[ DESCRI PTI ON] [ | NVENTI ON TI TLE] VI DEO ENCODI NG METHOD USI NG
OFFSET ADJUSTMENTS ACCORDI NG TO PI XEL CLASSI FI CATI ON AND APPARATUS
THEREFOR, VI DEO 5DECODI NG METHOD AND APPARATUS THEREFOR [ Techni cal

Fi el d] The present invention relates to video encodi ng and
decodi IGESERIPAION)er f ornmed so as to mininize an error between an

origin i estored 10i mage. [Background Art] As

har dmﬁl{%\‘\f’%@?f%@ﬁﬂ‘dﬁ'éf ng and storing high resolution or high quality
vi deo cont entiDED beERCOBWEGOPIEFROB UPRISIRG  a0FeSET Or ABJVISTMENTS
codec for effectivel %Hﬁ 15 encodi ecodin he high resol ution or

ng or d t he
hi gh qUFCORDINGEIC @nQLiAsSS'ﬁLCg@HQM@sNDA ARAT & TORRERPBeWIDEO
, j | G | ) ek encodi ng net hod
based SEGOHRe B HOR AR G P ARAT LIS TRERET R | mge dat a
of a spatial domain is transfornmed into coefficients of a frequency

regi on usi frequency transformation. A video codec splits an
| mage i[‘%@n'%qq:b?' ﬁks havi ng predeterm ned sizes, perforns discrete

cosine transhal GREd inverition BRREOMIRLIGRE AACEARE_BhCHecdtifly SRaPiae

frequency coefficrents in ock units in order to performa
ar i t hmperforropdrsa iasntoofminitréze raeqeerac yoetweers faor ntHginahimage and a restored

coefficients of the frequency region are easily conpressible types

¢ nparé‘HaQ%' the image data of the spatial domain. In particular, an

i mge pixel value of the spatial 25 domain is expressed as a
prediction error through inter prediction or intra prediction of the
vi deo Bred@roundiAtthus if the frequency transfornation is perforned on

e e o PRI ALs SRAORE shERISA PR, {folls WBHp0 e

havi ngcentent isibeéyy dehelopby aretlsappliedara asedrfor af vidabacodd@ for effectively

[1[5)i scl 8?18&%119 [01;e erg:rc])id?nagl thlzr r?iglme?glolution or high quality video content is increasing.
In a conventional video codec, a video is encoded according to a limited encoding
method based on a macroblock having a predetermined size.

Image data of a spatial domain is transformed into coefficients of a frequency

region by using frequency transformation. A video codec splits an image into

20 blocks having predetermined sizes, performs discrete cosine transformation (DCT)
transformation on each block, and encodes frequency coefficients in block units in
order to perform a fast arithmetic operation of the frequency transformation. The
coefficients of the frequency region are easily compressible types compared to the
image data of the spatial domain. In particular, an image pixel value of the spatial

25 domain is expressed as a prediction error through inter prediction or intra prediction
of the video codec, and thus if the frequency transformation is performed on the
prediction error, data may be transformed to 0. The video codec replaces data that
continuously and repetitively occurs with data having small sizes, thereby reducing
an amount of data.
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The present invention provides a video encodi ng net hod and appar at us
and a video decodi ng nethod and apparatus to generate a restored

I mge having a mnimumerror with respect to an original imge.

5[ Techni cal Sol uti on] According to an aspect of the present

i nvention, tlher presenbingentitstprovidased videoatioodingemiettbd and appargtus and a

par si ng,. of f set rge information indicatin ether offget paranmeters
b 5 o i el eihad PR cPParath Ry aBBrIdS B1esrrd omaoRgYng o
bl ocks ngihinishesr e \@ith EIpelcE® ah Brigm@hingader from a recei ved

bitstream restoring an 10 offset type and of fset val ues from anong

the offset paraneter of the current block based on the offset nerge

I nf or matrQpg. At . 0iNg an edge class or a pixel value band of a
rgstoregtgPQrélgglof&pﬁ@“gurrent bl ock based on an edge type or a pixel

val ue band tAgoerdifgttbeart aspeot obltlue lprésehitciavémtipr, therd 1ss eroviggd;a ideo

determ ning an offset value correspopding to the edge class or the

pi xol | $&PAINGMEUEPT IREUAIES: Grasaing! apets Brarg IYRIMRIOBenclcatings Wigther
adj ust pffdefpRiantitedibts RirehPBITRSAR §CIcBsKEhe %ﬁfﬂ%‘riﬂ%_ﬂl&cﬁ ﬁgnpé%ﬁb
val ue. | Advant ageous Effects] During video encodi ng and vi deo
decodi bpcksi ofevidearase dilentidal ite ceambicother fiym @ taceiveagbitstheanac tastoring an

h ' d ff is d i ped. b '
o or "SRR SRR ol Bsefla Ben T oot BifoERLpYaEHEL of Ine furRUCHRNE
group, basdd resthey effsdti merdge mfernestions tkdernsininghgn @ldgeedlasd BeepixeRlalue
error between an original inmage and a restored image is mnimzed.

[ Descr PAPAGHE frestarad il ]of 268 Rrepbbiock hAsSEhE? andiider ge i@ pixel value
C ABa1eeanb Yo
Govar BARE he of ind SRt bIAUCRUIERNYIhG dREPILIRIT ABRATNG 2h offset

descri exenplary e nts t nce to
t he at valueecbrdzspoindgey tonthehedde class or thel fiixellvalae danidootfkthei regtared gfixel

e, R RSP S SR A 3P S Rle  HAS BE R

accor difofsetaa|ggrbodi ment of the present invention; FIG 3 is
a table of edge types and |lengths for pixel classification, according
to an ebbdwanieaeous Effaetspr esent inventi on;

During video encoding and video decoding, pixels are classified according to

an image characteristic, such as an edge type, an offset is determined by using an

20 average error value between pixels having the same characteristic in the same
group, and restored pixels are adjusted for the offset, thereby an error between an

original image and a restored image is minimized.

[ Description of Drawings]

25 The above and other features and advantages of the present invention will
become more apparent by describing in detail exemplary embodiments thereof with
reference to the attached drawings in which:

FIG. 1 is a block diagram of a video encoding apparatus, according to an
embodiment of the present invention;

30 FIG. 2 is a block diagram of a video decoding apparatus, according to an
embodiment of the present invention;

FIG. 3 is a table of edge types and lengths for pixel classification, according to
an embodiment of the present invention;

FIG. 4 is a flowchart illustrating an offset value encoding process, according to
2



FIG 4 is a flowhart illustrating an offset val ue encodi ng process,
according to an enbodi nent of the present invention; FIG 5is
a di agram of candi date reference bl ocks used to nerge offset
paraneters, according to an enbodi nent of the present invention;

FI G 6 anseabpdim@iaf the pragent inventjoa; vi deo encodi ng net hod, according

to an 5enbodi of _t esent_ | ntiQn; FIG 7.1S a
owchart 1 FIGecs 461 b0 BhE CrrldiiRy ieenss, bisstst ey tq dndpe offse
enbodi nrarsmeters hacqordingnb annstabbdiatnt of the prdskft indehfior® bl ock di agram
of a video encodi ng apparatus based on coding units having a tree

structure, ddGolisng Hvearklystiatinnta yidephengading methadeaeceiding to an
171 G hbcyifeht BFfﬁegc.Br@géﬁf'ih%nt?on\” deo decodi ng apparatus based on

codi ng units having tree structure, according to an enbodi nent of
t he present RIGvénis arffowchart illasteatil® a sideoddeapdimy hoethdds accdridingy &0 an

concept_ gf codi nits according to an enbodi nent of the present
i nvent ieg?podclmenpgf the presentdnvantiqry 4 pl ock di agram of an i mage

encoder basgqcon Psodimgcw&iégaﬂeﬁafsgomeéageﬁdadm apbadiii® based dh@oding
Fl 12 f mage

present invention; Is a block diagramof an i

decodeunBadeningra tregistigctue: sceardingdp ey erobadimesrt of theepresent intvention;
5 ng uni ¢ £ 10 Soieqt hiogls Aedphiot 3 AeBhBlies atabRl Rsd i boding
enbodi weits halinghetrpe strebture nacstirding;to 20 kbodifndrs of titl passant invention;
describing a relationship between a coding unit and ) )

FIG. 10 is a diagram for describing a concept of coding units according to an
embodiment of the present invention;

FIG. 11 is a block diagram of an image encoder based on coding units

15 according to an embodiment of the present invention;

FIG. 12 is a block diagram of an image decoder based on coding units
according to an embodiment of the present invention;

FIG. 13 is a diagram illustrating deeper coding units according to depths, and
partitions according to an embodiment of the present invention;

20 FIG. 14 is a diagram for describing a relationship between a coding unit and
transformation units, according to an embodiment of the present invention;

FIG. 15 is a diagram for describing encoding information of coding units
corresponding to a coded depth, according to an embodiment of the present
invention;

25 FIG. 16 is a diagram of deeper coding units according to depths, according to
an embodiment of the present invention;

FIGS. 17 through 19 are diagrams for describing a relationship between
coding units, prediction units, and transformation units, according to an embodiment
of the present invention; and

30 FIG. 20 is a diagram for describing a relationship between a coding unit, a
prediction unit or a partition, and a transformation unit, according to encoding mode
information of Table 1.

[Best Mode]



transformation units, according to an enbodi ment of the present

I nventi on; FIG 15 is a diagramfor describing encoding

I nformati on of coding units corresponding to a coded depth, according
to an enbodi nent of the present invention; 25FIG 16 is a diagram of
deeper codi ipoonding tacaonratipegt b the prasentainventivmgthiece an peovided reentdeo
of the present invention,. FI GS,. 17 throu 19 are.dj.agrans for
descr | BERGODG: aIdlPR R ngs  Rersine: SRl FoRs PRl MHicanG whelher
transf gt parardétets of 8tRFet BibdkOad af [E_€ bRBHeigHbdritg) MBER fdin among
i nvention; and 30FIG 20 is a diagramfor describing arelationship

bet weelecksoeli igearare, idantieal dp cgadinother tfrasn aarergived bistreami restoring an

| SLORL B Ak orcBe SR T 5063 haS BF ol P8 clreFe B
i nvent ibasedtdretiee bffsetr miergte thfermatitr distemminiy artdiyd class wdiangixel value
parsin e information indicating whether offset paraneters

ffset _

of a c%@%erﬂ%‘e%r%%e&rgegrﬂ@'tof| gquresnd biskgbassid oy ap) edtde BPSRABhg! value
bl ock - i i . _ . _

ocks p@haubIE Dfahe duifRiMk Llﬁ(gt#l% i Rn tﬂbﬁsgﬂtgfg@t,aa\l/ﬁ(f%{e\f fning an offset

bitstream frestoring an set type a al ues anong
t he of vakie panresparstingfo theeedge ratams of dek pbxaebealuerbartkobies mtstoredgaixel

et or Bamh the PRSF Vallef dpicadigingt v Tiel e BLie o iefpeiel adPaig o
val ue Bangffsstpmal@d. the current bl ock indicating the offset type; and

determ ning an offset value corresponding to the edge class or the

pi xel val ue AseAtding te e aspach oédheipxesent inventiom the: deteradning £f jbe edge
adj ust | ' : I f Exel Fdi to e

oo e RSl e BErll ) DESE0E BT AP RIS WL S
det er noffseigtypé df litee edgentchlesis isothetduygepiype] coraparnd pixa! vluebef basirmntig

i xel may include: in a case where an offset t of the current
ook etoiesl Gt e0ReiolGBRRHTS rRixoxel e GWebay destedrbkgl disposed
rest or gecidiRy t@ﬁﬂe“éﬂi%t{%é %do'aeﬁeba%gfsiiéleaﬁarcﬁe&eﬁhmm tHO RGP RS

di sposed accord%n& to e edge type and an edge size, and determ ning
@

t he ediwlicatimgswheitiec the egrr restoredepixelis antddger pixelomkgreinstkee adiusiing

d ' ' ' i Ng. h | xel I f th d
oi el "Bt B VRGBT, REBF PAtBlB8 akERiolid o i€ oHEeLlel AanbEaRg A
of f set cued wetere aNProffset ealliesiconirisesoffsut vehsy b rigsgondditd® elgs thiksses
20 allocated to a current offset type, determning an offset val ue

28r r esplipfated to @ sHERh effeptaypeodetarmiving rath offget ¥alugreaurgsipeading tpran
t he of i t f.& he present

I nvent %gﬁé cﬁ%{'g‘&ﬁé?eerc lrﬁrrﬁptrlllépéc??(?{egjeﬂ g%lgfgbrﬁ{?gggﬁg&\{ﬁ%e%i xel val ue band
of the restAcedrdingxé amespect blittee preseat iaentiohethe déterofrisg of thepedgé

the cu&ragg tor%(e) Cp‘fxélsvaﬁuheebg%c)i( %lf tﬁlg Ir(;lzjs oupe%gixgyﬁ]%y iﬁ&hﬁé:”?n“é rc]:gsé r\]/vehepr{a)iﬁle
offset type of the current block is the pixel value band type, determining the pixel
25 value band indicating a pixel value range to which the pixel value of the currently
restored pixel belong among a plurality of bands, wherein the adjusting of the pixel
value of the restored pixel according to the offset value includes: in a case where the
offset values include offset values corresponding to pixel value bands allocated to a
current offset type, determining an offset value corresponding to a pixel value band

30 of the currently restored pixel from the offset values.
According to an aspect of the present invention, the restoring of the offset
type and the offset values may include: if at least one offset parameter of a left block
and an upper block of the current block is identical to the offset parameter of the

current block based on the offset merge information, restoring the offset parameter
4



25 val ue band indicating a pixel value range to which the pixel value
of the currently restored pixel belong anong a plurality of bands,
wherein the adjusting of the pixel value of the restored pixel
according to the offset value includes: in a case where the offset

val ues of ?ﬂ@e adeent bloek agsamssas the stivantiong offsetmaremelen efd¢hbdeftiblock and

cor oo sinupRa vEL M SR ROHERY SOof the currently restored pixel

fromthe of f/arbrdiag Ussan as1pect oﬂﬂ@@raﬂewttlﬁvémloﬁtﬁﬁﬁ@tregforhbeoﬂ)flﬁs@ﬁéet
i nvention, the restoring the offset type and the offset values ma

i ncl uddyps angthe afiset \@I@%Wéﬂclyaeaﬁeqtéﬁeassfor@ oftset parajprtes of adaft bloc
upper black, ﬂppgllhﬁlo%wcffqﬁé RIrRAE bl &ent frIoﬂ1 ;@oﬁ%étﬁﬁraﬂﬁﬁ?ﬁ@f
n, oring

of the curren ock based on the o fse ner ge or ne res
t he of fcsa‘enpro&xkﬂiaesedlon tife d)ffsetcnlengenhfdnhmbnaparsmgsam rédtering theafftet

one of fset E ter of t ft @I ock ang thg u&qer bl ock of the

cur r enP@53B eC“"ﬁ'& m hefrcave bitsEpahe present

i nventi on, m@ofcﬁﬁg QWb 419 a@be&théf e fb?ésérﬁﬂﬁvé’rﬂﬁ)nt hﬁe %Et%%gvad ﬂ'\%%ﬁ?é‘t
include:, if at |east one offset paraneter of [ e bl ock™ 5 and an

upper pscRndthe pEsetivalees compeires: spQI‘fGrﬂ‘em@nredlqttmn armé restoeation on offset

D o g Etarforee 2 R Phe Yo er B akPhgr s B0 B pEReed) Sad e
the receinpenehts of rthenturrent blocRcbprrdfargng dtoasaels psther'ofofidee grrafedrs

I nventi on, the r storing of the offset type and the offset val ues
conpr i S8ONGHher aifsat r‘@arﬁg@éﬁ?@t i fscarding &2 @EHr ashash b Ahe mregant ingention,the

I I
B ormm Chset e 78 o, AfbEa60 o aiR AR P SRy B cen, SRy SO TR BhaHainal
of f set ppatsaimstucies inrtios gameeedgel sIeBs patrmmmaesalxem/amedbarrm to an as pect
f th t th f f I n erage of differe
st L R e
same eg@eotdrwdliry rrIelmdsa@mFﬁsmgI dé@rmlhg% ed’g’ia“@l‘é@é depardiny fah kage

aspect of the present invention, there is provided an video encodi ng

met hodyPerefra sument kleckframhamgna blegkgeofaidesona pbrelvalye banshacasding to
t t I
band adcrEh V468 bR HRILAE MR ATE R oS HRIR pBrBbiTgNg 18 the

of f set etdlgé udasOr dhpapidéeingalue biwed dgasiogadifferencehealpes eldetwabn erelstordd
rence val ues en restored 20 pixels and ori gi nal

Fxer sPhkels apdPoNalHaxEgackHEganfhe; HEO sS IRINe PRSI BaTRoANC
an of f gaknRat @ﬁ@éte;far%e% éacﬁo&oepesmpﬁgés a dHisk? g@ge i%‘nBI%a'tiH& téebigd

the edge type or the pixel value band type and an o
cor r espedomine DIXBhtéabGdBRd ’aape amd taneoffaete:lormapoedingrtd thbae;m dass or

i dent i t he cutrent bIo

| eact BIPREF BB A Brdnel o8 TG lks oethsse itk Pardndlitaciion8 reant
25cur r plck rieckt igadt @ﬁblrMQN‘Ibtﬂir’I‘g?bldcheeﬁéécﬁﬁ@ diReamirge |ﬁifor|fnhﬂon of the
current block is encoded According to an aspect of

BhesenturaRiedechindisaiaodethar Hiereffeat paremetegof éh%@@rrgrmtcbloﬁ@mpen@aded
val ue band g g&f@{d'irgfg: ahfﬁs@e‘aﬁaﬁtrﬁé“g@%eﬂf' iRlehiGh, e &&%nﬁﬁﬁrﬁé%é@ ggéea

is determ ned acc , conparin
cur r entlags ramitmleepixpn mUeMdnmrghbses ng gpcass WI@fre tdneoﬁsetrcﬁrthbmurrent

;?ite?rglg?&ﬁl di ,ls{f)qqgaegqu ggégrg %gigte%yég,ecoerﬁjgaerir%gy &%I"‘J‘a ues 0 g %rrently

restored plxel and neighboring pixels of the currently restored pixel disposed

30 according to the edge type and an edge size, and determining the edge class
indicating whether the currently restored pixel is an edge pixel.

According to an aspect of the present invention, the determining of the edge

class and the pixel value band comprises: in a case where an offset of the current

block is determined according to pixel value band types of the restored pixels,
5



i ndi cating whether the currently restored pixel is an edge pixel.
According to an aspect of the present invention, the determ ning of
the edge class and the pixel value band conprises: in a case where an
of fset of the current block is determ ned according to pixel value
band t yetermihingltee st vabet pandinslicaingdepixehvaluaganpe tpivhidh & pixed value
band indicating a pixel value range to which a pixel value of a

cur r endl § ey daSlor st POEL PeRpS TS a1l S bepdi “bande.
According t Q\C%BrcﬂﬁQQQFaerasPQ@t Bf GRePredahy GNdridn, the eﬁ'&@@fﬂmpnﬁf He bhSet
offset nerge information of the current block conprises: if at |east
one of Mengegafoametien afithe sugrenkblocks| aeapriaes: dratdeastrons elisetdiarameter of
cyrren IS J.dent.i e offse apeter. o rent
bithck, Seribaouk A" ahy BBbet BId® ob bB-EwPEH BEeR.ix insitRal o5 1B, oftse
par anetpararaktdriuf the rcuereht blaakk encoding théoffsetimeggé infarmatigre ekclatiinghige
present _invention, the determ ning of the offset value correspondi ng
to t he oHggkramatenel hgecysiart PIagkt ue band conprises: 10 determini ng

the of fset Ly %a!nsasggc%?wepgrégen@iirye%&isac eV&étBﬁﬁianrﬁ;ﬁgBF offset
restored pixels and original pixe I ncluded 1 n the sane edge cl ass
or thevakuee qoirsespondinge thatte edge clagk car dhegpixel avalué eband peamnpdées:

Diror SRfRminAG3Re oBBet el drans Bhrienace A fiebiossdiing DeyBbgr aiared
ner ge bidels BREI sHyindldigdlbi ingudbgtihehe &ahteedparca®s 6f thdkameCPikEEPhlue

bl ock and at | east one nei ghboring bl ock from anong bl ocks of video
are i déahfcal to each other froma received bitstream restoring an

ffset t t
curront - b oAECRrd 38 et Bpnd BRI Brosehs Thieior? R brefladd o
adj ust Md@gudl%%odim e?pgﬁa‘tnz rdongar'wingécbje toﬂbets pamm@t_epipfﬁéin%yamitgfobﬁsing
a restore e ased on. an e or a plLxel Vval ue

o 1 heOttaF BREOD INiRTna e ndiaatgditber Slizel Rasameleta ofet elioRl PigcaAnd
of f set aV@a'é?oﬁé’h%ﬁgﬂ%l%'ﬁ]Bbflﬂoél@fréﬂﬂearﬁéﬁﬁ bfdcf'l@%f@l’df&ﬁeﬂdéﬁt'ica‘f?é escrblaﬂfér

of the restored pixe romthe offset” values an justi n? a pixe
val ue bbm ageeceivedbidireaneresiodng anmjfsed typeeand pfeet valles froncamotigribe

i deo_ BSBPTBEBEbLIRCo AR BAER! Sue el ristoRimgHtafiorand an
det er nofiséigadjistitpenict ictsit@esining Aifetige daisedga pixeevdliie dapdrdfentestored
bl ock from anong bl ocks of video or a pixel value band accordi ngito a

Foxel Oa(leh_@afb%ﬁl@nta)ﬂp%dgenypécﬁr,a airg! %&!F%mﬂﬁit)‘@e ghths ‘M’EQ”"\F&‘I’Ql‘_ein cating

g.or respangiag tg@e,t gﬁd %‘é%nﬂhiﬂgsaﬁ)gﬁ%‘tev@béE‘don‘é%kaHﬁdihQ’}B 1Y éfbye“&ass or
| fference val ues’ between restored prxel's and ofigrndl piXxe

i ncl udde pinet vedue dbged ddhe Irestorent pixbefrpmxtble offset @alues dindaadjusting & fpbed]

paraneter encoding unjt. for, when, an offset paranmeter of each bl ock

Conpr | ka1 refere pixeareobdin 5 e aStge i pe or the pixel val ue

band type ap@caminy tS notiver s dGet prdsBt adlamtiohadferrist hrovietehn

val ue band, based on identities between offset paraneters of the

@ar r envidepoencoglinng apparatus comprises: an offset determining unit for determining an
edge class according to an edge type of a current block from among blocks of video
or a pixel value band according to a pixel value band type thereof, and determining
an offset value corresponding to the edge class or the pixel value band by using
difference values between restored pixels and original pixels included in the edge

30 class or the pixel value band; and an offset parameter encoding unit for, when an
offset parameter of each block comprises an offset type indicating the edge type or
the pixel value band type and an offset corresponding to the edge class or the pixel

value band, based on identities between offset parameters of the current block and



at | east one neighboring bl ock, encoding offset nmerge information of
the current block indicating whether the offset paraneter of the
current block is encoded. According to anot her aspect of the
present invention, there is provided a conputer readable recording
medi umatdeasigone cagidkboring: biank, eneodinganfféetr neege doformatioh eofvinge ourrent
decodi t hod.,. cor i t 0 _anot her aspect of .the present
mvent (LR RERng whsther BE el Baistn R pE e ST b R RES T um
havi ng reCOfA&@rdih?HQOQn_@th@F% Bt foprthexs@sbhh thvehtioM ﬂ%}eeﬁcgﬂwﬁtﬁbd a
met hod. [Mode for I'nvention] 10Hereinafter, the present invention

wi || b&osuyder beadaklee recardingnimedivrer deyinge reeordad thareamaaypiegram for

drawi n ¥e | C ' i ments of the invention are shown.
%ﬁuse%aﬁg?{g?wetﬂggégrgr%&éﬁdﬁ%&ggi ncl udes any and all conbinations
of one or nKczoeding hte azethe'r eztspéhct io$ththd priesent irikliahf tiugﬂgﬁeregitsoﬂiOWed a
met hod and a vi deq decodi ng nethod that are perfor adj usti ng
of f set CREWMES r{Sa&%‘g‘Ei 1&G0TeNg s §19G1¢ R | @M'”&cé&%ﬂﬁa%r eRDR@ORE AL for

Wil | b"ex@@ﬁﬁ%ﬁ}d gﬁj{;‘ﬁéé @nbgaiﬁbq‘ﬁ%gﬁp FIGS. 1 through 7 below. Also, an

enbodi nent | a video encodi ng nmethod and a vi deo decodi ng
met hod [Madedobinveotibmly units having a tree structure uses an of f set

eftbodi mont T rBES b8 EEEAYATTAR WiE he dbkssped a8t Y v Btpence
or pixed thersteoripanying dAhiRgs, oM. whitheex@hbRiry eMibodifiRaes offtilve iahtidn

still image of video, a noving inmage thereof, i.e., video itself
Fi rst, a5 $h@wb. encodi ng net hod and a vi deo decodi ng method that are

Dy T ERdR, L oo ACRIE B SIS ISR RN ooy
FI GS. indrerafdigh agsheibted. listed itemsFIG 1 is a bl ock diagram of a video
et i on. A vides SrRatipBIBSeHaM Ay RSHAFRAIS Tiottict bieiaHe begoRRed by
embodi BBstihg Drisdeacad dﬂflg* 8 bixdf ERLSHiBAIMSh BBESrdig f8n @MIdimeht will be
par aneter encoding unit T4.
described with reference to FIGS. 1 through 7 below. Also, an embodiment in
which a video encoding method and a video decoding method based on coding units
having a tree structure uses an offset adjustment according to pixel classification

20 according to an embodiment will be described with reference to types of pixel offsets
or pixel bands and FIG. 20 below. Hereinafter, an “image” may mean a still image
of video, a moving image thereof, i.e., video itself.

