt o this
enmbodi ne of _the invention, tion 20 estination is based on the

t he )
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Furthermore, coding information may be assigned to the
picture elements of the current picture (current frame) and
the reference picture. Coding information in this context may
15 be luminance information or chrominance information, which is
assigned to one or more picture elements in the respective

picture.

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

According to a further embodiment of the invention, the
motion estimation comprises the step of determining a minimum
block distortion between the picture block of the current

25 picture 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 invention, the

30 search area comprises a plurality of checking points, each of
which corresponds to a respective candidate picture block of
the reference picture used for the motion estimation.

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



plurality of candidate picture blocks of the reference picture in the
search area. According to a further enbodi nent of the invention, the 30
search ameaopsamsi ses a plurality of checking points, eachCDRGoOOITH
corresponds to a respective candi date picture block of the reference
picture used for the notion estimation. According to a further enbodi nent
of the invention, each 35 checking point corresponds to a block in the
reference picture. WO 02/ 32145 PCT/ SG00/ 00176 6 By this enbodi nent, the
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_ stortion with respect to 20 the picture
bl ock of the current picture has to be provided. This neans, that there
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point at each corner of the hexagon and one checking point in

the center of the respective current search area.

According to this embodiment, the motion estimation is
15 further improved in speed, especially when a second search
pattern, which will be further described in detail, is moved
in a way that the newly generated second search pattern
contains only three new checking points, for which the
calculation of the minimum block distortion with respect to
20 the picture block of the current picture has to be provided.

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

25

Furthermore, the motion estimation may comprise the following

steps:

® determining a minimum block distortion between the
picture block of the current picture and each considered

30 candidate picture block in the reference picture
according to the search pattern,

U determining, whether the candidate picture block with
the minimum block distortion is the candidate picture
block corresponding to the center checking point in the

35 search pattern,

] in case the candidate picture block with the minimum

block distortion does not correspond to the center



25 Furthernore, the notion estimation may conprise the follow ng steps:
determ ning a m ninum bl ock distortion between the picture block of the
current pv@vuss4mnd each considered 30 candi date pictur eP@I/8GH/G0M76 he
reference picture according to the search pattern, determ ning, whether
the candi date picture block with the mini num bl ock distortion is the
candi date picture block corresponding to the center checking point in the
35 search pattern, in case the candidate picture block with the m ni num

bl ock distortjon, does naot correspond to . the center WO 02/ 32145
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candi date picture block for 10 processing., This enbodj nent of the
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and thus rendering the notion _estinmation even qprehsingle t he §earch

pattern corresponding to the center point of the searth pattern,
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 a 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.



and the second search pattern may have the sane size, i.e. the sanme form
and the sane nunber of checking points, for 20 exanple. According to a
further evdous2reht of the invention, the notion estinmati POT/ARGHH/GVeT6
conprises the followi ng steps: generating a third search pattern in the
first search 25 pattern or in the Second search pattern, in which the

sel ect ed candi date picture block for further processing has been

determ ned, the third search pattern being snaller in size than the search
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heﬁﬁponal form
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 1in such a way that one checking point 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 pattern.

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 point 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



The checking points in the third pattern area may be arranged 15 in such a
way that one checking point is in the center of the third search pattern
one hal f vob 02/bm345 est of the checking points of the thirdrPeraceiopzttern is
| ocated at an endpoint of the thir% search pattern and the other half of
the rest of the checking points of the third search pattern is placed 20
preferably in the m ddl e between two endpoints of the snmaller hexagon of
the third search pattern. According to a further enbodi ment of the

invention, th arch_pattern d/ qr, the d S r
conpri§%%?%o%ng§§ é§§8 Oghégkﬁﬁ% %@Fﬁ%%.Cﬁﬁﬁgﬂédéqué%pﬁ%%%%f‘g?agﬁécking
poi nt s lxedagde apspagetdven eppasdérestdes t e sEeidTRL poi nt on the
endpoi nts of the hexagon and the center of the hexagon has reveal ed a

further 30 inprovenent of sgeed in processing of the notion estimtion.
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| onger edges of the hexagon arranged on opposite sides, regfectiyel . The
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notion estimation device as we as to the video encoder. A preferred
enbodi ment of the invention will now be described 10 with reference to the
acconpanyi ng draw ngs.

