[DESCRIPTION] [ Invention Title] APPARATUS AND METHOD FOR ENCODING IMAGE [
Technical Field] 5The present invention relates to an image processing apparatus and method, and
more particularly, to an apparatus for reducing the amount of residual signals of an image and
entropy-coding the residual signals. [Background Art] To efficiently transmit a moving picture signal at
a low data rate while 10 maintaining high itia58 GRHEiE Wadious digital moving picture compression
technologies have been proposed. These moving picture compression technologies include H.261,
Motion Picturd xpetisnAmid) (MPEG)-2/H.262, H.263, MPEG-4, Advanced Video Coding
(AVC)/H.264, and so on. The compression technologies include a discrete cosine transform (DCT)

scheme, a motion compensBiRn, (V&) AQsIETA GHAIRIERADAREMa.AsEentropy coding scheme,

a_nql SO on. For image coding, each picture is divided into a plurality of slices, and each slice is
divided into a P@J&liﬁy glf}g%ﬁi&r]g blocks of a pr_edetermined siz:_a. Since an_image of a high-de_finition
(HD) grade or above Ras many flat areas, an image compression can be improved by encoding the

image with coding blocks that are 20 larger than a macroblock (MB).
5 The present invention relates to an mmage processing apparatus and method,

and more particularly, to an apparatus for reducing the amount of residual signals of

an image and entropy-coding the residual signals.

[Background Art]

To efficiently transmit a moving picture signal at a low data rate while
10  maintaining high image quality, various digital moving picture compression
technologies have been proposed. These moving picture compression technologies
include H.261, Motion Picture Experts Group (MPEG)-2/H.262, H.263, MPEG-4,
Advanced Video Coding (AVC)/H.264, and so on. The compression technologies
include a discrete cosine transform (DCT) scheme, a motion compensation (MC)

15 scheme, a quantization scheme, an entropy coding scheme, and so on.

For image coding, each picture is divided into a plurality of shices, and each
slice is divided into a plurality of coding blocks of a predetermined size. Since an
image of a high-definition (HD) grade or above has many flat areas, an image
compression can be improved by encoding the image with coding blocks that are

20  larger than a macroblock (MB).

Therefore, new prediction technique is required and changes in transform
coding, entropy coding, intra prediction and inter prediction is required as the size of
the coding unit increases to increase image compression ratio without increase of the

complexity of image compression.



Therefore, new prediction technique is required and changes in transform coding, entropy coding,
intra prediction and inter prediction is required as the size of the coding unit increases to increase
image compression ratio without increase of the complexity of image compression. [Disclosure]
[Technical Problem] The present invention is directed to an apparatus for encoding a moving

picture, and midPés arly, to an apparatus for effectively encoding transformed 5 residual signals
of a moving picture having a predeteimmed size or more. [Technical Solution] One aspect of the
present inventiqrravidesaneapparatus for encoding a moving picture, including: a coding mode
determiner configured to divide an input image into coding units and determine a prediction mode of

the coding unit and 410,528 f A Prsliste gading hlodk oLhe sading unlk g iansiap{gantzation

unit configured to transform and quantize a residual block between the predictive coding block and a

prediction blag genertadirg &ﬁg&t@,@{oe%%gga?mt?&pé@@a}% WP Sransformed

quantization/transform unit configured to’ inversely quantize and inversely transform the quantized

transform blagk:j ' in: ing fi CONi ply a deblocking
filtering rgrocoer%%%t%r%%%qﬁagtg&r%%&@eg f’?c%lr% ?%9%%%2%‘%@%%0%%%&%% decoding unit; a

prediction bIo&.“[krgC neraf%rocfgtri\(gilgyred to generate the predictive coding block; and an entropy coder

configured to enco & the quantiZed transform coefficients from the transform coding/quantization unit,
wherein, when a size of a transform block is equal to or 20 |arger than a predetermined size, the

entropy coder dividé&th@BahfldhcrRIRSRmIESBRRIeMIRVIES 47 IaPRATTBF J0b<SBEOURY &cans and

entropy-codes non-zero quantized transform coefficients of the each subset. [Advantageous Effects]
moving picture, including: a coding mode determiner configured to divide an input

image into coding units and determine a prediction mode of the coding unit and a

10 size of a predictive coding block of the coding unit; a transform/quantization unit
configured to transform and quantize a residual block between the predictive coding
block and a prediction block generated through intra prediction or inter prediction; an
inverse quantization/transform unit configured to inversely quantize and inversely
transform the quantized transform block into a frequency domain; a deblocking filter

15 configured to apply a deblocking filtering process to image data received from the
inverse quantization/transform decoding unit; a prediction block generator
configured to generate the predictive coding block; and an entropy coder configured
to encode the quantized transform coefficients from the transform
coding/quantization unit, wherein, when a size of a transform block is equal to or

20  larger than a predetermined size, the entropy coder divides the quantized transform
coefficients into a plurality of subsets, and scans and entropy-codes non-zero
quantized transform coefficients of the each subset.

[ Advantageous Effects]



The present invention enables coding efficiency to be enhanced by reducing the amount of residual
signals of a block to be encoded. Also, by effectively scanning a quantized transform coefficient other
than 0 during entropy coding, the number of bits required for the entropy coding is minimized, such
that the coding 5efficiency can be improved. [Description of Drawings] FIG. | shows a block

division structure acCdWF§R ARVERBAROTERAY EintRstNA SAELEeNRY 5P

illustrates a method of determiningLa_coding mode according to the 10 present invention.
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FIGS. 4

to 6 are diagrams illustrating an adaptive block division method according to the present invention.
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Hereinafter, various embodiments of the present invention will be described in detail w

the accompa®VRRFHRIVIRG SRR VEF, thiz BrEeRn CRTBRHSHILTBIART R tottHE @?e‘f‘ﬂéﬁgy

embodiments disclosed below, but can be
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efficiency can be improved.

[Description of Drawings]

FIG. 1 shows a block division structure according to an exemplary
embodiment of the present invention.

FIG. 2 illustrates a method of determining a coding mode according to the
present invention.

FIG. 3 illustrates an apparatus for encoding a moving picture according to the
present invention.

FIGS. 4 to 6 are diagrams illustrating an adaptive block division method
according to the present invention.

FIG. 7 is a diagram illustrating a method of encoding a residual signal.

{Mode for Invention]

Hereinafter, various embodiments of the present invention will be described
in detail with reference to the accompanying drawings. However, the present
invention is not limited to the exemplary embodiments disclosed below, but can be
implemented in various types. Therefore, many other modifications and variations of
the present invention are possible and it is to be understood that within the scope of
the disclosed concept, the present invention may be practiced otherwise than as has

been specifically described.

ith reference to



20 implemented in various types. Therefore, many other modifications and variations of the present
invention are possible and it is to be understood that within the scope of the disclosed concept, the
present invention may be practiced otherwise than as has been specifically described. For image
coding, each picture is divided into a plurality of slices, and each slice js divided into a plurality of
coding units of a préQEMEAEREAERS. BT SHBIagEvates ARER-SetEY ohsGradBbrabove has
many flat areas, an image compression ratio can be improved by encoding the image with coding units
that are 5gre8igt tiaH advhirtbAEEY RAViRGALIBOf g deterig g 4 it él@&@ra’ﬂwg to the
present invention may be a block having a size of 32x32 or block having a size of 64x64 as well as
MBs having theasfz8%op 1haledagion 5%93 HERilsg A abevst Bxs WWss%ﬁtnaﬁ}"%%ﬁB ¢BY#Yy unit. For
convenience, the largest coding unit is referred to as a super macroblock (SMB). A size of the 10
SMB may be QBtBIFHRICF3Ee SR I RIRIAINOF IR H4488 B theodgIREr O Unit and
depth information. The depth information indicates a difference between a size of the SMB and a size
of the srRalle&FESdiHyRATacrorlogk (MBI RS tslesil b&"USed for encoding all pictures of an image
sequence may be SMB or sub-block of the SMB. The allowable sizes of the coding 15 units may be

designated by defaliPBiih WLetGaHEBHELHE PIRASEh TSR EER AR SaR A %S re

designated in the sequence header, the allowable sizes of the coding units are desggi)nateﬁg according
to the size ofthdXiamsRlegRay araHeeRE HEith 38 cHmsnMBs havipg, te Siz6 s b sie is divided

into a plurality of SMB units. Each SMB or 20 sub-block of the SMB may is.intra-coded or nter-coded

and decoded®150: ¥ 818REBRVIRE RSHRGILMIE(PE s BEhE OB SOt of e eRTET 8% accurately

decoded, an encoder should add size information on a predictive, c di@ébﬁlgck of the cg%igg unit and
|

prediction mdbe Fitgith SHSMntReb i EEEREEE A5 ing Rt HAY Huer<d n intrehifon mode or

in inter prediction mode to a bit 25stream. To this end, the predjction mode infQrmation and the info',lat
on indi(f ing SM i i foh 1 AC 3 ?tﬁ]e smaiflest

may be deiermined according to information indicating a size o
coding unit and depth information. The depth information indicates a difference
between a size of the SMB and a size of the smallest coding unit.