First, a video encoding method and a video decoding method that are
performed by adjusting offset according to pixel classification according to an

25 embodiment will now be described with reference to FIGS. 1 through 7 below.

FIG. 1 is a block diagram of a video encoding apparatus 10, according to an
embodiment of the present invention. |

The video encoding apparatus 10 according to an embodiment includes an
offset determining unit 12 and an offset parameter encoding unit 14.

30 The video encoding apparatus 10 according to an embodiment receives
images of video, splits each image into blocks, and encodes the images for each
block. A block type may be a square or a rectangle, and may be an an arbitrary
geometrical shape. The block type is not limited to a data unit having a uniform size.

The block according to an embodiment may be a maximum encoding unit, an
7



30The vi deo encodi ng apparatus 10 according to an enbodi nent receives
I mges of video, splits each imge into bl ocks, and encodes the

I mges for each block. A block type nay be a square or a rectangle,
and may be an an arbitrary geonetrical shape. The bl ock type is not

| i mi t ecncodingdanily efni, tanteng eycedingiuniisrins tree shiustuwreoc Kidere enchdigg tamd

an enbodi nent. may be a Xi m encodi ng_.uni t n 7 . encodi unit,.
oo TP AR Bt heBror W SHOAE ottt e Mool it lithe Bspgibed
decodi ngterRiithqeferbass s PIGS hetepgodi ng units in the tree structure
will be described later with reference to FIGS. 8 to 20. The video

encodi ng appdteayidgo rncading appratus 3@ asspEtingnid @Nneybpdimentrmay penfora
bah | IEE rrpdieion PIAE Sldieor | BARGIFRIAE and MiefHARdE Rir B3ch Hinge

sanpl eblockndenstaiatsanipdes,auefam entrappiehsddiagron the samplese and draput the
encodi n% apﬁ(é)ﬁar at gs 10 according to an enbodi mrent nmay encode an of f set
val ue °AM] Iy PYs¥aMer ence val ue between a pixel of an original

i mage (an ﬂr@,eo\wjugbr@icoeiﬁgeé%?%ﬁ;samia&br&ﬁ?q%ra%%%e@@ﬁt%a_ aer]code

restored pixel) in order to nimze an erro etween the origflna

pi xel andffset vakust indieatipg aedifference valo betvwerroa gixa dif @y ctjgiealdnageian
according. to an.enbodi nent .m eterm ne the offset. value for, _each .
b qet SR ERRUT ARG A T LSl Bieeele doredebnd(f i Bide? o Fitaize
of f set apasresreietwebn thélBhigigial PrePanS die teatereddiklan of fset type may
15be encoded for each predeterm ned data unit. The of f set

det er m ni ng ThEi tvideo Rreding garrarafise nfbdrerandingetter aAnn&kadimgge may
t Ii t . fset :
of or nieferfinteing e VARG rdrthle Hroofehiniél dsta Ut subfads e, 2 slce.

pi xel sadflothestcur Aardffdet pakarbateednadudinhehedffset yaleecand be gfiseetypeainag
band type accordi '

t l. ch teristi f 20th t bl ock.
e cdbB e yBaoAdeOreA B B RIRFh R may | ndi cat e di ecti ons. and

sizes of edgpg bPsatedbtBiminiy UARL Y QEcOINR) téth BRIHBIRAEAN Beirhfics an
Al so, when a total range band of pixel values of the current block is

split Edge typepeadiixel Matsibangine of a lsarrast biokk. pirkelofiget detepaining yipi

accor di i ; afell . u 0.

ands. of 10Re BIS/ETREEERer £ shBBiER Sty Bst By o BaREnCbipkkBased
case wbarthe astgef fypetorvthieusixelf vdlbe bandrgpe ducoeding So depirenth@d@cteristic of
according to the edge type, the offset determning unit 12 according

4§ an H}?o%‘_éﬁ’%rh'o%y determ ne an edge class that belongs to each
it o " R0 sCERAYPE SR I ST By RRR TR ch g ) Bos
of edges formed by the restored pixel and neighboring pixels. Also, when a total
range band of pixel values of the current block is split into a predetermined number
of bands, the pixel value band type according to an embodiment may indicate the
25 total number of the bands of the pixel values, a range of each band, etc.

In a case where an offset value of the current block is determined according
to the edge type, the offset determining unit 12 according to an embodiment may
determine an edge class that belongs to each restored pixel. The edge class
according to an embodiment indicates whether a currently restored pixel is a pixel of

30. an edge. For example, the edge class may indicate whether the currently restored
pixel is an extreme point of the edge, is an edge pixel constituting the edge, or is not

a pixel constituting the edge, etc.
In the case where the offset value of the current block is determined

according to the edge type, the offset determining unit 12 according to an
8



30 an edge. For exanple, the edge class may indicate whether the
currently restored pixel is an extrene point of the edge, is an edge
pi xel constituting the edge, or is not a pixel constituting the edge,
etc. In the case where the offset value of the current block
i's det embodichent coaylicogparet & eixal gealuy pé, the heurcdritlyetestieredr pikel withupixel
12 accor I ng . emhodi a u

cur rencPiost cpeihpdng Tikeln BiSRaRey afeBoung PencurEal Fesbred pixel

di spos %@caﬂm@@@rdm@anéﬂi@aﬁarsrﬁg bﬁ’e@?‘éé ahecae@émheétﬁé%@bn@aw indicating
directions and sizes of ges and erm ne the edge class indicating

whet heMhﬂiber(:ﬁhller@ml]ﬂ)’rrégtom@leﬁi bséheuegigehraX@dge pixel. 5ln a case

L e ool S5 eIyt BASEAGE b Ll R I U AR P LeL Mg
accor ditégthieo pixel evdiadi bamnd tly‘pg dl@ée@ﬁfsmedetepﬂnmhg V@huuazo@viiotmﬁg to an

bel ongs to each restored Xe The pi xel val ue band according to an
enbodi ®EMCdiMENt Maysd ﬁteﬂ’nﬁ@ a\pixglalim dapd tah kelopge toieaeh resiored pixel.

bl xel iLpEL LARECRES BESRE I BRSamba AR RuBaftet b Bitdiivdtie bBd to
ac?:or d l|\J/‘ggch meaplxehvfu?mfﬂm curaemta/ w?tcged pl?f]ii dt>el<1r11g=3I f);:dérlnrauhd)mgacﬁlurpilbyedf
Tae < &5 Nallh pageShottie AR el Bhs Fords anfy b onl ApentfhS s a0

band i edugRtpid @amex'%hﬁéal Uesé, afiEe pluraltyi 6h ke WiIXe! barRlsU endyf btehepnt
currently restored pixel bel ongs fromamong the plurality of pixel

val ue 8SBareRg to an uneqn«?é pofel y@luejeangeri nihgy isnthe affsed dedemmingot vlanltaHZ
empodi I’rF'Féé{ }ue an dpnggl 95|L§%tan)ﬁ%hb"°caﬁr?§ a@oﬁ?&ﬂ%l&‘@ Gér?qé”‘ﬂ) SHAR & f]oﬁiel

or a pix estore afence Var

bet weenamsmfoirhedcm‘re«etlysresmiedrplmlrtzdlormsx&bm amolngdhd plardlibeof pixel eslge
cl ass or pixel value band as the restored pixel. 20The of fset
cﬂé‘terngﬁpﬁﬁ unit 12 according to an enbodi nent may an average of

di fference Wbugﬁs&eéé@?rﬁm"r%shﬂfteﬂz Rick6tding s é?{g m@hf‘@bﬁér ines an

i ncluded in the same eege class as the curTent ass or t sane
pi xel oHbelkevdlaatoresph logrtoatmecﬂﬂaellass@lrweplbahmlue bandam‘ aanasrt@rgd pixel

error t he ore an,of f.set ,val ue corre ndi n

cur by isltD AFRLIENUES bRy Attt nl BBt BHS B in' e
det er nsamegedyY tladd ofplkeliGaloebang athedestarba@pixedr a pi xel val ue band
for each restored pixel in the current block. Accordingly, the offset

8t er ni ni ng ThARi affsep dedgrmypingr waihd2 accrrding §@tar\/%'lné?@dt%$'?te'§9?zﬁrﬁﬂi Average
each edagifelass %Ise? lB\'e/agllr;é(en A iGred Qelgfélﬁeérlggﬁ%ﬁl%le'lﬁauff ﬁ?en%@m?

determne each o ue correspondin xel
t he bl edge cBiBsEhas dhé seirrephreaiget dase oc diaé mgnmptxel&amecbam 1ag the aurrent

ol R U R AECIR I F I AE ST RIS S .

type otogashoridling ko e EltferitictRle diadsisr %@r?éfﬁ‘bliem%%fband.

25 The offset determining unit 12 may determine an edge class or a pixel value
band for each restored pixel in the current block. Accordingly, the offset
determining unit 12 may determine each offset value corresponding to each edge
class of a block. Also, the offset determining unit 12 may determine each offset
value corresponding to each pixel value band of the block.

30 The offset parameter encoding unit 14 according to an embodiment may
encode an offset type and an offset value of each block. The offset type according
to an embodiment indicates the edge type of each block or the pixel value band type
thereof.

An offset parameter of each block may include the offset type and the offset
9



An of fset parameter of each block may include the offset type and the
offset 9 value of each block. If the offset type is the edge type,
the of fset paraneter may include offset values corresponding to each
edge class. Also, if the offset type is the pixel value band type,

t he of fvakte pheaoktdockrayf thecbfisket typédetthe adgestyper thes pfiseti paraneteaotay
pi xel valu

P hoode Riide ARBEE vilRS AdasnbBi oL ealtbents cass Ahp B reaftset fpe i
par anetgs pRePNdlde UBhhd 1fyRe CHedi dtfsel O paransatep dmEgNtindl8de CHfSStE values

of fset nmerge information of the current block indicating whether to
encode caespoBEing facashirixel yRluehbardir r Brat i) heloffset pataroeter ganoding amit

of_. of f get r e r d at | east one

nel ghbzlg"l rﬁggl?ﬁggégE@%?ﬁséﬁbqrgﬁ?{t%égégﬁgﬁz@et paranmeters of a |eft

bl ock and aThegbffs&l pakarmétel hencodiince initbll 9 cdcdosding etat baaémbodinient may
of fset paraneter of the current bl ock, the offset paraneter encoding

uni t 1£N5e68 OFsRpMesa Rfeimiaithe rureah Blngk indisaling whethastgencode an
i i f "
i nfor ”?%Qf‘ggﬁé?ﬁé}%r bPihd Eﬁerﬁt] %?%k,%@%ﬁiﬁjﬁltl&ggf %ﬁé%f@%remoﬁéﬁoeﬁ the

the of fset paraneters of the bl'ock an erig
cur r entcubeotkiock aindrat |eladt fomeemaiglibanng bleckf f set paraneter of the

current blo he of f se aranet er encodi ng upjt, 14 accordi 0

Mbod et gt leieh dne; fk oFFEBRTameGE Bhich Bt Plogls S o, R oppck or The
par anetgfreff bldik fUidetticabt®the offset pdrbmddrt bthéd rupfemRtbIoek, othe offset
of fset paranmeters of the neighboring block is identical to the offset

par ameParameter rrneeging pinith] 4 @ccordied dpf arterpbediment Mmay csgodg thei effset

20 acc ' ' ff ' rmat i on of
e b ThethB SibinBlof EROSM TR bnel el BaRepfel of e B8 BIBER L ™5t e
c ]th ][ rent bl 0¢ﬂ<the>oth]’E pélﬁtmétb_ﬂs dr)]igthe_tléﬁbrjoqkaer(ﬁd thle n'ri]gh‘t(b:cic]lcitﬂ(t éfdhe@i‘urftehébloc;(
of f set par ters of the nei orin ck tot of f set parameter o
e cuPFeiNeiest Pnrafaeeqr%% ,rarinptetgrh%# e curenbplack. A afiset parameter
nei ghbgp} I ey it C | ; of-f-g€

ot oo PRESding BRK 24 SabclhBhGCR Al driboBfEng g cbntiid'ifle biiEeOsige
t he cuinfermatigroaihd the offsetTiasamietaranf thacurrentbloekcodi ng unit 14

S LE M A s e
It an @ tisebffsst Pardnfstepbf Sied cAeATBIGK, RS ofs8UparinictéA cABE@NG it 10
an 30enbodi ment may encode an offset paraneter other than the of fset.
20 according to an”embodiment may encode offset merge information of one bit, and
encode only information of the offset parameter of the current block except for the
identical partial information of the offset parameters of the neighboring block to the
offset parameter of the current block. For example, if the current block and the
neighboring block are identical in terms of offset values, the offset merge information
25 of one bit and the offset type may be encoded for the current block.
The offset parameter encoding unit 14 according to an embodiment may
encode differential information between offset values of the neighboring block and a
current offset.
If an offset is 0, the offset parameter encoding unit 14 according to an
30 embodiment may encode an offset parameter other than the offset.
The offset parameter encoding unit 14 according to an embodiment may
predict and encode at least one color component among a luma component and
chroma components of the current block by referring to offset parameters of other

color components. For example, the offset parameters the luma component and
10



The offset paraneter encoding unit 14 according to an enbodi nent may
predi ct and encode at |east one col or conponent anong a | uma
conponent and chroma conponents of the current block by referring to
of fset parameters of other col or conponents. For exanple, the offset
par anettee shréreal apmepaneni® ash predictedand arcadadoby sbaring ve muwuallyereferring

predi cted and encaoded by shari or_mutyal ly referring to. off.set

par amett%r% 'seispa(mg{eﬁg;s. e@?rﬁn(?%f ?’é%fPPE“arQﬁP&E e?agaB‘ret St ?fr &t F'@ﬁrcd}{ﬁma
CONPONERImpUHEN? apE e BECEHY SN BEPIPBRENBAR Hrediftited @fdattoaad aeshaing
sharing or nutually referring to offset paraneters. 5The video

encodi ® Rpalwreferring tectseliratproetess enbodi ment may i ncl ude a
|
central pr OGI%S\?H?[é %31%88{?1%59&3#5@3 ﬂfgg&ﬂ'b,n:é B éﬁ#%dhrﬂ?rgﬂ&u%?%clude a

determ ni ng uni Set paraneter enco
Al t er ngentral prodelssoo{ricteshodat)ethat gengrallpiconirdisatng dffisetaldtemtining unit 12

aramet er, encqdi ng unit, 14 may. opera by thei.r respective progessors

Fnot sﬁ&mﬁetq%g'@t Pataipstel epEp msﬁgwa{‘g, Aliermatvel . he %?éée&‘rmwnagm't

10 iy tar i t ; ;
appapabHg He BRYeUPRRIALIY ggg{o%g% urf 48" AR ¥Ebdate UB}{B {[ﬁéﬂi%ﬁ&a@e(‘ége

determining unit 12 and the of par anet er encodi ng
cont r olprecedsprs Koot showp)) that dintesaativelyabppraieesndr thusothes vislen) encoding

vj deo encodi,n aratus 10 accordi ng.,.to an di nt., The .vi deo .
Hioai ARPamly REBRAbE Al BERE AaemaleRone idffd eletfuting i 12
| east ond that aifsdtaspeameter Encotlihg U} i bestontaslicdnpy th@rénadl Biitan
data of the offset detern1n|ng@un|t 12 and the offset paraneter

encodi Sytaimak progessorenet geewahebthayidepriicading apparaus he [aggerding to an
menory idbnnit (not shown) that controls data input and output

of the data storage unit (not shown). The video encodi ng apparatus 10
accordi ng t dhanvidededcoding apparatpsnétaccofding no @aarembodioreniimdy iaclude at

i nt | yid di installed therein or an externa
Weo rsbanRaale staeds unitdralshanmidhal ot inpdipng otigdlitaa f i alset
per f or gefndningdeft £NERE NG ofBEY SdrafTbteNEhctHing uhitanst aHERiieR endbGing
I nternal video encodin rocessor of the video encodi ng apparatus 10

accor deppataduii Oandy i amagmnRccenrteolanitepat shewp) thad seotrolegdatalimput

appar aPLd SUp RLSTa0% R OBRAGH i ot oD, < Ty % e & vi deo

encodi ng pr Jhesddey emedding dparatusen® riccordiras te avi efabogintdimay operate
operati on. . FIG 2. is a block diagramof a video decodi ng

a?;%par atrusoppeciQn: ovith & inderal e\ﬂ%%i%ﬁg'rtsf ProRessPedasialieqBafgIpPr an
The vi ColicRg rat rdi t ' trakNG!

an 300? ?%g?élpg?jae%pte g’reaglggspﬁog(%%ﬁ?fqugg@gﬂ aé\) \???gg%’w %ﬁ@tﬁeﬁgﬁ’uzﬁﬁ%by
24. perforriting v video efwmodifihgperspiandnciading tearcsfoutatipre o Tre iatdradi vidao
receives_a,bitstream.i P&i udi na encgded vi deo dI ta. The video dgcg.dl n
appar abLSOUBY REGCRERE 8 Hlenuded shsPdndanpairlss 10:asordng g gnrgbodime
bi t st r fRP ineRIde0h BepHrat@PYroeBESsH 88 welNYEEE Vidsd ehdadingNappdrdRisS$0, a

transfornati on, and prediction and notion
25 central operating apparatus, or a graphic operating apparatus may include a video
encoding processing module to implement a basic video encoding operation.
FIG. 2 is a block diagram of a video decoding apparatus 20, according to an
embodiment of the present invention.
The video decoding apparatus 20 according to an embodiment includes an
30 offset parameter parsing unit 22 and an offset adjusting unit 24.
The video decoding apparatus 20 according to an embodiment receives a
bitstream including encoded video data. The video decoding apparatus 20 may
parse video samples encoded from the received bitstream, perform entropy

encoding, inverse quantization, inverse transformation, and prediction and motion
11



11 conpensation on each inmage bl ock, generate restored pixels, and
generate a resultant restored image. Al so, the video decoding
apparatus 20 according to an enbodi nent nay receive an offset val ue
indicating a difference val ue between an original pixel and a

rest or @empensation om néadhz émage eblock, lyenesda eastanedgpixals, | and)gcrwmmdte a

th t d.i C ff t it 2
hecor RISt RS SR dmAgR: AR Jhr Ses ReBATg AL e 2 Acbariting to an
i ndi ca@m&mﬁ%ﬁh%aﬂéﬁaﬁe BAT GERt Q/a%@ﬁnoﬁcé%”fgf gHifflepek \aige %tetw@éh%tan

one nei ghboring bl ock fromanong bl ocks of video are identical

each otomlgrneﬂ roxeltandd Bi lte§t0fedrnlxe._lcmh@lmmﬂ@tanmrr@mbe@req@aaemglrmhlma:gz
a ord| nt may restore offset types and of fset val ues
a%ng o] r%%?ﬁ%?ﬁ ‘'of the current block based on offset nerge

i nformati on Tole dffsetparaeterdarsing unit 22 acEordiex &mhambddimeht sedy parse
pararret% {)ar5| ng unit 22 rraﬁé parse and restore an offset paraneter
of t he OHSE} BYero® infermatifhinditatinorwhetbgnffeet ﬂ’%’amqig@t‘)fp%?ﬂ'ﬁ@%*?'@cbﬁnd

15 th

from canleest Bae TSRt Hhok EOFLaRg POV, AsRERRiS 18 sat A offer
bl ock. frldmvﬁnfebltsttdwnoffset parameter parsing unit 22 may restore the
ffset t f th t b b the off

oW e 2" TR oy PR B 5 or A 87 bR LB Slre
par a”Ebﬂ‘éeloffy?bg%n@%ffs%%alhb@%cﬁﬁ@@ﬁéé‘tg)é?éﬁ}‘é'tér@%ﬂhé ctirentbibeRbased on

paraneters o0 the current block an | east one nei ghboring
bl ock &ffeet merae péormasiosseftthecheenbBlosl on the of fset nerge

| nformationggf 0 (fé”ﬁmgrqffs%lt ?)%Earpeter parsn-rl;ﬁel.lerﬁtfg 2 ﬁ@ng@ L0 ré'&“e &

according to ane di ne érm'ne a or a
val ue béfset phranieter e tios edrrpnkblackbra@radherb|tsnreedga‘ mgpm‘fsyt ;mr@m)eeérs of

val ue hand type the current block |ndic g an set t
cr r en?hezgwégkb%ck and aﬁﬂf@s@fq*@epelgaﬁgg@g fge Q&g n%;a‘% Oﬁ}?f
embodi BBEE] B tHEE LREET Rfer Iﬁfofrﬁ%fnoﬁaéfumeceurrr@ﬁtpsnaekngwaegg.e ttﬁg%rfset

class or the pixel value band of the restored pixel fromo
val ues pafanméter parsingtuniti 22 lmayrmt@lfef thet oﬁsﬂtmran@twﬁ thescuregntdulpcis by

a pixel val y_an _q 0

oo st PRbBHE SHsst BardRlet ot B i Stam ot oo g g HOEK e d Parsipg the
cl ass offsét papaﬂiewabﬂméoaudeﬁpblo%acrrorhetﬁteqmt%@lre@rrxﬁl thefofidee prvamertrs of
bl ock. Accordin the of fset adjusting unit may determ ne an

0f set thﬁapuereeb%'%anau 3igleast one e@gebﬁﬁwwl%@%umw@i toisagh other
val ue Bayéi%aﬂrm %‘Ffeca{ ﬁ%@ﬁ@orﬂﬁé‘c@ @ffﬂg%uh%ﬁ { BlogK. of fset values and
ac res red pi by an oftsef.

adj ust e
The offset adjusting unit 24 according to an embodiment may determine an

edge class or a pixel value band of the restored pixel, based on an edge type or a
pixel value band type of the current block indicating an offset type of the current

25 block.