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 2A and 2B show a diagram illustrating a larger
hexagonal search pattérn (Figure 2A) and a smaller
hexagonal search pattern (Figure 2B) according to a

preferfed 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



BRI EF DESCRI PTI ON OF THE DRAW NGS 15 Figure 1 shows a diagramillustrating
an exanple of determning a search path finding a notion vector in a

noti on esvOumsileh al gorithmaccording to a preferred enmbpdi/seatoonfs t he

i nvention; and 20 Figures 2A and 2B show a diagramillustrating a |arger
hexagonal search pattern (Figure 2A}0and a snmaller hexagonal search
pattern (Figure 2B) according to a preferred enbodi nent of the invention;
25 Figure 3 shows a block diagramillustrating a video encoder according
to a preferred enbodi nent of the invention. 30 DETAI LED DESCRI PTI ON OF A
PREFERRED: EVBODF MENTL B oTHE IUERZENPIOAN 1 SFidy. SPEHES LTi HebSemedrfer 300 for

encodi ngi i €4 9 aktideo309equrREe a30 Eradle MO dup2ildn P14 00176 10
The dlgiial vi deo sequence 301 is a sequence of subsequent digital

pi ctur 31BN /i gital frames) conprising picture elements. 5 The picture
el ements of each picture 302 are grouped in picture bl ocks, each picture

bl ogk risi X Letur I t pl elenments. In
t hi § cg%xﬁf?pggﬁoﬁﬂ'gm%é%&f)nt é%cogt%qlcﬁcélt%ret @Zf(n%lgent %%1&5%% :lirg not
restri cpedtune abdpeksti eatdr pictugiectiosblapkssisieg pixtYreietwrents are

groupede'éheﬁgspggtF@uka&6 Fg%thg%pQWéméngég not restricted to a specific

nunber of picture elenents a picture block. 15 Any form of picture
bl ock with any nunber of picture elenents

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 restricted to a specific number of picture elements in

a picture block.

15 Any form of picture block with any number of picture 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 this 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 invention. Four
picture blocks with lum nance information and two 20 picture blocks with
chr om nave@ 02/8f1e3 mat i on are grouped into one macrobl ock, PeESEexi el v.
According to this preferred enbodinent of the invention, each picture 302
conprises 16 x 16 macrobl ocks. 25 Léfki nance i nformation and chroni nance
information is assigned to one picture element or to a plurality of
plctrre element (in the case of sub-sanpling) as coding information. 30 In
a selecting unit 303, each picture 302 s seIe ed a s_determ ned
et her ¥ £ SE6TR8 Eo400 & T HEER AL TR o deo o7 PRES B bl Rc
I NTRA- n’mdgdbﬂ at beegelddtieghipitaing eod = tfplb]sow:nd@dplccrtmhe oNTERenDde, 35
.e. in_a erential. e, o ach, J@¢. ®fk in the current picture to
be codeﬁlfa not&d “as 9P$§§1p|€f%?e) Jéi é%ﬁ()ﬂ estimation is provided in a
notion estimation unit 304 WO 02/ 32145 PCT/ SG0/00176 11 with reference to
a ref ergacg PLELULCoeTRS S HALRIC RGN fon T 6t LoPr peedbpg picture or a

followng picture o irst picture in t’he vi deo sequ As a

result 8ESFR&PABEI GRe iSRRG Mot i G \}e%?%?bl%}éc?‘?b%ﬂ@ ?Hﬁrent

di spl acgreetref chhpareer aalteck Hen ddiee@tsd efdst phat cied caapaskedovkt hnt he
sel ect ed, best _mat ched nmacr obl ock i the reference picture, is determ ned.

10 The tBE8i A§TREEECS08 qﬂﬂa%§ﬂ4§§ tture 301 and the determnined

notion vectors 306 are provided to and stored ina picture storage el enent
307, They, motign estimal g Wl (HY there hedeseribed 561 dghai 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
picture, which macroblock has been matched and selected
20 according to the motion 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



15 In the I NTER-codi ng node, the data 308 in the macrobl ocks (the coding
information) is provided to a subtracting unit 309, where the data 310 of
t he macr obd owk1fis om t he reference picture, which nacrobl pckSGesbEen

mat ched and sel ected 20 according to the notion estimation is subtracted,
thereby generating notion estimatibh error coefficients 311. In the

| NTRA- codi ng node, no subtraction and no notion estimation is provided. In
t he | NTRA-codi ng node, the entire 25 lum nance information and the entire

chrom nance information of the selected picture to .be cqded js coded, not
only o HHifcFORTFRY GPORARCABO; fiEoRS LORTER:COUIGNG Sade-Trs tHe

