VI DEO ENCODI NG METHOD AND APPARATUS USI NG TRANSFORMATI ON UNI T OF
VARI ABLE TREE STRUCTURE, AND VI DEO DECODI NG METHOD AND APPARATUS 5
TECHNI CAL FI ELD The present invention relates to video
encodi ng and decoding in which transformation between a spati al
domain and a transformdomain is perforned. 10 BACKGROUND ART

As hardware for reproducing and storing high resolution or high
qualitéﬂvideo content is bein develqged and supplied, a need for
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the related art video codec, video data is encoded and decoded by
perform ng transformati on and inverse-transformation by using
macr obl ocks having the sane size. 20DETAILED DESCRI PTI ON OF THE
| NVENTI ON TECHNI CAL PROBLEM The present invention provides a nethod

and apparatus for encodi ng and TECHNICRAL/FEE®D by perform ng
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transformation between a spatial domain and a transform domain is performed.

10
BACKGROUND ART

As hardware for reproducing and storing high resolution or high quality video
content is being developed and supplied, a need for a video codec for effectively
encoding or deceding the high resolution or high quality video content is increasing. In
15 a related art video codec, a video is encoded 'according to a limited encoding method
based on a macroblock having a predetermined size. Also, in the related art video
codec, video data is encoded and decoded by performing transformation and

inverse-transformation by using macroblocks having the same size.

20 DETAILED DESCRIPTION OF THE INVENTION
TECHNICAL PROBLEM
The present invention provides a method and apparatus for encoding and
decoding video by performing transformation and inverse-transformation by using a
data unit in a variable hierarchical structure.
25
TECHNICAL SOLUTION
According to an aspect of the present invention, there is provided a video
encoding method, in order to encode a current regicn of a video, including operations of
performing transformation on the current region by using transformation units in a
30 variable tree-structure which are determined from among transformation units that are
hierarchically split from a base transformation unit with respect to the current region and

which are generated based on a maximum split level of a transformation unit, and
: I



TECHNI CAL SCLUTI ON According to an aspect of the present

i nvention, there is provided a video encoding nethod, in order to
encode a current region of a video, including operations of
perform ng transformati on on the current regi on by using
transformation units in a 30 variable tree-structure which are
determ ned from anong transformation units that are hierarchically
split froma base transformation unit with respect to the current
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decoded, in consideration of an image characteristic.

15 DESCRIPTION OF THE DRAWINGS
FIG. 1 is a block diagram of a video encoding apparatus using transformation
unit in variable tree-structure according to an embodiment of the present invention.
FIG. 2 is a block diagram of a video decoding apparatus using transformation
unit in variable tree-structure, according to an embodiment of the present invention.
20 FIG. 3 illustrates a hierarchy model of a transformation unit in a tree structure,
according to an embodiment of the present invention.
FIG. 4 illustrates a hierarchy model of a transformation unit in a variable
tree-structure, according to an embodiment of the present invention.
FIGS. 5 through 8 illustrate base transformation units, according to embodiments
25  of the present invention. \
FIGS. 9 and 10 illustrate transformation units in a variable tree-structure,
according to embodiments of the present invention. '
FIG. 11 is a flowchart of a video encoding method using transformation units in a
variable tree-structure, according to an embodiment of the present invention.
30 FIG. 12 is a flowchart of a video decoding method using transformation units in a

variable tree-structure, according to an embodiment of the present invention.



unit in variable tree-structure, according to an enbodi nent of the
present invention. 20FIG 3 illustrates a hierarchy nodel of a
transformation unit in a tree structure, according to an enbodi nent

of the present invention. FIG 4 illustrates a hierarchy nodel

of a transformation unit in a variable tree-structure, according to

an enbodi ment of the present invention. FIGS. 5 through 8

Il lustrate base transformation units, according to enbodi nents 25of
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accor di ng tblGr Geistsobicgk diagsam: sfearpimsagmengadesimeased on coding units, according
10 to an embodiment of the present invention.

FIG. 17 is a block diagram of an image decoder based on coding units, according
to an embodiment of the present invention.

FIG. 18 is a diagram illustrating deeper coding units according to depths, and
partitions, according to an embodiment of the present invention.

15 FIG. 19 is a diagram for describing a relationship between a coding unit and
transformation units, according to an embodiment of the present invention.

FIG. 20 is a diagram for describing encoding information of coding units
corresponding to a coded depth, according to an embodiment of the present invention.

FIG. 21 is a diagram of deeper coding units according to depths, according to an

20 embodiment of the present invention.

FIGS. 22 through 24 are diagrams for describing a relationship between coding
units, prediction units, and transformation units, according to an embodiment of the
present invention.

FIG. 25 is a diagram for describing a relationship between a coding unit, a

25  prediction unit or a partition, and a transformation unit, according to encoding mode
information of Table 1 according to an embodiment of the present invention.

FIG. 26 is a flowchart illustrating a video encoding method using a coding unit in
a tree structure and a transformation unit in a variable tree-structure, according o an
embodiment of the present invention.

30 FIG. 27 is a flowchart illustrating a video decoding method using a coding unit in
a tree structure and a transformation unit in a variable tree-structure, according o an

embodiment of the present invention.



FIG 15 is a diagramfor describing a concept of coding units

according to an enbodi nent of the present invention. FI G
16 is a block diagram of an image encoder based on coding units,
according io to an enbodi nent of the present invention. FI G
17 is a block diagram of an i mage decoder based on coding units,
according to an enbodi nent of the present invention. FIG 18 is
a diagramillustrating deeper coding units according to depths, and

partitions, according to an enbodi nent of the present invention.

15FIG 19 is a diagramfor descrily tionship between a codi ng
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the determined transformation units, information about an encoding mode determined in
the encoding with respect to the current region, and transformation-unit
hierarchical-structure information including maximum size information and minimum
15 size information of the transformation unit with respect to the video.

According to another aspect of the present invention, there is provided a video
decoding method including operations of receiving a bitstream including data obtained
by encoding a video; parsing the bitstream and extracting, from the bitstream, encoded
data of a current region, information about an encoding mode determined in the

20 encoding with respect to the current region, and transformation-unit
hierarchical-structure information including maximum size information and minimum
size information of the transformation unit with respect to the video; and performing
inverse-transformation on the current region by using transformation units in a variable
tree-structure which are determined from among transformation units that are

25  hierarchically split from a base transformation unit with respect to the current region and
which are generated based on a maximum split level of the transformation unit,
decoding the encoded data of the current region, and restoring the video.

The transformation-unit hierarchical-structure information may further include
maximum split information indicating the maximum split level of the transformation unit.

30 A size of the base transformation unit with respect to the current region may be
equal to or less than a maximum size of the transformation unit with respect to the

video.



30FIG 27 is a flowhart illustrating a video decodi ng nethod using a
coding unit in a tree structure and a transformation unit in a

vari able tree-structure, according to an enbodi nent of the present

i nvention. BEST MODE According to an aspect of the present

i nvention, there is provided a video encoding nethod, in order to
encode a current region of a video, including operations of

Sperformng transformation on the current region by usin

t ransf or mat Aotﬁamﬁfomatiqn é!ntﬁa’ﬂﬁﬁmeesphte@ﬂ%ﬁt ﬁgctbat érawafcrfwagp@ units at a next

det ern mPW%q lfe(/ ééor ma B r@tlé\%] b‘ln'at greto*é"f’émﬁfngg hd'ﬁe Curtfo%l 'u}ﬁlt may

split roma ase tran on unrt wt res rent

regi onindivatevaitotal aumbge of splieddas txigemcratarthe mnleﬂa:ﬂmmed traasfoahation unit
transformation unjt, and determ ning transfornmati g{a,sum ts from anon

the t rlnstemwise seliftioathe b?ﬁettwsffﬁmaé'ﬁn@nit@ apd dbe basg dransformation Uniwith
r especleshlet fift ﬁﬁ@ﬁt F?ér‘?'?nafgg £ W B L Qnﬁ%ﬁi{o‘gﬂé@e?ftrahgﬁrmahon

current Peg i on I'S erat’ed vi a enco

t ransfmlhﬁtatmuskﬁﬂedvim$beckiettbe icrredt tegmrsf ormation units,
informatio cod| .npde det t encodi n

ospeer 1 o ThS B0 Ramete G in Tt Mon Bt Jialare Genttatta thsea
hi er ar&?tr@hﬁﬁﬁ%téﬂ@lévﬁf Bf iRt tr s rh reatidm [t W'r@@b’éo‘ﬁ ke ehd &J@éﬁ%gféﬂ
and m ni nrum 15si ze information of the transformation unit wt

r especmay include thalbase transformetion thit@nddranséemeationsyreist aqﬂordlhg to levels

B oAb TSR BT PRSP ST T ot EERCBRRPLBP MRS ey

by encglit igyed vi deo; parsing the bitstream and extracting, fromthe
bitstream encoded data of a current region, information about an
encodi ng notiéninseenmeizal the trarsforeatiasuirits with Fesreshée the guret region may

curr erE% H%ﬂ%rﬂﬂn?cf‘%g 3 'ié?TrQéF BHngFdrﬂrérH&#% alln ﬁ%ﬁg% 'ofst‘hre“t‘ﬁéﬁ’éfSrmatnon unit

i nfor Ion 1 nc Xl mum Si ze m ni nmum s
i nf or nwith eespEct tdehd mieefmdmtmmoﬂalttansfdrhwtmpﬂnt ata I<b\luernvmsidevelamich

P r s risiobeings Byrepiitingnihg Hae o matoni o b anarien ab 16vel’

det er mi ned fROMABIRNM EPIRNSIP IR RansBihatidd8hit A& be equal to or less than a
total number of levels from a maximum coding unit to a minimum coding unit that
respectively correspond to a maximum size and a minimum size of the transformation
units with respect to the video.