The offset adjusting unit 24 according to an embodiment may determine an
offset value corresponding to the edge class or the pixel value band of the restored
pixel from offset values of the current block. The offset adjusting unit 24 may adjust
a pixel value of the restored pixel by an offset.

30 The offset adjusting unit 24 according to an embodiment may determine an
edge class or a pixel value band for each restored pixel of the current block.
Accordingly, the offset adjusting unit 24 may determine an offset value
corresponding to the determined edge class or pixel value band for each restored

pixel among restored offset values and adjust each restored pixel by an offset.
12



lithe offset type of the current block is the edge type, the offset
adjusting unit 24 according to an enbodi mrent may conpare pixel val ues
of a current block pixel and nei ghboring pixels of a currently
restored pi xel disposed according to an edge direction and an edge

si ze, and ddf thendoffeetdypedfthect@rsentdilotihis theredget yper thet affssd abljustingl unit

Accordingly, the offset adj.usti it 24 d ' .
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ourr oniHigrEtie BREARAEE U clg il reRIAEl B LRI to e S Aty of
bl ock bagftsl. EAcocbrhgajly,nﬂfegeﬁgeﬁ adjmwtingnunit hhza nfa‘ylsaEtepmnmhfofffgft vélee
current oC restore S Sa as the at eas on (0] (0] set
pler aneF@F@SB‘?n(Hﬁé to g’?? PBE Mﬁ'“&?ﬁﬁ%&e ﬁhpngr%lt% Esweé REep from gmoggi the

bl ock. ' n f | . t
e G e T STRct DR LRSSt 13t oifsBt BS G LN D! fom

mer ge ithe wstenedooifset values mray thecamaveradef oft differsceetalpas betweensrestored
the | eft bl oc nd .t right bl qgck,of the current block are different
from ¢ hient FEdE i Me e el VoIt it RSt Bhedh Hre afug are] 56
i nf or matigipal pixBRs. of f set paraneter adjusting unit 22 may parse and
30restore the offset paraneter of the current block fromthe

B0 st ream For a mopg detaledglescriptionpf tha offigstarametemadivetingunipge, iiat
g . o t oe . _
1 ses G ERL st bR RIS LE 2R LA R it ST it g
par anefidemtioél thetheunffesat padramletert bé thef setrepiakdonit dasadj ost b?gatﬁm'drge
22 . t tial . inf ti f th ffset t t he
cur r eniVBIIOT, NS PSeL PRIAMAIET £ 105 Gurisit Blogk Mgl bt reieresk g same as
par ameify gt dadthénd Af BHRRE | ialefsts - of T T BidtkNand Rh& Nt 18cI0Tof ithe

of fset paraneter of the current bl ock may be parsed and restored from

t#e bi cetrerablockur Ardeel havinghan offselcpaneateiaethat iadp bt ieferrechita nxy be

e o ¢ ettt Bahvafing plonbBLB8 s iptBo Pl s b B gteom,
22 may conbFogheinhd@, #rthé afffsenparamdteofabwete Blogkiset thealgit Hictk dfiiBe

nei ghbori ng bl ock and of fset values of the current bl ock and predict
and r eSviGeR blRek sire (liffereaf from dhe offset parasmetepiohdire cHlrenh blagkrlasadhen

of f set sRAPRRIGE AfrktibAY D s JERYmEtS! 84Ristifg MHif 8t may parse and
30 restore the offset parameter of the current block from the bitstream.

Furthermore, if offset merge information of one bit parsed from the bitstream

indicates that partial information of the offset parameters of the neighboring block is

identical to the offset parameter of the current block, the offset parameter adjusting

unit 22 may restore partial information of the offset parameter of the current block by
13



10value to 0 if the offset paraneter does not include at |east one
of f set val ue. The of fset paraneter parsing unit 22 according
to an enbodi mnent nay predict and restore an offset paraneter of at

| east one col or conponent anong a | uma conmponent and chrona
conponeusirygg tife pariat inforematidn ofctheyffset paparoetdrs pf thed seighbgring biddks etThe

paranmeters.af cqglor co ent For exanpl of fs ranmeters of the
P 18maiRe AaREM RN PhiecH NS RaEREh Bhile RyeBOIP e Ty Byroed and
shari nge%ré@f@mgh@g),f&egm set paraneters. As anot her exanple, offset
par anmet ers of first chroma conponent and a second chroma conponent

may be pr edul%tr&wrm@de,rm offsel paragieden adiusting amitr 22 myay (passe ged restore

ebaar seerenlsl YallPEa: 16 WseR ARRE FCrecoBifE, "Bkl Popathe ofset

gener aldayamefdrr adjustime wiiff 22t mpgr esrabigie aﬁrea?emtalunfdrn%ﬂonnbbtw:@@n offset
of f set agﬁ ng unit 24. Alternatively, the offset pararreter parsin
unit 224 fit8 @ﬂ@&or'ﬁﬂj%‘ihﬁ aifset "234“%9f Bsequtent lockiand predict an

reSpeCtréé’t‘éré)fHécﬁfgs?ﬁldé%%ftﬁ@%Wman %@Ekl nteractively operate, and

t hus the video ng appar at us may generally operate.

Al ternat i velRurtheaoud,f thet offsetaparoeretpaagijusgingninit 22 may testore2the offset
of f set adj ust nit 24 may be contralled b th con 0 f an

ol8t or nyBs B Bag BlrhesParhBlatst ate et Tor s Btast B Sifshbydlime 2o
accor di ng t Thanofydedrameter parsing uanﬂQ é((tdl'ﬁ@ln@%%@i é?ﬁb@@lﬁ?érﬁtrh@y Bfdict
according to an enbodi ment may include at | east one data storage unit

(not s nestorat 2B tQffses paipmeteinel slidgast eng golor earepeIgnicamprg ardyreAa
P A N S S
contr obﬁsdaparammerts @frr:blmtmmpomént*sheFdaEﬁampm affeetparani{etets cfitham)ma

The video decodin paratus 20 according to an enbodi ne
of¥er at QOF}POE'SHﬂ tﬁ% C%mrnaaqmmr@rﬁ%m»? BeJealorei MgS'E”BSé%fs'éfe"mg to

instal bfdef rE‘%rré’r‘n@té?é aAAEXA RItASY e‘k'aﬂﬁﬂed%‘?f@@t ?r&ﬁﬁfé}%sef d Cﬁréle%%rﬁa

vi deo through video decoding, thereby ‘performng a vid decodi ng
oper at componkst iandea regconddelvoe @drmv@nsnbmws be predidted \antkpestored by

decodin tding Lo an enbodi ment may include a
separa?g @&§§5§g§ﬁw§gnﬁgfet§ ”%ﬂ%e"fdeo decodi ng apparatus 20, a
central opemakivi \n@ecaa@amhg%pp@ratas gztoaai&vo@dmgabaam &Rbagipterftay IMYude a
i nclude a video decodin processing nodule to inplenment a basic

B0deo &eRGal ﬁ@cgﬁémamoérshown) that ggaerally pniipds Hhe §faph RrERNIRtET Passing
the vi gﬁ@ Zéeﬁl%“tlgk? i ?@%@k%ﬁ ignﬂcﬁpr H RIS tﬂ@%gﬁ%?eﬁé@r%arsmg

sanpl e "adaptive s tomnimze’an err
or i gi nahit@2xahd dinel odfset atjusting pinke24 nizy upenage blyeth&ihCespeciivei prgcé@scas

mbodi t i |
caon | MleshwiB thab g R aREboPreRRg Snd dnds,the Jidec, cigedindcdhatats 20
Pi xel hf2qesrany RpRAied PRlatIenihe @ﬁgeﬁﬂé%‘?&eﬁﬂa%ﬁéﬁhlt\@ 4Ad the

i ndi cati ng an average val ue of errors between ori gl nal o] xel s and

128st or etiseli adivstingdnitidd maynbe igentratied py ke coniselnf aBaeniersl aracessened

T deo SRBh! dEMeRddE AR 0o HpRBfi TS SOARORARES Bh St mERhar ot ue- 10
nmay encode Fhaplidso decbdingappatatiih20 eivcorting saanlepshdsimeht Alayaasiude at

types, and the video decodi ng apparatus 20 nay parse and restore the
sanpl e@aﬁf ene slata sloraeR) Uit {8t Higwn) that sﬁptfé%m@H aed RYtrys Sataplithereffset

and thg% el Vaﬁﬂg%@‘@@aéﬁ& Llﬁez&f%‘i%?wéstg@ LiRit 3%, eFRRAV R d8dbding

restor ues according tothe o
30 apparatus 20 may include a memory control unit (not shown) that controls data input
and output of the data storage unit (not shown).
The video decoding apparatus 20 according to an embodiment may operate
in connection with an internal video decoding processor installed therein or an

external video decoding processor to restore video through video decoding, thereby
14



20 value determ ned through the pixel classification and

encode/ decode offset paraneters so as to mnimze the error between
the original pixel and the restored pixel. Signaling, which involves
encodi ng, transmitting, receiving, and decodi ng of fset val ues as

of f set pesdoaming: asvideo piacbdhgedp@vatimaenThdaéntei*mﬁwidemmi@oningpmcaSw of

accor dihG Yo eltiion TS ine 20; EE TG4 1A APaReeY 58, pelucs o

decode stebarétecmba@s%obIéssWéwamthaeftferoaa@cdd#ﬁ@ %Pdranug 00 af @Itk ePerating
i mge bl ock, restore offset values fromthe bitstream and adjust thé

rest or @@pﬁraiuss Ay ac @raphipo AEETa]ingf fappagtus hanaybyneeder at vidgoa decoding

| ge., Phorardi AR OBIGNRHE: BagR vidtd B LSRRG Sheldlicl”, nf o i e
groups for tihe Sk@oaenosdinggapparatusrigodndethe \Mdelo demodﬁﬁgd@mrbn@zo

By using the SAO accord| ng an enbodi nent, pixels may be classified
(i) ac@GFardng {»aBRjB wff@té@ﬁ@ ﬁ@ﬁﬂ'%@d?%%\t%iaﬁ%ﬁtd kSQas (tpiminimize

accor dighg o r Pheileehd Heohgfﬁgl tdﬁésaﬁaeéeq @Q h%f tgg/ch@ﬁlﬁ' e sao

pi xel s accordlng to e es or pi xel dtyp
def i ne@cbgrdirig t@fafrtselmbbylmeenta(tmwiemgenoo(hng appadatos ntQ classmes prels of

di f I fy. | xel d d b ' h
o ac Bl fepd BRck B etleteln i dlcotbes | Slastle, cgipopiPade

of eackofrespefidiflg pixedgroms,| artbentddes sHoFRBE vélb@cirkdlﬁﬁﬁ’ngfan a@erage value
determ ned according to a current edge type determ ned

cur r en©f HrBYR. batwgen; arigingy @ixglsseds restoredr pixats ywamdowraadhglse@n% pixs
be defi by conparing pixel values of the currently restored pixels
and nerghbori ng pi xels. For exanple, the edge class nmay be determ ned
accordi ng t @anfples ess ehzoded and tiDsRrited betwieerCthaswdeo @ncbdingiapparatus

15 10 and the video decoding apparatus 20. That is, the video encoding apparatus 10
may encode samples and transmit the encoded samples as bitstream types, and the
video decoding apparatus 20 may parse and restore the samples from a received
bitstream. The video encoding apparatus 10 and the video decoding apparatus 20
according to an embodiment adjust restored pixel values according to the offset

20 value determined through the pixel classification and encode/decode offset
parameters so as to minimize the error between the original pixel and the restored
pixel. Signaling, which involves encoding, transmitting, receiving, and decoding
offset values as offset parameters is performed between the video encoding
apparatus 10 and the video decoding apparatus 20.

25 Therefore, by using the SAO according to an embodiment, the video decoding
apparatus 20 may decode the received bitstream, generate restored pixels for each
image block, restore offset values from the bitstream, and adjust the restored pixels
by corresponding offsets, thereby generating a restored image having a minimum
error with respect to an original image.

30 Hereinafter, embodiments of classifying pixels into pixel groups for the SAO
according to an embodiment will now be described. By using the SAO according an
embodiment, pixels may be classified (i) according to edge types constituting
restored pixels or (ii) according to pixel value band types thereof. Whether to

classify pixels according to edge types or pixel value band types may be defined by
15



if Rec(i, j) < Rec(x, y) then Cass ++ if Rec(i, j) < Rec(x, y) then

Class -- 15 x and y of a currently restored pixel Rec(x, y)
denote a horizontal coordinate and a vertical coordinate,
respectively. i and j of a neighboring pixel Rec(i, j) neighboring

t he curaftset typesexicordiag o srleneadimeny.) denote a horizontal coordinate
and a vertical cgoordinate, respectively. 0 denotes space range. i n
20 whi oh t heTh&raeRt CBiSSoTHE( PIXels; aPeSTaINg L SIS uPER s ting the

conpar ismn dcabifihg & ahensaHiment Wil Ak berfdcAbgg! Rec(x, y). That is,
according to <Process 1> above, an edge class Cass of the currently

restored pi ¥ edge(slasy)ofnegchhsesteras pixeddneluded dnng ausrentdlockrineay b

C ahbar | bi xel eli . . . e
i & pos ot dhifed Bofardii o e/l 808G 1% UBIcARRRELR 4B KfitetPlbli ! g
i ncreass adgoralisy@st of chgentyvestondd pdteddlmay e defined dyeedmparihg pixel
having a greater pixel value than the currently restored pixel Rec(x,
y), andalyes Qidpe cHrreatly resiered pivelgandarighbering BIXAS- t o t he nunber of

nei ghbori ng My lainfiec tHe sbg *@é(é%‘ﬁw% Eéf?ile't&fmiﬁbé?dcc\%ng tb@o&@é‘s 1>
currently restored pixe e ?x, y). The <nel ghboring pil Xxgl space
range ®elow. which the nei ghboring pixel 30Rec(i, j) is disposed nmay
be defi ned %%,(Baese(q%ed bel ow. <Maxi mum nei ghboring pi xel range> (i,

j30 e Cl, but eﬁ , Y) X-M5i 5x+M & y-MW+M M denotes a
maxi mum hor iglaeat pand vertical distance fromthe currently restored
pi xel Rec(x, y) to the neighboring pixel Rec(i, j). Thus, the maxinmum

nei ghbori ng @l kéI€ Pange nay incl ude the naxi mum nunber (4MA2 + 4M) of
nei ghbori ng ;9§ .S dl currently restored pixel
IPREE) ) L RREBED TN ekl

Rec(x, vy). the e class Class may be in a range
from - (4VA2 ifiRébli, pi< Ree(qiyithemGlas§4MA2 + 4M) at the maxi num A
center value of the edge class Class range nmay indicate that the
cWrently restored pixel Rec(x, y) is a pixel disposed around an edge

other than “aﬁ@gg X8 curtBAUPUEMG kg f@;éc‘ggs?/?ic’i‘@n@tiex%' Ha#Zohtal

j) within the neighboring pixel space range _ ncrease or _
decr easeottinaiedand a vedicakagerdinatepsespectivelybe ilanch| of aeneigbbating il

an opegat i on t. . For .exampl e, . in ase ere the edge

Cype’s Reg(Gd) Aedtaring the L AioReL bl SR ) deraid = Jitteptal
be conmpabriindte andel gbhal @PoRdingle, tesposBily.n a denoteend spabé rapyedn
internms of a pixel value. That is, the neighboring pixel space range

29 of Whck ethe a@ighlyingpixehReri.d) is Aisposedpwhiehie@ ermearison target

of the currently restored pixel Rec(x, y). That is, according to <Process 1>
above, an edge class Class of the currently restored pixel Rec(x, y) may be
determined according to the number of neighboring pixels Rec(i, j). Among the
neighboring pixel Rec(i, j) disposed in a predetermined space range, the edge
25 class Class may increase according to the number of neighboring pixels Rec(i, j)
having a greater pixel value than the currently restored pixel Rec(x, y), and the
edge class Class may decrease according to the number of neighboring pixels
Rec(i, j) having a smaller pixel value than the currently restored pixel Rec(x, y).
The <neighboring pixel space range Q> in which the neighboring pixel
30 Rec(i, j) is disposed may be defined as presented below.
<Maximum neighboring pixel range>
(i,J) €Q, but (i, j) # (x, y)
x-M <i <x+M, & y-M <j <y+M
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15< Nei ghboring pi xel space range of vertical edge > (i, j)a but (i,
1)(X, y) x-Mpt+M & ] =y A type and size of the neighboring pixel
space range 0 may be determ ned 20 according to an edge type such as
the vertical edge, a horizontal edge, a diagonal edge, a strict

maxi num andMadenatesta maximum frorizedtabyand xeticahidistance Hemehghtuarentty

i xel an ._An edge,.cl ass Iue i ndj her pi xel |s
el uddBe e i gaeaR 1 B i SeloniReaap kAL Ko )V ThIals. afebmesup

for cordergitiothgriphel! r@igéesnémﬁénuaet LY ma%nﬂﬂﬁenaﬁf‘b@fdQWmeﬂ) of
conbi nati on of the ed 8 type and 25the edge class nay be_ determ ned,

and t hieighhsiringl pigelsudisre§edareetd thel casestiviragiores phel Raatknyk i dn this
t d f

oicel g iBYe, blRs FERsAT Begn rnobfls TR, & 4B EhitHum to
det er m(#aRA2ac RN ditribe trﬂa)tlhr@neng de)'itm valiie ot tgeedy @ shaseaCligs sreande may
determ.ned within a range of th er of neighboring pixels

Ther ef & cat@ht att@@w 'Yéﬁ(%@(ﬂ‘? '%ﬁcézf V] 'Sle%wﬁdﬁp@seﬂ@éeu%@a(ﬁd@g

d
appar a At ue o ea@ﬁqﬁ)&%n Tr]ass o hir snthe ﬁ@l?hﬁ@ﬂ@g PB(er ?&Q:glnﬁ})' \Qﬂhln the

of f set a curren

rest or m|ghbcnrlngapmet dpage range€) ofd\siscreaseaier delemseaaa;cmrdmg to an edge

coeffl |ents 3)gq es accor di ng to a ﬁredeterrrép ned edge type
%9? ed 'Haé( %ﬁ@ tP'QW'B’f'?% ' QRAMAROR RAOYE- t 0 be encoded

and t r ansm Fop@xapnpleeinva d¢age Wherdehedbdyk apRAisal Vertidal edge, the dd?fre'htly

case where an offset value used for a predeterm ned conbi nati on of
t he eddestpigsk Pied R%xwgéney&comp@red da @fﬁ%@anrmgmlmbrdlenoseag@ a

| :
205 NoPhobBEgRUCISl, GG Q0P Bl 3o AR, L EORARA B gpoco
vi deo daogelhof thepartidal £dge.may behictert@ined ashpgresemtgtibelow. t he

pr edet er m ne lnatlon of the edg pe. and .t he edge class nay be
Moduced. | < NEiSkRaias Re! Seats e o YBHICAL SIS Er at 0s 10 and e

vi deo decodl(,ng @ppayu@t(,ui;ﬂ& y classify pixels according to an inmage
characteristic¢, such as’an edge type, determine an average error

val ue bet weéfi\/lpﬁlxé}(*sl\/héiwl?]g the sane 10 characteristic as an offset,
and adjust restored pixels according to the offset, thereby
mnimzing an error between an original inmge and a restored imge.

A type and size of the neighboring pixel space range Q may be determined

20 according to an edge type such as the vertical edge, a horizontal edge, a diagonal

edge, a strict maximum, and a strict minimum formed by pixels within the

neighboring pixel space range Q. An edge class value indicates whether a pixel is

included in an edge or is disposed around the edge. Thus, an offset for correcting

pixel values constituting the edge according to a combination of the edge type and

25 the edge class may be determined, and thus a pixel group may be defined according
to the combination of the edge type and the edge class.