| NTRA- coi 619 sipdleprbMNIRAdCeef ki guantd z3hl amd tol®lputted by the subtracting
unit 309. 30 The notion estimation error coefficients 311 or the | NTRA
coefficients 311 are provided to a transformation unit 312. In the

transf ofmathenquantisifg andits8ildt e thesitmenss omaisifasy reashiqems i s

prow de o) el " i i I Qn Gl il $ciHdq or the
INTEA cg%%f?%ge ?gﬁgéégg/§§%4§@58$%§égg%%%%3 g%1311,1 éﬁgi enerating

t r ansf of Faks bareabi PRcrertsigisntsyilcn ahd 5 AAURF S %Jéﬁﬁg zing unit

314. 'neﬁbﬁoﬁyaaéazhgguﬁmitt 3364 anbhe ot Eansfofgmid euarneffing emst 5 313 are
quanti zed and scanned, thereby generating quantized transformation
coefficPefts 315, which are provided to a entropy coding unit 316 and to
an inverse quantizing unit 318. 10 In the entropy coding unit 316, a

;ﬁ@g@?Lgn:gﬂthn€9889iBgdin%“%ﬁi%s3%656%P%Bi¥aﬁﬂé"¥¥ﬂdﬁhanébiiﬁiﬁﬁn
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

15 coefficients.

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

20
Furthermore, in the inverse quantizing unit 318, the
quantized transformation coefficients 315 are inversely
quantized, thereby generating inverse quantized
transformation coefficients 319, which are provided to an

25 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
30 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

35 the provided motion estimation is provided to a second input
324 of the adder 323, thus being added to the inverse



perfornmed on the quantized transformation coefficients 315. Furthernore, a
run |l ength encoding algorithmis perforned on the variable | ength encoded
guant i zeavo pasEfidr mati on 15 coefficients. The resulting chdpdGU#ita76st r eam
317 is outputted by the video encoder 300 and, for exanple, transmtted to
a video decoder unit. 20 Furtherno¥®, in the inverse quantizing unit 318,
the quantized transformation coefficients 315 are inversely quantized,

t hereby generating inverse quantized transformation coefficients 319,

whi ch are provided to .25 inver t.r ansf or. ion unit 320, .In the inverse
transngﬁ%ﬁgﬁbFTﬁltc%?g?lﬁﬁepﬁ§eﬁgz &Pséi@tg%%é%EWHﬁﬂ?réﬁé]§¥ﬁétion (1 DCT)

i s perfosmechioing he ragenserugtant sigdatlr 32$f.or mati on coefficients 319,

t hereby generating 30 inverse transformed coefficients 321, which are

provided to a first input 322 of an adder 323. The data 310 of the
nacr obl ek Feomshouceedr shonapi SRGr eutpititel Mcritdls gddeas3dbers mat ched

and ssel gcd £ek aggof i NG LRy rd5stBe aBrowidadnotgooan estimation is provided to
a second I nput 324 of the adder 323, thus being added to the inverse WO

02/ 32145 PCT/ S@A00/ 00176 13 transforned coefficients 321 in the | NTER-nbde,
t her ebyNo@ener@timdgi énr esensbtiehed 1gognahnd 2ocolite e dansiiraict ed si gnal

307, NORESH R Tt PBn BEEFRE: Pon TBgaP ERn REcSPd nd S e e
enbodi netadi.the invention will be described in detail.
10
It should be noted that the now described motion estimation
algorithm is not restricted to the architecture of the above-

described 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, 206, 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



10 It should be noted that the now described notion estimation algorithm
is not restricted to the architecture of the above- described encoder 300.
15 The mwoomn3nsii mati on al gorithm nay be applied to any BCH8Gov/@nmodi ng
architecture, where a notion estimation is needed, for exanple in an

obj ect-oriented encodi ng schene li kédMPEZ or in a hybri d bl ock-based
encodi ng schene and object oriented encodi ng schene. 20 Fig.2A shows a
picture 200 with picture elenents 201 and a large search pattern 202, in

whi ch the search durin nDtlo on, |s erfor.nme 25 The Iarge
sear ch HE?T%Vﬁeéoﬁnhﬁégﬁ eeﬂﬁpﬁp5§ g%ﬁ% r#?uz%_ AR checki ng
poi nts 2OBnt 202052080620@0820209 268 Zomgsﬁﬁaqﬁnn%r éhé@@ﬁﬁgep@pwﬁ 203,

whi ch is.plac n h er ch pattern 202, is
rrounc?ifédég Pg%&lxttel%dg(?l%%{&cﬁgcthlr?l%péﬁjtglet3%? 205, 206, 207, 208, 209,