20 The size of the base transformation unit may be determined based on at least
one of a prediction mode and a partition size which are used in encoding of the current
region.

The maximum split level of the transformation unit with respect to the current
region may be set for each of data groups at a data level from among data levels

25 including a picture sequence, a picture, a slice, and a data unit for the encoding of the
video, and the maximum split information of the transformation unit may be encoded as
a parameter with respect to a data level by which the maximum split level is determined.

The maximum split level of the transformation unit with respect to the current
region may be separately determined in each of prediction modes used while the

30 encoding is performed on the current region.

The maximum split level of the transformation unit with respect to the current

region may be separately determined in each of slice types used while the encoding is
5



25hi erarchically split froma base transformation unit with respect
to the current region and which are generated based on a maxi num
split level of the transformati on unit, decoding the encoded data of
the current region, and restoring the video. The
transformation-unit hierarchical-structure information may further

I ncl ude maxi nrum split information indicating the maximumsplit |evel
of the transformation unit. 30 A size of the base transformation
uni t wPehoneegapthe suiraat ©GIAent regi on may be equal to or less than
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| evel sof a transformation unit, and determining transformation units from among the
20 transformation units in the variable tree-structure with respect to the current region; and
an output unit outputting encoded data of the current region which is generated via
encoding including the transformation based on the determined transformation units,
information about an encoding mode determined in the encoding with respect to the
current region, and transformation-unit hierarchical-structure information including
25  maximum size information and minimum size information of the transformation unit with
respect to the video.

According to another aspect of the present invention, there is provided a video
decoding apparatus including a receiving unit receiving a bitstream including data
obtained by encoding the video; an extracting unit parsing the bitstream and extracting,

30 from the bitstream, encoded data of a current region, information about an encoding
mode determined in the encoding with respect to the current region, and

transformation-unit hierarchical-structure information including maximum size
6



25including a picture sequence, a picture, a slice, and a data unit
for the encoding of the video, and the maxi numsplit information of
the transformation unit may be encoded as a paraneter with respect to
a data level by which the maximumsplit level is determ ned.

The maxi num split level of the transformation unit with respect to
the current region nmay be separately determned in each of prediction
nodes used while the 30encoding is performed on the current region.
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program for executing the video decoding method.

MODE OF THE INVENTION
15 Hereinafter, in one or more embodiments described below, an ‘image’ may
collectively indicate not only a still image but also a moving picture including a video.
When various operations related to the image are performed, data related to the
image may be split into data groups, and the same operation may be performed on a
plurality of pieces of data included in the same data group. Hereinafter, throughout the
20 specification, a data group that is formed according to a predetermined standard is
referred to as ‘data unit’. Hereinafter, throughout the specification, an operation that is
performed on every ‘data unit’ means that the operation is performed by using a plurality
of pieces of data included in the data unit. _
Hereinafter, with reference to FIGS. 1 through 12, video encoding and decoding
25 using a transformation unit in a variable tree-structure will be described. Hereinatfter,
with reference to FIGS. 13 through 27, video encoding and decoding using a coding unit
in a tree-structure and a transformation unit in a variable tree-structure will be
described.
Hereinafter, with reference to FIGS. 1 through 12, a video encoding apparatus
30 and a video decoding apparatus, and a video encoding method and a video decoding

method, which use a transformation unit in a variable tree-structure, will be described.



15a current region of the video, performng transformati on on the
current region by using transformation units in a variable
tree-structure which are determ ned from anong transformation units
that are hierarchically split froma base transformation unit with
respect to the current region and which are generated based on a
maxi mum split |level of a transformation unit, and determ ning
transformation units fromanong the 20transformation units in the
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Since initial data that is an encoding target of a picture is a pixel value of the

20 spatial domain, each of the pixel groups having the predetermined size may be used as

a data unit that is an encoding target. Also, transformation for video encoding is
performed on pixel values of the pixel group of the spatial domain, so that transform
coefficients of a transform domain are generated, and in this regard, the transform
coefficients maintain a coefficient group having the same size as the pixel group of the

25 spatial domain. Thus, the coefficient group of the transform coefficients of the

transform domain may also be used as a data unit for encoding of a picture.

Thus, throughout the spatial domain and the transform domain, a data group
having a predetermined size may be used as a data unit for encoding. Here, a size of
the data unit may be defined as a total number of pieces of data included in the data

30 unit. For example, a total number of the pixels of the spatial domain or a total number
of the transform coefficients of the transform domain may indicate the size of the data

unit.
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present i nvest ieRBmple, the trEM&fthARBNAIMIO HehemARRG Bh#S1HShAY generate the
transformation unit in variable tree-structure includes a

t r ansfisanafeimoatiamunitdet beving agheight and awddénmobthegurrent regign. Also, the

hopar ATt Phof OUERFRER i {5 bl beBheld inY ERSEERELASunL by
r ef er rggmirpetially ispitingratodasgong RArthé Ukeidht' andOfes afidtanss e ¢difent region.

transformation-unit determning unit 11 and the output unit 13 of the
vi Beo E?ﬁ:é'iﬁ”ﬁf?"ﬁ}%‘&ﬂdﬂﬁsd?@rwn%éifﬂtoéﬂ)éﬂayi%eyat@oﬁler Hﬁl"gér'ﬁ?“%n unit by
vi deo ' r : @85S LG ,

or ¢ nesiiRs BFIsieRREIH tns R At RS MASRESY hePotaR fofioR ERFER to an
vi deo,arbiimryiratim ehootiangfoapptioaung My bpla pslygbrealesiraperdatpiwtituineluded in
into qta units having a predeterm ned size and then perforns

encodi'N§ EEEEHCdf the data units. For exanple, the current

e, Corf LongbrAtah o ot M) N et g unis o
al Joow Pplovedrdevel by splitting again at least one of a height and a width of the transformation
unit.

The transformation-unit determining unit 11 may determine transformation units
in a tree structure for transformation of the current region. The transformation units in
a tree structure include final transformation units that are determined to output a

25  transformation result and that are determined from among transformation units in the
current region.

In order to determine the transformation units in a tree structure, the
transformation-unit determining unit 11 may generate transformation units at a lower
level by repeatedly splitting at least one of a height and a width of a predetermined

30 transformation unit from among the transformation units in the current region.
Also, the transformation-unit determining unit 11 may determine whether to split

each of the transformation units into transformation units at a lower level, and the
9



15 that are spatially adjacent to each other in the current picture
to be encoded together, the current picture may be split into pixel
groups having a predeterm ned size By a series of encoding operations
that are perforned on pixels of split pixel groups having the
predeterm ned size, encoding with respect to the current picture may
be perforned. Since initial data that is an encoding target of a
picture is a pixel value of the 20 spatial domain, each of the pixel

gr oupsdeigIingticReMayebetindaperdenilyzeerieimerk inwaghasl raggfoamatipn wmits: that
is an LRg g , f i fo j . i i _
per  or 1B AhBTsaES Bivel AE gt 208; QEBRLIEE Voo SPIERERS' 48 dimmor-tevel
so t hatratnsfarmbtiomunitef fi ci ents of a transform donmai n are generat ed,

and in this regard, the transform coeffjcients nuai nt?i n a, coeffi ﬁi ent

group havi n§f SMROUMSBL 23N t PRETFIQB| INg VBN & taNSToBgdon; ynit having a
dongi n : f.fiCier f.of i 6

the t 13T mibs IS0 io W IF Bito M o ihaldle up S PldbGioRVEl MR an
a pi ctoperation in wiAibhsat lehsbagl ot thehisasgatmatiord onids maxirg thee predetermined
transflorn?.dorrﬁ{' n, a data group having a predeterm ned size nay be

used a§V& 'd&Pd“unit for encoding. Here, a size of the data unit may

be defined pgr axambf, fRoHTRE uPbeﬁh@ﬁeﬁar]ﬁgfoﬁﬁétﬂ)ri Gﬁltltﬂ]?cﬁeidhﬁé?f? r@éflbﬁ to a

30 wunit. For exanple, a total nunmber of the pixels of the spatia

domai npredetermined levehbelt transionematioansiitsrmay df spldi @nmaydiotthee split at every
trfonsf%pﬂql%rlmi n may indicate the size of the data unit.

Herein ,a 'current region' may indicate a data group having a
data | evel Ihhaiother emdodimentdahenudtiansrdktion unit iPisplitfiém @peedetermined
pi cture sequence whi ch are encodi targets in a video.

Th
Ui deo lewolot Agoussdevalushetharalp BRIt AR piRatian HoHS @b eeHain ieveLimaygbe

5 inte i i Lt j i . 0 . i i ,
5B BeEA i Se Yr BB S BOC e L Phtin
on t heurits atenlowsrdével enay not be cdhstaht.ansf or mati on-uni t det er m ni ng

unit 11 determ nes tragnsformation upit that is a data unit t

pel¥ or m t r ah3§ of'RRE %Wagﬁn§"8ur49é%W'PE§i o‘H"'bfﬁ h&CREEHt '"%ﬁ'%lﬂf‘ar &ata by
The tr : i i ; : j Li:-hayi

I L OB D e AL ARB0 b  heti egs
i n t hetransfornatioregivitm. respect to A essidpale datah basedn oo amdtansfermation  unit

determning. unit 11 enerate the transformation unit, by hal vin
et gt CORERIE abK o nd3BSIT EiRtORagIon ST NG hounl '1£Y 88" %haP ne
tr ansfpameEd it Uit A@SteFRINMA LN il Bhed@Ys GRECE@TENt R&gion. That is, the

transformation unit by asymmetrically splitting at |east one of the
hetdghtresifyal datasfod eachfp reigr meedichienypbine cureentregion is re-split by using the

t ransf i on= unit - d nj ' .gen . .

tr anar Sy ReraAdbr TRy Y b ioPREERCRREelfing gt 1 e thet
wi dt h tednsftienstior ety be Perforareioodithg residanl datd foragachr ef tree triheformation
transformation unit nay be a pol ygonal -shape data unit included in

t he cuéMat region. The transformation-unit determn ning unit
11 may gen ' uRj : by 43
L1 o, Senepatt sl G REOR mat o (U5 it 2

t ransfpmooessing techique used to transform video data of a spatial domain into data of a
transform domain. The transformation for video encoding, which is performed by the
transformation-unit determining unit 11, may include frequency transformation,
orthogonal transformation, integer transformation, and the like.