The number of neighboring pixels included in the neighboring pixel space
range Q may be determined according to the edge type. The edge class value may
be determined within a range of the number of neighboring pixels. Therefore, the

30 video encoding apparatus 10 and the video decoding apparatus 20 may encode and
transmit and receive a corresponding offset value for each edge class of a current
edge type, and adjust a restored pixel according to the offset value. Hereinafter,
coefficients of edge classes according to a predetermined edge type are referred to

as lengths of an offset value that is to be encoded and transmitted to the video
17



FIG 3 is a table of edge types 31, 32, 33, 34, 35, and 36 and
| engths for pixel classification, according to an enbodi nent of the
present invention. Indices 5 4, 0, 1, 2, and 3 may be sequentially
all ocated to the edge t8/pes 31, 15 32, 33, 34, 35, and 36. The
hi gher deasedifiaapparawisadl.appear ance of t he edge types 31, 32, 33 34,

i ocat ed 1 dhEheRighels pROMEVEER dsed'iors piboctriia tafbglonor e

of a cudgen zba ahestheretigepdlzed, %0, amyffost e far Areed§ey cRREINUGF Bk Plikeht
val ues of the currently rest ored pixel XO and ej ght nei ghborin
pi xel s €4ge type, iggprexipushsd et%ml | agfh thereals) e egedite enredesand transmit

cu rent hé( orrgé%\?éirﬁg td?‘tPf@lv ?;98@%@@ & heireg) éé’eo?hé”’r?rgith‘f@ethe

i ndex | S case, e nu asses a océted
curr entdrgdeteshmedoqumbualatrc)(@of thelé’dgeatydetdmaistha ddgegtlassmwytim reduced

det I ned 17 i,bed abov
cfaggensnss gzpé‘?fﬁf‘?redh%s @seBy e@%ﬁ%‘&& r‘?’%’p@[ﬁ P%n?ﬁy alng‘o it ed'dﬁpxéileCOd'ng

val ues a‘)%?arétﬁs% ARt EdsSiRE pRERJaBior8INgX O 8N ImbBET chafRctBASERRIChNSs an

pi xel s , X3, and X4 "horizontally and vertically adjacent to the
cur r entedger peordaiemmingl axGavRrage r espie valueo betweert quxely pea\dng dhet same

%, PR o T B BB PR o R oy

r est or eginniziely arakresbefwddnears origiaat ||nYag"ee§rhdJe€rdsﬂ@ire’¢imé(§b and two
[ [ |.s X1 30and, X2 hori zont ally a§§acent to the currently

hb '
festored Bigfié'xg(@ﬂr tphlerdqsiaa types Sle 3éddé 34:pP. #8036 ang lencils fa, pixel
and t h'éﬁas%ﬁﬂcﬁﬁ&ﬁ E}ad?%}‘dlﬁ t(g%ﬁeern%(&ﬁj%e?ﬁ oPthe present fvéftiod. N number of

edge classes Is term conpari ng currently restored pi xel
val ues of t hedices beht0\1, rzeandrtemambeeseqc@rdraﬂyaumatedgmrm edge pipesl 31,

W h T 2pae b de.” A Rilinst Tk RE Sl oF Predarace 2 i RS lypes o1

| engt h3ga33b3=4d% ernmsedh@%nfauerthe indiocBs® 4, b § DUSREB r@éy BE%focated to
classes Is deternined as nparing currently restored pixel

val uesths efdge tyRes 8it By, |3§st36r éé pnsie?rG XBnedoe\Rashe Ph RS HTE Y piestared

i 20l 3R B TR IR et

and t hX® and eight meighpobiagduxas Mo, as3,54, X5, X6, X7, and X8 adjacent to the
20 currently restored pixel X0 with respect to the edge type 31 of the index 5. In this

case, the number of edge classes allocated to the currently restored pixel X0 is 17,
and thus a length may be determined as 17.
As described above, the number of edge classes is determined as 9 by
comparing currently restored pixel values of the currently restored pixel X0 and four
25 neighboring pixels X1, X2, X3, and X4 horizontally and vertically adjacent to the
currently restored pixel X0 with respect to the edge type 32 of the index 4, and thus a
length may be determined as 9.
Also, the number of edge classes is determined as 5 by comparing currently
restored pixel values of the currently restored pixel X0 and two neighboring pixels X1
30 and X2 horizontally adjacent to the currently restored pixel X0 with respect to the
edge type 33 of the index 0, and thus a length may be determined as 5.
Also, the number of edge classes is determined as 5 by comparing currently
restored pixel values of the currently restored pixel X0 and two neighboring pixels X3

and X4 horizontally adjacent to the currently restored pixel X0 with respect to the
18



Al so, the nunber of edge classes is determined as 5 by conparing
currently restored pixel values of the currently restored pixel XO
and two nei ghboring pixels X6 and X7 adjacent to the currently
restored pixel XOin a diagonal direction of 45 with 10respect to the

edge tﬁﬁ@estap@ﬁ%cvféhem ,anghihustaulength maytie delgrimedased.ni ned as

cdge 1ike t AUSEoE pRear sHOE RiAt3Rh ds U ortifiSy mYar bl el Gttenty

cur r entregtores pixet dalpes o thcamentiyvesiered pvedl iXtand xed pelghbaritig Pixels X5
hori zont aI I adjacent to the currently restored pixel X0 1l6are

conpar énd nt| t9s dhey aeently  rasdoredr pisel | X0 rias fodizgopak dirextiniregf
(5 TER Q?qgﬁﬁgﬁ%%@?tﬁena%qgﬁ%f GBS Mlex 2! REXSY Jongih may be

X1==X2)detberrrq|b(6d::a)s{15 and X1>X2) then Cass = 1; 20(3) |F(X0==X1 and

Xl::XZ l d X1 ==X 4 0 X1. d X1
A o) ot xS e %?dg%ei?se?m%e?er@'né%%sﬁzh« ompaTing Susteksly

then’ Craserad pikel PEIGES OF frek &@rrérlﬂﬂ/ @Bf&é&?&e@%@&%’ﬁm hBighb&ARE pvmg K6
the currently restor ed 25 pixel a |l ocal maxi fum poi nt of

an edg@nd( XY adjgsientto tte eurmribrestged p@@)l X&) ipi & diagonakdirediion afrdd” with

% agesr b ifc cBheyod 360N il ifen Foihd plusts WL ATLEHREMR 5

In a c&se where an edge cl ass vaI ue is 0, since an offset value is

highly likely to be 0, an edge class of a restored pixel not be
encoded. 30N&XteXxagp! %’rﬂﬂoﬁilcﬁﬁ%tW'Eﬁreéhﬁs%qgey’iyﬁﬁ lﬁme@cahemﬂh@ thg edge

pixel ¥ale!s3tNfeliAER darkdShiRgl 1AIGesPIRE RRETIY rbStofbl BRRPHIERY two
neighboring pixels X1 and X2 horizontally adjacent to the currently restored pixel X0
15 are compared, the edge class Class of the currently restored pixel X0 may be
determined according to <process 2> below.
<Process 2>
(1) IF(X0>X1 and X0<X2) then Class = 2
(2) IF(X0>X1 and X1==X2) or (X0==X1 and X1>X2) then Class = 1;
20 (3) IF(X0==X1 and X1==X2) or (X0==X1 and X1==X2) then Class = 0;
(4) IF(X0<X1 and X1==X2) or (X0==X1 and X1<X2) then Class = -1;
(5) IF(X0<X1 and X0<X2) then Class = -2;

According to the <process 2> above, in a case where the currently restored
25 pixel X0 is (1) a local maximum point of an edge, (2) a pixel of a block edge, (3) a
pixel other than the edge, (4) a pixel of a concave edge, and (5) a local minimum
point of the edge, respectively, a corresponding edge class may be determined. In
a case where an edge class value is 0, since an offset value is highly likely to be 0,
an edge class of a restored pixel may not be encoded.
30 Next, an embodiment of classifying pixels according to pixel value band types
by using the SAO according to an embodiment will now be described.
Pixel values of restored pixels may belong to one of pixel value bands
according to an embodiment. For example, a minimum value Min and a maximum

value Max of pixel values may have a total range of 0, ..., 2%(p-1) according to p-bit
19



Pi xel val ues of restored pixels may bel ong to one of pixel value
bands according to an enbodi nent. For exanple, a mninumvalue Mn
and a maxi num val ue Max of pixel values nmay have a total range of O,
o, 2M(p- 1) accordi ng to p-bit 19 sanpling. A pixel value range

(M n, N2Plingy e piel valuenfange Miurax) maypb&eapht/mtgea e mggber rofapixel

Ef‘ﬁep.”x‘%{ﬁe BindSnohea GrBhBla e Ueioidh aimbihdin e Bf (P Bl Vafe

el “?PX R SZ‘EF;‘;“W‘“@“" s Rl b A R

Iroray be 6t oBKR nin A cars Wherd & borel Vel pr (e GuIBaIY EesIalech BXEEAAC, ¥)
ng o eq}&’dndsthqBKQrBHnﬁ%ﬂﬂenttPanlﬁé%nﬂ'rﬁskb‘é‘Hé{@mﬁﬂ@Q ﬂgwpes may be
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may be the same as the number of pixel value bands. The video encoding
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25 apparatus 20.

In a case where an offset value used for a predetermined combination of the
edge type and the edge class, i.e. an offset value for the kth pixel value band of the
current pixel value band type, is previously determined as 0, there is no need to
encode and transmit the offset value to the video decoding apparatus 20. In this

30 case, the length for the predetermined combination of the edge type and the edge
class may be reduced.

For example, in a case where a pixel value classification type is an 8-bit equal
band, pixel values may be split into 32 pixel value bands. More specifically, pixel

values may be split into pixel value bands [0, 7], [8, 15], ..., [240, 247], [248, 255].
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For exanple, in a case where a pixel value classification type is an
8-bit equal band, pixel values may be split into 32 pixel value

bands. More specifically pi xel values may be split into pixel value
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based app@rbtus 20 may transmit or receive the offset type for each block.

25 An offset parameter according to an embodiment may include an offset type,
offset values, length, and an offset class. The length may be determined according
to offset types.

The video encoding apparatus 10 and the video decoding apparatus 20
according to an embodiment may determine the offset class corresponding to the

30 offset type.

Therefore, the video encoding apparatus 10 according to an embodiment may
encode and transmit the offset type and offset values of the offset parameter to the
video decoding apparatus 20. The video decoding apparatus 20 may receive the

offset type and offset values and determine the length and the offset class based on
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the offset type. Also, the video decodi ng apparatus 20 may sel ect an
of fset val ue corresponding to the length or the offset class fromthe
recei ved of fset val ues and adjust restored pixels according to the

of fset val ue. The video encodi ng apparatus 10 according to an
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type i rodediong of thesindex xedysbeé engodied.i zont al direction, an offset type
is 1; (|v)In a case of an edge type including three plxels in a
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of fset type I's )An set type of a piIxe type I's
offset types including pixel classification according to the edge type and the plxel

value band type:

)] In a case where SAO is not used, an offset type is -1;
(i) In a case of an edge type including three pixels in a vertical direction,
15 an offset type is 0;

(i)  In a case of an edge type including three pixels in a horizontal direction,
an offset type is 1;
(iv)  In a case of an edge type including three pixels in a diagonal direction
of 135°, an offset type is 2;
20 (v) In a case of an edge type including three pixels in a diagonal direction
of 45°, an offset type is 3;
(vi)  An offset type of a pixel value band type is 4.
In the case where (ii) the offset type is 0, an edge class may be encoded to
{-2, -1, 1, 2}. The edge class 0 may not be encoded, and thus a length may be 4.
25 In the case where (vi) the offset type is 4, and the number of pixel value bands is 32,
a length may be 32.
FIG. 4 is a flowchart illustrating an offset value encoding process, according to
an embodiment of the present invention.
An offset value that is to be encoded and decoded is highly likely to be 0 for
30 transmitting and receiving between the video encoding apparatus 10 and the video
decoding apparatus 20 according to an embodiment of the present invention. An
offset value other than 0 has a positive or negative sign. Thus, the video encoding
apparatus 10 according to an embodiment determines whether a current offset value

is O (operation 41), and, if the current offset value is not 0, determines whether the
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In the case where (ii) the offset type is 0, an edge class nay be
encoded to {-2, -1, 1, 2}. The edge class 0O may not be encoded, and
thus a length nmay be 4. 25In the case where (vi) the offset type is
4, and the nunber of pixel value bands is 32, a | ength may be 32.
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offset parameter. If the offset parameters of the neighboring blocks are first
encoded, the offset parameter of the current block may not be encoded but offset

30 merge information of the current block may be encoded.
The video decoding apparatus 20 according to an embodiment may first parse
the offset merge information and determine whether the offset parameter is parsed
before parsing the offset parameter from a received bitstream. The video decoding

apparatus 20 may determine whether there is a block having the same offset
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30nmerge information of the current bl ock may be encoded. The
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25uppe patsdnoeters of ragutyenti blockid®dfrom amengameighiboring ibiicks restored prior to

20 the current block. The video encoding apparatus 10 may compare the neighboring
blocks of the candidate list with the offset parameters of the current block 50.

The candidate list according to an embodiment may include neighboring
blocks disposed in a current frame 57 that is identical to the current block 50. More
specifically, a left block 51, an upper block 52, a left upper block 53, and a right

25 upper block 54 may be included in the candidate list.

The video encoding apparatus 10 according to another embodiment may refer
to offset parameters of blocks 55 and 56 included in neighboring frames 58 and 59
restored prior to the current frame 57. The blocks 55 and 59 included in the
neighboring frames 58 and 59 may be blocks disposed temporally in previous and

30 subsequent frames 58 and 59 of the current frame 57 and spatially in the same
region as the current block 50. In this case, the candidate list may include
neighboring blocks 51, 52, 53, and 54 included in the current frame 57 and the
blocks 55 and 59 included in the neighboring frames 58 and 59.

Therefore, the video encoding apparatus 10 according to an embodiment may
24
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5 If the offset paraneters of the left block 51 and the upper bl ock
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If adjacent blocks are identical in terms of length although offset types are
different between the adjacent blocks, offset values of the adjacent blocks may be
similar. For example, the adjacent blocks are highly likely to constitute the same

object region among objects indicated by an image. Thus, although an edge type of
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After the prediction candidate list is determined, prediction encoding may be

performed on offset values of the current block 50 by referring to offset values of the
30 most adjacent block. Difference values between offset values of the current block
50 and offset values of the most adjacent bock may be encoded and transmitted or
received.
<Offset prediction value>

Offset|i] - Offset_prediction[i], O <i<Length-1
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20 and the current block 50 are different in terns of a
characteristic of the offset type, the video encodi ng apparatus 10
and the video decodi ng apparatus 20 are not preferable to nerge and
perform predi cti on encodi ng on of fset paraneters between adjacent
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20 and the current block 50 are different in terms of a characteristic of the offset type,
the video encoding apparatus 10 and the video decoding apparatus 20 are not
preferable to merge and perform prediction encoding on offset parameters between
adjacent blocks.
The video encoding apparatus 10 and the video decoding apparatus 20
25 according to an embodiment may perform prediction encoding on offset parameters
for each color component.
For example, an SAO may be applied to both a luma block and chroma blocks
of a YUV color format. An offset type and/or offset values of the luma block of a Y
component may be quite similar to offset types and/or offset values of the chroma
30 blocks of U and V components.
For example, the video encoding apparatus 10 and the video decoding
apparatus 20 adds a luma block at the same location as a current chroma block to a
candidate list of the current chroma block, and thus an offset parameter of the

current chroma block may be predicted by referring to an offset parameter of the
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20 determ ned based on the offset value Ofset_prediction[i]) of the
| uma bl ock to which the chroma bl ocks refer nmay be transmtted or
recei ved between the video encodi ng apparatus 10 and the video

decodi ng apparatus 20. In F(x), A and B denote correlation
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bl ocks of vi Jpi xel value band according to
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apparatus 10 and the VldeO decoding apparatus 20.

In F(x), A and B denote correlation parameters between the luma block and

the chroma blocks. The correlation parameters A and B may be separately set for
25 the U component and the Y component. Alternatively, the U component and the Y
component may share the correlation parameters A and B.

The video encoding apparatus 10 and the video decoding apparatus 20
according to an embodiment may encode and transmit or receive and decode the
correlation parameters A and B, in order to perform prediction encoding on offset

30 values between the luma block and the chroma blocks based on correlations
between the color components. The correlation parameters A and B may be
previously fixed as predetermined values according to an embodiment. The
correlation parameters A and B according to an embodiment may be determined for

each predetermined data unit such as a block, a picture, a slice, a video sequence,
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20 pixels included in the edge class or the pixel value band. An

aver age val ue of difference val ues between restored pixels and
original pixels included in the sane edge class or the sane pi xel
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paranmet ers of “nei ghboring bl ocks and t fset paraneter o
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parameter may include an offset type of a corresponding block, an offset value

25 thereof, length thereof, and an edge class and pixel value band thereof.
The offset type of each block indicates an edge type or pixel value band type
of a corresponding block. Restored pixels of each block are classified into a
plurality of edge classes according to the edge type of each block, and each offset
value is determined for each edge class, and thus a plurality of offset values
30 corresponding to the plurality of edge classes are determined. Alternatively,
restored pixels of each block are classified into a plurality of pixel value bands
according to the edge type of each block, and each offset value is determined for
each pixel value band, and thus a plurality of offset values corresponding to the

plurality of pixel value bands are determined. The length is determined according to
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In operation 73, offset types and of fset val ues anong the offset
paranmeters of the current block are restored based on the offset
nmerge i nformation. In operation 75, an edge class of a
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the offset value.

In a case where the offset type of the current block is the edge type in

30 operation 75, an edge class of a currently restored pixel may be determined by

comparing pixel values of the currently restored pixel and neighboring pixels of the

currently restored pixel disposed according to an edge direction and edge size. In

this case, in operation 77, an offset corresponding to the edge class of the currently

restored pixel may be selected from received offset values.
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The vi deo encodi ng apparatus 10 and the video decodi ng apparatus 20
30 according to an enbodi nent may split blocks that are split from
video data into encoding units of a tree structure, and determ ne an
of fset set according to pixel classification for each nmaxi num

encodi ng uniAlsarineadtaseodhearp the offsat typs oofi thedcwrttmteblod« Vs theopixel value

di t hod_and t d d od d and
oo Ltod B8 G AbBRRR TS AT Yale b b et i eSTed g may be
tree stdeteimingd 33nd #F opELtida 12 é}noﬁQ@loed nmdd tobfhedﬁ’l&éf V368 pindhof

reference to FIGS. 7 to 20 bel ow. i's a k di agram of
a vi dedhegogantly regipmdanixel rmembaasg&pt@%fr@woﬁgetufmlu@ haV| ng a tree

sty ucture, f g t ' The,

vitios. oncodih gt icadtione MeEBRRINEER o, ERCOBEE S ah Vi B35k Wictne
codi ng cﬁrrenﬂIbl(ﬁ:khlavidegtlctdl&otthe&)ffﬁelt tp@frameteatcufcthdlmrdm HAdclke bheed BRNthe
i ncl udes_ a naxi rru codi nggunl t splitter %é a coding unit determ ner

120, af¥fSghmMsigpdn %W@f'o 0.0PSH? Q;rbmeﬁh%ﬁ ehpargBiRier pf it cupngst block
vi deo rat Vgl

codi ng Lt P2 RSEPEEER Sine o B KaBtole BRSePRELABL HRSEA ek and
vvi | | héheuppét klockef thed eunrent bloclas Allse lfmejebleaat:onle ng‘selpmmaataler of the

max m codi ni |tter ma cur.rent

oitor ur 2ot LGk RO, TR ERGH et 1y 8 cLirght blab iy ifiropt e aher otoet
I nmage. phfarhBfrCof frRNbulest bro%kl t§aée%f gﬁrthbh@fmséthﬂewnrﬁfumwsﬁ&n NheUbfféet
i mage data of the current cture may be split into the at |east one
Nexi nuﬁﬁ&\mewg qiihe cumeat oy Gsdparged diam e rchivrf bitstegam and may
enbodi ggr}[e @ he present invention may be a data unit having a size
of 32x3Z, i 4x64, 128x128, 256x256, etc., wherein a shape of the
data unit i# diffegentiat Veuwe of ahei cffdet aralud< age fpérBeGCfttanemeObitﬁreaﬂilGn
i mage data  may e output to .the codi ngqunlt det& ihﬁr 20 accordin

B P heORpratbaL? ToRE AN AHtPR g AN he Performe Seiygies of e

accor dicD8ehPbstk BYRUHBRMNg Qﬂ(ffeFé}ﬁla‘i’ﬁr‘ﬁ“éﬁﬁétlér?%%ﬂkééW off8¥t PAlues and offset
characterized by a maxinum size and a depth. The depth denotes a

number indernzation ohreighberingbliosks.unit is spatl ally split fromthe

accor di ng « Eraudion ma0Rubh bi%, BB bR ORERER: lRRT R SR e

M ni nuahed the lWmha .cofnplaint 20id tHee chivmaoonssshionts hithe icur@mt block by

uppernost depth and a depth of the m ni num codi nﬂ unit is a | owernost
g

d8pt h. refeRtng 19 %a%otbferaoﬁéaﬁ PRIAIRtErsdpaPEsHiNtY to each dept h

decreases a f X
codi ng uni tq-c%féﬁgrs’)ego;\%e%a?g Shgﬁd ggr laggg}ﬁgmay i n01j J%e ur a?c?dmg
of codappamatig 20c osings feenSAQ a@cdrdmrgr taleot lembodiment cl%sdyesmxelbeaiues

above, the ,image data of the ent icture i S S i n

maxi muAFeSdINgy AN iagk. chalpatst x%ﬁﬁsé.tyee%of 'W@gso%lp%s QRipixel
and eaghluefbdride ﬁ@é%ﬁ@f@bﬁ@%b@ge larrhuttﬁarfgm bPfceflR AIREABEoIL S BEsENdISe
that are split accordl ng 3 epths. Since the maxi num codi ng unit

&8cor dih&y is camravenaerliareit v@ﬂetw@tw&ees@wel valugat cleasified shaving the same

Zocor SRR RATEL B A RASAPLE o e SRR BB TR i

dept hsacdording touthedsfiseh vale, therelsy mininizing @ efror beiwakrian lorigiMal @hage
imt hg atr%tstacjred image.