30 whi ch are placed on the endpoints of the hexagon. It should be noted

t hatg thﬁl&%ﬁggﬁoﬁéntﬁé KRlated oo %tdaeqmﬁﬁlréﬂ%ﬁméﬂﬂ@s S2 (X1 esehpod nt

checking p0|nts 204, 205, 206, 207, 208, n the hex two checking
poi nt s WALl op925FR BRA&Y e Ty @rhlyhd Tt ahish éﬁbeckﬁ%%o??ﬁr%gﬁwr% a

di st anC@h@fmét\@oMDeQZA&aﬂi%nPQQ PRHQNEE asldvi(Iedsairdes ¢nilpédelaedenment s)
and the, re checking points 205, 206, 208, 209 have a distance of

-, 15- (%ﬁu@?% %got of 5) fromthe center checking point 203. 5 Fig.2B
shows the picture 200 with picture elenents 201 and a snall search pattern

21g0 inTMQigﬂaifeségggh ﬁ%%&%&np@wduélso has the form of a hexagon,

comprising five checking points 211, 212, 213, 214, 215, a
further center checking 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 In the first step, the large search pattern 202 with the
seven checking points 203, 204, 205, 206, 207, 208, 209, is

used for search.



the notion estimation is perfornmed as will be described later in detail.
10 The small search pattern 210 al so has the formof a hexagon, conprising
five cheskony3pes nts 211, 212, 213, 214, 215, a further penseov/@hBcki ng
poi nt 211, which is placed in the center of the small search pattern 210,
and four further checking points 242, 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 mddle of the |onger edges 216, 217 of the
hexagon, also on opposite sides, respectively. 20 In other words, the

furt herF&erkE@éh chieskkng ppbﬁhtza;f ithe Séieourteddiyng e ifroiy F08t her

checkl 2 2 2 It .shoul ted that also this
hexago £@§ n%&? é§76h568at§é§n %%5 %& %&aéiteﬂﬂ£ %? degrees. The
f our fLdéﬁﬁﬂmﬁ@@dkbygcpmcuﬂachaﬂ 218, ,2the Z21& iaf tHie aqyﬁnﬁm are away
frogltng E#g££§§?§enter checking point 211 30 with a distance of one

(pi Cture el enen Wth the two search pattern 202, 210, the search
procedure is carried out as follows. 35 In the flrst step, the large

search P@tél%lﬁllé()@e%éﬂakﬁ&d $RWEN JGRe CKihRG: wlrttesfl%ﬁﬁ faA04, 205, 206, 207,
208, 209, is used search.. WO 02/.32145 PCT/ S@&0/ 00176 15 For ach

checki ﬁ@ewfﬁ%nwgtﬁﬁesg\;@ﬁkcﬁléé[@ K108 MY usesyy TofpExaigyle Jge 208,
209, theabhl ekt sabsbilanei 8i fdetrendiened by calculatlng, e.g., the sum of
thﬁ squar ed
0
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
method, 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 pattern 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 Dblock 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.



5 differences. It should be remarked that any other criterion for
determ ning the block distortion may be used, for exanple the sum of
absol ut e o bf/exiences. 10 After having calculated all severCUS&0m@IOITON
mninmum one is selected and it is checked whet her the m ni num one
corresponds to the center checking ¥oint 203. 15 This nmeans that if the

optimum match is found at the center of the |large search pattern 202,

second

stage of the nethod, it is switched to the snall search patte

including the four further checking points 212, 213, 214, 215 for th
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points are marked as 1 in the circle point. The number "1"

denotes the first iteration.

Each iteration includes the determination of the minimum

block distortion as described above.

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

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.

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

ch

search
t hr ee



Fig.1l shows an exanple of the search path strategy leading to the notion
vector (4, -4), where 20 (=7 + 3 + 3 + 3 + 4) search points (checking
poi nts) aveorsAhkuated in five 5 iterations sequential ly. PsT/sGamviin Fig. 1,
the search begins within a first lar search pattern 101 with seven first
checki ng points 102, 103, 104, 105} 106 107, 108, where the checking
point 102 is 10 Iocated at the notion vector (0, 0). Al the seven checking
Points are marked as 1 in the circle point. The nunber "1" denotes the
irst |terat|on Each iteration includes the deterninatjign of _the.m nimum
15 bl ockDgi SEBrEFroRrTadhfeGBEY afdie. S ‘g}?oﬁ?ﬁt?ﬁnt #‘Ibg efbbdihBnt, it is
assunedibhat tharchegkitt@ermdils iHGEdasedi el ded. the correspondi ng M ni mum
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
patt er nTh08, withle sévew decwrsal saﬁmﬁkupag:’wrmtkla;_ovvltlloaevgoach%blnqn