The transformation-unit determining unit 11 may repeatedly perform
30  transformation on transformation units that are included in the current region and that
are at all levels according to a hierarchical structure, by using transformation units

according to the levels, may compare an error of the transformation by the
10



The transformation-unit determning unit 11 rmay determ ne
transformation units in a tree structure for transformation of the
current region. The transformation units in a tree structure include
final transformation units that are determined to output a 25
transformation result and that are determ ned from anong
transformation units in the current region. In order to
determine the transformation units In a tree structure, t

h
t ransf%ﬁ?[’ﬁﬁﬂ%imitae@c@omiﬁgﬁﬁ thsi levels, W %Wes?lﬁﬁhgf%ﬁr@ﬁﬁf%waﬁon
uni ts ghidal %“I%Qe%ﬁlé&'hag%l#ée%pg%ﬁ%ﬁmsgrgb?t‘.t ' fansRATGLONHR afihe level,

hei ght and a w dt edet erm ned ranstormation unit from
anong whieht gensfaiesaai transforms coeffickent ctivat ecausesgiaorminimum  eldarp, mahebe

transformatjon-unit deferm.ni ng.unit 11 determ ne ether to .
Spi Tt QBRI Aia (AR BATAD LY WH! 2 dansTamaan G At ana dryel &t which a
| over {-eN&hmatish it iggh&ﬁm nati on may be independently perfornmed in

each of transformation units that_ have t he same Iev_eI and t hat are
gener at ed bictadingls pthe tfansfarmatioppait Ideteminingnshibr irht mey deferminen the
one enpodinent,. an eration in ich.a trransformation unit hayi

"o odLALTAITHRAPT AR 6 o et Sty BAbPBnR dfpisiiimiston DR Mgef' are
| evel d@t)érmﬂfékittdQQLﬁ;BUtQﬁ@ft@n*sﬁd?rﬂdﬁiohhé@tb’lt.aff | east one of th?
transformation units having the predeterm ned level is split.

For exanpl eAc¢ardindae thppueserdternbegigtent namadmun sizefandha nHoinwRsize of a

regi o ter.m I | LT forlﬂgi:i } ts

Spfbl t Wgérﬁsgg'&ﬂétﬁﬂ?bgﬁlgpﬂﬁﬁ g‘%‘s\bg\%r@ ﬂf% gp % T'e eﬁ.e sBthn r@ﬁagﬁ%‘t hthe
enbodi tr@mdforrnditan-anit Hatesmimingtunitn umialy detespineta basetrangfoatdation omiteldat is
|l evel to a lower level, whether to spljt transformation units a

cer t aj $AYALRIOTgSS paan AoR peRdENMm pizgetleth Harsfarmatien ynﬁr\@l&u@ﬁﬁfﬁéa the

level ,;§&o! ﬂﬁ't%%t?% rQ%ioPﬁ}Hstf'lBr&mérﬂnpi UrdS fhe HdRBANBURLLIGUNMOk a
be constant. 15The transfornmation-unit determning unit 11 generates
resi duabxidatra gy ysprdrovosi-leyel transiotrraatipn editthatds usablehp thatuaent region.
prediction pon the current regjon, .and pe rns transformation wth
Felpect Lo 1 imgsmanonri emith G { SR e Fmoet of evéls of a
det er nirsedomiatidie uhit MO COREhPRediOh.t TSE eraMsiirAthtiBRl tinitl k. P dnBatso that
the transformation-unit determning unit 11 encodes the current '

r egi ortrargiarmation uniés atoa dewed leve! de aggnaratesk ransh et levebaf Ropredetermined

P ansriv e mbatalhy MheRay i iakes, & Hot Bhblesy el Sher PEraimred i ge
uni t Igredeterhdiadd transtefaation ual iBEndetabafter Mechare trassfoesatibralinid &t gplit
for each of the transformation units. In the present enbodi nent

' 10anAGORINIole [gvals. vi S, eh caariryim it deved of the fransformation unit in the
current region may be related to a maximum total number of splits from the base

transformation unit of the current region to a transformation unit at a lowermost level.
According to the base transformation unit and the maximum split level of the
transformation unit which may be variously set with respect to the current region, a total
25 number of levels and a hierarchical structure of the transformation unit may be changed.
Accordingly, the transformation-unit determining unit 11 may use transformation units in
a variable tree structure, based on the maximum split level of the transformation unit.
The transformation units in the variable tree structure may include the base
transformation unit, and transformation units according to levels that are generated by
30 being stepwise split from the base transformation unit to the maximum split level of the

transformation unit.

11



25 processing technique used to transformvideo data of a spati al
dormain into data of a transform domain. The transformation for video
encodi ng, which is perfornmed by the transformation-unit determ ning
unit 11, may include frequency transformation, orthogonal
transformation, integer transformation, and the |ike. The
transformation-unit determning unit 11 may repeatedly perform 30
transformation on transformation units that are included in the,

current regl 0@ teangfarmatiogrnib detarminiag ainit 1t depvipegforms teansfemmatian eaithe
struct by, S apsft Lo Uni cordi NE | 8V Ry,
conpar Srientoledioh Mseh28, SRR uhis AP 2 HrRiC e ol S ere
accor dgevierated baséd vel the madinturosspiityevet lof dhe thiamsforarmibaruvit ngd winich are
at a |l evel whi c& causes 3Em ni nym error. _glﬁ'transfornﬁti on. unit

at

the | eSPMRRICHOYABLAY 488 fransiprgrasion Wikt thatiasastemise splik dom the base
m nd My, iy, erdy S fd t (o] ¢ Lhon QP
trgjnsf orﬁnﬂ?ﬁgﬁtlﬁgp%rﬁ?tﬂﬁ fésgbgg et\%eltﬁ)eat('S I cth réz;@%?'r ang]?%rtr%?%fgﬂﬁatlon unit
r esul tdétermoinin@tinit 11 may fikatpdétergiige ttanefarmation amitatthaharenfrom among the
deternjni unit 11 may_.determng the transfor ion units in a tree
St r uct URESPRERURT HES RUE GRERls HReTagHoltT 2o Hat ot o e blptimBulntfho o
out puttrimsfofrh @B8FRIGHOF e E@Fehitregdpcor ding to the present _
enbodi ment, a nmaxi mum size and a mninmumsize of a to transformation

unit with rédspeioumsizeef thedeanstemationsenits with dgespass to theecurrent region may

tr Bhor S St BT e € RREHEL ot dmbho RIS SHE o A Ao unationy it
t he t rwitls fregpedtitortheniiiecvandl & esgeof tie tiaheformdtion dritr aea®higiermost level
regions in the current picture. The base transformation unit

1n. : )| is a
maxi mihigRds @blEnes Sy -srditing thedaseolrapsiponation unit kathe saximpmesplii levad of
curre%ertp%lg’l@&ma%@rd'@? transformation-unit determning unit 11 may

limt ato nu | evel s of a transformation unit in the

current reghomaxifiuen tatalrsimberedf splitsiof 4 trassfopiniationnoé nsay bbaiqual to or less
transformation units at a lowey |evel are generated, and a level of, a
or Bt B8R Reibtalr BHERST i SRS CHPM RaraNiaHEatEngarBiageinUbe g mmimum
spl i t sy RRFEPRARSh Ut Whiéﬁ‘%éﬁé@ﬁl@él?%ﬁ}r%ﬁoﬁd fafRERBIUN? BiZ&Mkd HRe minimum
generated after the base transformation unit is split 20 according

to | ewsits of fHeuransformsiion nniépMmith nespectt tofthemairmenanggionmal hes, thairnaximum

the current regi.pn.may.be related to maximum t qt al ,numer . qf  splits
Fr om i e R PRSI miad Braraut Y B BAIT B ter RBimbsF of
t r ansfgplie@froan théniax@hum raMeformation @MRlto the miniMG@OIrahsTermhatidrhenasdch
transformation unit and the maxinumsplit |evel of the transformation

urdtt WeBBeCHMelY beonesnangs|ty dbe waximpespeize epdt e coipisimr sigeornf dhe
t ot al IWQ . 'qugg i structure of the
transf%%%’e@i onﬁ{?n'?%itén\gwtéés‘%%gﬁcgg@ cc'f)t? Er&i%([gly t he

t r ansf or matA asizauof thadet teamiformgtiamiuhitd withyesiset to ahs faurraiti regiomniriay be
in a variable tree structure, based on the npxi mumsplit |evel of the

t r ansfENERMton AR PaseHEANSTARAIOTHRIHRAYIRG (ifferant fges dPpwBPesataggording

i B Sl eSSl TN 4O b iiomagn urit may

25  be determined based on at least one of a prediction mode and a partition size which are
used in encoding of the current region.