Thus, coding unit that will be used for encoding all pictures of an image
sequence may be SMB or sub-block of the SMB. The allowable sizes of the coding

15 units may be designated by default or in a sequence header. When the allowable
sizes of coding units are designated in the sequence header, the allowable sizes of the
coding units are designated according to the size of the smallest coding unit and the
depth information.

Each picture or slice is divided into a plurality of SMB units. Each SMB or

20 sub-block of the SMB may is intra-coded or inter-coded and decoded.

To énable the coding unit (i.e., an SMB or a sub-block of the SMB) to be
~accurately decoded, an encoder should add size information on a predictive coding
block of the coding unit and prediction mode information indicating that the coding

unit has been coded in intra prediction mode or in inter prediction mode to a bit

25  stream. To this end, the prediction mode information and the information indicating



the size of the predictive coding block should be included in the bit stream of coding unit. The
prediction mode varies according to a type of the slice. = When the type of the slice is intra (l), all
predictive coding blocks in the slice are intra predicted, and a prediction type of a predictive coding
block can be 5 determined according to a size of the predictive coding block. However, when the slice
type is unidirdetioralpragistiohHPrsosiagddashahpr hﬂiﬁw%@ﬁdanbfgaibﬂ&%%@cﬁﬁa%dictive
coding block may be determined according to prediction mode information and a size of the predictive
coding block.UHusThie BIpHETePaBIOHS ey arserdnsrkuictios 8fgotlife predictive coding block on the
basis of the slice 10 type, the prediction mode infoimation and the information indicating the size of
the predictive codind'Bieelbandsridhanicgendrtited prbirnaeivyscadianblogks Hﬂh"‘ésf’(‘}éing unit.
When the predictive coding block is intra-coded, intra prediction mode infou iation used for intra
prediction as #ellHEHES st RdypePREBEoRn b StfaRsHiRIEHING LodBEI8Iock PPhER the
predictive coding block is inter-coded, the predictive coding block is encoded by any one of
unidirectonalstestish aser siam detoriar prethetgrdictifecodéeedrarkdirBarsRs prae B, a bit
stream should include information on a reference picture and motion vector information used for
prediction as Wéf Ta@%uszalb?é%ﬁ@ﬁltpffé@flm?e(ﬁf@aiétﬂ}éeesaﬂ@@ WRsERGER (Rildrd¥adisEPBrediction. In
the case of bidirectional prediction, a header of the predictive coding block should include information
on two referety®¥ plctuPedigiysriosire/Rleds mmsrhratelousadsrsatiaeinarcdicdriBlvds well as a
prediction type of the block for bidirectional prediction. The motion vector information may include
information iHBie&ER 2 ddtiaf bibh PEisHdAPadingtiBleYectdbfedicrpreferable o

generate the prediction type of the predictive coding block on the basis of the slice
10 type, the prediction mode information and the information indicating the size of the
predictive coding block, and insert the generated prediction type in a header of the
coding unit.
When the predictive coding block is intra-coded, intra prediction mode
information used for intra prediction as well as the prediction type needs to be
15 transmitted to a decoder.
When the predictive coding block is inter-coded, the predictive coding block
is encoded by any one of unidirectional prediction and bidirectional prediction. In
the case of unidirectional prediction, a bit stream should include information on a
reference picture and motion vector information used for prediction as well as a
20  prediction type of the predictive coding block for unidirectional prediction. In the
case of bidirectional prediction, a header of the predictive coding block should
include information on two reference pictures and motion vector information used
for bidirectional prediction as well .as a prediction type of the block for bidirectional
prediction. The motion vector information may include information indicating a

25  residual motion vector and a motion vector predictor.



FIG. 1 shows a hierarchical division structure illustrating allowable predictive coding blocks for a SMB
having a size of 64x64 according to an exemplary embodiment of the present invention. When an SMB
is used as a coding unit, it is preferable to have four sub-block 5 division steps as shown in FIG. 1, but
block division is not limited to the four sub-block division steps. When there are four sub-block division
steps, a total of 13 grEdidtR BRekigised el Byisaungcimeliusyzane siowgblearedicligs16, 16x8,
8x16, 8x8, 8x4, 4x8 and 4x4) can be defined. Here, there may be no data to be transmitted for nter
predictive codfting PiskksoradingMRyrbardrsizesifarrArPMBATAtRO IR pFeSFRSREIPREWIy add an
MB64 SKIP mode when a size of a predictive coding block is 64864, and an MB32 SKIP mode when
the size of themppediatiie ¢odingBISEKIESPHRER. To transmit the mode information to the decoder, an
MB64_SKIP_flag or an MB32 SKIP flag may be used. When values of these flags are 1, there is no
15transmission data’OreASESIYER pORRGRSEtI Bddih Brséreable tRiaas daie SRS ural

successive SMBs are not encoded, an MB64 SKIP flag may be inserted in a first SMB only, and may
be omitt&d indhaSieNcARY S MER IHRHiIdGale th e titrsiBetNa S CubccSsuERPskipped may

be added to the slice or the first SMB. Specifically, when the plural of 20 successive SMBs are not
encoded, a SNESISRIPSieR) detre MHEtoMiste Sit &94r sHbrRieskafiyi Hempishsdad¥alefal Successive

SMBs in common. In this case, information corresponding to the number of SMBs that are not
successively Bistisg Ragk SPSMBYSRIPAdhberS taybe adddid e dhed 016 Wign a coding

unit has a size of 32x32, block havirgzg size of 32x32, 32x16 or 16x32 in addition to existing block
having a size%of! 646 Pedad sk fad ,)ﬁﬁ?ﬁﬁgfﬁ’tedﬂ can be used as a predictive coding block. In

an inter-prediction mode, a prediction type (Mb32_type) of a coding unit L. ,
Here, there may be no data to be transmitted fOor inter predictive coding

10  blocks having a greater size than an MB. Thus, it is preferable to newly add an
MB64 SKIP mode when a size of a predictive coding block 1s 64x64, and an
MB32 SKIP mode when the size of the predictive coding block is 32>32. To
transmit the mode information to the decoder, an MB64 SKIP flag or an
MB32_SKIP flag may be used. When values of these flags are 1, there is no

15 transmission data of the corresponding predictive coding block.

Meanwhile, when plural successive SMBs are not encoded, an
MB64 SKIP flag may be inserted in a first SMB only, and may be omitted in the
following SMBs. In this case, the number of SMBs that are successively skipped
may be added to the slice or the first SMB. Specifically, when the plural of

20  successive SMBs are not encoded, a SMB_SKIP flag of the first SMB is set to 1,
and may also be applied to several successive SMBs in common. In this case,
information corresponding to the number of SMBs that are not successively encoded

(e.g., an SMB SKIP number) may be added to the slice.



5 may indicate a 32x32 partition when the prediction type is 0, a 32x16 partition when the prediction
type is 1, a 16/32 partition when the prediction type is 2, and a toxin partition when the prediction type
is 3. When a coding unit is divided into four sub-coding units, the four sub-coding units are
encoded and transmitted in a raster scan order. In this case, a quantization 10 parameter may be
transmitted for each\¥bding wditnaninhay beitaesaital blsgkdrsdnia askeaeled B stpetbcoding unit
when the same quantization parameter is applied to all the sub-coding units. However, when a
quantization pardniéieinriddiitototbedRamgbth itk Aainzcotirglin it dhlyl & differéhcd Walbedwith respect
to a quantization parameter of the upper layer coding unit or the preceding coding unit of the same
15level may Be&franditftead be usedash guedsotingasierhigbe divided using a quadtree method, and a
coded block pattern (cbp) and a residual coefficient may also be transmitted using the quadtree
method. When a 1-Bit éhpiécudeeiietiebpvedge opradisiindiomd YR He RO dih g gafiRadeit least one
coefficient other than 0, and a cbp value of 0 may 20indicate that all coefficients are 0. FIG. 2
illustrate§ a niethidaditaieepmidihpaatésaing ol Wrdistioireeiah SNB L eusigr#dieling to the
present invention. As illustrated in FIG. 2, when an SMB is a 64x64 block, an encoder determines
whether or ndbt PEQIEREIBI&ES skib thEosdforapibicr. WherdateprsiHedon 2B sKIR. #ste EsAcoding

mode when it is possible to skip the 64x64 block. At this
partition when the prediction type is 3.