The video encoding apparatus 10 and the video decoding apparatus 20

30 according to an embodiment may split blocks that are split from video data into

encoding units of a tree structure, and determine an offset set according to pixel

classification for each maximum encoding unit or each coding unit as described

above. A video encoding method and apparatus and a video decoding method and

apparatus based on coding units and transformation units having a tree structure
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nunber of tinmes a height and a width of the nmaxi mum coding unit are
hi erarchically split may be predeterm ned. The codi ng unit
determ ner 120 encodes at | east one split region obtained by
splitting a region of the maxi mum coding unit according to depths,
and detaecaidingtmab enﬂmmmenbwﬂmepddasalb‘e'dnailtrh yeferenmedd RIGSy& tdditabelow.
according t

codi ng uni t ?:(!lét grﬁ@;ﬁl?c é@og%?‘éﬁ lrﬂl {’I'QES%I”&%@IQ”@%P% B%@ﬁ%ﬁﬁm& eading

i mage it Halinghe trde emrictre dh b riifigits AACSAbEHItErit ®f ﬂ@bﬂ‘&enﬂﬁﬁx@hﬂbﬁ‘g
to the maxi numcoding unit of the Current picture, and selecting a

dept h havi nd henédee gscoding @ppaates r1@0. invelving \ideo prestietion bagageoni goding

Fimal Ty GG Abe 3os, RRURERP Roebifd % AlF et oRiFkAF T ite’ e i

dept h eedingeurit gplitterdl H ceocdidgirtioditegminair t120, and an olitpert deiter30. nekbr
coded depth and the encoded i nmage, data according to the determ ned
coded &em@n'ﬁn@e o?ft 99§crﬂmlqrheth@utvmo @npt)dmsoapw@twmw dRyalving yideo

maxi mu W t p c itk 'S
corresg’}&gl ng to at Ieast one cﬁg h e\mﬁ;a thtgoq%r% %Eerlué@vrehggé&al% tbSan
dept h, earimbdiresot wil Mremaﬁedbagetelned hmeq;petma‘wiearwoodlrmamhrbt\sewaﬁn
each of t he_deeper., cod unit de havi the | east, encodi
o or ray bd Meahaingan bt ubfsafiesro Pl e mefta PoreTiRc e toeddn o
codi ng miirem Abdihgasiit fitetheoslatbriianttire®y dpeinsedeeCtiethd elrr8AE Picture is
maxi mum codi ng unit. 20The size of the maximumcoding unit is split

as a ctdgegthan thei r@amrrwrarcgﬁimgaunw igmnger dalacarite myrient gigietesmaxrie split
the nuphe éh?ot?é%@t %e%h&?nndrﬁ%%ﬂgfamt Al $0e n?éé&rﬂuh{ c&fﬁﬂb it Gﬁ%cto?‘dinﬂ la

correspon samne nmuim codi ng uni eterm
whet heantembspdintent @f hh@bréétmt ¢ovBmionunay Heca daes poitdiavihg @ sizecoS32%32,

d h | h . di f th
dar = ob et T2 255 50t taminner S BREY Y UGB IS 2 SGverr TRdRg
| mge dal srinehddem S0.488 TR THRR adha Yabfiniay bEUPROR B Sodifg

split to regions accordi to the depths the encoding errors may
di f f er unit detetmigen 120G agttardmg to tha @t teast nagim@muco@ngmmt and t hus

t he coded dgp differ ording ta regi in t 1 mage dat a.
his%one oRaiind At dSinacerR] dEbddrstiR de et inTBHRrR Y be
codi ngchavacteraed L ﬁ&xummgguzdaérﬁi af déhte. MDnenywpth cfbritdes!d humber f
di vi ded accordmﬁ? to coding units of at |east one coded depth.

g

A8cor diimgsyther erdipg dinig isuAbatialiyt s fram tbzomﬁﬁsmlﬂ”ét%‘?%%él%*ocﬁ'\ﬁ’gas the
uni ts B fh”&e A€ Qetdpel SrithBin g‘ﬁbfﬂé’%@cbfalﬁi n%)l*t”:ﬁl
C ccor |ng

The ' ng u S haV|n atre ructure
of thenmxemamnt cmdmgnlmt)tm arminudanﬁdodmgdmntg wndEptmoft’rmpmxdnugl d:auiuag

depth determ ned to [o30) de from. anon deeper codin

ini ts Rk R BBARRE RS AERIARS oo Shine MRIBHA sl iMoR & Guapet

depth gaythbe Jih&d arsid 6ﬁé|c¥5dﬁ§ @ﬁlﬂb@ﬁés@é‘rﬁ‘(ﬁrﬁgtd‘@a&ﬁ’ dep Bécr’e@sé@%s the

sane region of the maxi mum coding unit, may be i ndependently

@&t er ntlepith ofithe maximum coding unit eepens a codlng unit corresponding to an upper
depth may include a plurality of coding units corresponding to lower depths.

As described above, the image data of the current picture is split into the
maximum coding units according to a maximum size of the coding unit, and each of
the maximum coding units may include deeper coding units that are split according

30 to depths. Since the maximum coding unit according to an embodiment of the
present invention is split according to depths, the image data of a spatial domain
included in the maximum coding unit may be hierarchically classified according to
depths.

A maximum depth and a maximum size of a coding unit, which limit the total
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5 different regions. Simlarly, a coded depth in a current regi on may
be i ndependently determ ned froma coded depth in another region.

A maxi mum depth according to an enbodi nent of the present invention
is an index related to the nunber of splitting tines froma nmaxi num
codi ng numben of time$ @i heightcanld agwidth of the Maxihumecdidingnudé@re eraochicalty
to an en‘fpdi nEI{It of ihe. 10 present invention may denote the total
nunber S&f' @ﬁiyi e[prﬁ,éie TR om t he naxi num codi ng unit to the m ninum
coding unit.TH 669IAGUNTEISERIMEERDD cMeoaesidtleds? ohe SHNPeekioR Hbtahed by
present invention may denote the total nunber of depth levels from

t he madpPiitiifocdrgien Ghihe MaXimemneading wnd eecatdingita depihs, anddstermingen

o dept Ak di L. ¢ odi . gl
wrioh Gebth 1Bt B MARTLACAY made Yad SRBIING 1o E°H ast Yle shf
a dept lmegibna btodthey woids, ther colinghurtib deterpiimen 20 detegmimes ai codsl dépth
twice, may be set to 2. Here, |f tbhe m ni mum codi nq unit i s a coding
uni t i RYwRNERdInEetEaiMagm €8 iy R deprers §PAING: shifts t acrosding iR Aapths,
| evel s i i ' [
aREoHfRY Stk rrilaxn%ug?%:ﬁ(ﬂe}ﬁgﬂurﬁtxbﬁfhe &%ﬁtgﬂe%ttuh&?raa@d Eékcﬂﬁ@(tagb‘g@th

depth may be Set to 4, an econd maxi mum e set
20Pr edihavingnthenleadi agceding terrns f dhusit thenemendedeimmagef dataeal theccoding ginit

to th i codi it. Th dicti , i d t .
Pansr SPRGEPORIGR dones Tpls b GO dierd FHEtkeniP Codiiey tha pacing
accor diunds icerraspemding esltid cddedde i %B?rbb&égaﬁdé@rbé Scdtrd ¢BdhG BRRS,
according to the maxinum coding unit. Transformation nmay be perforned

accordi ng t dheetetsemiredosedashdaath andike eneadedimagerdatataggerding to the
t f C . o =
] B8 o e AR g ety 0

i ncreases e’ maxi nmu t according to
dept hs, encdthenimagecdatdiinghé heaximeri coding waitcie dincgded dasbd on the deeper

oncr abeAMa=OR TS, SABREPOTAG dncit TRER BRR BB AAUebIO A LB thermagim

predi cHipth, iMeOlishfls AP En3BkRG theaRdy’ I8kl A8 MWirhbarReVhRR I8 @ached the

based on a coding unit of a current "depth, in a nmaximm coding unit.
The vi deepencedinggniippalaiapth hegingdheeastansodinge¢rsen may diezseclectedrafies

"mage. dogRanbhiadRE SHoRE Rt e SPRHPL EPURocstr 1S 1ebPLERY Srte Brpth
and enhiayplye seleotbidfor eacle mapémar sddinganét. at this tine, the sane data

unit may be_used for all operations or _different data units may be
#ed for eadRecied at fhsnmaximum cqeling spiipselit aha aadibusk iobiengrehically

appar agyg é‘&%r(ﬁfﬁglté gfe‘gﬂ'ﬁcfé%td 20406 ﬁytﬁlﬁgf 3¢ c?ir??g% l{l’ﬁ% iﬁ@%%gég.g A[&%é sven

i mge data, but S ta unit different codi ng uni

5as t oifpeodiognunite qoressipondoto esaceli deptbnint loeei mepémdat coding hait, it is
codi ng ,uni t . In, order to performprediction encoding.in the
i oA ESInRS Whether <o s nh R 8 ERsing s, ST Tadintrio s e
on a cadpimtoliciwet UepBs BY Mk axlliring h é@é&ﬂr&@@%hof’theeimadéaéﬁg dAfhéeach
coding unit that is no longer split to coding units corresponding to

&5| owefodingt wnit, HeeRrarately. er Aceaidingbli engrumhent iraage slate is dngleded pini ene
maximum coding unit, the image data is split to regions according to the depths and
the encoding errors may differ according to regions in the one maximum coding unit,
and thus the coded depths may differ according to regions in the image data. Thus,
one or more coded depths may be determined in one maximum coding unit, and the

30 image data of the maximum coding unit may be divided according to coding units of
at least one coded depth. '

Accordingly, the coding unit determiner 120 may determine coding units
having a tree structure included in the maximum coding unit. The ‘coding units

having a tree structure’ according to an embodiment of the present invention include
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10 and becones a basis unit for prediction encoding will now be
referred to as a '"prediction unit'. A partition obtained by splitting
the prediction unit may include a prediction unit or a data unit
obtained by splitting at | east one of a height and a width of the

pr edi ctdodinguninits ddreegpantding to a slepthdaleteronined dpl bé the ocoddak depth, from
prediction unjt, of the coding .unit, and the predicti.on unit nmay be a.
bar t1 1 AOIELE! G5ePRE ARG W dnalucen 31 fas gt lihFeding unit.~ Ardding uhit
exanpl &f bedeRdep Mey Wl hiePdrcRRMANIERhRired\NatSordindC®l déptRs imtiRISame
is no longer split and becones a prediction unit of 2Nx2N, and a size
of a paegioni oh theymiaxinawm2 spdingix Mnit,\Nepfl, may ReNindepengertty sfetermined in

et PO R ST Ghidd eBRirind StennaRbish Frd BOh0&hetianty
par ti t ideterniibéd froataleydad Yeptt in &edthyr &fiori.t i ng the height or width

of the prediction unit, such as 1:n or n:1, partitions that are
obt ai ned by Ag@&*ﬁ'ﬂk"i"c‘_%ﬁimp %PTQ"E‘Q ﬁ@aﬂrﬁmbwm%ﬁi%ﬁﬂ%ﬁrq%enaﬂa/entlon IS an
par ti t KNS Rayida0 S trftﬁﬁt?(ersaﬁggﬁtting times.f&rﬂ@%%&ihﬂﬂn %%d)funghfo a
prediction unit nay be at Teast one ©of an intra node, a inter  nobde,
and a skinimumdeodifgunidx adpfiest nmdndmiunt depitodecandirich®o iant embodideentenf the

25 b f d t h titi fo2NX2N, 2NN, Nx2N N. Al so,
e <k PSR YRLY CReMAK ERRRIR b Hitg! SMBRE b P king Gies: foRedbR mekErim
encodi Bgding uHRPHRAAHIMYUNPE6dIAG TRt OTA 886or AixFhiMNdépth tackBrding to an
coding unit, thereby selecting a prediction node having a | east

encodi gnkadivent oféhe perasnéiaeitiog agyadenale tmedot%y!gm Qfe¢¢nihln|ﬁt/¢||§
t e colloHG e PRt E6aBAGR REHR, iy ToBhd Unt PICEIRbIE WrerP]

uni ]E ttlepthh' Sfdhéfr];aaginﬁurﬁrmqin@aﬁﬂmﬁ 0g alepth of a;]codirlg anhitein twhich the
performthe transformation. jn the coding unit, the transfornation may
56 per MAHRHTL GO ST lS FRIBOUFA RN PGP0t AT SEPRT ot Reoto Wl
to theytRd @ MBkimu Ce&fodﬁ?éat']rlﬂ{ %1sﬁli?ﬁNi@?:[oﬁ1$nget sé®Y 2 NHdideirdhdatiRimum

unit for an I ntra node 36'and a trans tion unit for an inter
nmode. coding unit isaagiodingatnibin sdyichn the caximiunyg codiag unitisr spdit fey fimesng

times t,Q reach t t r.ansf qr ion, ynit .b Lithin he hei ght d
w ath GEPIRESRSATRALAD Tod 248 Bl ¥od ik e st Pl Pr e may
For expametto YNamd e s@dtindCaekingurd idpttPmagNbe’bet to 5 transformation
depth may be 0 when the size of a transformation unit is also 2Nx2N

@y be 1 whERedskon encediaghand tansiamationmay heheedormehaceatding tarihe

' g . . 3| id ahBt et i '

umi 2, A, 6Ok, PEA rebBiohchcoBi o6 e fhnbatgh T g%

be 2 wperforneth based loe thei@tsmpemaddilwigoumtsae_rctcb!mﬁ?gumjl lagxmlpéb eduabtouoi depths
it t I ts, t spl.it in A . . .

CFanst B diF: nafiduhe dPUE ooBRNG, ifhe fof b dURUTN EOFBOL

N 2XN Zrarfs®6rmPriPindy B Serféisd QEEBHI toABthodBof &ﬁq&g%tna@ﬁﬁﬁéfé);rmggéﬁ

a hierarchical tree Structure, in which a transformation unit o
Roper ©OF mtegartransfomaligit h is split into four transformation units of

it ot 25 Y S} DeBEF BHLR e AR AR o masum

coding unit is split according to depths, encoding including the prediction encoding

and the transformation is performed on all of the deeper coding units generated as

the depth deepens. For convenience of description, the prediction encoding and

30 the transformation will now be described based on a coding unit of a current depth,
in a maximum coding unit.

The video encoding apparatus 100 may variously select a size or shape of a

data unit for encoding the image data. In order to encode the image data,

operations, such as prediction encoding, transformation, and entropy encoding, are
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15Simlarly to the coding unit, the transformation unit in the coding
unit may be recursively split into snmaller sized regions, so that the
transformation unit nay be determ ned i ndependently in units of
regions. Thus, residual data in the coding unit nmay be divided
accor dipggfarmedhandr anthio time, itbe daave dgtd beittmay bet used forealhoperationg or

to t tion depths. 20Encoding infornati ding to codi
uni 15 GITERT AR WYL oK begined 'AERPR" PBEUGs not only i nfor mat ion

about the cagpbdaiIb, thalidéd ?Hc@&ﬁ@tadd&?ﬁhgﬁymlag@e?é&%oi 8nly a coding

prediction encoding and transformation. Accordingly, the coding unit
det er miumirfon enoceding dne imaige data, hetalsocodata uribdifferent ifiom the eeding unit so

encodi re | .det ernj.nes artition tvpe in.a prediction

i v B8P sormote e AT bR RE BB Ipek e IR i B & o e
of a transf onnarideprtoupefor®rprédition cargaidirgn.in the mainiirhhesding unit, the
determning a coding unit according to a tree structure in a maxi num
codi ng PiigdiEtiony epeadingt Mgy keperformad hased A aaerAIAg tUiinearsrsRndig to a

unit a [ 0; ' S - e tic i | AN :
doscr oot Tepthod B PRRP B e Riodh 7 JPHCRER i Y RHL spl b oo units
The codbmgspondingdbea tawesrddib. nmilgreinafien, ehevcodimgodnih thatris oo lohger split
deeper cadjing units ,according to depths b sing Rate-Di stortion

G 2081 BACHHES & diFst by sreHReNpradia A oK iR Teferied: &y as a
out put aorbh%tibﬁaﬂﬁt'.daAapaﬁitidm@bfWémm %ﬂiﬂiﬁbgtﬁé“b?edi&i?)n Whit Ghay fhclude a
encoded based on the at |east one coded depth determ ned by the _
codi ng Piedictieretieit oF aetata 20t abtained yr splittingnatdeast oneef aheight egdrawédth

ey be o f1e Pradifis Pt T BorettP s s 3 el fifT g el iR Lrifine
i nf or mebdioy @hihuind the preclictiongumd eeayalbe @ paritioh hasArdethedsphb SiBy as the

I ncl ude i.nformation about the coded depth, about the partition type
it? t heCBABGIWt on unit, the prediction node, and the size of the

;;?Pﬁ‘;gr g?t l'IJ:gIP ﬁgﬁb{ﬁl?g\nﬁeﬁ of BdTRG PR GPANEoN REhERIRCisALBbBitiTYntRGer) is
no longer split and becomes a prediction unit of 2Nx2N, and a size of a partition may
be 2Nx2N, 2NxN, Nx2N, or NxN. Examples of a partition type include symmetrical
partitions that are obtained by symmetrically splitting a height or width of the

20 prediction unit, partitions obtained by asymmetrically splitting the height or width of
the prediction unit, such as 1:n or n:1, partitions that are obtained by geometrically
splitting the prediction unit, and partitions having arbitrary shapes.

A prediction mode of the prediction unit may be at least one of an intra mode,
a inter mode, and a skip mode. For example, the intra mode or the inter mode may

25 be performed on the partition of 2Nx2N, 2NxN, Nx2N, or NxN. Also, the skip mode
may be performed only on the partition of 2Nx2N. The encoding is independently
performed on one prediction unit in a coding unit, thereby selecting a prediction
mode having a least encoding error.

The video encoding apparatus 100 may also perform the transformation on

30 the image data in a coding unit based not only on the coding unit for encoding the
image data, but also based on a data unit that is different from the coding unit.

In order to perform the transformation in the coding unit, the transformation
may be performed based on a data unit having a size smaller than or equal to the

coding unit. For example, the data unit may include a data unit for an intra mode
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10 informati on according to depths, which indicates whet her encodi ng
is performed on coding units of a |ower depth instead of a current
depth. If the current depth of the current coding unit is the coded
depth, imge data in the current coding unit is encoded and out put,
and t hand dtrapplormation anitdor amintelymiodedef i ned not to split the

current codi unit tao a |ower. depth. ternatively. .if the current
dept b of ¢ het Saeiarmaen AR ndiRRiy 4o st foerliing. e Ehigach the
encodi Rghnisforfition! e b splitmgCi ﬁ@gwahd Hidthhsf tHWesdiAg Rint magdhisd be
the split information may be defined to split the current coding unit
t o obt &eh in flee dwmsfymationsut. tfrer exatapleddpanhcurrent coding unifeofc2NK3Nt a
depth i i ng. i e : '

e SRt EnERE fAPhS 0 FRGH e B PR e R LR 1€ 8 Ao,
I feas';] ongy e tagiemg?]aufﬁ of the hb%}_hlt anelr widiip off tIﬁ%(I:catreni ?odingdlﬂﬂtdisr@lﬁﬁrhtb
of the _current dept t he encqdi nq,is, repeate erfornmed on_eac
codi ng_t‘Uﬂi eayal pars, trtelly sobt Hr,‘toa%m ttﬁﬁ&&)%at&\{é&'tﬁg apdy thee size of the
[ ecur s hdistorRRAibAMCis"tlis NI, R fay Y b Wi edth bhthe AiBne2R) With of
Since the coding units having a tree structure are deterntne or one
25 maxitheincwoentngoditig , unihdsi splilr risioi doumbegual apaiteadotadye splitc dnton g2

de i _determ.ned f.or_a di ng_uni f a.coded depth, .inf on
Bou YensteaPugficunitk. e 1B ik Whafe e P Biionc iR ds tafit RydRMAImFor
codi ng exairiple,Ahs ransforar@idnd@itihapbetdis acod@dhFiRt & hdrafdhfcaresesificture,
coding unit may be different according to | ocations since the inmage

dat a i & whieh e Hapgfarpationi wnib O FduRBer dagsfarmatioardentids split into four
30i nf i - : i N .

o ! PUBRLARaREA ik SO P8It R AL ORI S Pyt
assi gncbhacutengiics of artrertsformatlomudeghcor r espondi ng coded depth and an

Tt and aSHRGIR U EodRE e ds fapRBRAP MDA GOGd Uni may be

The m pddHEVER! $pIRGR® Sindlet SizaR @ghg@, ®Nhallthd R rRIGR2RAbN! YERId\CBe

is a rectangular data unit obtained by splitting the m ninmum codi g
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30 with reference to FIGS. 7 through 19.

The coding unit determiner 120 may measure an encoding error of deeper
coding units according to depths by using Rate-Distortion Optimization based on
Lagrangian multipliers.

The output unit 130 outputs the image data of the maximum coding unit,
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20 paraneter set, or the picture paranmeter set. The output unit 130
may encode and out put reference information, bidirectional prediction
information, slice type information including a fourth slice type,
etc. relating to the prediction described with reference to FIGS. 1
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encoding mode may be determined for one maximum coding unit. Also, a coded

depth of the image data of the maximum coding unit may be different according to

locations since the image data is hierarchically split according to depths, and thus

30 information about the coded depth and the encoding mode may be set for the image
data.

Accordingly, the output unit 130 may assign encoding information about a

corresponding coded depth and an encoding mode to at least one of the coding unit,

the prediction unit, and a minimum unit included in the maximum coding unit.
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current depth is 2Nx2N, the size of the coding unit of the lower depth is NxN. Also,
the coding unit of the current depth having the size of 2Nx2N may include maximum
4 of the coding unit of the lower depth.

30 Accordingly, the video encoding apparatus 100 may form the coding units
having the tree structure by determining coding units having an optimum shape and
an optimum size for each maximum coding unit, based on the size of the maximum
coding unit and the maximum depth determined considering characteristics of the

current picture. Also, since encoding may be performed on each maximum coding
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decoder 230_may performinverse transformation
25 The output unit 130 may encode the offset type and offset values among

offset parameters determined for each maximum coding unit. In a case where the
offset parameter is determined for each predetermined data unit such as the coding
unit, the prediction unit, and the transformation unit, the offset type and offset values
may be encoded as parameters of a corresponding data unit.

30 The output unit 130 may perform prediction encoding on a current offset
parameter of a current maximum coding unit by referring to neighboring offset
parameters of neighboring maximum coding units. The output unit 130 may encode
offset merge information for the current maximum coding unit without encoding the

current offset parameter if at least one of the neighboring offset parameters is
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according to each transformation unit in the coding unit, based on
the information about the size of the transformation unit of the
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25 information about a coded depth and an encoding mode for the coding units having a
tree structure according to each maximum coding unit, from the parsed bitstream.
The extracted information about the coded depth and the encoding mode is output to
the image data decoder 230. In other words, the image data in a bit stream is split
into the maximum coding unit so that the image data decoder 230 decodes the

30 image data for each maximum coding unit.
The information about the coded depth and the encoding mode according to
the maximum coding unit may be set for information about at least one coding unit
corresponding to the coded depth, and information about an encoding mode may

include information about a partition type of a corresponding coding unit
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hei ght thearsttraBledomf&drdttbn about the partition type, the prediction mode, and the

25 transformation unit for each coding unit from among the coding units having the tree
structure included in each maximum coding unit. A decoding process may include
a prediction including intra prediction and motion compensation, and an inverse
transformation. Inverse transformation may be performed according to method of
inverse orthogonal transformation or inverse integer transformation.