The maximum split level of the transformation unit may be set for each data

group at a predetermined level from among data levels including a picture sequence, a

picture, a slice, and an encoding data unit which are of the video. That is, for example,

30 the maximum split level with respect to a current picture sequence may be set or the

maximum split level may be set for each picture, each slice, or each data unit. In

12



30being stepwi se split fromthe base transformation unit to the
maxi mum split |l evel of the transformation unit. The
transformation-unit determning unit 11 may performtransformation on
the current region based on transformation units in a variable
tree-structure which are generated based on the maxi numsplit |evel

of the transformation unit and which are determ ned from anong the
transformation units that are stepw se split fromthe base 5

t r ansf @NGMEr BXAMRIS: the MaxiryRewlit{ayel AthaFansiermalinrownit may be implicitly set
transfmrém}dnggm%gﬁghgé%gwrdﬁotgéﬁ%yﬁ%m@ nal ly determ ne

transformati on uni e fransformation units in
t he vari abl Thé reexistunu ciplit éevaeh dftthattransfomeativen uaik dvitin respgqohttd ithg @urrent

transform coefficient of the cyrrent region. A mninumsize of the

{ r anof BRI MAY R PPRAMIEIY delrined for Gach SlGe uRe thalds BiseRdy eeogiag of the
deter i neghidsqRpdr eater one fromanong a mni num size of a
transformatio% unit with respect to the video and a size of the
transfornatThe base fsansfoenbtooerunittwithevebpetti ¢h the abirm@nbertgiopn may be

CEL AR RPASS AT ARG R RS T o St
t r ansf @enpiddtionnéhcdiing B¢ tB8Ulren® régiohewhekeby iad daitd endt! mBY AR 'speh a

splits froma maxi numtransformation unit to a mni numtransformation
uni t vpewidare bpbweernv g paditierspond to a nmaxi num si ze and the mi ni num

Thife, %t ne rARPRUESiRIABE, Wt ft 2 I RREChalch BHE st o, 8ol e
to or passtrhhsrmbton ahitlwith dgpecoto s tuseiht RYidrhmayaié Mefermined as data
transformation unit to the mnimumtransformation unit which

20
r especifitieNgving & skapmindlidechin thepPatipes eataare theedataniniifardheprediction
the 1 : . : ;
si'ze o ped of A AHCrR, flch, \FAEEY, B baia IS By, REP PN, the ourbary
may bebetaeehahe pafitiboms. base transformati on units having different

o ™ EeRbieR Pl e AR ol el kbGP RR: whtaneh the
based pihdbrh&fsH uARE Rfthd IBRF I8VdI0hra"RESRE RitdRhitht lcfdlepbd GoVIGE) 5

are used in encoding of the current region. The maximumsplit | evel
of thethtougisi®r mati on unit may be set for each data group at a

predeterm ned | evel from anong .data, l.evels including a,pjgtur
Cequence, ol v oRS urit°C FESafft & piShEaih nefuallic Safied frrsipe qyrent
the vidgmn, Thiatmhon BBbUEHRNBhEding mode, and various types of information about a
20 transformation unit.
The output unit 13 may output the encoded data of the current region which is
generated after various encoding operations including the transformation based on the
transformation unit determined by the transformation-unit determining unit 11, and

gquantization, inter prediction, intra prediction, entropy encoding, or the like.

25 The output unit 13 may output various types of information about the encoding
modes related to encoding schemes used in the various encoding operations including
the transformation based on the transformation unit determined by the
transformation-unit determining unit 11, and quantization, inter prediction, intra
prediction, entropy encoding, or the like.

30 The output unit 13 may output. transformation-unit hierarchical-structure
information indicating the hierarchical structure of transformation units with respect to

the video. The transformation-unit hierarchical-structure information may include
13



30 the maximum split level with respect to a current picture sequence
may be set or the maximumsplit |evel may be set for each picture,

each slice, or each data unit. In another exanple, the maximumsplit

| evel of the transformation unit may be inplicitly set in advance

bet ween encodi ng and decodi ng systens. The maxi num split

| evel of the transformation unit with respect to the current region
may be separately determ ned for each slice type that is used in )
encodi prorationealruirthennaxisyinggize and thepairimve sizeneff bensandaraation unit
wWithr e | I as a data unit
havi ngﬁgﬁg‘%{)péé:?fté\gfeu‘ggééﬁ %Hdpg-rﬁﬁléf?ﬂg%@? ﬁﬁe@ﬁb@r@‘aggﬁ.a unit for the

predi ction nandmipdirhent)¢he transformetigh dmdexninésreiationhaag ddicatei ibfomaation
not span a boundar%(?geﬁ ween the partitions. 10Al so, transfornmation

uni ts @Ry 3 sikrture peiipesfoaPatigb LAt ibet isysed inttansiomationaeidhe current
t r ansf [ ' it : alaF

detor oo ad ey (e EERTGmA o Mite I PRafof AP ITIE total oumber
t hat aofesplite frdat thainirefitoregidretpaddircforomatamconii ah adbwehaostulevehta size of

regi on ereby the datfa units may, not span the boundary between the
bart | tnerEsiamain Wit Ao SRt e s ey ithe base
{ransf or Mt fnoshothé eBEdiniht dcRBRIIRY Tk icaBe Rk S trahstohfationBnit # ¥hlupper

are described |ater wwth reference | GS. 5 through

out putlevel s 1plitripteo drgnsformations unéanhaviog uthien gasre: izel ataexenf leved, the

Cvlges artstiiiad MoRS TR Rua Bty hBRaRTaP Il RyfTHe™ of 3Bfts BRcWnp roion
uni t 13 thettradistariatioReurdtngtade thwigintoRfievdle current region which is

generated after various encodi ng operations including the _
t ransf or mat [f OWENEAINN13 mant eulRst Srerinfewmation abeld: teermadimuy sizeeand the

transtai i Per HrﬂftthggF AUt w}tﬁ’regggctotﬂatﬂgivﬁﬂéd.oﬁ érpbg'@og'ment,
predi ctl on, |ntzra predi ction, entropy encodi nhg, or the |IEe. e
out puttheninforiiticayatmutt the maxinurs dixepesidothel miromoet isixe abthe trahsformation

o FRRFaer ST i ey b BRGNS e DR foremeter s

t ransf&ré*rgfciuprg b et 0 BF DALY st transfornation-unit determning

unit 11, and quanti zation, Inter prediction intra prediction entropy

encodi ng, ofha hetrénermation-unit  hierarchical-structure  information may include
transformation-unit maximum split information indicating the maximum split level of the
transformation unit.  Thus, the output unit 13 may encode and output the

20 transformation-unit maximum split information. In an embodiment, the

transformation-unit maximum split information may be output while included in the
sequence parameter set or the picture parameter set, or may be set for each slice or
each region having a predetermined size.

In another embodiment, when the maximum split level of the transformation unit

25 is implicitly set in advance between the encoding and decoding systems, it is not
required to encode and output the transformation-unit maximum split information.

The output unit 13 may determine transformation-unit sub-split information for
each transformation unit in the variable tree-structure with respect to the current region,
and then may output the transformation-unit sub-split information that indicates whether

30 a certain transformation unit is split into transformation units at a next lower level. The
output unit 13 may skip the transformation-unit sub-split information with respect to a

transformation unit having a minimum size that is from among transformation units
14



30The output unit 13 may out put transformation-unit

hi erarchi cal -structure information indicating the hierarchical
structure of transformation units with respect to the video. The
transformation-unit hierarchical-structure information may include

i nformati on about the maxi num size and the mninum size of the
transformation unit with respect to the video, and transformation

i ndex information. I n an enbodi nent, the transformation index

i nf or nééleoninegywithdesaeet ionthsr aareinregiuend hat ix allpwedswitthgespect to the
transfgw@aﬁuggmﬂnit that is used in transformati on of the current 5
regi on.” FO anple, the transformation index information may include

a total nunPes cutpsplnit sl 3f may détermine and ouggitohietarchical aansfonmatiounits

unit at a lowernost |evel, a_size of the transfornmation unit, and a
shape Ratterpdniornaiog faaeaeh of fansformation unifsdhat A deleppaiadewith respect to

accor diLng t e | LAl ; i
2o ot KB BAt e BRHALHRLROHRLloRAS ARRE) B may
t he t ointicabs Eristarideonf @ Mickesfdrnfadio matnioihaiincludel a atom-zerb ateadfficiemtoeerd that
of splits the current rngr%',on t tpe traqsformation unit at the

1

Iomern‘ﬁgfom@\%?ng trar.msfor Leleiiily f%n'ﬂ"i’e" _9V‘?||ay output the information
about the neyg IR S BRCRMab2n B H MBoSHES I ta*fb%af]étégﬁfs@ﬁdﬁ%h%rmation
unit with respect to the video. In an enbodi nent, the 1 nformation

about wmtinnestiatlaireestrustivet2e astcoidingiosarz embodirhent ofdhe fpoesantiimventiob.

unit withr ect to the video bhe qutput while included in a
selfuence pal drdiise Seiodfnd HOGH T e BartirBir op gt '] \AraRls Befstmetore
The tramsheassi #nradeivindi @iierahi @l exatdcdag unsit | 28, 06ABL A0ed®ing unit 25.
i nclude transformation-unit maximum split nformation indicating the
maxi nuieginafter| doe| casiveniancer shsteserdtioon thai videphgecoding ggpptatusinusing
13 may, - t t L ON- HAl X] | :
ot or AETTaRHad S B yeidBle Hhe SERTAY OB 1P Heltied T8 g iR, Upooding
i nf or nasparatuseg0’be Qparatibnsvvyl thel redeiveg unit 2ihetrsegtracting amnéned,eand the
set or the picture paraneter set, be set for each slice

or na , or
eabh reRFsingdi g o the vigdlepstqroding %P%gtqsf?%mﬁyﬂé? ceaRRIativecontialied by
N . ; : 1 hbe i
ot i e Sl aibling BiElosRor. Bt af BRCRSER), el icpraRe S, MELE
In order to restore an image from a bitstream, the video decoding apparatus 20

may perform operations including enfropy decoding, inverse-quantization,
inverse-transformation, inter prediction/compensation, and intra

20  prediction/compensation, thereby decoding encoded image data of the bitstream.

The receiving unit 21 receives and parses a bitstream with respect to an encoded
video. The extracting unit 23 extracts data encoded with respect to each of regions of
a current picture, information about an encoding mode, and various types of information
about a transformation unit from the bitstream that is parsed by the receiving unit 21.