When a coding unit is divided into four sub-coding units, the four sub-coding

units are encoded and transmitted in a raster scan order. In this case, a quantization
10  parameter may be transmitted for each coding unit, and may be transmitted only once

in a header of a super-coding unit when the same quantization parameter is applied to

all the sub-coding units. However, when a quantization parameter needs to be

changed in a sub-coding unit, only a difference value with respect to a quantization

parameter of the upper layer coding unit or the preceding coding unit of the same
15  level may be .transmitted.

Each sub-coding unit may be divided using a guadtree method, and a coded
block pattern (cbp) and a residual coefficient may also be transmitted using the
quadtree method. When a 1-bit cbp is used, a cbp value of 1 may indicate that the
coding unit has at least one éoefﬁoient other than 0, and a cbp value of 0 may

20  indicate that all coefficients are 0.

FIG. 2 illustrates a method of determining a coding mode when a size of an
SMB 1s 64x64 according to the present invention.

As illustrated in FIG. 2, when an SMB is a 64x64 block, an encoder
determines whether or not it is possible to skip the 64x64 block, and determines a

25  SKIP mode as a coding mode when it is possible to skip the 64x64 block. At this



time, an mb64_skip_flag should be transmitted to the decoder. When the 64x64 block has data to be
encoded but is not divided into 32x32 blocks, coding size of the SMB which is one of 64x64, 64x32
and 32x64 and information about whether the SMB is intra-coded or inter-coded is inserted in an SMB
header, and an SMB data 5block is generated using encoded data. When the 64x64 block has
data to be erfdogdedrambfstdiidetdatshapkBb hisersnittiallikeWied seademindd ¢thEwnritete is data to
be encoded in the corresponding 32x32 blocks. When there is no data to be encoded in the
correspondingj @« Idkseks, thercrdrdrhvidis Retdieidshsdcadnt sde mediamuae o dind an
mb32_skip_flag is transmitted to the decoder. However, when the 32x32 block has data to be
encoded but Bvitvelvilied e 2684 5M10eksd taaihd 3i8d enthén Sy potkowh e S8 Gf 32x32,
32x16 and 16x32 and information about whether the 32x32 blocks are intra-coded or inter-coded is
inserted in hé@dBrésdntrieRgrd PhIotHscUlsd &5dataTHBck igngaMdt eiesintiasendstéddata.

When the 32x32 block has data to be encoded and is divided into 16x16 blocks it is determined
whether Eherbliecliasen Batehesaagipodrs ¢8ffesponding 16x16 blocks. When there is no data to be
encoded in the corresponding 16x16 blocks, the SKIP mode is determined as the 16x16 block mode,

and an 20 mb16_sRiphamghrs ehirddninasl tathdagededer. prdss Gibihdirddsthalantres data to be
encoded in the corresponding 16 x16 blocks, coding size of the 16x16 block which is one of 16x16,
16x8 and 8x18oske infolmtiliewisp siatermatadr ethex 1B 8RR i€3khtriec58etPsPistbritotiéd is inserted
in a header of the 16x16 block, and a data block is generated using encoded data. . When blocks
having such &ovEaseapemnsizédaie eksplod&sre F%Fé?rﬁéti@ﬁ gk vignybsc Bt 48R sequence

level, picture level, slice level, SMB or sub-coding unit of the SMB. FIG. 3 illustrates an

apparatus forcereserrgiazisyigbinsid s bidimp s tadetrprasehtsibednsn2 block mode,

10 and an mb32_skip flag is transmitted to the decoder.

However, when the 32x32 block has data to be encoded but is not divided
into 16x16 blocks, coding size of the 32x32 block which is one of 32%32, 32x16 and
16x32 and information about whether the 32x32 blocks are intra-coded or inter-
coded is inserted in headers of the 32x32 blocks, and a data block is generated using

15  encoded data.

When the 32x32 block has data to be encoded and is divided into 16x16
blocks, it is determined whether there is data to be encoded in the corresponding
16x16 blocks. When there is no data to be encoded in the corresponding 16x16
blocks, the SKIP mode is determined as the 16x16 block mode, and an

20 mbl6 _skip flag is transmitted to the decoder. On the other hand, when there is data
to be encoded in the corresponding 16x16 blocks, coding size of the 16x16 block
which is one of 16x16, 16x8 and 8x16 and information about whether the 16x16
block is intra-coded or inter-coded is inserted in a header of the 16x16 block, and a

data block is generated using encoded data.



Referring to FIG. 3, an apparatus for encoding a moving picture according to the present invention
includes a coding mode determiner 110, a transform/quantization unit 120, an entropy coder 130, an
intra predictor 140, a motion compensator 150, a motion estimator 155, an inverse
guantizationitransfoini 10unit 160, a deblocking filter 170, a picture storage 180, an adder and a
subtracter.  The B6dindlnddchdutesranshralvoighaffzasesraiapeediderkigizgl UWiREn picture into
coding units, and determines a size of a predictive coding block and a prediction mode for each coding
unit. Also, thenepdingy racediescininadr sameredstab preiarsile dodlity Mruek Sdfd$Eoding to the
determined size to the subtracter. 15 The transform/quantization unit 120 determines a size of a
transfolin bloekdiogramsorthaéditfial signal received from the subtracter. The size of a transform block
may be equal to or less than that of the predictive coding block, but may be set differently in an inter
mode. In other worddGhé Biretetehanaarstems BloeRIPE) D Broater RIPAH SHEEBIRE B difictive coding
block in the inter mode. In this case, the 20 transform/quantization unit 120 receives multiple residual
blocks fram theessuibissisiethd generates one transform block consisting of the multiple residual
blocks. A size of the transform block is equal to or less than that of the coding unit. The transfoi,
1/quantization unit RedgseeimE Einde i srRsidral Ecabak teROEHE R GRS On the
transform block to generate transform coefficients. The 25 DCT may be an integer DCT. Also, the
transform/quéttizatisenhit IPceadearminelideguantiz&66instegge ustdasiigeantivlfy the transform
coefficients, and quantizes the transform coefficients using a quantization matrix determined according
to the deterniisasieuzatiantiseistepaivd Hhda @(%Wn?@a@ g?ﬂe JHvBYER Brditteatistiiransform unit
160 inversely quantizes and inversely transforms the quantization coefficients quantized by the
transform codRgRIUEPRPEABHUNDI20 MABMBIES FERIBING & rELIIYSISISBRTHAHD B RRsfiBain from a

residual block transformed into the frequency domain. The deblockindg filter 170 receives image data
that is ilUersgRitgifdntizlshiagking filter 170, a picture storage 180, an adder and a subtracter.

The coding mode determiner 110 analyzes an input video signal to divide a
picture into coding units, and determines a size of a predictive coding block and a
prediction mode for each coding unit. Also, the coding mode determiner 110 sends
the predictive coding block corresponding to the determined size to the subtracter.

15 ~ The transform/quantization unit 120 determines a size of a transform block to
transform residual signal received from the subtracter. The size of a transform block
may be equal to or less than that of the predictive coding block, but may be set
differently in an inter mode. In other words, the size of the transform block may be
greater than that of the predictive coding block in the inter mode. In this case, the

20  transform/quantization unit 120 receives multiple residual blocks from the subtracter
and generates one transform block consisting of the multiple residual blocks. A size
of the transform block is equal to or less than that of the coding unit. The
transform/quantization unit 120 performs a two-dimensional (2D) discrete cosine
transform (DCT) on the transform block to generéte transform coefficients. The

25 DCT may be an integer DCT.



10 inversely transformed from the inverse quantization/transfoini unit 160 and performs a filtering
process for removing a blocking effect. The deblocking filtering process may be applied to a boundary
between predictive coding blocks and between transform blocks. The boundary is an edge of a grid
having a predetermined size or more and the predetermined size may be 8x8. The deblocking filtering
process 15 included kst dfaeterminingtiztoundsity] & stetiiteriads a gteptofadetestainiiie a boundary
filtering strength to be applied to the boundary, a step of determining whether or not to apply a
deblocking filteed arfick a gtentioixeldbtingransiitemtodoetfippidsl tante woutidasy lhhefrangadatermined to
apply the deblocking filter. Whether or not to apply the deblocking filter is deteiuiined according to i)