30 The image data decoder 230 may perform intra prediction or motion
compensation according to a partition and a prediction mode of each coding unit,
based on the information about the partition type and the prediction mode of the
prediction unit of the coding unit according to coded depths.

Also, the image data decoder 230 may perform inverse transformation
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32x32, 16x16, and 8x8. A coding unit of 64x64 may be split into
partitions of 64x64, 64x32, 32x64, or 32x32, and a coding unit of
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a coding unit of 16x16 nay be split into partitions of 16x16, 16x8,
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s 2. 13 M f&e&er?l?rhﬁtr%%ﬂvel%ert?a‘i@féﬁﬁ [or CB%%FBW%XI@&O G &H&‘ggée of

a coding unit is 64 nd a maxi num ept n vi
resol ution |T§1e3mﬂataadaaadem%&m&y deteaminliabdeastiane sodss] depth af a

15, depth | de h FI G 10 depot
(ool Rt FERBpT edding M CBY SR S sblomgatin ceea/dia i oRaMS. odf Bs
unit. split mfdrfnamorneiﬁaicatema't %naggfaa@é |§ln<§i@<§r@ge&r§¥iﬂf‘¥n the é@rf@rﬂ ,dedth, the
maxi me size of a cod |ng unit may ?e SO as to not onIy i NnCr ease

encodi §Yrrent idepthdy agoded sienth. aA@mrdmgxy thef ieage dlada lecerps 230smety
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o oo Sepa He80 ckna KB Bhd ot Bire A 19 L opofloghls
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| ayers by splitting the naxinu I'’ng unit tw ce. Meanwhile, since

t he naxiatamﬂdjlemtme:m rmmmwnue@dldgwnsso is 1, coding units 335 of the
vi deo dat a inelu a_maxi mum codj gunl hav,i X

i 26 of 16, TAUHPRE fite SR UM RolE” sifidind Hofafion fduditt ne

dept hs saiR d@ﬂnﬁmﬁmah@n a8y |b@}’ﬁéthb¥ec$ BlidHsePdnd NRe remcbaME iBesHgdionnddt
once. 30Si nce the maxi rum depth of the video data 320 is 3, coding

Wi t s 388igped fpthg a@@!eé%man%@dat?aym’t oM anongnihig; %mg;@altn@emﬁedlctlon
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oIyt 8R ¥ inhinffn Bhit Snd € defkrBd diite i HNEDhe GBRSBYIR 1o be
splittong dadte ummnnh)mdeodderg byrthe ifageeddtadecodAs 230da|dhda srdaa&pensoding

< & iR i DgReRRarnalng et ARalin SO o e DS PRt B etaining

accor difigrmhSticH rJEraig nm@tcdlf nd Rfody BYQAE dodWRNLhR Yetermined a§%§cFBGG
encoder 400 perforns operatlons of the coding unit determ ner 120

t39e vi @bovencodi ng appar at us 100 to encode inmage data. In other

wor ds, an ion_on j

bt te i nan A e VBB Vet Bind Ath A RIS IT of £ RS heitora P Bo kot
est i mathy vidéo d@@ddmgrﬁnpammmmmno@d dvepsitt wfemncetteFI@sRi mati on
and notion conpensatign on coding units in an ipter node from ano

The cur ront TPPaRESe5209 30 1he ITTRSACABAIE Preding ¥OTERIPEREAGPE A8
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25 decoding apparatus 20. The image data decoder 230 may perform an operation of

the offset adjusting unit 24 of the video decoding apparatus 20.

The image data and encoding information extractor 220 may restore a current
offset parameter as same as at least one of neighboring offset parameters in a case
where offset merge information is only parsed from a bitstream without an offset

30 parameter for a current maximum coding unit. A parameter that is to be referred to
from among the neighboring offset parameters may be determined based on the
offset merge information. The image data and encoding information extractor 220
may parse and restore the current offset parameter for the current maximum coding

unit from the bitstream if the neighboring offset parameters and the current offset
43



notion conpensator 425 is output as a quantized transformation
coefficient through a transfornmer 430 and a quantizer 440. The

quanti zed transformation coefficient is restored as data in a spati al
dormai n through an inverse quantizer 460 and an inverse transforner
470, anprhrhineteresrtatetdrmiatd to bet diffesgm fiomh edohwitier sasedt grutheasffédtanerfe

reference frame_495 after bein ost - processed rough a debl ockin
it 4 8IOHRBCGR fosdhe B MR Corbs Unkeoermah ko Palo CRENSPBY mat | on
coefficient 1Ry iRRgRUIHRAHE &%d aeﬁ’édﬁﬁé ?ﬁ’%rﬂ%‘iioﬁh{?gﬂabto?“zéﬁtg%% Ie.rform

encoder 450. I'n order for the inage encoder 400 to 1 ed
i n t he predistior nesidiatignapptheaturseritaffsebphararhetee in theofurénd maxigrim coding

encoder 40 i.e.. the.ntra predict 410 20 the, notion _estinator
230 ¢ eteBy  tet€iingn b ¢ JTeaBaSd, osef keramblers h55 PRldnRaE gl
440, thedriuigity encoder 450, the inverse quantizer 460, the inverse
transfornmer 470, the deblocking unit 480, and the |oop filtering unit
490 per f or mIb\Seimgendaigasiegoder &36nh minaisenan 9ffseh paremetendohgach

onch Uit sl Sht Hohkhie Mkt cadio DR, f6) SabfmTE AHELT R ofser
t he notypmokbHtia cmtrent mMARMwumdtadirey omit i an caigectypatarra fixel daluerbantet/pe

partitions and a predigtion node of h caqdi uni rom anong the
8 ng G (B0 HanIdR0 cofset dbaRAte dr o Tty OTesh SRl Hher s araTum
si ze agpddinde upRXisTiie deRid thbe, 2 afUBHES! clIBX | fBHMR4PHir8stordl tpixdNfhayNBe

transformer 430 determ nes the size of the transformation unit in
each cdetergined.tarnd am effsrigvador iserrespomdingripttberedgenglass tafegach restored

o an BrgLmgke celted FRBF oS iER et i Fietbaielete . ind RS CRet
of t hethieterencmakinum cbiing deit & tHengixanvalidg dadbagse (gdchpiRexedluy darg
band) for each restored pixel, and determ ne an average error Vval ue

o r esfrearhyiestaredinixgl ay begaternained. audanaftset vaksie qasrespapding tedhe
I f I i dj
val ue ng%@)&/alug lf)é;‘rg((ﬁj o@é%:%ﬁ r2Bfhraf pZ>§$I oﬁr{%{ %%Ssélggtegﬁﬁs}gr@fﬁggw&% b&ed

unit y be enco and transmtt ecel ve eco
FI G 12ndsncdutkd okihdi eftpehdpacdmeters.mage decoder 500 based on codi ng

570" par cos dReoteads ied " BaFa0Eh 260 ainlp BErSEAE Anfosintad direlpbfing 4
encodi RnifgHigrRR With redpeerionsh bFigimafpixel BY GEBRIBIRE % corfespRneridedstored

image data is output as inverse quantized data through an entropy
P8codepixep yalued byrnan wifset yalyuganeiresporsiing tarrpahh eestoredr xeuaid iapether

data i or. tQ.j data i i . i r i

Co bt ExBEPIE % Fosk BE e olRorpaAlidBE iSRRI 1 QT pRfei s
OR cod'daj@ Tumig secr:n asancodihg a:nitnaqﬂe&ktim Uﬁﬁp&t@dé ggtcartéf?mhatMmMgm offset
t he spatl a onmal n, ,an a tion c ensat or rforns notil on .
e P BBl GPERABHT, Q.08 o0t TR, BRY o SoSIorarL a1 e ach SpEPaRgeding

I i Z”?mé?%‘ urlit§r ARBESethMIfe cBrie8SosdAg tébalh PRl validi KdhdPASS & reBidPegh

25 In conclusion, the video decoding apparatus 200 may obtain information

about at least one coding unit that generates the minimum encoding error when

encoding is recursively performed for each maximum coding unit, and may use the

information to decode the current picture. In other words, the coding units having

the tree structure determined to be the optimum coding units in each maximum

30 coding unit may be decoded. Also, the maximum size of coding unit is determined
considering resolution and an amount of image data.

Accordingly, even if image data has high resolution and a large amount of

data, the image data may be efficiently decoded and restored by using a size of a

coding unit and an encoding mode, which are adaptively determined according to
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15 predictor 550 and the notion conpensator 560, may be output as a
restored frame 595 after being post-processed through a debl ocki ng
unit 570 and a loop filtering unit 580. Also, the inmage data that is
post - processed through the debl ocking unit 570 and the loop filtering
uni t SBaratetisticsudfpthe inmgehdatae bgruesig irffo an@tidcB abolitnam ogtim uno etheodithg
the image data.in ghe inaﬁe(fata decoder 230 of the video 20

decodi hﬁo%fﬁﬁeé%% rofHFEN P99 age decoder 500 nmay perform operations

that are pergi@r "(@qs%f%i‘ébrérﬁﬁorpgé%fbi@lg-concept of &&iﬁg@ﬁtsf%owﬁ%é%an

i mage decoder 500 to be applied 1 n the video decodi ng appar at us
al | el emgadimeht ohiiei pregentdeventean. 500, i.e., the parser 510, the

ent ropy decqgder 520, the inyverse quantizer .530. the .inverse

et or ot sige o Aeeodsta b R pERRies8a i Wit Higbfty A nashe 3P4
560, tIoxdebi®els, aadexst AV Eeediagdniths 64868 ray belsbitintpartifi6As BE6ALEMN
operations based on coding units having a tree structure for each

maxi muBA%84i Agxehiar. 32x32, andsgeaading Hnityof 3382 meay e ek ivta sartiions of

3 th : _ : . o
and & SPRge BRI TRGaE AP ToRf] LSRG AR B BTiay BEAIP 6 Belton YT
st ruct U6e]6aMBka, I8&16norEedxd; dndaansddingamitef@x8anty b splieindd partitions of @x8,

on a Si zg %féfra tr%nsformation unit for each coding unit. The
i Page &t o e a5 ky may extract offset paranmeters of naxi num codi ng

units from g Didedtd4t8m1028Fe86LHSH iLPEIDN1BBDOR GRaRMPh siz8Mof@RE Y ing unit
maxi mum codi ng unit of the restored frame 595 by an offset val ue

cor r esjpofidi agd romaxivoumedginds g dnlyileprdatal 3L aregolution isal WROXIAARA, a

by usi ef. S _af setf. , V Lnel LN _the of fset

par ame{pEnURESizb o Eedii B FEbay ot Ginriut? Btplls He B dnngeo,
uni ts aceebflition EOBSHPBES a Mkirmamt size Wisa cadiry dnids 116, aimdeabmekinmmh
of the present invention. 5The video encodi ng apparatus 100 and the_
Viddeo deptuisny appmaxisuroderRiHeShayyre il [ I:fgldeB@tﬁSr@ tetal pamber gk splgs
consid : | St f- | i, m hei ght, a maxi num

wi dt h, ﬂgrqﬁggﬁ%&a@?hﬁu%égggtlﬁltg?%cggﬁﬁgmuﬁ?@érrdg;'/{' be adaptively

det er mi ned Hcx cestilutiprt  high artedata amosint isslacde, tdhenaximym, siae afesycdiding

oo Sl e Dbrdh 455 a0 4 757y P St HrRi oS b ke o

si ze ofcélratdtPpemadtt YRhtacteristics of an image. Accordingly, the maximum size of the

20 coding unit of the video data 310 and 320 having the higher resolution than the video
data 330 may be 64.

Since the maximum depth of the video data 310 is 2, coding units 315 of the
vide data 310 may include a maximum coding unit having a long axis size of 64, and
coding units having long axis sizes of 32 and 16 since depths are deepened to two

25 layers by splitting the maximum coding unit twice. Meanwhile, since the maximum
depth of the video data 330 is 1, coding units 335 of the video data 330 may include
a maximum coding unit having a long axis size of 16, and coding units having a long
axis size of 8 since depths are deepened to one layer by splitting the maximum
coding unit once.

30 Since the maximum depth of the video data 320 is 3, coding units 325 of the
video data 320 may include a maximum coding unit having a long axis size of 64,
and coding units having long axis sizes of 32, 16, and 8 since the depths are
deepened to 3 layers by splitting the maximum coding unit three times. As a depth

deepens, detailed information may be precisely expressed.
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In a hierarchical structure 600 of coding units, according to an
enbodi nent of the present invention, the maxi mum hei ght and the

maxi mum wi dth of the coding units are each 64, and the maxi num depth
is 4. Since a depth deepens along a vertical axis of the hierarchical
structure 600UG. d1hisi aybtockntiagram df ranorfnageeedmmoowasmﬂ pngcadging uaits,
each spli uni t a partitions, which are bases

for pr@&FEfq“agr%‘gﬁE% ihas WP”L%&I’?G&E@?@? 'EY)‘?ﬂtW 4-unit, are shown along a

hori zontal epHesirRhgd RpicBHEF ADBNHERI M bHéFdi'r'bﬁsQﬁothe coding dr’ﬂt akf®iner
words, a coding unit 610 is a nmaxi mum cod |n3 unit in the hi er ar chi cal
e

st ruct U8 @dbe vides encpding epparatys 00ahel eacede émage data.a Inaithern wokds, an

odtii ng s BreSon D08 Aottt BEERE AalBEaf i §R'inf gloqd orh
uni t 63endrRy Br@irens frzene 03 5246 aandtion depinatarf 420 aad eomiotign Wokipeiiator
having a size of 8x8 and a de th of 3, and a coding unjt 650 having a

si ze oft éxmrmrm%lrﬁ%rp%ﬂwtm B guotiorh SORPENEHIAMPD @SNG: 4Its ¢ @AcNter
si ze Ofy gt a‘rﬁkﬁg‘rgf?ﬁ’é huPenf flamé 4!6‘5“b\2‘{§ rﬁgg‘?l‘ré'gzdr'@n? fratmd %5 and a
an |

predrctron unrt partitions of a are arrang
al ong réferdrard rameatObaxi s according to each depth. In other words i f

thecodrng I,t 610 having the size. of 64x64 and.the t.h 0 i

ted ot on ite outn Brmai: 1A REIChG e heoMotion RS MRIPS oppd e
i ncl udendtiont &@n?@ﬁé&bﬂ@%‘% bufptR asl a QuadtiRA frahsRmadh Q@éﬁl@ﬂarﬁtlﬁbégh
of 64x64, partitions 612 having the size of 64x32, partitions 6

havi ng asmmﬁéorsgnqr&m apdhesquantizep A30i t eraﬁsquamlzadxtrar@fqrﬁ@t@nz@e@ﬁlcrent is

ﬁgésﬁgref\ﬁgreg azsgbo lrgé %&at Qﬁﬁﬁirﬁy{ﬁpﬂl‘fthrri\%rsybgraﬁﬂg rn?adﬁ%lb% aﬁ%ererse
partit transfarmelr WiZa] and tthe restored daiat ib2fe spatial _adqma”nl s ootfaitOas the
O, i ame A 4 pOREnacsuad M & Cises g and
Si ze 0 | |

ni t 6Sg P leng i 490,  ThedfihfAod traReRnAgeh coBfiet iy b0 iR 4%

into phrtstreamrr’éﬁ thedughean entropy ecoddergtathi t 630, i.e. a partition
havi ng a sr 16x16 included in th di,ng uni.t 630 artitions
635 having It <fder B th JRedErenddish g8 B0 atiba IR theh fldser pRBine
partit appardbted 108y BN @lemshtseofpk ihdge Shdoderr4Qp, ia. pth@dhﬁélpwdruwrtmcaf
the coding unit 640 having the size of 8x8 and t he depth of na be

291t tha ;qdion eslimatori 420, thedmioHon HomRRNSAPLALS, B1D] ransf@rmgr , the

D+ HRTRY, M ] ey Uk A YRR L0 O peres

si ze ofranxlﬁrmandmﬁ)arthetdehksclﬁr@ Umitv 48, andrlthe lobp 1fitefing. unit 490 perform
operations based on each coding unit from among coding units having a tree
structure while considering the maximum depth of each maximum coding unit.

25 Specifically, the intra predictor 410, the motion estimator 420, and the motion
compensator 425 determines partitions and a prediction mode of each coding unit
from among the coding units having a tree structure while considering the maximum
size and the maximum depth of a current maximum coding unit, and the transformer
430 determines the size of the transformation unit in each coding unit from among

30 the coding units having a tree structure.

The image encoder 400 may classify pixels according to an edge type (or a
pixel value band) for each maximum coding unit of the reference frame 495,
determine an edge class (or a pixel value band) for each restored pixel, and

determine an average error value of restored pixels that belong to each edge class
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The coding unit 650 having the size of 4x4 and the depth of 4 is the
m ni mum codi ng unit and a coding unit of the |owernost depth. A
prediction unit of the coding unit 650 is only assigned to a
partition having a size of 4x4. In order to determine the at |east
one coded edept hixef vahe baddhg Offset tyesc andt offsati vajues doneeachumaximum
coding unit 610. the codi unit det 1 ner 120 of the video encoding
ppar SR dTE A AT PGS g eaAved 06l e ng 1o
each depth img. ugeid 4 BIddRedigBrEnTONAPOIdHE H8EEd18D0 based onfcdditid Bihits,
of deeper coding units according to depths including data in the sane

range &¢GOfdRg knae embasimest ebibeprasentiaveniinn deepens. For exanpl e,
faur 20 COd'ARg)a'rjéErt §1@?§%§%§%’ﬁ%ﬂgd {; edSQttah{d)fbezdg&?déoe%HHrlt%goré%tion

cover data t t 1s rncl'u I'n one codrng uni correspondl ng
dept h abolit efAcodindi regluiredifor dededintofreranp ditstreamoddbg The Wricededl image

et h. Slta T AR T cAntiZet e ABHAR 1 EOVORE ARALRT GO o
each engried quantise Siﬁrarfoothgqg{/éﬁs@ db@YatLls t%s%ﬂﬁBtim%t@Ldéété hPE

anong the depths, a | east encoding error may be selected for
cur r entspatiptdorbgingbrdughraminverssotiamgfofroer 84&h prediction unit in the

coding units, correspondi n o the current d h. along the .horizontal
"3 (T he At Bl BRRISP SebCpp St b aredBtich B FOdnondi i At
encodi Mgodks rWith NpBEt I8atNamager daya Ciempies | §iihtianedomart, &REodi Rbtion
errors 30 according to depths perform ng encoding for each depth

. by ] ( or e
as t he CRBIRERsatas HEYspefAshty mation sprneasation an spdingeunitssinaniwteranode by
struct ﬁ%ﬁ}gegpefe%r%%pﬂ%}n?@éfa partition having the m ni num encodi ng

error in tthe codi ng uni 0 may be selected as the coded depth and a
partition type dhagdedatadimghenspatElOdoRbid, Whichs passikdigheoughoithe intra

d i bi l.ati hip. b dj it 710 d
anst BFFRIEE SO0 AT e BIOURB PRSI AT SO0 cHB denanipubAs anessioreddrame
i nvent 508 .after being J&Q-Mbé@é&é@ﬂﬁ%ﬁdﬂéa @BBWcﬁﬁﬁsurilipﬁ@éna%o@?ﬁmgﬁﬁ%‘%it

decodes an inmage according to coding units having sizes smaller than
or equ@BO0t oAtsardhe rimageotatadhahist pegirpreaessadathirough drlideglogking. urdt 2€6

sl et A1 SRl i MR QPR 8 e erBlerRRAHE B85r S ponai ng
codi ng uni t In order to deebdeXlaerthage idatd inethei itegeaduta dietgdappao af tie idlo
or 200, if a size of the coding unit 710 is 64x64, transformation may

8 per ABFAHRIBPRAANE 200 thedAtags: Aasedst N Mmayyperfaayiangrations, thagsare
32x32. péﬂ&rﬁé’%aﬂ@f’ﬁﬂeoéar%@?ﬂ@.di ng unit 710 having the size of 64x64
e

may be enco y performng the transformati on on each of the
transfor mat lrororden for theyimgge hdecides 500 3@x32 ,applird 6in e videod dézdding
}[/\ﬂleclh egrg[%a%g@% lrg@r()eHJ"lggleMX qg’é)fsn%e%‘?%?ﬁ %e%{)ggrs %86??.%!,Otrﬁeugé}sep%\lllor,](:fhe
entropy decoder 520, the inverse quantizer 530, the inverse transformer 540, the
25 intra predictor 550, the motion compensator 560, the deblocking unit 570, and the
loop filtering unit 580 perform operations based on coding units having a tree
structure for each maximum coding unit.
Specifically, the intra prediction 550 and the motion compensator 560 perform
operations based on partitions and a prediction mode for each of the coding units
30 having a tree structure, and the inverse transformer 540 perform operations based
on a size of a transformation unit for each coding unit.
The image decoder 500 may extract offset parameters of maximum coding
units from a bitstream, and adjust each restored pixel for each maximum coding unit

of the restored frame 595 by an offset value corresponding to a corresponding edge
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FIG 15 is a diagramfor describing encoding information of coding
units 15 corresponding to a coded depth, according to an enbodi nent
of the present invention. The output unit 130 of the video
encodi ng apparatus 100 nay encode and transnmit information 800 about
a part idassnot ype| viahfeobemdi oy uBIHY affseit typepratl offsen vaines, inaluded in the
i nfor ma%rj 0{1 820 gbout a size of a transformation unit for each coding
unit 26YSFBFTMAPRY to a coded depth, as information about an

encodi ng MRS, 13 is a didfearh MuRtiABhy AeePBP coBAL QiR Sadcor@ihgab ideptd Akt
a shape of a partition obtained by splitting a prediction unit of a
cur r entPagipnsgacenrdinginaareembpdimenirafitne eresent invgatianuni t f or

predi ction i LUrs I Bt .