25 The extracting unit 23 may deliver encoded data of a current region, the
information about the encoding mode, and the various types of information about the
transformation unit to the decoding unit 25.

The decoding unit 25 may perform various decoding operations including entropy
decoding, inverse-quantization, inverse-transformation, inter prediction/compensation,

30 and intra prediction/compensation on the encoded data, according to various decoding
schemes that are determined based on the information about the encoding mode, may

restore a pixel value of the current region, and then may restore the current picture.
15



required to encode and output the transformation-unit maxi mumsplit

i nformation. The output unit 13 nmay determ ne

transformation-unit sub-split information for each transfornmation

unit in the variable tree-structure with respect to the current

region, and then may output the transformation-unit sub-split
information that indicates whether 30 a certain transformation unit

is split into transformation units at a next |ower |evel. The out put
unit 13 rayB®i exti3@ingr #REf 88 madayoextiact t@mﬁfqmattonrurﬂtoh@rﬁmhmahsfcwcture

" eSPeCh i Rich! a0 ATRLLARH Nife NALIAGYBH T BHMIE Sidd ProlRalibrr the

anong rans OI’ITB. 1on uni ermned Wth resp current

r egi ontramsfotrhation uindtl Inasvehchum tslize” afpertidro ahHerrmufrTLﬁmtsmeégifOﬂnatlon of the
The output unit 13 nay determ ne and out put hierarchical

t r ansf GARHPIBAIQM; Ut pﬁit ther Hke wlieatieofelptnd Exén Nrarghigalt gryrivicoRt the
units ﬁ'@ﬁéfoﬂ'ﬁ (ﬂghﬁﬁ% habitdreagsPect to 5 the current region, and

the hierar trans ormation-units pattern information may
i ndi cate exTls¢ edemdaig airitr a6sayndeieominenia ttanatormatibodesit aequmede‘oo the

coefficient and .that froma ransf or nat, o uni t
Covel | et Tas ot atarowith S PSeRIaP 44e anivant i e, Ve Pgs of
usi Ng hfRRHIBHMBEAR The Midnstdimatibhaiiewhichearst ﬂ%@g?ghe%ﬁ%ﬁh@@nh@S

an enbodi ment of the present invention. to T e vide ecodi n
appar aand mayi peyfarmatisf oveser-toansforation withiregpest to dee current nmgmmmsed on

inclu sar cel Vi uni t21,. an extraeti unjt.23 nda n
unfty 258 FaiEBTatdlP uR Tag o BeE A Girition hat foRofPiady MEEHRc g o
decodithe A@eE! By ke WRicBEing’ anis oI iy fHilickibla iphooeds| @Mr@nsformlng data of a
tree-structure 20 is referred to as ' video decodi ng appar at us

Oper atFadony dompaineteidatagiuai spatial dayeaiaxt e invgrseranstormatiant e the
15 dec ?&c{/&gqq/’mnﬁt ?rgolfﬁ%géfﬁgluw dﬁﬂr g&C?Qqﬁ nﬁgﬁ?érﬂstf&%gt%nmlxv@r%{a %ll'thogonal

cooperat con y & ViGeo enco processor, 'a cen
pr ocessaisfomnatica ingerpe dtegeiransiorrdtior, ianel.the like.  In order to

restore an jmage frogma bitstream ¢the video decodi ng apparatu

el per f or & epemts iogr?st"?'r"ﬁfPﬁ'ﬂ?tr'Rj"' bt 8 ppsa s aton it and &'hicrarchic

| NVEr S&r Lﬂ.‘h‘l?l’% b e Bansfortatiss - Jrﬁiagl"ﬁ, dT8hhNas it Sdforementioned d%scngtlons
onpens

prediction/c atron, and intra 20predi ction/conpensati on,
decodiwith esfeozrest ionkl§2 Hand toé vide bnd:cs:hngarpparatus 10Thé1'hadacsemwrtlm€g present

Vi deo CRGI BTl HEhanroouan T BIa Rl BhopOEa0 s REFEapsar 4 beion
each ofnd Q@l{l@ﬂﬁoptfheaclﬁ'%rﬁ@@éloﬁ'c§rtélfr@nsfo%@ﬁﬁﬁtljnﬂrht%@%ﬁpé}ﬂe@él%bwng to
node, and various types of rnformation about a transformation unit

f radm tareadlitratyrration t hat is parsed by the receiving unit 21. 25 The

i or mat | o e e Rt R e 5B R LR, aisipS Hetditfines

i nf or reRidednoBOMbxinémtaplin Bfvel Rbiteihsftriiation GMieodagadkirtundnbtal Abmber of
The decoding unit 25 may perform various decodi ng operations

| ncl uRRVE Gt (Mo raABBaIAYEN IRy chibe-1988ACY FuNBncUMTENt region.  That is, the
I nver SesAdieT AN BhL M a VBHEDIeRFELLFL LR FRAPRRRAL 2Base transformation unit,

25 and transformation units at a lower level which are split from the base transformation
unit o the maximum split level that is allowed in the current video.

The extracting unit 23 may extract the maximum size information and the
minimum size information of the transformation unit with respect to the video, from the
transformation-unit hierarchical-structure information. In an embodiment, the

30 maximum size information and the minimum size information of the transformation unit
with respect to the video may be exiracted from a sequence parameter set or a picture

parameter set of a video stream.
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30 and intra prediction/conpensation on the encoded data, according

to various decodi ng schenes that are determ ned based on the

I nformati on about the encodi ng node, may restore a pixel value of the
current region, and then nay restore the current picture. The
extracting unit 23 may extract transformation-unit

hi erarchi cal -structure informati on such as nmaxi mrum si ze i nformation

and m ninum si ze informati on of the transformation unit, maxinmum size

i nf or mat i onT B@@xirRaling INE iZ3empiiesiraat iransfermatien-uni madmwm spif infarmation
or thegli | : ; i I L UCT Ur

st r aner o Be BRI LR RierpRy ks BBAS BmSlio? M g Snichftpent; the
may defremsfomeation-uait shaxineir ogplit ihformatonredyflos dxvacted from the sequence
i nverse-transformatign with respect to the current regi on, based on

the vaPREMEtey 58k At theniftHER iPSRARBENL Sethedrt MitYs PEr RUTRTRAUIPM @nplige or
ar & exbiaridrdiat Afe S ibPeacgr tidns;3, and may perform the

I nverse-transformation wt to the current region based on
10 t he tr anisf amather embadinmentT drannther maximuan spdt fevel ohthehmansfermation unit

erfornmed for decodi of .the video, by the decodin nit.25 .
i cpamRichy SEEE avhria fstbrrn RaoadY A SR Pt AMsoltds hof Bluited to
of a sgaddratehdePadt thd ALY RS8N IURIRERMTR st iRtoria@iodecodi ng uni t
25 may include inverse frequency transformation, inverse orthogonal

t r ansf or mat Tl decagiagsenit 2baygay anabixef @tetat nombesrod allbwabl evels or a total

2 1 or SbReCar o il it et hefe R LS R g Gove

t he afipsemBMbatuiednidestid Qirtemseyiohh reference to FIG 1 and the
vi deo encodi ng apparatus 10. That is, in_the present enbodi nent, the

t r ansf or mat Tl deaPEINOsURE RS ¥ IR & raximupy saiit le¥akef aricarsfognation unit
hel ghtwﬂf&ﬂ B }‘;’e{’%trﬁe&&@gg{ﬂ’zE?ggﬁ%;pﬁe?'ts‘régu%cé o e \RidBR | BlletBlibeld; the

an upper |'evel "according ry ratio.
part i cralgimurh replis leveiaif ithe tremisfematioa wait mady be treed-=icotdibgite vaipubalata
det er ni ned baEed on a maxi numsplit |evel of a transformation unit or

a Faxi RUsISEHC IaSrRJﬁtb‘é‘?S’c?ﬂ'C%%Iqrt t%f‘“ftﬁe transformation unit with
respect to [hhgdiHEF Sﬁltboﬁﬁ’ﬂér‘?c[‘thﬁ-rhﬁﬁsﬂoﬁgaﬁ@ﬁ uhft@ﬂf%‘\?éf?éﬂ[@ﬂe@@tﬂn%&dr@ rﬁay
ude a S 5an

vari able tree-structure may I nc ase transtformation unit,

t r ansfloe detarminechbasedonatheoweximwu edplittaveh obitte rphsformation wing ibamelicitly
transfortmat i,on uni')tm}o ttple maxi,mum Scﬁl It Aé.evel that is allowed in the
current® WEB}S?“CG CIWBHIE Bftf}ﬁaéﬂ ﬂ?’?o Hg ﬁﬁ?ﬁe@ﬁ'ract t he maxi mnum

si ze i nfor npid eRtradithd DRIt PNnBY BxEragetHe frans®Birhator® indek@nformation from the
transformation unit wmth respect to the video, fromthe

t rnsfloanademoatiamunit nhieratelisacsiruaure deforeation.or rfdtel @xtractinginunit 23 may
eriodt Fize by R TP R PR T oy o
be ext@aedrgdedivaniramsiteusiretornfitamehaeex Ffdrnedtich. pi ct ure paraneter set
of a video stream
For example, a total number of splits from the current region to the
lowermost-level transformation unit, a size of the transformation unit, and a shape of the
25 transformation unit may be extracted from the transformation index information. When
a transformation unit at an upper level is split into transformation units having the same
size at every level, according to the transformation index information, the total number
of splits from the current region to the lowermost-level transformation unit may be read.
The extracting unit 23 may extract transformation-unit sub-split information for
30 each of transformation units that are determined with respect to the current region.
The decoding unit 25 may determine whether to split a transformation unit at a current

tevel into transformation units at a next lower level, based on the transformation-unit
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The extracting unit 23 nmay extract transformation-unit maxi mumsplit
information fromthe transformation-unit hierarchical-structure

i nformation. In an enbodi nent, the transformation-unit maxi num split

i nformati on may be extracted fromthe sequence paraneter set or the

pi cture paraneter set, or may be extracted froma slice or 5

paraneters that are set for each of regions. I n anot her

enbodi ment, when the maxi numsplit |evel of the transformation unit

i s i npsulkeBplityinfrmationadVéhere the (rRastorastiotiund skisplciptnrmgtionsis g Jonger
't 1s ot tg@ulf\fit d régggé&p% a‘laeltr)éngfﬁ%ﬁw%ﬁént Ggitt LAngf @Fﬁe&éﬁﬁiﬁ%ﬂ' fevel the
maxi mum spi'Tt I nfornfation. he "'decodi ng uhi may dnal'yze a
total thamdfermafiornlunitnabliee lpesditermined leotlamayobsuaristyzerf agl & awmiham-size
splits framthe base transtormation unit to a | owernost-| evel

t r ansf HrnEOBAtQM Unitdnat ifoalquwed yrith ERfiRsst to the cumest gegieni ngharfdrasing
ey, T e : Li Py . : .