20 whether oraetii thentsousitary filtevitigastoe ngitis gretaravitsdnaocending whdtveddematnad/alue
indicating the difference between boundary pixels of P block and Q block is less than a first reference
value determipeutietiorditep 978 quantizditgnpadameter.  Two or more filters may exist. When an
absolute value of a difference between two pixels adjacent to the block boundary is equal to or greater
than a econd refefBrcinvetiseqguanirakisitinisbete cteid 1 7 enseswh Tedaraqeantaiuecisdietermined by
the quantization parameter and the boundary filtering strength The picture storage 180 receives
filtered imagdrfmviotine dellockimepfitiertiony, siorficietimageairipieturdtinitshaThetigietiirebmay be an
image of a frame or an 5 image of a field. The picture storage 180 has a buffer (not shown) capable of
storing a pluredifingfqientirasion ufh2fhdtioktestiviatsielbspdaredn stidie spafthiomasing at least
one reference picture stored in the picture storage 180, and outputs a reference picture index
representing fivanrefesidied pietlrbamiameotivn hedisgupoThEamsiibn compensator 150 extracts a

prediction block corresponding to a .
The deblocking filter 170 receives image data that 1s inversely quantized and

10 inversely transformed from the inverse quantization/transform unit 160 and performs
a filtering process for removing a blocking effect. The deblocking filtering process
may be applied to a boundary between predictive coding blocks and between
transform blocks. The boundary is an edge of a grid having a predetermined size or
more and the predetermined size may be 8x8. The deblocking filtering process

15  includes a step of determining a boundary to be filtered, a step of determining a
boundary filtering strength to be applied to the boundary, a step of determining
whether or not to apply a deblocking filter, and a step of selecting a filter to be
applied to the boundary when it is determined to apply the deblocking filter.

Whether or not to apply the deblocking filter is determined according to 1)

20  whether or not the boundary filtering strength is greater than 0 and ii) whether or not
a value indicating the difference between boundary pixels of P block and Q block is
less than a first reference value determined according to a quantization parameter.

Two or more filters may exist. When an absolute value of a difference

between two pixels adjacent to the block boundary is equal to or greater than a

10



block to be encoded from the reference picture used for motion estimation among a plurality of
reference pictures stored in the picture storage 180 according to the reference picture index and the
motion vector input from the motion estimator 155, and outputs the extracted prediction block. 15The
intra predictor 140 performs tra-prediction using reconstructed pixel values in the same picture. The
intra predictoscbdfdacivesa culrent black tlbe predietively chvoded)skisétscone vilagpredete mined
number of intra prediction modes according to a size of the current block, and perfoiius intra prediction.

The entropy catlemiiB3@ bptiopyreodestthe muantizatiod tedificiedrsydismiizesdragthy the
transform/quantization unit 120, motion infoimation generated by the motion estimator 155, and so on.
The quantized transThrproefifisierdgeal8lconverte dlitedomeaginfensitad by lquafiized thansform
information by a predetermined scanning method and entropy-coded. An intra prediction process will
be described dedemtiwitheferenpetoFi@its. The Firstr¢hamantize predivtge 1of0aréteivest pisition and
size information on a coding block to be encoded from the coding mode determiner 110. Next, the
intra predictoim4g: rdcefiadd.valid eitrensepiel$fdradetbrfien fgeashiona) predivbior aetkeof the
current predictive coding block from the picture 5 storage 180. The reference pixels have already
been encoded pintkliggtrpdtamd. are adjacent to the current predictive coding block (hereafter,
referred to as current block). When the current block is positioned at an upper boundary of the current
picture, pixels adjac&ht tottieuppénsite ditheotierert blotkmresimatiefinedngViteeahe @ifrent block
is positioned at a left boundary of the current picture, pixels 10 adjacent to the left side of the current
block are notwéfinec: pigorsvitercthé dhwenetblockdimpodifioneadaseiisppeeisraeteiveiioary of the

slice, pixels adjacent to the upper or left side are not defined.
index representing the reference picture and a motion vector.

10 The motion compensator 150 extracts a prediction block corresponding to a
block to be encoded from the reference picture used for motion estimation among a
plurality of reference pictures stored in the picture storage 180 according to the
reference picture index and the motion vector input from the motion estimator 135,
and outputs the extracted prediction block.

15 The intra predictor 140 performs intra-prediction using reconstructed pixel
values in the same picture. The intra predictor 140 receives a current block to be
predictively encoded, selects one of a predetermined number of intra prediction
modes according to a size of the current block, and performs intra prediction.

The entropy coder 130 entropy-codes the quantization coefficients quantized

20 by the transform/quantization unit 120, motion information generated by the motion
estimator 155, and so on. The quantized transform coefficients are converted into
one-dimensional (1D) guantized transform information by a predetermined scanning
method and entropy-coded.

An intra prediction process will be described below with reference to FIG. 3.

11



When there are no pixels adjacent to the left or upper side of the current block or there are no pixels
that have been previously encoded and restored as mentioned 15 above, an intra prediction mode of
the current block can be deteiniined using only valid pixels. However, the invalid reference pixels
may be generated using pixels adjacent to the current block or available pixel. For example, when
pixels of an upper bltick,atie notvalidedintets BH theceippe psidemagnbesgenavatethismgore or more
available 20reference pixels on the left side. Meanwhile, even when there are pixels on the upper
or left side of ¢hdirgiblenk bidekenhedeikéisrmidiy beddeterninedtasimealid pixels according to a coding
mode of a block to which the pixels belongs. For example, when a block to which pixels adjacent to the
upper side of the culfext; theckrelpregihas Bdemdnteresondd andryastqred]ther pixsigmrayzbe
determined as invalid pixels. In this case, reference pixels may be generated using reference pixel of a
block having itravmopedictioNentpdhecinthe predtctoprtdGdeteendngs hhelintramrédichicttmode of the
current block using the reference pixels. The number of intra prediction modes 5depends on a size of
the blockk  sicagrdibly (Bhithecsizenof thigdlobky 33lre¢diprizdirentiolwll addestered.atriéase one
non-directional mode are allowed. The non-directional mode may be a direct current (DC) mode or a
planar mode.aBjff@renton thmbans of imredptedictioting dele slkcdheben issignbdred Bio clgs dvardnyg

block). When the current block is positioned at an upper boundary of the current
picture, pixels adjacent to the upper side of the current block are not defined. When
the current block is positioned at a left boundary of the current picture, pixels

10  adjacent to the left side of the current block are not defined. Also, when the current
block is positioned at the upper or left boundary of the slice, pixels adjacent to the
upper or left side are not defined.

When there are no pixels adjacent to the left or upper side of the current block
or there are no pixels that have been previously encoded and restored as mentioned

15  above, an intra prediction mode of the current block can be determined using only
valid pixels.

However, the invalid reference pixels may be generated using pixels adjacent
to the current block or available pixel. For example, when pixels of an upper block
are not valid, pixels on the upper side may be generated using one or more available

20  reference pixels on the left side.

Meanwhile, even when there are pixels on the upper or left side of the current
block, the pixels may be determined as invahid pixels according to a coding mode of
a block to which the pixels belongs. For example, when a block to which pixels

adjacent to the upper side of the current block belong has been inter-coded and

12



10 the same size. To indicate that different numbers of intra prediction modes are allowed, information
indicating the number of intra prediction modes can be inserted in at least one of a sequence header,
picture header, slice header and a coding unit header. It is preferable to insert the infojination in a
sequence header or a picture header. 1 5Next, when the intra prediction mode of the current block is
determined, aesteatidtite flocksofitne budettipioek issganelatadxdhe pretlictionasbloskerstenerated
using reference pixels including generated pixel or using a linear combination of the reference pixels
on the basis pithis intratpredictivedmside offthencamrerd bfock]FEbhexirapiéramaddirectional mode of a
specific direction, a prediction mode can be 20 generated using reference pixels on the upper side of
the current block anti¢hgsthonntne tetdsitier df4heletamentebldek. intra Phesticsiiol revederdetpixels used to
generate the prediction block may be filtered reference pixels. A filter to be applied to the valid
reference pixetsmamaybbeslplusal gntinumsfenentts githls.pl Madityushilitre of nadsa e aldetptivenpdgsplied
according 25to a size of the current block and the intra prediction mode. Next, a residual block
obtainedfy ubipgntireooursert didoktndkthe prediction block generated by the intra predictor 140 are
encoded by the transform/quantization unit 120 and the entropy coder 130. Meanwhile, the intra

prediction mode of thecudigpttblticksigseptrateiyckentotfedr Thbristianativdrsrrodetrirgytbe encoded

by the intra predictor 140, a separate intra prediction mode coder (not shown) or the entropy coder
130. one non-directional mode are allowed. The non-directional mode may be a direct

current (DC) mode or a planar mode.
Different numbers of intra prediction modes can be assigned to blocks having

10  the same size. To indicate that different numbers of intra prediction modes are
allowed, information indicating the number of intra prediction modes can be inserted
in at lcast one of a sequence header, picture header, slice header and a coding unit
header. [t is preferable to insert the information in a sequence header or a picture
header.