112,510 o&ﬁtgoﬁqﬁd’llﬁpeﬁ@71tﬂﬁﬁ‘”¥¥§' @0|ﬁ1210§sl§ogﬁgdcgﬁtgﬁechecklng
poi nt 2 the sécond 'l arge search pattern 109. hft that due to the
over | appi§use 2R8 f Mharednt e P IERTPOERE et hs, T8nF)e ERREBTnew poi nts

(bl Ofk ﬁb@tt%mf R ed cqsttzqémdﬂubﬁ 1 e L@é@@btﬁtﬂa@ytarﬁ Lh8. cheski ng
poi nt s , i second iter rdin LA s
enbodin@ﬁﬁy thres Qé@lﬁ&f%kﬁﬁ I (BREY a5 gp%?n %iggog f%e se%gn % arge

search aheath@®dndteriadided the correspondlng m ni mum bl ock distortion. 35
Aft havi ng determ ned the m ni num bl ock distortion in the second |arge

seérch pattern 109, since the corresponding checking point 112 with the
n1n|nunﬂﬁt@ckh@wgm@rﬁaﬂenm;nﬂﬂ 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 fourth 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 search 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



WO 02/ 32145 PCT/ SG00/ 00176 17 the center of the second | arge search
pattern 109, a third ,large search pattern 113 is formed. Thus, the third
| arge seava@h2/pasiern 113 with seven checking 5 points 11RCT/$G®/001%/, 114,
115, 116, 112, is formed in the picture 200, wherein the checking point
111 is the center checking point of®the third |large search pattern 113.
Also only three new checking points marked as 3 wll be checked in the
third iteration. 10 After having determ ned the m ni mum bl ock distortion

for the _third | arge search pattern 113, .si.nce the correspandin hecki ng
point ofl? héafﬁﬂi h BFBEﬁrdPgt 5?‘[% ﬁljiryh&tarﬂ?e SQaiterP ch?rnnegjt%f)r d large
sear ch pattles ncddBeracheuktihgl aodat PE $har cmaddt tssyar il pastdwr nsth .
According to this enbodinent, it is assunmed that the checking point 115 of

the third large search pattern 113 has yielded the correspondi ng m ni mum
bl ock dFstoeatbnof20hFhabeckiad eedrts dlfe dedich Fat teddh 142 mith seven

foust h't%eérﬂéiPnséQEEKi drReldt 3251500116 fold? nebd bhddi8ind Ebink?d, s

f or med, ereln the checking point 114 isS the center chec i nt of the
fourth }1akgeldéar €h3patLér nMer£ednRSy 22860 APS éxhéﬁg%ﬂgggghgﬁﬁﬁints

(bl ock wrbEhes)srBrkednasnd thei lfifhe evalrsatiedhin the fourth iteration.
After having determ ned the m ni num bl ock distortion in the fourth |arge
search pattern 117, since the correspondi ng 30 checki ng point of the

m ni nunsbbsefuehsloft the ngntimeme ditoek dikscoftitdre durhe ¢akgblaerst ch

patter n 117, 8; sPBRLL; 88356 geRALENR AL 23 S driy e fomdheod asdcd deration.

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
minimum 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



The smal|l search pattern 125 consists of five checking points 35 115, 121,
122, 123, 124, which is forned in the inner of the fourth |arge search
pattern MGoseid g. 1. The checki ng point WO 02/ 32145 PCT/ BCGOSGODHI® 18 115
(also the center of the fourth |arge search pattern 117) is the center
checking point of the small search pAttern 125. For each of the checking
points 115, 121, 122, 123, 124, of 5 the small search pattern 125, only
four new checki ng points 121, 122, 123, 124, nmarked as 5 are needed to

calculate the block distortion in the fifth iteration. Subseque t he
ni ni mum bl ock F:% of®{ onTBE £RETCRPVULRLES 0 PRHOEHE §oS%t FHF?fgﬁ'qgny
det er m ned, andsmélﬁlfhéﬁlagﬁﬁt pagteent are evwlesmenditng domddre mMitimum bl ock

distortion is ohtain notion i l.gor i to the
preferred enbo %ﬂ?rﬁ?th@lPﬁWﬁ‘t |b§ C:]:(gﬁtlgg%gﬁ’rﬁ%glrl z%?ﬁ%%?l‘?% rl}%
fol I owi ng det ai Tleel s¢epminiBumpblpcyt disitngtithe dhecdd nigexegat pattern with