e s 2R YT e o A0S OREERSR BC AT bR, B of
maxi mutnasgioim atiay alnitsf thathearer detdrmimed iwith uaspectaio liee raackrdcegiah.ngThe

to various, data . 15| evel h a ctures, slices, qr dat nits.
|1 ancIPRIIGITHG Roiay, DAEgn SXBISHE G 2 TArSToaliops Ao gt Mcludes a

tree- SkEASER BodMYiche ap8! BEMPRENPARRMORal I8 ABIATURS Rt id Idvﬁfglavé’lf of a

the transformation unit is inplicitly Set in advance between

encodi ¢uremd trnsidimaticry supits . froime  thet r hieranshicahi trapsfommatientunitet pattern
transf.or mat it.on I ndex information fromthe 20 transformation-unit

hi er ar ERTE¥"98t ruct ure information. The extracti ng unit 23 may

anal yze a sk 4stathiSodimdnbetransBrhatidmiungs reqiired bl B irfveisethahsiotiation
transformation of the current region, fromthe transformation i ndex

i nf or nlgYohe analyzegdyorax Hapslermatient unitshib@r hisrarshicet stiuckiet which are
Che' PR Sol O TR Jichal g R SESBHL SRt brerd LA S an

the t shape O ranst or na

nmay bs;m;érmt—tﬁbeﬂ tmmsfdnmatioammﬁtlcmfrtaléicgnmre'rm?rlegioh b & pmdeﬁ??miid%@ spht level,
transformati on ynit at _an upper level is split into transformation

unit s '??éﬁdngoﬁ ht esé@%‘i)%at - Er?'er%"{}EHC?E%%PEﬁ n'@}qrﬁ‘actﬁé- In - another
tr anst&nBBYiMhi! AHIhdr 6 QltPA kidfsidrhiatibAl Rt AATPEbpEf 1638] it thhefHhARon
current region to the |'owernost-level transformation unit nay be

read. Ubits abxa laweer leyelsi sep2Batelydetermisd, treaskiratiani wnitswatia transformation
sub-s

lit, j.nf tion. f 3 h. of f ti its.that
dot er HEvElalR TR TereBinedt 19 Prebidd o AR BErserEnaliistifing Basedsan the
may defsHdtbmeatiietife hidrardhtdlistictiraNmtahiabhoaral Rbt lifdited ©UErBASormation

l evel into transformation units at a next |lower |level, based on the
t rAnsflgnitpehaving awionstanisizepl i t i nf or mati on. Wen the

eopect. 1o I afer GBURING, Ut i 45 3080 pEorbT oP% EEREL RO fiRASH Wr e
transfaurpariti pagiomi by atsihfethes adeistsmmaten luewe! thamy ake dsnehyired daséd on

m ni mum si ze transformation unit that is allowed wth respect to the
cur r erffansigingationryait estatesdniosgation extracted by the extracting unit 23.

In particular, the decoding unit 25 may analyze the transformation units in a

25  variable tree-structure which are allowed with respect to the current region, based on
the maximum split level of the transformation unit with respect to the current region
which is determined based on the transformation-unit maximum split information, and
may detect transformation units that are to be used in inverse-transformation of a
transform coefficient and that are determined from among the transformation units in a

30  variable tree-structure. The decoding unit 25 may perform the inverse-transformation
on the current region by using the transformation units that are detected based on the

maximum split level.
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5 unit 23 may extract hierarchical transformation-units pattern
information fromeach of transformation units that are determ ned

wWth respect to the current region. The decoding unit 25 nay anal yze
exi stence of a transformation unit that includes a non-zero

coefficient and that is fromanong transformation units at a | ower

| evel of a current transformation unit, fromthe hierarchical
transformation-units pattern toinformtion. I n an enbodi nent,

t ransf or mat 708 dasoding vailiddethayopetfore idegeding- on &achoehimagss aerfigusing a

anal yz f . f [ i ts | |er. [ ctur ' :
are urproetibed R, P SR abReR i BloRoRRl et SFrtibgiting
at evegnycdding Imdde anérthe teaisiedtatioevenhit telatesfl pforaddtion, wadttha hée decode
current region to a predetermned split level, 15 based on the

t r ansf&endd¢dn- unit hi erarchical -structure i nformation. In another

e di ment, : i r i i L

i :'%g t ransflgwnﬁ%ehg?@gba#dgd%%%ﬁé ;béve du?é' @%pgggéeﬁoggﬁgé@%\é ,S 10
t r ansfamdretheonidew tdecating tappasdtos B0 oayl edormhéte i tsartkid enatione dartdo the

be required for the inverse-transformati on based. .on the X , )
L1 ans/ BYREEHERNSIATTaAT P LSO AP SR TEns et IS ayingparious sizes
l'i m 1 eghd gnhaped): FQE%’PﬁHeQﬂd@@BHbé&nﬁ%‘ﬂpﬁ%tﬁs qONiPMe \ﬁ&@@decodingﬂ-@gﬁﬁatus

t he decodi n%fﬁ uni may performthe i nverse-transformati on on

cur r en20 r maiyoefiinjentlyi repcode endndioodat &owideni tis chasideraficetadr annédage
based gn trans{.or mation-unit related information extracted by the

ext% act EH'GCH?HF IC-23. In particul ar, the decoding unit 25 may anal yze

the transf osrBt i fifce!NheS dn@odingd avndr itid! @edddify Shrel Paormelli B akmig the
allowed with respect to the current region, based on the maxi num

spl it transormegtiambasediastoe tanstrimativd wiitin & varfiale teg-strictdig fremtamong

regio I i ] a t r.omt L on- 1l { pum .
ot ¢ At ouh NS dh e e A BRI BB L F i, ord R By g
used itranhsiuenstiort uaits bbanatélahabls rottrequiséd boredeid tctrenimayidchidratteristic
are determned from anong the transformation units in 30 vari abl e

t r Be- s34 8ngneoding cha@sieicunay bessiiapehese #ih g igalculation amount may be
inversrpeah[)?@sfornati on on the current region by using the
transfornation units that are detected based on the maxi num split

| evel . Also, tiidhenalemodi tofalmumizs ofesplipe o dhen tdéad adimberoof éavels of the

| or el oo BHEE o al el TrsProtidS e Chirent FeGioR. may be
transf QeaRtéPHabeldt ohelid afakiffth "BhitORveRNEs tihas ifBY Smﬂgowe{educe a

video. 5In a video encoding and decodi ng procedure, the vid _
emodi transipigsioat @t awitht respectidto dfeaatian dppladinoudhe otratsfopaatian-pnit

tr e SutueR B orRaNEE Syl IssReERd It KEOTRERRH Loy R harionupisto be
so t hajsddi@ tMé dRfecedssudimg apparatus 10 and the vi deo decoding
apparatus 20 may efficiently encode and decode a video, in

consi der at i FIf-oF kigtraingya hidraremasiagel of iactransformatipr ginitdn i dreengiructure,
enCOd'é&o?tﬂggEtg%ndﬁefﬁﬁ’gﬂiiﬁ'ﬁen"%?tr%eﬁfe%%ﬂ?ﬂvgbﬁi ing the transformation

based on ranstornmati on uni variabl'e tree-structure from
ampng transThe ahsrmatioh sunitninaa tregestalatuet which igntodre aded dn @mdoding of a
decodi ng procedure using transformation units at a |evel that is not

by the Vidko

r equi reiTet Vsted: HRAGING ABPAALT 13 @Nd the Video decoding apparatus 20,

may be determined based on a maximum size and a minimum size of a transformation
unit which are allowed in the current video.
The video encoding apparatus 10 may include maximum size information
30 'MaxTransformSize' and minimum size information 'MinTransformSize' of the
transformation unit which is allowed in the current video in a sequence parameter set or

a picture parameter set and may output them.
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15 and an encodi ng characteristic may be skipped, so that a

cal cul ati on anount may be reduced. Al so, the maxi mumtota

nunber of splits or the total nunber of |levels of the transformation
unit, which is allowed with respect to the current region, may be

predi cted based on the maxinumsplit level, so that it is possible to
reduce a 20 transm ssion amount with respect to information including
the transformation-unit sub-split information which is required in

det er ni nat i bar @xamm@a twhers e maxivam sizesinfamsdions MaxTransierm$igeoand the

decodi . [ A er f

e anat DUy sizshhformritich, MNT Ao BB brRiFnstion Yt ot p2x02
of theaid ex@nredpuctinglyotrangfofination amsth avitmiesprectiig ta 64x64- "sizeeregion Le a
structure which is to be used in_encoding of a current_ video,

vi deo aiBaiuY Edphsal AL BCkile BRE3ArpEedraReun AP Pl #5as 3@@ Sﬁﬁyand
be sdEt%d“trp Qﬁ%l%:trﬁﬂ By emfcﬁ Eh&seséé‘%pﬁe jpi mum si ze of a

t r ansf or uni t owed In current video. The video
encod| ng apﬁarr abmseniénceayf destriplieniraxhistarckicakralatior ohtransfoBation units is