15 Next, when the intra prediction mode of the current block is determined, a
prediction block of the current block is generated. The prediction block is generated
using reference pixels including generated pixel or using a linear combination of the
reference pixels on the basis of the intra prediction mode of the current block. For
example, in a directional mode of a specific direction, a prediction mode can be

20  generated using reference pixels on the upper side of the current block and those on
the left side of the current block.

The valid reference pixels used to generate the prediction block may be
filtered reference pixels. A filter to be applied to the valid reference pixels may be
plural in number. Also, the plurality of filters may be adaptively applied according

25  to asize of the current block and the intra prediction mode.
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The intra prediction mode of the current block is encoded using intra prediction modes of an upper
block and a left block of the current block. First, the intra prediction modes of the left and upper blocks
of the current 10 block are derived. When the upper block is plural in number, a leftmost upper block or
a block having the minimum mode number is set as an upper block of the current block. Also, when
the left block is plurdféntnamisdyahhluppehtiostddityblook dracbiveit héihguddminiadigianode number
is set as a left block of the current block. When the upper block or the left block is not encoded in intra
prediction mddeskheiFapd mydte iegeedintiydri?) amagn bedsé tharstmtinns{gredietisivatiode of the
upper block or the left block. Next, when the intra prediction mode number of the upper or left
block is equaliat 20 el &rethamage ardariélof allowable intra prediction modes of the current block,
the intra prediction mode of the upper or left block is converted into one of the 20intra prediction
modes allowed for thécauwiitt, bibekinkiexpredhetintheniedea pfabictiommoddwkibe capesebiock is equal
to one of the intra prediction mode of the left block and the intra prediction mode of the upper block, a
flag indidatingrtbedatie iHtcaiptadictdistoderopdecnsu renentodkdsbecibsl iieriestithe ibffa prediction
mode of the left block and the intra prediction mode of the 25 upper block, and a flag indicating one of
the intra predictiontmudesoidivs appedardder (not shown) or the entropy coder 130.

The intra prediction mode of the corrent block is encoded using intra
prediction modes of an upper block and a left block of the current block.

First, the intra prediction modes of the left and upper blocks of the current

10 block are derived. When the upper block is plural in number, a leftmost upper block
or a block having the minimum mode number is set as an upper block of the current
block. Also, when the left block is plural in number, an uppermost left block or a
block having the minimum mode number is set as a left block of the current block.
When the upper block or the left block is not encoded in intra prediction mode, the

15 DC mode (mode number 2) may be set as an intra prediction mode of the upper
block or the left block.

Next, when the intra prediction mode number of the upper or left block is
equal to or greater than the number of allowable intra prediction modes of the current
block, the intra prediction mode of the upper or left block is converted into one of the

20  intra prediction modes allowed for the current block.

Next, when the intra prediction mode of the current block is equal to one of
the intra prediction mode of the left block and the intra prediction mode of the upper
block, a flag indicating that the intra prediction mode of the current block is equal to
one of the intra prediction mode of the left block and the intra prediction mode of the

25  upper block, and a flag indicating one of the intra prediction modes of the upper and
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left blocks are transmitted. In this case, when the left and upper blocks of the current block have the
same intra prediction mode, only the flag indicating that the intra prediction mode of the current block
is equal to one of the intra prediction mode of the left block and the intra prediction mode of the upper
block may be transmitted. 5 Likewise, when only one of the intra prediction modes of the upper and
left blocks is ititlacih equaktaithatdf theldumest Bloakfenlyfthedlagpditatisg thbdrirarqutediction
mode of the current block is equal to one of the intra prediction mode of the left block and the intra
prediction mddeckf theeufipesdaocikamayrbdi¢ttams mitkd .dnbywbvefl ag/hedi ¢henpttiaprdédiction mode of
the current block is different 10 from those of the left and upper blocks, it is determined whether or not
the intra predictidintinn deodambéreofittrent Urikerht dslegkaktsmalierftienithogs afithedeftatdotipper
blocks. When it is determined that both of the intra prediction mode numbers of the left and upper
blocks of the ttarieftiiatkaarethecater tinedi chenimtadpredibtioppeo e kbnmynilzetrofshetedrrent block,
the intra prediction mode of the current block is determined as a final intra prediction mode. However,
when ondy onkilofwhe:jnttaprediction of tdermetsobtheddisaridheppeebloekEtftelcurent block is
not greater than the intra prediction mode number of the current block, an intra prediction mode having
a mode numbehdbiaihedisy subthactifgtiefromrene trek2@phedistidhgodioatimbeéhofithe current
block is determined as the final intra prediction mode of the current block. Also, when neither of the
intra predictigmahiodemumbers didlerefitanodckppegbidckot thiethe irért ptodiciogmatier ¢han the intra
prediction mode number of the current block, an infra prediction mode having a mode number
obtained by stibfiettiferR fndnththatint raqoredictiodn odéhampbarbdd Aouhey dertewshiibtidis determined
as the final intra prediction mode of the current block. Next, the final intra prediction mode of the
current block is encdtierc\gsinghdifférenttedinglicthiosmedordirnth ao-whathetask nist dbigeegnber block of
the current block has the same intra prediction mode as the left block of the current block, the final
intra pré@ictidromaddiessf theioutréntindoeknier diookiedt Thddmmaipeddidhiether or not the intra

prediction mode number of the current block is smaller than those of the left and
upper blocks,

When it is determined that both of the intra prediction mode numbers of the

Ieft and upper blocks of the current block are greater than the intra prediction mode

15  number of the current block, the intra prediction mode of the current block is

determined as a final intra prediction mode. However, when only one of the intra

prediction mode numbers of the left and upper blocks of the current block is not

greater than the infra prediction mode number of the current block, an intra

prediction mode having a mode number obtained by subtracting 1 from the intra

20  prediction mode number of the current block is determined as the final intra

prediction mode of the current block. Also, when neither of the intra prediction

mode numbers of the left and upper blocks of the current block is greater than the

intra prediction mode number of the current block, an intra prediction mode having a

mode number obtained by subtracting 2 from the intra prediction mode number of

25  the current block is determined as the final intra prediction mode of the current block.
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5 mode of the upper block or the left block of the current block may be a modified intra prediction
mode. In other words, the intra prediction mode of the upper block or the left block of the current block
may be an intra prediction ode modified by a table for mapping intra prediction modes allowable for the
upper block and the left block to a predetermined number of intra prediction modes. The predeteinlined
10 number may be Mext3the filvauaimizeddiciinsfonotlc odffisiemt cadibiggrocessadithelésitopy coder
130 of FIG. 3 will be described below.  The quantized transform coefficients are entropy-coded
using contextetaptiveodaniatidilengthoodidin o @AV S) @r contextradeptikechinbtharthmetic 15 coding
(CABAC). When a size of transfoini block becomes large, there is a high possibility that a large
number of bitslovitl s rbguiset: thsegneindientnople codbacbedffidiait o HthercthaenObbekis tlitis preferable
to introduce new scan method for reducing the number of bits for a transform block having a size equal
to or larger thHamhipredptedminedsizé: 20Fistitisnt dtkxkine dnobdttier Dhaotite giddistouantized
transfonn coefficients into a plurality of subsets. It depends on a size of transform block. In other
words, when thelsizé e arrperstbonk biotkeidegybbido of thegartheintdogketete tminedsidasdhe
guantized transform coefficients are divided into a plurality of subsets. The predetermined size may be
8x8 or | 6x 16nfFherplisctitity mbdabdetsiir cormsist bt aneamaidistibset ol dribovpnorélesidual
subsets. The main subset is
or the left block of the current block may be an intra prediction mode modified by a
table for mapping intra prediction modes allowable for the upper block and the left
block to a predetermined number of intra prediction modes. The predetermined
10 number may be 9 or 3.
A quantized transform coefficient coding process of the entropy coder 130 of
FIG. 3 will be described below.
The quantized transform coefficients are entropy-coded using context-
adaptive variable length coding (CAVLC) or context-adaptive binary arithmetic
15 coding (CABAC). When a size of transform block becomes large, there is a high
possibility that a large number of bits will be required to scan and entropy-code
coefficients other than 0. Thus, it is preferable to introduce new scan method for
reducing the number of bits for a transform block having a size equal to or larger
than a predetermined size.
20 First, it is determined whether or not to divide quantized transform
coefficients into a plurality of subsets. It depends on a size of transform block. In
other words, when the size of a transform block is egual to or larger than a
predetermined size, the quantized transform coefficients are divided into a plurality