7 checking po Ionf{ggg)sBQHEEgnzék ke FCﬁBEQB%de%%lﬁ@%Jﬁﬁf'ned 20

coordi nat e posi e center a predefined search window in the
notion field. If the mninmm block distortion checking point is found to

be at thge £88vErpebcthe hegxagen Rat idh bmdz,qgeqdu t0 eperk ﬁﬂt@&v&lg%; )
th the

ot herwi se, proceed to, K Step (Searchlng) Sear chi
i ni rmn‘f-‘BFo‘B‘RtélP%t%?FF@ﬁt&ﬁé‘cleﬁGmp&hﬁt ! ﬁ’&cﬁfeéa%%s Jsi'EaCracrg RS ep as the
Cﬁnt er, e@sNeyw Hargeedhekagonhpattionsl nmbermed sBuma nevicandaat e
o nt s 4 and the m.nj I 0. di i.0n. checkin
poﬁ‘rcq Inlglgaié ?‘geﬁ?l $$§ q|41, ,Eﬂ%xeere ANy %u?tgol%rs oi'd SO 8k cb@ 9
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 efficient

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 7 is always greater than or equal to

25 the n in the invented method to find the same motion vector.
For small-motion image sequence that implies small n or #,
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 vectors located at zero point and its
35 nearest four points with distance 1, the proposed hexagon-
based search algorithm according to the preferred embodiment



m ni mum bl ock distortion checking point is the center point of the newy
fornmed hexagon pattern, then go to Step 3 (Ending); otherw se, repeat this
step contwouopshhky. 35 Step 3) Ending: Switch the search parseswooiitiom t he

| arge size of hexagon to the snmall_size of hexagon (refer to WO 02/32145
PCT/ SG00/ 00176 19 Fig.2B). The fow0 new checking points covered by the
smal | hexagon pattern are evaluated to conpare with the current m ni num

bl ock distortion checking point. The new m ni mum bl ock distortion checking
point is 5 the final solution of the notion estipation. The ,ahove process
appl i e% Fhackmreker nhas car Feppariantt Py Ynﬁtr[aéﬁaégﬁ RS From the
above pQERdtE®,with CBY HCar€BSpbynder byedibhahdt keatrehala lyodierhmof search
poi nts per 10 block will be 7+3xn+4, where n is the nunber of execution of
Step 2. The nethod according to the preferred enbodi nent of the invention
at t enptMot® 4t tuwhat swblppt fonl labgeonotéonoimagei sgaueadesastthunber of
oaben PG oo SRIMAT £ KhiNoRD¥cOLBR! clifBNInanRr O Rald BfRddON, | De

hexagon- based searc Brn ace g R erred enbodi ment of the
i nvent in@Yy |@¢mtﬁe%@rtﬁ@aﬁﬁbtp@#ﬂ 8i éhﬁnl fhee AARMONHiSH3RF ng search

poi nts. af&fﬂhxﬁxmﬁe L hsufhanpnd (geanchxirthed olfS 4(5065qu dthesgmsdh
efficient’ algorithns known search points

f or ea&PH}%%le%m‘RP‘iiss%Pfﬁgra598g1§g‘m8e8@¥dglﬁg S@F(et%é‘nsesm% direction

and n d@émﬂwﬁn%béé@ BgaichldhslgnceheThpenrd smplroapmegrteatadre ttegn or
eq%I tkg) 25 theéw3 gothe invented nethod to find the same notion vector.



For small-notion i mage sequence that inplies small n or n, the nethod
according to the invention generally can save at |east above 15% of search
poi nt s udedods21dd anond search. 30 Furthernore, for | arge-POT/RGHN/0NEYE
sequence, nuch nore search points can be saved using the nethod according
to the invention, e.g., about 40% #dy 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 enbodi ment WO 02/32145 PCT/ SA0/00176 20 of the invention has a
scenar i 8h6f TORLPWING EHTH G HRRS ¥Rpat e wh R hth3S s8aFERSRGint s by