" MaxTr ansf ornfSi ze nd m ni mum si z ormati on ' nTr ansforntSi ze'
e B o PO BHA S Wafththas clRor BantiPRBRGOR AR Bre alve
tsﬁquenﬁl%t H’éﬁ@%‘i’l@fonsr%tho rusitP et HRxP iR I8kl SRE rH@d fehPYhe current

For exanpl e, when the naxi nmum size ihfornmation
' Max Trtzassformaice' unitnd $[hee nihei maximiuxe sizef of rthei transformation unit which is

"M nTr ansf o ize' of the tr f.ar mat.i on . u ndi ate3x32 and, 4x4
repecaIRR] R BSGHR ach R T S 0F BRSO A NG Gt & 7ag-ieVel that
regi onis(dn BppendRIEV &y be(IXB238)siXBB ARedrisfermEdivnart €a first level may
transformation units 35a, 35b, 35c, and 5 35d through 4x4-size

t r ansflog K1 6na sive: of @Fansiegmatien unit at a sgeandclenelmayhec8ys, and a size of a
descri transformation units is
assum‘g’éﬁ%}ﬁrm%%'ﬁh?mﬁfé gl %%bﬁq%[%{%f a current transfornation

unit are hallnvmdresdetdﬂathe‘ B3 A-sian SfavisiorhiationWmitss35d, 3Bbnest, Amdv85d at the
| evel are gener ated fromthe current transformation unit. Since the

madéi mARrerlo¥elonay the splinbie iBxT Bwize,ansipgpmation IS 363, o3k 36¢.13Rd, 36e,
currenigry '3%‘?03@53&%)(%%11 %féﬂ%eﬂrstaletzéﬁ”%ﬁgd,f@% )(1%18%;53 ﬁEné‘fformatlon units

zer o- 1 evél s an u nost | evel a size
tr ansf!ﬁﬁareﬁﬁb;rﬁ&mn%da%a, ZBGhI ,S36i) ﬁﬁ'leBGrra)arideSEi;ﬁmLﬂje firss ilenesl ofiayabe split into

t f t | | 8, i f
L1 e S et o PS5, oFA 3 A Ae, A ol &t dBe dcongnevel.
32x32-glsaettd 8?@-%%%ﬁ§6mﬁ'é‘tidr§uﬁ@@87§5@7b3@?o Fd 3¥2d sl 37*1%t3tﬁe second

zero-level may be split into 16x16-si Ze transformation units
361, 3Jeeel rBay bepdf INdG e 264~ sumﬁnansﬁwmatmmts&%a anthg8biat she tmxﬁelr-:vel

Al so, the x1 t rans o) 6 d
a6n, aoi . 300 afRE By IRkl b doriafon Rl Y resittr o the
8x8- si tggndfomngtict it BBallBbbs 38¢2368,7B6e 336h 36id 368 6m a8fd 3dp at tHdfirst
second | evel. Also, the 8x8-size transformation units 37a 37b, 37c,
37d, Jeeel, theytransforpation Usits 8ha. 37b, 37¢, 37d, 37e, and 37f at the second level, and
the transformation units 38a and 38b at the third level are not illustrated, but, four
25 transformation units at a next lower level may be generated from the current
transformation unit.
[n more detail, a total number of transformation units according to levels which
may be used in transformation of a current region (i.e., the CU 30) may be 4
transformation units including the transformation units 35a, 35b, 35¢, and 35d at the
30 zero-level, 16 transformation units including the transformation units 36a, 36b, 36¢, 36d,

36e, 36h, 36i, 361, 36m, and 36p at the first level, 64 transformation units including the
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20l evel may be split into the 4x4-size transformation units 38a and
38b at the third | evel. Due to limtation in space, al
available transformation units with respect to the transfornmation
units 36a, 36b, 36c¢, 36d, 36e, 36h, 36i, 361, 36m and 36p at the
first level, the transformation units 37a, 37b, 37c, 37d, 37e, and
37f at the second level, and the transformation units 38a and 38b at
the third |l evel are not illustrated, but, four 25 transformation

uni ts Hansforertion sip $7ea;e$7hm§/7q;e37g,br§é7f%t@w Br6ratithe sapondnlevel, and 256
tr anSff?{a ff'ﬁrﬂgtl&fﬂhblts |nclud|n Hé {Fgﬁﬁoﬂ'ﬁ{aﬁd% {’:Qé %hge use&hé’fthlrd level.

transfornation uni eve

t r ansf or mat inoordef ta dauenrmne traegfarma(tionamltst |hm @éeSét)ucmse With 4espect to the
transformati on units i %udl ng the transfornatl on units 35a, 35b,

35C aFHITeYd ragionh 303050 oVifeGeencading, ApprEHAL (18n Ry t enestedlyi pgriorm
? E‘,Gp iy fBFrﬂ'Eﬁ?ﬁ-’%n & éurf@ﬁt ansf66¥ udfifh tr?e692x§§Qrzee‘@%msféﬁﬁﬁtlé’@'ﬂmts

|rs eve mat I"on units I nclu
t r ansf 8varedsmridamiarsl 356, th@?bb‘x‘l:ﬁ?snze3ﬁahsf@'mtlomndm&786a,t 36he36cec$ﬁdj 36e,

| evel , 5 nsf or lLts i cIu the tr

uni v 38 BSaRERRY ki tha vtz Hansormérinf Gk e, 3Bt are . 37e.
transf gl ofndifhd Sxuisize trafSfotiateh WritsV884 ah8 SIS Which hh':?aﬂbkﬁ/ééﬂﬁ the
regi on 30, the video encoding apparatus 10 may repeatedly perform5

transf@ﬂ’lmtlvdﬂﬁcbn the current region 30 by using the 32x32-size

L1 Bhet or ma A0H { iBed ool asiandfo PaiorhSind WgiticHutionuit raspper

36p, ttb&alﬁﬁﬁnﬁbﬂﬁaﬁtﬁr@[]ﬁft@bﬂ&te 2ol firdt Ss&otihd, 3B, thidd Geveld, the Iideo 8hebding
37f, and the 4x4-size transformation units 38a and 38b which are

al | onedPRatatuse] & mavdndependanty relact @ transformation whittdiaagh 08 jnestragions of
f t t || f

e neTBoblfTept PEoR. 55 Wilkrth el aRSEimaoR’ ont 1675, 8" B8] F3ni Whien a

appar ararssfafn neyeffioidepeniienal ynisiehent ea'o'r riansigputat i bn amiémbodinmemth the

i nner i ons of the current region n,the transfornation
uniSt i transf o%naptﬁ;;yumtggm aHres, structure may 1ncme ﬁ1e transformation Units at the

selected level.

In order to encode information about the transformation units in a tree structure
of the current region 30, the video encoding apparatus 10 may encode and output
transformation depth information about transformation depths indicating levels of

20 transformation units from which fransform coefficients with the minimum error are
generated.

The video decoding apparatus 20 may read the levels of the transformation units
used to output the transform coefficients of the current region 30, by using the
transformation depth information extracted from a bitstream, and may determine

25 transformation units in a tree structure for inverse-transformation of the transform
coefficients of the current region 30.

FIG. 4 illustrates a hierarchy model of a transformation unit in a variable
tree-structure, according to an embodiment of the present invention.

The video encoding apparatus 10 may ouftput maximum split information

30 'MaxTuDepth' of a transformation unit of a current region along with maximum size
information 'MaxTransformSize' and minimum size information 'MinTransformSize' of

the transformation unit which is allowed in the current video.
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transformcoefficient with a mnimumerror is output.ln an

enbodi nment, the istransformation units in a tree structure may

i nclude the transformation units at the selected |evel. In

order to encode information about the transformation units in a tree
structure of the current region 30, the video encoding apparatus 10

may encode and out put transformati on depth information about
transformation depths indicating |levels of zo transformation units
from whi ch Themsaxrmng sefit indfeengtionpt the angiormetien einibef e current region

O L indipate a B MLT PenSoRteReh RRRTIE 1% 168) ARpEF B aliolenBiigyds of

of t hetrgngfornatisreghiwdn reSyedito tite tiveehtrregRinor WHith eespiptdra current region
informati on extracted froma hitstream and nay determ ne ] .

25t r arftd S rtBei GHTeN; fegiam tansfernation,epils drangd basertEansienupalian watti gnan
of &h r o I.Cl : r 110 ; I ;

| st P ERTSTIRECR, hefiraih LA o4 ol fdLORvel that is the rigyithum
t r ee- stransformatioraleseol miag det allcavecenbodi nent of the present invention.

The vi deo encodi ng apparatus 10 nay_ out put nmaxi num split ipformation,
30 " Nex TuDARHEXEHPIE: TSk R R A UTAOBCYE IFT tesperkisi R sy region
W th maxlBeaeatizge | nformation ' MaxTransfornti ze' and m ni num si ze

information ' M nTransfornSi ze' of the transformation unit which is
al | owed i n The baserteansfeimigion unit may inclide BEx32rsinespainsformatiomanitessa,

of  the,tr faor l,on unit of the current region may indicate a

maddi wﬁ?r%ﬁg?ﬂ%ﬂ%ﬁ ;eer%f\,/eli .e., atot al nunber of all owabl e

level s of tAgasERGIRtRRIAHdtRNILIT WRERESpedtGotthe diifdrftegioR0A®Raving a
Wth respect to a current region 40 of the current region,

t r ansfezeraf Paxb4maydneludmtiae Bx32-sizgrisarsiomation wit&f*%, 4%, 3appancdsd at
evel ha Jransl LR s ﬁg@%foﬂgb@%%@%hﬁé%&i 4623 6l15468%6n, 46, 461,
46m, and 46p at a first level. -

15 Based on the maximum size information 'MaxTransformSize' and the minimum
size information 'MinTransformSize' of the transformation unit which is allowed in the
current video, and the maximum split information 'MaxTuDepth' of the transformation
unit of the current region, a minimum size of a transformation unit which may be used in
the current region may be calculated by using Equation 1.