of subsets. The predetermined size may be 8x8 or 16x16. The plurality of subsets

25  consist of one main subset and one or more residual subsets. The main subset is
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positioned at an upper left side including a DC coefficient, and the one or more residual subsets cover
area other than area that the main subset covers. Next, when the size of the transform block is
equal to or larger than the predeteiniined size, the quantized transform coefficients are divided into a
main 5 subset and one or more residual subsets, and quantized transform coefficients included in
each subset poeiscanhad andmreocédsifihengliahitized Bansteifii cosffisidntbdrotirecsuinset may be
scanned using one of a plurality of scan patterns. A scan pattern in which the number of bits to be
encoded becasidsalhamitimoiarmay bt selectedea doartdingrtomisirisutiorest non-zero pixels of the
guantized transform 10 coefficients in the subset. The plurality of scan patterns may include zigzag
scan, vertical scan aretthorizenthlkssan. Klsbs wertidahschivok herigoataloscaragdvichion Bicture Experts
Group (MPEG)-4 may be included. When a scan pattern is transmitted for each subset, a large
number of bitsradeteavjinied dsiTh etiefoqe gt anpitisnoret]i bendpplie ditvideg | intdity chsnbsets.
15Meanwhile, the scan pattern may be adaptively selected according to the prediction mode and the
intra pre8icticntdirection oRor @xamopte résiduel intdrspradiztibrimotiesd: isapebsiblects@spiptonly one
predetermined scan pattern (e.g., zigzag scan) or one of the plurality of scan patterns. In the fo liter
case, scan pattédudddfoimetion ddernernesdiecteandnsntitdalto thbadapedbreduttnsifaiatter case,
scan 20 pattern information needs to be transmitted to the decoder. In the intra prediction mode, a
scan pattern carfibecatieutint sdewrding toctheimyd ysiediction UirpbiiohtyRursexargiteris.is’possible to
apply horizontal scan in a vertical intra prediction mode, vertical scan in a horizontal intra prediction
mode, and zigzagpstamimasbChrbdeuaboanf hattdmbto tecaggslibectontrethsaimisabsatand the one or

more residual 25 subsets may be a predetermined pattern. The predetermined pattern may be zigzag
be selected according to distribution of non-zero pixels of the quantized transform

10  cocfficients in the subset. The plurality of scan patterns may include zigzag scan,
vertical scan and horizontal scan. Also, vertical scan or horizontal scan of Motion
Picture Experts Group (MPEG)-4 may be included. When a scan pattern is
transmitted for each subset, a large number of bits are required. Therefore one scan
pattern may be applied to a plurality of subsets.

15 Meanwhile, the scan pattern may be adaptively selected according to the
prediction mode and the intra prediction direction. For example, in the inter
prediction mode, it is possible to apply only one predetermined scan patiemn (e.g.,
zigzag scan) of one of the plurality of scan patterns. In the former case, scan pattern
information does not need to be transmitted to the decoder, but in the latter case, scan

20  pattern information needs to be transmitted to the decoder. In the intra prediction
mode, a scan pattern can be selected according to the intra-prediction direction. For
example, it is possible to apply horizontal scan in a vertical intra prediction mode,
vertical scan in a horizontal intra prediction mode, and zigzag scan in a DC mode.

A scan pattern to be applied to the main subset and the one or more residual

25  subsets may be a predetermined pattern. The predetermined pattern may be zigzag
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scan. In addition to zigzag scan, horizontal scan or vertical scan may be applied to the subsets. The
scan pattern applied to the subsets may also be adaptively determined according to the prediction
mode and the intra prediction direction. In other words, in the inter prediction mode, a predetermined
scan pattern may be 5 applied to the subsets. In the intra prediction, a scan pattern selected by the
intra predictiogirekiiaddiay beAppliedco hesulselscan olt veaychesefieative tio sgaliethe quantized
transform coefficients in the subset in a reverse direction. In other words, the quantized transform
coefficients céie baiseannedieorcihe jastmonpztial caefficieniinkthensapadiin e redepsedirection 10
according to a scan pattern. Likewise, the plurality of subsets are scanned from a subset including the
last non-zero&weatiiciestettheéitransitmphidckita momkinsdibbetiinra pesdicsedidéetdon. HMeanwhile,
for correct entropy decoding of the decoder, an encoder encodes information capable of indicating a
position of thetast wonrizeio deeffitienpiadibgod Sitcadnstiorpaddiackranedinfanmationcapaplbeof indicating
a position of the last non-zero coefficient in each subset, and transmits the encoded information to the
decoder 5Theaipftigdatiochenapdadicdte thpositioprafitiedast swin- pateeosiiiciedt iy dacinsuabset. Also,
the information may be map information consisting of flags indicating whether each transform
coefficients igp:diction diddimgaingibatipglivt ethtbe tibseon-zero 20 coefficient is the last non-zero
coefficient or not in the transform block. A scan pattern for generating the map information may be the
same as the scan péattaty ibethé&atbsets scan theanotigreexanpforfarsediitimgsquahtizatisransform
coefficients of the transfoiin block, the quantized transform coefficients of a transfoim block may be
rearranged using sevdérite deaving méthadandocdnvidrteptantoredptunadtyof sulifhlicoks camdeach of the
sub-blocks may be scanned and encoded. Meanwhile, when an image has a boundary in a
specific directiomati] froregihivdkent prediationadBdsnised, idferdrtsub-bloeksraredusetdor similar
data at a

10  according fo a scan pattern. Likewise, the plurality of subsets are scanned from a

subset including the last non-zero coefficient of the transform block to a main subset
in a reverse direction
Meanwhile, for correct entropy decoding of the decoder, an encoder encodes
information capable of indicating a position of the last non-zero coefficient in the
15  transform block and information capable of indicating a position of the last non-zero
coefficient in each subset, and transmits the encoded information to the decoder. The
information may indicate a position of the last non-zero coefficient in each subset.
Also, the information may be map information consisting of flags indicating whether
each transform coefficients is 0 or not and flags indicating whether the non-zero
20  coefficient is the last non-zero coefficient or not in the transform block. A scan
pattern for generating the map information may be the same as the scan pattern in the
subsets.
In another example for scanning quantized transform coefficients of the

transform block, the quantized transform coefficients of a transform block may be
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5 motion boundary portion, and unnecessary overhead may occur. In this case, it may be further
effective to divide a coding unit in a specific direction according to a shape of the boundary portion of
the image and perform motion estimation on each divided area. With reference to FIGS. 4 to 6, a
method of direction-adaptively dividing a 1 0 block in consideration of characteristics of an image will
be describedyditfaloS} dsibeaithfiereachiponumioal 3dxba vattdie slescrhealias efsexaiopls, However,
the size of a coding unit is not limited to 32x32, and the method can also be applied to a 64x64 block

or a 16x16 blgekedaronenexampp afdhexsipyiestadapiiventadde, a coding unit is divided into 15 two
blocks by a straight line so as to extract statistical dependency of a prediction area on local

topography. In othenyéerdsir bouagany pasien:as the>inage isimatepedfio siraigihlines and divided.
As shown in the drawings, when there is a boundary that traverses an image  of a 32x32 block, a
boundary porgipfvaRmersingdheimage ishowuld digreivideshintio Alsmallsbibtiksstondficiamtly compress
the image according to a conventional image division method. Thus, as shown in FIG. 4, the one
32x32 bipck shaild beudivigegdntonatiehshifobleaksoanthentatdgtcbherdiotkisAmatiareyectors

should be transmitted to a decoder together with information for representing image division, and
thus much 25adgitinaadiRierveat aivadber dhdingrosigéninforeotiiodiisoesuiradrding to a shape -
of the boundary portion of the image and perform motion estimation on each divided
area.
With reference to FIGS. 4 to 6, a method of direction-adaptively dividing a
10 block in consideration of characteristics of an image will be described. In FIGS. 4, 5
and 6, a coding unit of 32x32 will be described as an example. However, the size of
a coding unit is not limited to 3232, and the method can also be applied to a 64x64
block or a 16x16 block.
In one example of the simplest adaptive mode, a coding unit is divided into
15 two blocks by a straight line so as to extract statistical dependency of a prediction
area on local topography. In other words, a boundary portion of the image is
matched to straight lines and divided.
As shown in the drawings, when there is a boundary that traverses an image
of a 32x32 block, a boundary portion traversing the image should be divided into
20  small blocks to efficiently compress the image according to a conventional image
division method.
Thus, as shown in FIG. 4, the one 32x32 block should be divided into at least
10 blocks and encoded. Therefore, 10 motion vectors should be transmitted to a
decoder together with information for representing image division, and thus much