ot g uni t B0 B sPRSBYZharfe eI S B Ry Bprdrts REO ke
a part ihiérarchiés codmghanitsngp asso zenside? bkafctetistias of bhdmage4d RamaRrinam
size of 2NxN, a partition 806 having a size of Nx2N, and a partition
808 ha\V‘iefﬂj"t-aaéﬁ‘?@mé'F" gth. aedea maxdMuRY deptht oTorPding URKS haw Badaptively
type i - LR : t detel QF i S f
2hin, | PRETmInGY HRCOBRICEE, cHaraCtBnBiis ot TnE0e S el bRt ast by
havi ngaausérze Sizedixd dTaepémtodimgt Upits &bBording dat dspths pmagli be | datermided
of each partitjon. For, . 30.exanple, the inff rmation 810 nmay indicate
a%mode @6 org,l%{ocmieoq{egﬁ@(g@; MaxMHREoR Besading val i ndi cated by
the i nf or mayh amié@PehitalSstruciirel 600 8f 68HRg Yhds, adtdrdingrtoBRIEMBbdiméNt 6t
ski p node 816. The information 82% i ndicates a transformation

uni t t eeresenddnyntigneihe maayminmdisigt ard the npdmgn widthcof theneoding
codi ng - XE4TP 0 ti nj i

intra ﬁg%;a{éggr?gﬁ on %Irﬁq gﬁ%gﬁrgué{eggé% {Sg?'r ag[ﬁr%nés%jg rratdlggﬂgrﬁghﬁ{ﬂg a
824, avéftical akist eff tHe aishwhiva] istructuret6@R6a height et andidtintafrthe deeper

57 or naPABE R ABAAH S oAlSOna RPHEHORLEB A rBa, AR ST Bas T
ext r achr&afictidteenddifind BF eémgjb%etgggdiné i, érlf:é‘ljsélﬁ%pn BRnF8 HeRL-Httal a%ds of

according to each deeper coding unit 16 1s™a diagramo
deeper thsohieraychicat strectosy @Gg t o dept hs, according to an enbodi nent

[ ipon.. .. , SplLit_inf i d,t
"ni cat o & Bhase YGRS Bpdine wiiko 107 s MR BPas i hF sl aterica
whet hegtractarsi600, whetei®h depthiig @RinddesitzB, i.6., aMeighti byt Wideiwds Baxeni t The
of a | ower depth. A prediction unit 910 forqﬁ)r edi ction encodin
&0codi AgPindecrsns #a0g e yerissl Axist and ahepding iU G0 baving 2nsige @ p2x3
LS8R d6dhOR BlecRiRCh bR Kot 342 Ve e R of 2, cocing
part i t Linib 640 pevirtba 8lé ¢f-8x8nandasiepth of 3Narka Noingamit A5 havingi size of

type 918 having,a,size of N QO FIG 16 only .illustrate e
bar e cheh S ADeB G Buish-o theactng upd Sl hévt 8 55 R dicand ghe
splittyagthtdres RrLMisupR cBfing (hiQ, but a partition type is not
limted thereto, and the parfitions of the prediction unit 910 may
i24cl ude asyhetpredigtiopanitiancotne, parditions o ascading wgitarprastangsdnained the
shape, hgr[?ijorﬁglr Ekits' Qgéorgﬁ%' 9 e3ch depth. In other words, if the coding unit 610
having the size of 64x64 and the depth of 0 is a prediction unit, the prediction unit
may be split into partitions include in the encoding unit 610, i.e. a partition 610
having a size of 64x64, partitions 612 having the size of 64x32, partitions 614 having
30 the size of 32x64, or partitions 616 having the size of 32x32.
Similarly, a prediction unit of the coding unit 620 having the size of 32x32 and
the depth of 1 may be split into partitions included in the coding unit 620, i.e. a
partition 620 having a size of 32x32, partitions 622 having a size of 32x16, partitions

624 having a size of 16x32, and partitions 626 having a size of 16x16.
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20geonetri cal shape. Prediction encoding is repeatedly

performed on one partition having a size of 2N Ox2N O, two partitions

having a size of 2N OxN 0, two partitions having a size of N Ox2N 0,

and four partitions having a size of N OxN O according to each

partition t)&]mllaﬁrhea predictidn onit efthedcoding rmnar6301na\angrﬁmk93ﬁed)fal@xﬂ6taﬂd
rrition t he sizes

TN O o dagtEesng hep HecRR ROt RA BN B B PN urih 080 A8
in a s@a?t.twﬁa\hﬁ%@eé&@méxwIﬁeum"éd .hetheggbngﬁgt @it 58y cﬁ%m&% 632% 9fn

2N_Ox2N_O rrors of encoding inclu he pre I on enco

i n t he gsizeiof 16w paritons B3¢ Havingha $i& af 8x i e pattitiensi686 davirgsa S|ze
er]5c0d| 82&”” I's determ ned anong the 30partition types. If an

encodi E’g ror is snmallest in one of the partition types 912 through

916, the preaimilaipna wiedicHd® urmyoftat deRlikPunit 640t Baving aMEIsiZteet Bx8 and
If the encoding error is the smallest in the partition type 918, a

dept h itke depy&d 3 meay det §P'Itt'6t°sﬁﬁrtttloﬂﬁe'nﬁlélﬂ?ﬂt'ﬂofﬂi’et gorting 1nit §40, ie. a
operati I

030 haVrir sy oSE0R B el gar Bl ) dodii Ll K8, BIEBH: iz iy =
m ni nmuisizenco8xs partitioms 644 havmgAammlotnxanammlpartﬁMSfMG haddgd size of
encodl %% the coding unit 930 having a depth of 1 and a size of

M 1x2/%4- (=N_.OXN_O may include partitions of a partition type 942

having a si Zgeadodiily LinkisH, ha"vﬂ%ﬁfﬁé élk@'@)fh&l@ean%"fﬂ\eh@éﬁtﬁ%fa §'tﬁ§ n%m%m
2N | xN_1, apartltlont pe 946 having a size of N _1x2N 1, and

partit p@dlngytﬁut mamdmggumt of the Igwemnmswqpth A predlctloarmnémfdm agding

error h depth i s changed
from 1 tt(%%t%%ﬁ{ %%St'?'h&jt’) ?tpgﬁ 8 %w é%gze éﬁ%er ation 950, and
encodi ng i s epdet €dl Jeteanfres tinsl dinleastione ¢odes E&ith shitied aunits
depth of 2 and a size of 10N 2xN 2 to search for a _m ni mum encodin

e1r5r or . constitutingytae, MaxyEMMAARG TR &1¢) thepseding gk dptsiminarot 40 r@ﬁ%@
h d

"t or mudied, Sy BEharidd b berfbr RO AREIT RRARTERIS crig8Pendiy '

| n ot heachwiegt) inshusieden doelmaximenmpesdiog wed 610.t o when the depth is

n oper ot oA BB e SRR R8s s 2 e e g he

codi NgsHmel ra®ge dhivinedsaind epleinefeaded a%rtﬁea:iegjtﬁ Ge@f)eﬂtN_(FbrléRé?ﬁbJédfoUr

may include partitions of a partition type having a size of
29 (d- eostipg qruwlqorr&&ppadmlttp@wdegtb@fgbarmWUHgdao§i02@r 6ata that is included

2L PR i o BB 195 GBI IRY nARMEBN T orr to compar

N_(d- 1prbdbdidglyesults of the same data according to depths, the coding unit
corresponding to the depth of 1 and four coding units corresponding to the depth of 2
are each encoded.

25 In order to perform encoding for a current depth from among the depths, a
least encoding error may be selected for the current depth by performing encoding
for each prediction unit in the coding units corresponding to the current depth, along
the horizontal axis of the hierarchical structure 600. Alternatively, the minimum
encoding error may be searched for by comparing the least encoding errors

30 according to depths, by performing encoding for each depth as the depth deepens
along the vertical axis of the hierarchical structure 600. A depth and a partition
having the minimum encoding error in the coding unit 610 may be selected as the
coded depth and a partition type of the coding unit 610.

FIG. 14 is a diagram for describing a relationship between a coding unit 710
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20 Prediction encoding may be repeatedly performed on one partition
having a size of 2N _(d-1)x2N (d-1), two partitions having a size of
2N (d-1)xN (d-1), two partitions having a size of N (d-1)x2N (d-1),
four partitions having a size of N (d-1)xN (d-1) from anong the
partitiamd trameferndgtivn wmitud20, FRotding éman lenilmodimepbot thei preseyipavériomg

a mnimum encodi ng error,. 25Even whe he tition typ hasthe

i ni mum encddithyOEP; BRCOURG APRRTALS, enofes ot CdeaKigs.af imade
CU_(d- Bchaihd %o %odﬁi@t tnief hﬁwﬂag's‘?‘zég)sr'n‘éﬂglefhaﬁpb# Eqlif) B & AHBK m‘él?rpbbdmg
and a coded depth for the coding units constituting a current maxinum

codi ng Wnitifer gaeh mawaum aodisg uni. b&izesiofanansiofmaatian units toy peansformadion

N o 17RB PR il BB felElpd Bof oUW R gl taross tamia

codi ng comebpdBding @odirg @nit.ower nost depth of d-1 is no longer split to
a lower depth, split informatjon for the m ninumcoding unit 980 is
not set.  For exampleqinihe Vs gaGodRI APPAAUEURQ ST 1200 df at $ige of the

curr enio Ry rﬂHﬁhCﬂ‘U Ng $Akb4, ArdAdibmdn 'ﬁa?cﬁgr?}eﬂﬁrﬁledaggt using _ the

enbodi nent ~of resent invention may rectangu
obt ai nenanbgorsmltlontumtg 720rhaniimgensizedo 2P xB2i t 980 by 4. By perform‘ ng

t e encodin rep e Vi encodi 100 y sel e
et n hay s i Pl cadBa i oranne, I 3B 3 BB aimouPR erapust by

accor d'p@ﬁohﬁlr@eﬂhbh%rﬁfoﬁrﬁ&lcﬁpgh R cHftth YdinsorARitIBHNMHE r@a\ﬁﬁ@ﬂﬁe size of

depth, and set a correspondl ng Spartition type and a gr edi ct1 on node

as an SB¥3di ntPx1Hded¥d. tand bdled Whigh hare smallems thare ho4xGd @ndi then a

encodi f r II of the depths
of 1 tﬂ‘goué){ﬁgﬁo %&ﬁaﬁgggg}%%Hggﬁl%@rﬂigfrégﬁﬁ%eﬁ%%@%% error may be
determi ned &$Ga 16oided dizgrdm Toredesclibihgl epicbdinghmfomiation ofi dodirey aihits

the prediction unit, and the di ction node nay he encode nd
HBanenEOT RGN 6r AaCPURY aBGIP. ARGORING G0 @ e TRASIMER <8 T Eesant

codi ngjhtiohs split froma depth of 0 to a coded depth only split
information of the coded depth is set to 0, and split information of
dept hs excl dbemutputusibded dkfheh videosemncading apparatus TPemayagreatiet and

and en i ipfornati to 20.0f t.h

ppar aiageBHhRaBh: &R SkhGE Aanifa ey ArHaRER50f 8PhdCa arsgiction
dept h aivdie, Bed idforinaddh BR00bainid sigé oh‘laetra:rmibmatww UniP RS} daEhdsstE unit
the partition 912. The video decodi ng apparatus 200 nmay determ ne a

#8pt h, C?ﬁeWﬁf&m%Eﬂ atCOFiﬁfJ&eﬁm,laﬁnnf%’mtloaeba%aa@@ceewgﬁnaqe usi ng
split inforgRgi ?ﬁt@ﬁﬁﬂfrp'%@ i %@Ehgﬁ?wlo‘ﬁs b'oU Oé @Hp‘eﬂ ofPQUbardflon

encodi ng node o he correspon rng d
FI GS. aBtairedhby Isplltﬁngraepr@ndm;loarmm‘ ofra daEreni d:mmgg amrteWbErmmrhe partition is
0,

bet ween codi. unl 1010 ction nlts 106

Cr anst Brdalt LoH TR Erediiry enaadBg dhe S rBnh Rorgodiie frofdrarmrle op vkt
i nvent g&dfing unit CUbehaQﬁﬁ;' AGiZeNbft NN thadf 15 SPRY iR éﬁy bSe Bﬂé' ;ﬂﬂtlﬁ’oﬁ 862
structure, corresponding to coded depths determ ned by the vid

@acodi hgwag@aaalae @6 2No@N, iarpattitien BRf Maytng agizertftZNxNhea pﬂédlpatSQﬁlhaVlng
units gt%z% & ﬁxéﬁf éhé 'aopﬂﬁ’(it%n 86§ (fg'a?/fn'goa1 sf‘i@'otf%lﬁfl. eﬁ&#b,%e information 800

about a partition type is set to indicate one of the partition 804 having a size of 2NxN,
the partition 806 having a size of Nx2N, and the partition 808 having a size of NxN
The information 810 indicates a prediction mode of each partition. For
30 example, the information 810 may indicate a mode of prediction encoding performed .
on a partition indicated by the information 800, i.e., an intra mode 812, an inter mode
814, or a skip mode 816.
The information 820 indicates a transformation unit to be based on when

transformation is performed on a current coding unit. For example, the
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25 the coding units 1010, and the transformation units 1070 are
transformation units of each of the coding units 1010. When a
depth of a maximumcoding unit is O in the coding units 1010, depths
of coding units 1012 and 1054 are 1, depths of coding units 1014,
1016, 21caBforhe®dn LOEOMagnie 10D5Rstairdra? tradleﬁirhtatioh uniﬂiSﬂjZ uani secoh@2itra

1022, 024 6, 10 032 nd 104 pt hs of codin
uni ts orfiaeN B0RB24ng fish ANy dTanslomation wnBZ8r Gh 2 Sesrdn e
1060, qu&m@hnm,mgs 1014, 1016, 1022, 1032 1048, 1050, 1052,

and 1054 are obtained by litting the codlng units in the encodlng
uni ts 1010. The lmmdw@rmﬂ epeading idermatinnsextractor220 of the videe slecoding

1622, Ay 09501 81Rc2 5eThe Phthali 00L 8T OB T i

par ti t izesotdimetoéatihdespst ctgingiuhit 1032 has a size of NxN. Prediction
units and partitiaons of the ?Odl ng units 1010 are _smaller than or
equal to eachGedBiing dingam of drepel sRAING HNHE acROEIRGtQ daptbs oaerarding to

I's perfy grépﬁgo@iﬂqémgiéggﬁ'@ien in Eﬁtlor$ coding unit 1052 in the

transformation units ata unit that is smaller than the
codi ng uni t Splis foAnation trhay dedused daiindica®l 4, clarigy ol @2depth03Zhe spilt

1048 1 t f t ts 1Q70 f.f .
Hom « HIGanefih itemte wheBR anPedingodtl Bh o BeenoRee ekl dnEh Gpdes
In ot heihityf d9owkhgepthdeo encodi ng and decodl ng apparatuses 100 and

200 may performintra prediction, notion estimation, 10 notion
conpensat i o\ pltadmi@ndimhm(bfpr mdlctlﬂmmedmamgwnmmt&m having @udenth

on a dakg 4y L o) fﬂl artitions o1& Eﬂitfagnlt pe $154UVIY a
ve or RS atg s” havi ng

IS recdursi per#orn‘e n—eac uni
hi er ar eldecafl 2N1 OX2N W0,ea partitianitype g dmawngatamé oﬁﬁNcQﬂNﬂG, & piattition type

det optir di d th dj its h;
e S B8 MM 8197 P ReOREY- Dedtid & Rt e eI bavIg 2 APSI L B0,
may i nF'|Gd96S&%lyt|||dé?Fa@é§f%é %%rtﬁmuf ypes P ﬂﬂngh 918 %th’%‘é BBtARY by

a partition type, infornmation about a predictidn node
i nf or maymmoretrdaliy splitting ethef peedictioms tioit n@itd, obutuai partitiab| type ishools limited

Cm o MR ST 848, BBl e a Bl REL 2R, Sigmetrica
( Encodpagitiens Coshrtilondi iavidy | 89 prédetemhindtiX 3Napad 4ad rsatitiéedt avihg da
Sz%l 't geometrical shape.

Prediction encoding is repeatedly performed on one partition having a size of
2N_0x2N_0, two partitions having a size of 2N_0OxN_0, two partitions having a size
of N_Ox2N_0, and four partitions having a size of N_OxN_0, according to each
partition type. The prediction encoding in an intra mode and an inter mode may be

25 performed on the partitions having the sizes of 2N_0x2N_0, N_0x2N_0, 2N_0xN_0,
and N_OxN_0. The prediction encoding in a skip mode is performed only on the
partition having the size of 2N_0x2N_0.

Errors of encoding including the prediction encoding in the partition types 912
through 918 are compared, and the least encoding error is determined among the

30 partition types. If an encoding error is smallest in one of the partition types 912
through 916, the prediction unit 910 may not be split into a lower depth.

If the encoding error is the smallest in the partition type 918, a depth is
changed from 0 to 1 to split the partition type 918 in operation 920, and encoding is

repeatedly performed on coding units 930 having a depth of 2 and a size of
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Information 1 Prediction Mdde Partition Type Size of Transfornmation
Unit Repeatedly Encode Coding Units haying Lower Depth of d+1 Intra

I nt er

10

15

20

25

30

Skip (Only 2Nx2N) Symmetrical Partition Type

N_OxN_0 to search for a minimum encoding error.

A prediction unit 940 for prediction encoding the coding unit 930 having a
depth of 1 and a size of 2N_1x2N_1 (=N_OxN_0) may include partitions of a partition
type 942 having a size of 2N_1x2N_1, a partition type 944 having a size of
2N_1xN_1, a partition type 946 having a size of N_1x2N_1, and a partition type 948
having a size of N_1xN_1.

If an encoding error is the smallest in the partition type 948, a depth is
changed from 1 to 2 to split the partition type 948 in operation 950, and encoding is
repeatedly performed on coding units 960, which have a depth of 2 and a size of
N_2xN_2 to search for a minimum encoding error.

When a maximum depth is d, split operation according to each depth may be
performed up to when a depth becomes d-1, and split information may be encoded
as up to when a depth is one of 0 to d-2. In other words, when encoding is
performed up to when the depth is d-1 after a coding unit corresponding to a depth of
d-2 is split in operation 970, a prediction unit 990 for prediction encoding a coding
unit 980 having a depth of d-1 and a size of 2N _(d-1)x2N_(d-1) may include
partitions of a partition type 992 having a size of 2N_(d-1)x2N_(d-1), a partition type
994 having a size of 2N_(d-1)xN_(d-1), a partition type 996 having a size of
N_(d-1)x2N_(d-1), and a partition type 998 having a size of N_(d-1)xN_(d-1).

Prediction encoding may be repeatedly performed on one partition having a
size of 2N_(d-1)x2N_(d-1), two partitions having a size of 2N_(d-1)xN_(d-1), two
partitions having a size of N_(d-1)x2N_(d-1), four partitions having a size of
N_(d-1)xN_(d-1) from among the partition types 992 through 998 to search for a
partition type having a minimum encoding error.

Even when the partition type 998 has the minimum encoding error, since a
maximum depth is d, a coding unit CU_(d-1) having a depth of d-1 is no longer split
to a lower depth, and a coded depth for the coding units constituting a current
maximum coding unit 900 is determined to be d-1 and.a partition type of the current
maximum coding unit 900 may be determined to be N_(d-1)xN_(d-1). Also, since
the maximum depth is d and a minimum coding unit 980 having a lowermost depth of
d-1 is no longer split to a lower depth, split information for the minimum coding unit
980 is not set.

A data unit 999 may be a ‘minimum unit’ for the current maximum coding unit.

A minimum unit according to an embodiment of the present invention may be a
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Asymmetrical Partition Type Split Information O of Transfornmation
Unit Split Information 1 of Transfornation Unit 2NX2N 2NXN Nx2N NxN

10

15

20

25

30

rectangular data unit obtained by splitting a minimum coding unit 980 by 4. By
performing the encoding repeatedly, the video encoding apparatus 100 may select a
depth having the least encoding error by comparing encoding errors according to
depths of the coding unit 900 to determine a coded depth, and set a corresponding
partition type and a prediction mode as an encoding mode of the coded depth.

As such, the minimum encoding errors according to depths are compared in
all of the depths of 1 through d, and a depth having the least encoding error may be
determined as a coded depth. The coded depth, the partition type of the prediction
unit, and the prediction mode may be encoded and transmitted as information about
an encoding mode. Also, since a coding unit is split from a depth of 0 to a coded
depth, only split information of the coded depth is set to 0, and split information of
depths excluding the coded depth is set to 1.

The image data and encoding information extractor 220 of the video decoding
apparatus 200 may extract and use the information about the coded depth and the
prediction unit of the coding unit 900 to decode the partition 912. The video
decoding apparatus 200 may determine a depth, in which split information is 0, as a
coded depth by using split information according to depths, and use information
about an encoding mode of the corresponding depth for decoding.

FIGS. 17 through 19 are diagrams for describing a relationship between
coding units 1010, prediction units 1060, and transformation units 1070, according to
an embodiment of the present invention.

The coding units 1010 are coding units having a tree structure, corresponding
to coded depths determined by the video encoding apparatus 100, in a maximum
coding unit. The prediction units 1060 are partitions of prediction units of each of
the coding units 1010, and the transformation units 1070 are transformation units of
each of the coding units 1010.

When a depth of a maximum coding unit is 0 in the coding units 1010, depths
of coding units 1012 and 1054 are 1, depths of coding units 1014, 1016, 1018, 1028,
1050, and 1052 are 2, depths of coding units 1020, 1022, 1024, 1026, 1030, 1032,
and 1048 are 3, and depths of coding units 1040, 1042, 1044, and 1046 are 4.

In the prediction units 1060, some encoding units 1014, 1016, 1022, 1032,
1048, 1050, 1052, and 1054 are obtained by splitting the coding units in the
encoding units 1010. In other words, partition types in the coding units 1014, 1022,

1050, and 1054 have a size of 2NxN, partition types in the coding units 1016, 1048,
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2NxnU 2NxnD nLx2N nRx2N 2Nx2N NxN (Synmetrical Type) N 2xN 2
(Asymmetrical Type) The output unit 130 of the video encoding
apparatus 100 may out put the encoding information about the coding
units having a tree structure, and the i nage data and encodi ng

i nf or maEmnidoh0&X thasie tapsiz226f Nk2Nhandi al partitiecotypagofadppasaating up0l B2 has a

[T b SEHAPLNIN. eI BocyBans e Geim of the coaigq Fnty b o ite| Sler

i ndi Cattﬁén Wﬁ@hbﬁlﬁo%a‘éﬁ@o@ﬂig Ga®ing unit is split i nt o coding units of
a lower depth. If split information of a current depth d is 0, a

depth, in whi ransfosnatl@lmrolremnveraadrar@fqrmathnslsmﬁrﬁvnm osgmagei #ata of the

tope, oo b 18se R e iRk RO M 1S EITR AR R B el R
def i nedhé eodingeuniodes2depiso, thé cbhmgcmtsembmomW 1022 1032f 1048e1050,
split according to the split information, encoding is |ndependently

per f or ?ed Hird tFUP‘%BPP%fOHBﬁT'% upis 11978¢arg difiqrant d@fﬂ‘ﬂ ghose in the prediction
units 1060 in terms of sizes and shapes. In other words, the video encoding and

decoding apparatuses 100 and 200 may perform intra prediction, motion estimation,

10 motion compensation, transformation, and inverse transformation individually on a
data unit in the same coding unit.