di anond search algorithm More attractively, for |large notion inage

sequences, t 5 t hod, according,to the preferre i A e
iventi o1 mapadsitic KA Re it DAt St HAT e eCar AoRdU S hF L
al gorithm wherre farsauid ot6r{ani ¢l rex tm@neonfe#5ibBsgioh, s€BEEh points in
di anpnd sear I It Y- i v&ertal nyeases.
Equﬁgalently?QP ggg%éégﬂ?ﬁ%?dggﬁg%?yféﬁégigﬁgylo Ee up to 83.3% WO
02/ 32145 PCTPSR0EB00176 901 Frleryany ot# My publ i cations are cited in this
docunent: [1] Shan Zhu, Kai-Kuang Ma, A new di anond search algorithm for
fast bl ock-nmatching notion estipmation, IEEﬁFgHJra sactigns on %Hage g
ProcessilRg, V& Yey Tgm. SuigpdepRangpat aryE¥B002 P22 58 YER Tham
Sur endr a Rangamatl¥, AR tHeys Rarmanaidl, ante s¥sheaéd AbenkKassbirsadnovel
unrestricted center-biased 10 di amond sear | ' ; 2k _nmotion
estf@ation, dement SRaEG (é%??ﬁ#%&chh égg?€§g?é%%g€2%8%%gégggn'
IEEE Transactions on Circuits & Systems for Video
Technology, Vol. 8, No. 4, pp. 369 - 377, August 1998.



Technol ogy, Vol. 8, No. 4, pp. 369 - 377, August 1998. WO 02/ 32145

PCT/ S&00/ 00176 22 CLAIMS What is claimed is 5 1. A nethod for block
notion esvOnmsitegh for a picture block in a picture with peTsaoEorocks,
with reference to a reference picture, wherein a notion estimation in a
search area in the reference pictuf® is carried out, and 10 wherein the
used search pattern in the notion estimation has a hexagonal form 2. The
met hod according to claim1, wherein the reference frame used for notion
estimation is a 15 preceding or a follow ng plcture of the current

pi cture. 3. The nethod according t o~ %%%ﬁ ™1 or 2, wherein coding
information is assigned to picture elements of the current picture and the
refere 20 p| ture and wherein the coding information is used in the
nntionnﬁ%%¥ TRt 7o 3d The met hod according to claim3, 25 wherein the

not i on estlnatlon conprlses the step of determ ning a m ninmm bl ock

di storty on Cangﬁsa Ebe Bﬂ%ﬁ%r%oﬂyd%ﬂééyldéﬁ%dﬂ”fd¥“aFﬁiﬁﬁﬁﬁéfﬁmb@@Ch

con5|dere date picture block of the plurality of candi date picture
bl ocks atiﬁéCFéF@rE‘h&é p.l@ttaur@ rb&qorlférséf&rtéh ZEISF SR 550 The et hod
accordlfgfégeﬁay fictheepreceding clainms, wherein the search area

conprises a ura ity of checkin ints in ther ference icture used for
threrpI’T'DtTOI'] ereln mOt(.:l;.OI’l estima %on Sin searc% area i‘f:be
reference picture is carried out, and
10 o wherein the used search pattern in the motion estimation

has a hexagonal form.

2. The method according to claim 1,
wherein the reference frame used for motion estimation is a

15 preceding or a following picture of the current picture.

3. The method according to claim 1 or 2,
. wherein coding information is assigned to picture
elements of the current picture and the reference
20 picture, and
. wherein the coding information is used in the motion

estimation.

4. The method according to claim 3,

25 wherein the motion estimation comprises the step of
determining a 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 search area.

30
5. The method according to any of the preceding claims,
wherein the search area comprises a plurality of checking
points in the reference picture used for the motion
estimation.

35

6. The method according to claim 5,



estimation. 35 6. The nmethod according to claim5, WD 02/32145

PCT/ S0/ 00176 23 wherein each checking point corresponds to a block in
the refaveonws21psi cture. 7. The nmethod according to cl ai m BCDSG®)/00576 wher ei n
one checking point is arranged in the center of the search pattern, and
wherein each further checking point2Bs |located at an endpoint of the
search pattern. 10 8. The method according to claim7, wherein the notion
estimation conprises the follow ng steps: determ ning a m ni mum bl ock

di stortion between the npicture pblock of the current picture apd each
consideW@@reé§n§P§§t§ﬁﬁ9ﬁ%ﬂ%eHﬂ%ﬁﬁ‘?QFﬁ?%P?%é%rEﬂc% %#8?Erénlgg§ccording

to the sedeeknpat talgturedet erm ning, whether the candidate picture bl ock
with the mninmmblock distortion is the candidate picture block
corresponding to the center checking point in the search pattern, 20 in
case thé.cahdi detthou ctagerdirorkcan ¢laihed ndni dfum bl ock distortion does

not £orLespopg tQ; h%n%e@k?erﬁki%&g]ir}gc Pl Nl Pindbe S£AERE BLLEENoE-

generating a second hexagonal sea pattern around the checking point
with the ninithemsiglagah dAatter®toend 25 - carrying out a newiteration of

notion @sti NMahieeRr iinh Jake REAUHE hexaganalg Seaish patlecatedndt an case the

candi'date picture block with the mni i i i i
SLotur o b|gcﬁndpoint KLt searégrgg%%%rg!ock distortion is the candi date