25  additional information other than image information is required.
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Meanwhile, as shown in FIG. 5 or 6, when there is a boundary that traverses the image of the 32/32
block, the number of pieces of additional information to be transmitted to the decoder can be
remarkably reduced by matching the image boundary with at least one straight line indicating the
image boundary. 5For example, when the boundary that traverses the 32x32 block is matched to two

straight lines as shomgrvFiife, 2s URW4/B2HIGCK is divided interdqurKoukRidhoelke, mnd:siaight lines

that match respective first and fourth 16/16 blocks to a block boundary can be obtained. In this case,

six division argaskedeauiredy ane maionnestensdo i ikaps alitiaditRiae desadeiosas e reduced to
six. 10Likewise, when the boundary that traverses the block is matched to one straight line as shown

in FIG. 6, the@2xaadkiack isidivideddatomosiogks . aneloniyeidedpiecenafbioek mede-dagermation and

two motion vectors need to be transmitted to the decoder. Meanwhile, when a block is divided

using a straighfdinerinfamatienomtharisnisee siraighhineeshoigldhradigitionally transmitted to the
decoder. The straight line information to be transmitted will be described below. The straight 1. e

informatign to be trapsmitiedptarpedrdrybiticeysing variaus methods? Alficstiexamyledisoto represent
the information on the straight line using a 20 distance and angle with respect to a predetermined

position. In thig sas@i theipredatenningdpesition, maye B mxsliaidkevigRereltfsomes-ansthe center
of the block. The distance may be an integer or a quantized value. The angle may be 0 to 180, and

may also be algurntized ¥t lines thAtSEGEA exaIPIe IS0 HanSMIKPOSItos viddes ©f hoth ends of
the straight

block boundary can be obtained. In this case, six division areas are required, and

motion vectors to be transmitted to the decoder can be reduced to six.

10 Likewise, when the boundary that traverses the block is matched to one
straight line as shown in FIG. 6, the 32x32 block is divided into two blocks, and only
one piece of block mode information and two motion vectors need to be transmitted
to the decoder.

Meanwhile, when a block is divided using a straight line, information on the

15  used straight line should be additionally transmitted to the decoder. The straight line
information to be transmitted will be described below.

The straight line information to be transmitted can be transmitted using
various methods.
A first example is to represent the information on the straight line using a

20 distance and angle with respect to a predetermined position. In this case, the
predetermined position may be a pixel at the upper left corner or the center of the
block. The distance may be an integer or a quantized value. The angle may be 0 to
180, and may also be a quantized value.

A second example is to transmit position values of both ends of the straight

25  line that traverses the block to the decoder. The position values may be expressed as
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25line that traverses the block to the decoder. The position values may be expressed as values
indicating how far both of the ends are from the pixel at the upper left comer of the block while going
around the boundary of the block clockwise beginning at the upper left corner. In this case, either of
the ends may be represented as a position from the pixel while going around the boundary clockwise,

and the othermayshefidepiesentest ash pogitamdometheRixed Whie gainguprruneithe-haundary
counterclockwise, such that straight line information may be expressed. In this case, information on

straight lines 0@ KAPPRHRS SIS SAANES GAP BeuaYRFeSTeldISInglashorll RUpbahainits. When
there are neighboring blocks that have been direction-adaptively 10 divided and encoded already, it is

effective to transpypelifiereniabiniarmationdenimeeprstiaighisliney norspasienten he susiesi block and
straight line information on one selected from the neighboring blocks. It is more preferable to encode

differential infepmatienpising.aitecitandnirithation e iasks dividedsi) hi samersiirestignbas the
current block. The straight line information or differential 15 information on the current block may be

expressesl as-gpeseatsgspendingingdex, amhichtmaypbevavisine-longih soded and thnsditied.
Meanwhile, whether or not to apply the direction-adaptive division method may be determined
according to asizealscprasictivenaading-hlotkiineR thattirestiorn-adaptisecdivisianimeathod applied to
an excessively small coding block may 20 increase the amount of information and complexity to be
transmitted, itigaprefarable Retighapaly tlesaeihadre varibessiinpis itakl ke Fphesaethatof dividing a

predictive coding block according to a shape of a boundary portion of an image may be applied only to
specific directigng imited-toragpredetermined number. For example, the method of 25dividing a block
may be limited to four directions of a horizontal direction, a vertical
When there are neighboring blocks that have been direction-adaptively
10  divided and encoded already, it is effective to transmit differential information
between straight line information on the current block and straight line information
on one selected from the neighboring blocks. It is more preferable to encode
differential information using direction information on blocks divided in the same
direction as the current block. The straight line information or differential
15  information on the current block may be expressed as one corresponding index,
which may be variable-length coded and transmitted.
Meanwhile, whether or not to apply the direction-adaptive division method
may be determined according to a size of a predictive coding block. Since the
direction-adaptive division method applied to an excessively small coding block may
20  increase the amount of information and complexity to be transmitted, it is preferable
not to apply the method.
As shown in FIG. 7, the method of dividing a predictive coding block
according to a shape of a boundary portion of an image may be applied only to

specific directions limited to a predetermined number. For example, the method of

25  dividing a block may be limited to four directions of a horizontal direction, a vertical
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direction, an upward diagonal direction and a downward diagonal direction or two directions of the
horizontal direction and the vertical direction. The number of cases of dividing the block in the specific
directions may vary according to a size of the predictive coding block. For example, a predictive coding
block having a size of 5 32x32 may be divided in a specific direction (e.g., the herizontal direction)
using seven gashests, andavareditiiva gadingtipckdavirgyasize ofafbndicdineytibe, diviged using three
methods. Also, regardless of the size of the predictive coding block, it is possible to divide the

predictive coding:-hlpslodsiRththe samealnembenad methadsaAdrosdng t0hehionmsertbe qaredictive
coding block can also be divided into the 10 same patrtitions, and all the following methods can also

be applied toghe;divisiomd b aradigiveedingiblasiohaving respecidvediivision siveasfsheuld include,
in a header, a flag indicating presence of a division block, information indicating how the division has
been made, awelipmcedasireierente Mioiute ingikes thaddarareferige:tolacedrdingste reapettive division
areas. 15When one block is direction-adaptively predicted, motion estimation and motion
compengation stmuld hetpedieitiddion epekifd trecivided arehs. Adilmnamtifianvecioighould be
derived from each of the divided areas, and a residual signal between each of the divided areas and a
reference aregahtaiegdbased epihiamnatiosdugctiodhhanige: dervetl anticenapdedii 2dadresidual
signal can be encoded using any one of the following methods. First, a residual signal can be
derived from gash ofteamaness dixided-fonilenedirtdistiveodabiing hlatkeandithehithk, twds residual
signals can be added to form one block residual signal and transform-coded. In this case, it is quite
possible that gaesiith kivililferensediaiweanithe idvekalkdigttieutiorn abrestdvdlsiginals. in the
respective areas divided along a boundary, and thus it is preferable to apply a filter to the boundary.
According to chroma, the predictive coding block can also be divided into the
10 same partitions, and all the following methods can also be applied to the division.
The predictive coding block having respective division areas should include, in a
header, a flag indicating presence of a division block, information indicating how the
division has been made, and encoded reference picture indices that are referred to
according to respective division areas.
15 When one block is direction-adaptively predicted, motion estimation and
motion compensation should be performed on each of two divided areas. Thus, a
motion vector should be derived from each of the divided areas, and a residual signal
between each of the divided areas and a reference area obtained based on the motion
vector should be derived and encoded.
20 A residual signal can be encoded using any one of the following methods.
First, a residual signal can be derived from each of two areas divided from
one predictive coding block, and then the two residual signals can be added to form

one block residual signal and transform-coded. In this case, it is quite possible that