Accordingly, encoding is recursively performed on each of coding units having

a hierarchical structure in each region of a maximum coding unit to determine an

optimum coding unit, and thus coding units having a recursive tree structure may be

15 obtained. Encoding information may include split information about a coding unit,

information about a partition type, information about a prediction mode, and

information about a size of a transformation unit. Table 1 shows the encoding

information that may be set by the video encoding and decoding apparatuses 100

and 200.
20 Table 1
Split Information 0 Split
(Encoding on Coding Unit having Size of 2Nx2N and Current Depth of d) Information 1
Pr&cgg’gon Partition Type Size of Transformation Unit
Split Split
Symmetrical | Asymmetrical | Information O Information 1
Partition Partition of of Repeated|
Intra Type Type Transformation | Transformation Enso de y
Inter Unit Unit ; .
NxN Coding Units
Skip (Symmetrical | N2Ving Lower
2Nx2N 2NxnU y Depth of d+1
(Only Type)
2NxN 2NxnD
2Nx2N) 2Nx2N
Nx2N nLx2N N/2xN/2
NxN nRx2N .
(Asymmetrical
Type)

The output unit 130 of the video encoding apparatus 100 may output the
encoding information about the coding units having a tree structure, and the image

data and encoding information extractor 220 of the video decoding apparatus 200
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10A prediction node nmay be one of an intra node, an inter node, and a
skip node. The intra node and the inter node may be defined in all
partition types, and the skip node is defined only in a partition
type having a size of 2Nx2N. The information about the

partit inoay exractnting emubhidirey mfeymatii abadt thardading onity pesingay treg struohsre
of 2Nx2N, 2NxN,, Né%ﬂl\{ and NxN, which are obtained by 15

symet Fi00% P IGCeP BIBHEAR- hei ght or a width of a prediction unit, and

asymret r i calgghplifolrh@fioh YAeate8ViWASthel 2 suREnBidiHg W RDspLingNcoang
NRx2N, which are obtained by asymmetrically splitting the height or

wi dt h omitsieé agewer depthn  dhsplit infasmatigmata cugent depthid isdh a depth, mwhicl
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be respectively obtained by splitting the width of the prediction )
uni t i &Nit-rgayfie defined for theneodgd, depin. ¢ dether alweens: erding wnifnistfuphgr salit

rode. _ PO td BRGsbiR, bfefmaNbh RelfRiind T rdtpel HEIY borthRffed BhTbur spif
is 0, thding wetsadf & losverdepsi.ormati on unit may be 2Nx2N, which is 25
t he size of ,the rrent coding unit. If split information qf th ,
{Wanat or mat PoTasifton g TRy be BReiaS i ishmadk: SnmaieuBogse anaaysky
spli t1 e, heTHellintr@tho8€ @ndGthe ihfer nf8dePmaly fbePd®fidd nl ANpartién ¥pdshand
current coding unit having the size of 2Nx2N is a symetri cal

par tit tmsl_sipps@qd%iwqf@eﬁfordyin amarigionalyperhayinia a sizg BSNS2N. and i f
part ¢1 on 195, MAELiob 8ot k" bafh B iney oefd SRRy bapon

The enggdisnpavingosivesi oh 2M@N, 2NSNNONKRING sindaWxNg whichearst sitainegde by
i ncl ude at [east one .a . coding unit corresponding to a coded

» f ondi .
cr@;y)t h, SYMPIIEFRly SRILAG 12 heiahtomAnWidiin A (PreqifloR dHfiith enghpeymmetrical
cor ' s BanftioRdniiRs! Havigletedent DNIHU,! DRkNEE ritholRasid BN, dnich are

prediction uni nimum uni t contalning t sane encodi ng
i nf or mabtaimed by asymikoeticdllyngpiitlingtthe shaiighteomwistial ofitties Incediatipracieitt The

ot A B, Whes R 16N Y brSRL S A (el e
uni ts. redpeetivély Obt4ined BYyLpgtirkPtieBeight 6f the SreticEsAUMK iRY :8 and 3:9dafd
depth is determ ned by using encoding information of a data unit, and
t2us aths gsymmgtriedl pertdenclyraspiaudng ihe siess @hmle@ @gdunRKk2Namayebe
oot o ety a3 TR ok M EA RO B L g ot o
i nf or mat i onThé size of uhe ttransfordeastjoar unit may be set to be two types in the intra
mode and two types in the inter mode. In other words, if split information of the
transformation unit is 0, the size of the transformation unit may be 2Nx2N, which is
25 the size of the current coding unit. If split information of the transformation unit is 1,
the transformation units may be obtained by splitting the current coding unit. Also,
if a partition type of the current coding unit having the size of 2Nx2N is a symmetrical
partition type, a size of a transformation unit may be NxN, and if the partition type of
the current coding unit is an asymmetrical partition type, the size of the

30 transformation unit may be N/2xN/2.
The encoding information about coding units having a tree structure may
include at least one of a coding unit corresponding to a coded depth, a prediction
unit, and a minimum unit. The coding unit corresponding to the coded depth may

include at least one of a prediction unit and a minimum unit containing the same
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10coding units adjacent to the current coding unit may be directly
referred to and used. Alternatively, if a current coding unit
I's predicted based on encoding information of adjacent data units,
data units adjacent to the current coding unit are searched using
encodecenconflimgriafaromation. t he data units, and the searched adjacent
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parti t irfarmagien t3xdjaserdvdata anids,zencddiddinformatiparofi datan unitpdn 18Sper
havi ng a  size .of pLx2N, and a rtition e 1338 Vi a,size , of
o cBaing i adiagetap fik PERECH9UnG Uk Yigy be Airec iy 7 e fisec.
unit is a kiandridtiveansf ar BakreAn dotie - urit SisZ predicfelde basadsbar BREH@Rg
unit corresponding to the transformation i ndex may change according
to a pfdainatiashol,adiaceppdatgruritsy sheta unis adimogpe t®¥h%0@@qm&@)mm unit are

When 1 L . o b . ) oy
Vype 1953RPRI ARG dbBeliSyfiinatibn 1t MU bR, arid fhe, 59oHBY ddiaceht
si ze ?bodiﬂdg_ZLMiﬂssn_ayab_eiréBdri‘w bpbféditﬂiﬁ%)ﬂ%drmnt(cﬂiﬂlir@i ﬁr?t4 f4 I ﬁg) of a ‘
t t 1 0, tr ormation unit aving a .

Soreof oIS 201iSi4 Ugtretefos digscagmasa Telatonship heiesa A Bbna

1355, ' BrOfUcPuiIe of SIBARRIIG P4 o\ sIqURBiQR PO, ARk %o SRk Gde
set i firdormatigrzef Taklg 1.s 0, and a transformation unit 1354 having a

The 10 si zen TaguRccading Spb A elige o uBIE30g, fpherder 1

flag i$3met 1B16] bad 1318 didodedndepth! arRr@r BRcEOMelBbdingBYNIPE318 is a
hi erarchically split havi ng\' a tree structure while the TU size flag
i2Acr easeding i of a eaded gepth. isplitbinfrrmasien(may Hesettte fg) Igformation about a

tanst BrRer ol Bl B RS BT HaRE, YA rifhe ot ns gpe o

uni t t bagartition hpen1322 halihg aisizé ofeBNXx2N, a partition type 1324 having a size of
2NxN, a partition type 1326 having a size of Nx2N, a partition type 1328 having a
size of NxN, a partition type 1332 having a size of 2NxnU, a partition type 1334

25 having a size of 2NxnD, a partition type 1336 having a size of nLx2N, and a partition
type 1338 having a size of nRx2N.

Split information (TU size flag) of a transformation unit is a kind of
transformation index. A size of the transformation unit corresponding to the
transformation index may change according to a prediction unit type or a partition

30 type of a coding unit.

When the partition type is set to be symmetrical, i.e. the partition type 1322,
1324, 1326, or 1328, a transformation unit 1342 having a size of 2Nx2N is set if the
split information (TU size flag) of a transformation unit is 0, and a transformation unit

1344 having a size of NxN is set if a TU size flag is 1.
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be expressed by using a TU size flag of a transformation unit,
according to an enbodi nent of the present invention, together with a
maxi mum si ze and m ni num si ze of the transformation unit. According
to an enbodi nent of the present invention, the video encoding

appar at us 104hes thapabitiendype is seli togberasymmetridd, ite. atrsf pantition typeuh832,

o ORS8RI SRR 5 Rt S RN Rt P78
transf gizefia@f Unhhd gi IO LR 1 35@%@}@ H4Pd HAREHN/I8S '§eﬂiflaﬂry

size information, and the maxi mum TU size flag nay be inserted into

an SPSsizacitag 8ihg to an enbodi nent of the present invention, the

{ et or nat OB Cd1Es 2Bnhel Tl om0 ia MR Rl ¥ SalR el ot
si ze i Miwsivet flagis Aot lititedrexi witmaht 3 tz@sfdragtion unit malyobe exarardisally

I f the size of a current codi ng_ unit is 64x64 and a maxi mum _
t r ansf 6PlahPYAIUAI tree istieictuye 3phi the nEld sire flag; incrpasest fraRs Por fdei eplit

uni t - My Rt BRU ! SlraSstbiRgtidrs ufl Yod Bsd @ ES BV BRB ok et

size fllag 1s 1, and may e 8X en eq' |zePag|s .

anot hetheiangfoemation irtexsi ze of the current coding unit is 32x3ﬁ and
I Nni t f t] uni ' is 32x32,. th the siz t he

ianof or mat IBINGRPPES 4P ShadERRITAIAE i) PE Bap Paghiactud hiined may

the TUpsl éprebadd 4AN08Ingbs TBLsikE fiag’ 8F Ue tahBRIrmafiaR Ghit Sé(f&)‘?dihbeto an

size of the transformation unit cannot be | ess than 3032x32. As

anot heembagtpee! of the peessin énvsmtione tegathemnwitb cdlimaximom size @k exniarem

a nexi .z i . Lhen it sjze fl ro 1.
rere. ORE B el Fapsmaliadph e AcPrdvg % B, ot o5, bresent
Thus, irfveintions titefvides drvadirighepparatas unodl s staimbld af éscdding maximum
" MaxTransfornSi zel ndex', a mninmumtransformation unit size |s .
"0 nTr HRSFGMmation: unityige dnfarmadien, F{PIYHN dransieimations uniksieringpraation,
when t ' I i th A i .
init Ao B P dise Ragt 1 ¥hedebit GF Bhoslifg THE hARRERP LaRbidhation
uni t, oail $ize defarmatioby thez unainirnoum( transter@atioM uriiti Sizee information, and the

max (M rr};gx(f‘r%koﬁ'ﬂssii%ee ’flagRon%)-/r 'f')gi iﬁgér(tér R E)I' ra%“éﬁgf ngjc%:glr lr(ljge >t(3 )an ér%%odiment
of the present invention, the video decoding apparatus 200 may decode video by

20 using the maximum transformation unit size information, the minimum transformation
unit size information, and the maximum TU size flag.

For example, if the size of a current coding unit is 64x64 and a maximum
transformation unit size is 32x32, then the size of a transformation unit may be
32x32 when a TU size flag is 0, may be 16x16 when the TU size flag is 1, and may

25 be 8x8 when the TU size flag is 2.

As another example, if the size of the current coding unit is 32x32 and a
minimum transformation unit size is 32x32, then the size of the transformation unit
may be 32x32 when the TU size flag is 0. Here, the TU size flag cannot be set to a
value other than 0, since the size of the transformation unit cannot be less than

30 32x32.

As another example, if the size of the current coding unit is 64x64 and a
maximum TU size flag is 1, then the TU size flag may be 0 or 1. Here, the TU size
flag cannot be set to a value other than 0 or 1.

Thus, if it is defined that the maximum TU size flag is
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Conmpared to the current mninmumtransformation unit size

"CurrM nTuSi ze' 10 that can be determined in the current coding
unit, a transformation unit size 'RootTuSi ze' when the TU size flag
is 0O my denote a maxi numtransformation unit size that can be

sel ect ékzlak'ﬁretrfs&arm&telmdeknal:‘tqinri:hhuntrangformation unit size is 'MinTransformSize',

Si 2o, WHBY EHEISIGRA BTN e (e sy EReahe T0 Sirfans Jutién

flag i sufent midiMdrh t?an]s'ﬁ)mm%*heum%lzé"@ﬁﬁl\ﬁim (SZBOMEL BENntHe 48@rmined in
maxi nrum TU si ze flag, and ' M nTransfornfSi ze' denotes a m ni num

t r ansf @ eritedcosingeunittiody ba defined by Raualienf( dm anong

ot TuSi ze/ (2"MaxTr ansfor ntSi zel ndex)r and ' M nTransfornti ze' may be
the current mnimumtransformation unit size 'CurrM nTuSi ze' that can
be det @umMIETuUSIZe £ htaxMINTEMsfEDSiZ2gROGITUSizEQZXMAMTeMI¢brinSiZRMdex))
enbodi mrent of the present invention, the maxi numtransformation unit
si ze Root TuSi ze may vary according to the type of a predi-cti di) mode.
For exanple, if a current prediction node is an inter node, then
' Root TuSi ze' may be determ ned by using Equation (2) below. In
Equati on (Zporﬂﬁarwxfﬁr thes torreti nﬁhindmdtwsfermﬁidnmmttsim&:mlmﬂuﬁze

unit siz denot a current pr edl Ctl

HBot Tu o8N be NRLRRINGS: 07 8P, BuPhisCoUd Lol b HpRSmalion”upl size
cur r entREBFASHe’ WhefRE TIS siZecfladiseo rmdaenéﬂéea tnﬁémhm t”fﬁhéi@?mb\ﬂd)rﬁ unit
size 'Root TuSi ze' when the TU size flag is 0, may be a smaller val ue

from aft#eg tthat nes@munbe r agslestatht iion dhet systemand tHe clrquation (1),

pr edi CtR&&Tngte/ "‘K/EXTr nsform: erfh LPUGIO0 A RABRmBtiH ki epyyhen
Fnslomaisendeb 47515 2 TR SIHLImaY &%

partition uni erm n
usi ng Etﬂlaﬁarrsforfr&)tlohehnNVSlim 'RooduSiee’,( @hen' Pay T istxeSHlag' is d@nist S§|It a

FPn( NGRS QPnEl e PETTPIRCEIG o0 (185 STRMIMYS, T naizeur flagy and

predi ciyipTramdsmhSizEhgehdtes & Madmunt RansfaRhiBREd. OMThus, a smaller value
from among 'RootTuSize/(2"MaxTran'sformSizeIndex)' and 'MinTransformSize' may
be the current minimum transformation unit size 'CurrMinTuSize' that can be
determined in the current coding unit.

20 According to an embodiment of the present invention, the maximum
transformation unit size RootTuSize may vary according to the type of a prediction
mode.

For example, if a current prediction mode is an inter mode, then ‘RootTuSize’
may be determined by using Equation (2) below. In Equation (2),
25 'MaxTransformSize' denotes a maximum transformation unit size, and 'PUSize'

denotes a current prediction unit size.
RootTuSize = min(MaxTransformSize, PUSize) ......... (2)

30 That is, if the current prediction mode is the inter mode, the transformation
unit size 'RootTuSize' when the TU size flag is 0, may be a smaller value from
among the maximum transformation unit size and the current prediction unit size.

If a prediction mode of a current partition unit is an intra mode, 'RootTuSize'

may be determined by using Equation (3) below. In Equation (3), 'PartitionSize’
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unit size 'Root TuSi ze' when the TU size flag is O may be a snaller

val ue from anong the maxi mumtransformati on unit size and the size of

the current partition unit. However, the current nmaximum

transformation unit size 'RootTuSize' that varies according to the

t ype ofdesnopesethiecsizenf thedeurrentgpaptitian umibn unit is just an exanple

10and the present invention is not limted thereto. Accor di ng

to the video encodi ng nethod based on coding units of the tree

structure descri bedra®qusizei=thin(ehemnangemisizd, ParitioRskEy ough (2P, i mage

data of a spatial domain nay be encoded for each coding unit of the

tree structure, and inmage data of the spatial domain may be restored
n decodi LS. Perfor r i odi i i

£ the vi ded Mabasal 15 ok AraBERh Rt R THEE e R e RethdicR

st r uct wnit,sizntRddtTisSizetiwhet itiad¢ Tihsikedlag ifOphay beer amdllér vaigs fioen among
sequence nmay be restored. The restored video pmay be reproduced

b
r epr od#e@ MsiApRLirarsfermaliol Kait sizeand thesiee abiiewsHrrant pertiieamnit gda
over a net WikyevdrS e gcfhr%crft 5@%X@ﬂﬁ”ﬁ%ﬁ$f0%¥ti GHRC e d T %SizF'. that
and ecode sl'ice,

transmtted or receive or each picture, eac
or eaclhvariesacoondinglintheuype of arpredictienohodmiti agadition wrfit is fiesttaneexample
structur or a prediction untﬁrgﬂfﬁgghco ing unit, or a transformation

ulf ¢ oP“(ﬁHBe(%%? IYRHONAR 1O €TPt or ed pi xel val ues of

nmaxi num codiprgokiihg Yo ahe Adés Ereedifly et basé® ' cedihgainitsabtigfe tree
based on an of fset paraneter received for_each maxi num codi ng unit,

and t hg§uaturesiescebes ahoreaiaveirseaceitaifitd. & throuaht20, imggecdatacotn
ort gl n@baﬁél i b%eeﬂcgﬁgg for each codixa%n‘ﬁ@qﬁé %%tﬁrtg:ftu%hggd image
present nvention cah be witten as conpufer prograns and cah be

i npl emelatedf ithe gpatialadeomain d'iagi Blalrestmmewt(\j/ﬂ'r@ dégﬁdiﬂg&slﬁeﬁor‘ﬂned ffor eﬁch
prograns using a,co ter rea e recording nedi um,6 Exanpl es of the

Qnput EIBHALBIUNG SEBARCATIRGA U ViAEP GieeoRGBE OChaseAR feding Units
(e g, oREMY trbbIRIEHGHeS KRd tﬁQ@@id%cﬂﬂ%‘ﬁnci}@érfs 4 ;ﬂaﬁr@ehu%};icwﬁ% Uehce
media (e.g., CD-ROVs, or DVDs). Ile this invention has been

particay Ibg sesterechindTHesmasidred widelo msye ben ceprodupedf by radeproduction

enbodi t hereof,. it W under st ood .hy .t hose of ordinary skill

"t he SEPe At B ckstbldr, BBell e Bt YT § Ry OHe e

therein witgd, Steptsét parahiersr Wi Beidricodan harir raAs®ittdder revedrdd and

as defined by the appended 59 «clains. The preferred enbodi nents
deshd

Poul ddpeodeshderdepel RiFUERLse3GHElcR QeR3en TRAXNIMMM Gesing snitpoF ok egch
oy & heChBe Py e oo ARSSRRDS: o RIS, ooy S o
cl ai ns{raasfdrmbtiodi @hitrafnthes cadirny wnithe Faropramipld, lestareds pixetdriahises of
bei ng irnrla\g(llrhjgr%dcci)(rj]intghgni%r g?ee%%jukssiteng %r)]/t L&Hg restored offset values based on an

offset parameter received for each maximum coding unit, and thus a restored block
25 having a minimum error with respect to an original block may be restored.

The embodiments of the present invention can be written as computer
programs and can be implemented in general-use digital computers that execute the
programs using a computer readable recording medium. Examples of the computer
readable recording medium include magnetic storage media (e.g., ROM, floppy disks,

30 hard disks, etc.) and optical recording media (e.g., CD-ROMSs, or DVDs).
While this invention has been particularly shown and described with reference
to preferred embodiments thereof, it will be understood by those of ordinary skill in
the art that 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
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[ ains] 1.A video decodi ng nethod conpri sing: par si ng

of fset merge information indicating whether offset paraneters of a
current block and at | east one nei ghboring block fromanong bl ocks of
video are bidentical to each other froma received bitstream

r est or iolgjmsn dﬁksweferyeprbemh)@dﬁhélsfstshmlmbe cbneidee&cbm’gdesmptif/é sehse only
paraneter oftghe curren%lblﬁck ba ﬁloffsetin%rg forma é%pn;
det er mANIPLIQT BYFOSaSASIMBHater; « erg r%’ 65 PPE OTtNe QY%'? i gedfned
of the neptbyahe ddtatdd BasatRm mr@d@eeﬁucne baf b? i é@beﬁéé&'%léim@d ah¥ R
of the current block 113indicating the offset e;

det er nidiffergnees orithiettheascape: wrilk depsaasiived @st h@lr@dg@lt&@sm dine tpresent
pixel m@} % nand of the restored pixel fromthe offset val ues and
adjusting a plxel val ue of the restored pixel according to the offset
val ue. 152. The vi deo decodi ng method of claim1l1, wherein the

determ ning of the edge class or the pixel value band of the restored
pi xel conpri ses: in a case where an offset type of the current
bl ock is the edge type, conparing pixel values of a currently
restored pixel and nei ghboring pixels of the currently restored pixel
di sposed according to the edge type and an edge size, and
20determ ni ng the edge class indicating whether the currently

restored pixel is an edge pixel, wherein the adjusting of the
pi xel value of the restored pixel according to the offset val ue
conpri ses: in a case where the offset val ues conprise offset

val ues correspondi ng to 25edge cl asses allocated to a current offset
type, determ ning an offset val ue corresponding to an edge cl ass of
the currently restored pixel fromthe offset values. 3. The video
decodi ng net hod of claim1, wherein the determ ning of the
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[Claims]

1. A video decoding method comprising:

parsing, from a bitstream, offset merge information indicating whether an offset
parameter of a current block is determined according to an offset parameter of a
neighboring block;

when the offset merge information indicates that the offset parameter of the
current block is determined according to the offset parameter of the neighboring block,
determining the offset parameter of the current block using the offset parameter of
the neighboring block; and

when the offset merge information indicates that the offset parameter of the
current block is not determined according to the offset parameter of the neighboring
block, obtaining, from the bitstream, offset type information of the current block;

when the offset type information indicates a band offset type obtaining, from
the bitstream, absolute values of a plurality of offset values;

when the absolute values of the plurality of offset values are not zero, obtaining
sign bits of the plurality of offset values from the bitstream; and

compensating for samples of the current block by using the absolute values of
the plurality of offset values and the sign bits of the plurality of offset values, wherein
the neighboring block is one of a left block and an upper block adjacent to the current
block.

2. The video decoding method of claim 1, wherein when the offset merge
information indicates that the offset parameter of the current block is determined
according to the offset parameter of the neighboring block, the offset parameter of
the current block is not parsed from the bitstream.
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