10 8. The method according to claim 7,

wherein the motion estimation comprises the following steps:

] determining a minimum block distortion between the
picture block of the current picture and each considered
candidate picture block in the reference picture

15 according to the search pattern,

. determining, whether the candidate picture block with
the minimum block distortion is the candidate picture
block corresponding to the center checking point in the
search pattern,

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

- generating a second hexagonal search pattern around
the checking point with the minimum block distortion,

25 - carrying out a new iteration of motion estimation in
the second hexagonal search pattern, and

. in case the candidate picture block with the minimum
block distortion is the candidate picture block
corresponding to the center point of the search pattern,

30 selecting this candidate picture block for further

processing.
9. The method according to claim 8,
wherein the search pattern and the second search pattern have

35 the same form and/or size.

10. The method according to claim 8 or 9,



corresponding to the center point of the search pattern, 30 selecting this
candi date picture block for further processing. 9. The nethod according to
claim 8, wiherams t he search pattern and the second sear chrgesGarwitiave 35
the same form and/or size. 10. The nmethod according to claim8 or 9, WD
02/ 32145 PCT/ S0/ 00176 24 wherei n2¢he notion estimation further conprises
the following steps: generating a third search pattern in the first
search pattern or in the second search pattern, in which the 5 sel ected

candi date picture block for further processing has been deterp ned, the
third sE@epipathernobePRges§ilpldeny fugithen I?é’ﬁ“ﬁﬁeses%anﬁ'}b% %%ﬂ%"i”rp%nd/ or

t he dsaggg@bsearch pattern around the sel ected candi date checking point,
10 etermning a mninmu . ogk distortiqon hetween.the. pj.ct ock of
the curfent %?rg?{ﬁ%l%%dag]égﬁréoﬁgﬁag ega%é:aer:f& \clliglt enChﬁ:i 3lu1%!etcbsll%a(e:%<816f t he
plurality ofpezabeinate ipi ther eebbocksesfratheatdfarmencie pilciah etha t he
thied  searche pakigincatdshheeThe HBLROG REAOIANG LG HdAIgRIb st ei n the

used third sear pattern int reference. picture has a hexagonal ™ form

20 12. The neaqdeeercorBrrgingdanfhef thHe & ISRakEs RAFBEED RFERRBi n the

| arge searchgpaiigfni FOIRELLSERaBEVER GREGKHPatieii Sady & hep@gonal form

13. The nethod according to any of the c|ai
second seargh pattérn aroun %ﬂgssgaéé%ééhcandidate

checking point, '

10 e determining a 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
search pattern.

15

11. The method according to claim 10,
wherein the used third search pattern in the reference

picture has a hexagonal form.

20 12. The method according to any of the claims 5 to 11,
wherein the large search pattern comprises seven checking

points in a hexagonal form.

13. The method according to any of the claims 10 to 12,
25 wherein the third search pattern comprises five checking

points in a hexagonal form.

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

30 to any one of the claims 1 to 13.

15. A motion estimation device for motion estimation for a

picture block in a picture with picture blocks, with

reference to a reference picture, which is arranged in a way
35 that the following steps can be carried out:

. a motion estimation in a search area in the reference

picture is carried out, and



25 wherein-the third search pattern conprises five checking points in a
hexagonal form 14. A nethod for coding a video sequence with a plurality
of pictwes3nehprising a nethod for notion estinati on aeCD8AI®17630 t O
any one of the clainms 1 to 13. 15. A notion estimation device for notion
estimation for a picture block in 4° picture with picture blocks, with
reference to a reference picture, which is arranged in a way 35 that t he
foll owi ng steps can be carried out: a notion estimation in a search area
in the refer |cture LS _carried out and VO 02 4 / 0/ 00176
25 the’used g?a?é% &N BT ef% 29 |Cﬁ§%?m§%fg%é§%%o%al f or m
16. A video haxagenadoﬁpmm5|ng a nDtlon estlnatlon device 5 according to
cl aim 15.

16. A video encoder comprising a motion estimation device

5 according to claim 15.