there will be difference between the overall distribution of residual signals i the
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In another method, encoding may be perfoimed by applying shape-adaptive transform to each of the
divided areas. As shown in FIG. 7, when one block is 5 divided into two areas, an upper left block is
subjected to horizontal 1D transform as it is and then vertical ID transform, and a lower right block is
rearranged or rotated by 180 degrees as shown in the drawing and subjected to ID transform and then

vertical 1D transtanme n-dhisieased rasiduabeastlicients sepaiatelyr eloetdedapedydiiite the respective
division areas may be transmitted to the decoder, or may 10be combined and transmitted. In still

another methad bpaggirg may be performed according to the respective divided areas to generate and
encode a block. In other words, when a current division area is encoded, the other division area

constituting the block isrpasidest st At the aurentelivisiohyanppl iongosisiitereltbeane block and
then 15 is subjected to 2D transform coding. Padding may be horizontal padding (horizontally copying

an undefined:argddsfiamoadefined atedahd estical paddingr(varidaly7coplyingoae bhedfied area from
a defined area). In this case, it is preferable to perform horizontal padding and then vertical padding.
Also, an sindefividddixel adjoaent, tenongerisfododifinesbpixeld mayte patldedithasiogin limear 20
combination of the defined pixels. Also, directionality may be given according to a division direction,
such that anyioRenef hatizomtad paddling.sfenvestidal paddingmajobk paxamneatdiist rdiextd motion
vector estimation will be described. When one block is divided into two areas using a straight line,
a motion vectgy ofearinetihe divided arels isaliiiereniialiyldacodead hSingaasfatneaady eheoded motion
vector. In a first method, a first area of the divided areas may select one of motion 5 vectors of
adjacent blocksash Mbtioanséetor. prédiatar, ansta setbnd aredfinayiselegtond pf enotided vectors of
adjacent blocks other than the first area as a motion vector predictor.
according to the respective division areas may be transmitted to the decoder, or may
10  be combined and transmitted.
In still another method, padding may be performed according to the
respective divided areas to generate and encode a block. In other words, when a
current division area is encoded, the other division area constituting the block is
padded with a value of the current division area to constitute the one block and then
15  is subjected to 2D transform coding. Padding may be horizontal padding
(horizontally copying an undefined area from a defined area) and vertical padding
(vertically copying an undefined area from a defined area). In this case, it is
preferable to perform horizontal padding and then vertical padding. Also, an
undefined pixel adjacent to one or more defined pixels may be padded through linear
20  combination of the defined pixels. Also, directionality may be given according to a
division direction, such that any one of horizontal padding and vertical padding may

be performed first.

Next, motion vector estimation will be described.
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In a second method, a first area of the divided areas may select one of motion vectors of adjacent
blocks as a motion vector predictor, and a second area may select 10 a motion vector of the first area
as a motion vector predictor. In a third method, when there is a direction-adaptively divided block
among blocks adjacent to a current block, a motion vector of the direction-adaptively divided block is

used as a referencevmetiopnvestoEin sansidesaiion of directivityiaf thesghlidedplgcksndhios, when
there are a plurality of direction-adaptively divided 15 blocks, motion vectors in a predeteiinined

sequence or metiRnVesiplsfehbickichaviagisintRraivisionsireionsniyay decuéedmsdederence
motion vectors. In a fourth method, a first area of the divided areas may set a motion vector of one
of blocks adjageméia-th@first area as a motion vector predictor of the first area, and a second area
may select any one of motion vectors of blocks adjacent to the 20 second area and a motion vector of

a block or a divisionjargdiat thethan) e [Fasitiovd »apretbdsigisensyesaaiionyedtoropadictor and
encode a differential motion vector. Here, one straight line is used for block division. However, it is
also possibleecdivde ajectioakdore asé leastiwodivigsipreaiaas using safonmatianneonsisiing of at
least two straight lines, and coding of the divided areas can be performed as described above.

While the inventiof hasdheeacahiown anc-easeliore ikt taieranceita erdain exemplavg@mbodiments

thereof, it will be understood by those skilled in the art that 5various changes in fonu and details may
be made thergigdwitrout departing from the spirit and scope of the invention as defined by the
appended claims.

In a second method, a first area of the divided areas may select one of motion
vectors of adjacent blocks as a motion vector predictor, and a second area may select

10  a motion vector of the first area as a motion vector predictor.

In a third method, when there is a direction-adaptively divided block among
blocks adjacent to a current block, a motion vector of the direction-adaptively
divided block is used as a reference motion vector in consideration of directivity of
the divided blocks. Thus, when there are a plurality of direction-adaptively divided

15 blocks, motion vectors in a predetermined sequence or motion vectors of blocks
having similar division directions may be used as reference motion vectors.

In a fourth method, a first area of the divided areas may set a motion vector of
one of blocks adjacent to the first area as a motion vector predictor of the first area,
and a second area may select any one of motion vectors of blocks adjacent to the

20  second area and a motion vector of a block or a division arca at the same position in
a previous picture as a motion vector predictor and encode a differential motion
vector.

Here, one straight line is used for block division. However, it is also possible

to divide one block into at least two division areas using information consisting of at
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[CLAIMS] [Claim 1] An apparatus for encoding a moving picture, comprising: a coding mode
determiner configured to divide an input image into coding 5units and determine a prediction mode of
the coding unit and a size of a predictive coding block of the coding unit; a transform/quantization
unit configured to transfoun and quantize a residual block between the predictive coding block and a
prediction bldeksganeraiesl ghrokigs inital prediconfothintéivpdediciions taarbinvendermed as
guantization/transform unit configured to inversely quantize and inversely transfoim the quantized
transform blogksuibed fiegeency domain; a deblocking filter configured to apply a deblocking
filtering process to image data received from the inverse quantization/transform decoding unit;

a prediction block gevkiiatctecorigticadHs deaerdievheupiettistiviecdoditigreference to certain

exemplary embodiments thereof, it will be understood by those skilled in the art that
5  various changes in form and details may be made therein without departing from the

spirit and scope of the invention as defined by the appended claims.
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15block; and an entropy coder configured to encode the quantized transform coefficients from the
transform coding/quantization unit, wherein, when a size of a transform block is equal to or larger
than a predetermined size, the entropy coder divides the quantized transform coefficients 20into a
plurality of subsets, and scans and entropy-codes non-zero quantized transform coefficients of the
each subset. [EfEiMI¥[S]  The apparatus of claim 1, wherein the non-zero quantized transfoini
coefficients are scanned in a reverse direction according to one of a plurality of scan patterns. [Claim
31 5The appafatygpfiglaim 1, wherein a scan pattern for scanning the non-zero quantized transform
coefficients is the same as a scan pattern for scanning the subsets.

An apparatus for encoding a moving picture, comprising:
a coding mode determiner configured to divide an input image into coding
5  units and determine a prediction mode of the coding unit and a size of a predictive
coding block of the coding unit;

a transform/quantization unit configured to transform and quantize a residual
block between the predictive coding block and a prediction block generated through
intra prediction or inter prediction;

10 an inverse guantization/fransform unit configured to inversely quantize and
inversely transform the quantized transform block into a frequency domain;

a deblocking filter configured to apply a deblocking filtering process to image
data received from the inverse quantization/transform decoding umit;

a prediction block generator configured to generate the predictive coding

15 block; and

an entropy coder configured to encode the quantized fransform coefficients
from the transform coding/quantization unit,

wherein, when a size of a transform block is equal to or larger than a
predetermined size, the entropy coder divides the quantized transform coefficients

20  into a plurality of subsets, and scans and entropy-codes non-zero quantized transform
coefficients of the each subset.

[Claim 2}
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[Claim 41

10qguantized transform coefficients is selected according to an intra prediction mode. [Claim 51

The apparatus of claim 1, wherein a scan pattern for scanning the non-zero

The

apparatus of claim 1, wherein the entropy coder encodes a position of a last non-zero coefficient in the

transform block andgformation, for ddegifying the nQa7eiRCARMIGIEN 1T RARD I IRl form

10

coefficients are scanned in a reverse direction according to one of a plurality of scan
patterns.

[Claim 3]

The apparatus of claim 1, wherein a scan pattern for scanning the non-zero
guantized transform coefficients is the same as a scan pattern for scanning the
subsets.

[Claim 4]

The apparatus of claim 1, wherein a scan pattern for scanning the non-zero
quantized transform coefficients is selected according to an intra prediction mode.

[Claim 5]

The apparatus of claim 1, wherein the entropy coder encodes a position of a
last non-zero coefficient in the transform block and information for identifying the

non-zero coefficient in each subset.
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