20

[Equation 1]
Minimum possible leaf TU zise
= max(MinTransformSize, RootTUSize/(2MaxTuDepth -1)))

25 That is, the minimum size ‘Minimum possible leaf TU zise’ of the transformation
unit of the current region may be a larger one from among the minimum size information
'MinTransformSize' of the transformation unit which is allowed in the current video, and
a size RootTUSize/(24(MaxTuDepth -1)) of a transformation unit at a lowermost level
which is obtained by splitting the base transformation unit by a maximum total number

30 of splits.

In Equation 1, a range of 'MaxTuDepth -1' corresponding to the maximum total

number of splits satisfies Equation 2.
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For exanple, the maxi numtransformation [evel with respect to the

current region my be set as 2. The base transformation
unit may include 32x32-size transformation units 45a, 1045b, 45c, and
45d at a zero-level. Accordingly, transformation units with

respect to the current region 40 having a size of 64x64 may include
t he 32x32-size transformation units 45a, 45b, 45c, and 45d at the
zero-| evel and 16x16-size transformati on units 46a, 46b, 46c, 46d,
46e, 46h, 46i, 461, 46m and 46p at a first level. 15Based on the
naxinun1siz&kkpﬁﬁh tion ' MaxTransforntSi ze' and the m ni rum si ze

i nformation niransfornti ze' of the transformation unit which is

al l oned in MzeTaDeptnt1 vl dga(Maxitrahbform®izeurnop@ MinTrahsforaSize)
" MaxTuDept h' of the transformation unit of the current region, a
m ni nrum si ze of a transformation unit which may be used in the

cury ent regfﬂ%tl ig?péégﬁna%ﬁhﬁh&' 6%&%%%%#!@@&%‘ géyalzt% SRYE S altbtal

M ni mum possi Zi se = max ans
Root TUSimbéE( 31 6tz TedDe @ maxiyim 2 Eiatmation amie foramimimusi ransfdtmatiemunit

ossi bl e. | eaf i se', of the transformation. ynit of the rrent ..
Fegi o He deteirien e e man g e intiia G, MesTraheia Size’ and
' M nTr (as hfifRing iz intbhRatic MR AR ARSI bf WhE GParsfordhAtRE dnit WHiBS is
current video, and a size Root TUSI ze/ (2"(MaxTuDepth -1)) of a

t r ansfallavead rtherduwrent videloower nost | evel which i s obtained by
nunber 300f

SPld L1 9 A SoaEBg e R e Le  RRAD  VE 388 o

t o t hepdfyiniyanbRIrdation HretheOfurddhti fegichat 0 Thae deHauntrafBfoPmation units 45a,
45b, 45c¢, and 45d at the zero-level and 16 transformation units 46a, 46b, 46¢, 46d, 46e,
46h, 46i, 46l, 46m, and 46p at the first level.

Thus, although all transformation units at the zero, first, second, and third levels

15 may be usable according to the maximum size information and the minimum size
information of the transformation unit with respect to the current video, the video
encoding apparatus 10 may perform fransformation on the current region 40 by using
only the transformation units at the first and second levels, based on the maximum split
level or the maximum total number of splits which is set with respect to the current

20 region 40.

That is, as described above, with respect to the current region 30 of FIG. 3, the
transformation is performed by using the 4 transformation units at the zero-level, the 16
transformation units at the first level, the 64 transformation units at the second level,
and the 256 transformation units at the third level, based on the maximum size

25 information and the minimum size information of the transformation unit with respect to
the current video. In contrast, with respect to the current region 40 of FIG. 4, the
transformation may be performed by using only 4 transformation units at the zero level
and 16 transformation units at the first level, based on the maximum total number of
splits or the maximum split level of the transformation unit.

30 Also, the video encoding apparatus 10 may encode transformation-unit sub-split
information for each transformation unit which indicates whether a corresponding

transformation unit is split into transformation units at a next lower level and then may
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[ EQuati on 2] MaxTuDepth -1 Log2(MaxTransfornSi ze) -

Log2(M nTransfornfi ze) 5That is, the maxi numtotal nunber of splits

may be equal to or less than a total nunber of splits froma nmaxi num
transformation unit to a mninumtransformation unit which are

determ ned based on the maxi mum size information ' MaxTransf orntSi ze'

and the m ninmum size information 'M nTransfornti ze' of the

transformati on unit which is allowed in the current video. toA total
nurber odiput fitan Sirgarat ransfarmation codr e iag t2o misig sigs dh Nealpnger epéiy into

transt PR BT DS kg BBV, S iR fhadt- DY 505 sl otormpign i
t r ansf potveuired thbeentbded 4th, redpect tdGhe trébefordaltion 4mit, at 40dwedbost laRd.
46p at the first |evel. Thus, although all transformation units at

the zero, fihes, WidgaReCtaitythenckErenbyegian 130 whyFlGe disthsl Bansfoapalieryunit
{0 ihe : ) \ Y o i . L omnf
the troeypiioFiefoh Thal BR, cabdiluhie el Hhe £ fahdbihafion Uiig of the
encodi rgrodppelr #iau$6 InstornEtioharnitst atathef foshigvelh mndnthelgy transfennation units
regi on 40 by usi oply the transformti its at the first

eoondit Brebeconsh@udl ol Ghtiash Wi appect 1pbei et iSRRI TG 4 the
n””bertré’rﬁsféﬁﬁéﬁc%-lﬁﬁitCQutb-%pﬁPtin ﬁatiéﬁsw%rhcbﬂeﬁh@viﬁnurré ct2@ €ghIPNthe 4
40. That 1's, as descri bed above, with respect to the current

r egi ontr@gsfofmaticd uBits ehthe ransleyehdiased dars thpenfaximean togalusimigen diesits or

transft rmati.on uni‘l,,[sI atI tzﬁ iero-l&\éﬁl the 16 transformation units
at % he ifPQ%‘"ﬂ%\}éP,' ?H%.cg ¢ r&ﬁ'ﬁ% Wéﬁ"yni ts at the second | evel,
and the 256pfphanad onasdribRid WHdve, athd NAakiture k&HE! nuriBse oo rsplitte of the
maxi rum size 25 infornmation and the m ni mnum si ze i nformati on of the

t r ansfioamgfoiaatiamiunithmay pespedal to orhessunpeng tefaledumbar @nspldstfrom a

may be RarTapeEah RS el il 394 tniiol HeeuimRR bhE PEh RipRBively

| evel edgreeshontrtans fradralmosiza Rindsa atininhanfgizes ivhickivare, alloasrilforra video, and
maxi mum total nunber of splits or the maximumsplit |evel of the
t r BnsfBemaaxighiny split lexe) Qfdbe trapsfopmadian sinidaay g pspdiFted acepndipg o a result

CrSodrUBHETSL I TR AR, boStl oRhe b BRI ot hd oA, solt el b of
t r ansfroarimturorsplininforimatiopl may betreducedhsf or mati on units at a next
lover | evel Fc?rngxérﬂgpa, nve}}{en the maximum split information is encoded according to a
Truncated Unary Max Coding scheme, the total number of splits from the maximum
20 transformation unit to the minimum transformation unit which are allowed for the video is
set as a maximum value of the maximum split level, so that, when the maximum split
level corresponding to the maximum value is encoded, one bit may be reduced.
As a result of comparison between the transformation units in a tree structure of
FIG. 3 and the transformation units in a variable tree-structure of FIG. 4, since a total
25 number of transformation-unit levels that are usable for the transformation is changed
according to the maximum split level or the maximum total number of splits, a
hierarchical structure of the transformation unit is changed. The video encoding
apparatus 10 may perform transformation on each of regions of the current region 40 by
using the transformation units in a variable tree-structure, and according to a result of
30 the transformation, the video encoding apparatus 10 may independently select a
transformation unit for each of the regions, wherein the transformation unit is at a level

from which transform coefficients with a minimum error are output.
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output it. Since a transformation unit having a m ninmumsize is no

| onger split into transformation units at a next |ower |evel, the
transformation-unit sub-split infornmation is not required to be

encoded with respect to the transfornation unit at a | owernost |evel.
Thus, with respect to the current region 30 of FIG 3, the
transformation-unit 5 sub-split information may be encoded with
respect to the 4 transformation units at the zero-level, the 16

t ransf or mat To@ vigga eneeding@pperaius |'éveiay ennpdenand sutpud iemsfaratation depth
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uni ts regich.t refusstadeording fof afrlidagd aharakctristicaifstt ds it @iquirettt® perferm
variable tree-structure of FIG 4, since a total . 25 nunber of .

t r Bnsfibansformeatiamiby veingl @raqus: types ok aoiransformeatien wnity Mdpanencedingsand

change : i i i ot @ﬁ% C
nurrberdj%é s%’ I té;ge@&m%f??‘g‘ﬁ! @a: Z‘ﬁ”&ﬁ?’ﬁ@e{%@f&{"}?ﬁ% rans Hﬁ'%&%ﬁ]c&uﬂrﬁ S0
i s chathged.is Tlossibila & reduceda roglapgpiaomaame uhd caased by fparforming transformation
transformati on on each of regions of the current region 40 by using,.
the ¢ rBhUPBOHERTATIATANS Unis Mihayarbisdevelsenst Pet ur AlSOasics e Biipigical
to a reaitlreddt RRilkBR thARASHPAITR uifs mbY BeVpraarRi@NBask 8N AP AAIHEMSbIit
may i ndependently select a transformation unit for each of the

r exji orlevehwfdheitransfermationsinit, hittates famtading irdornaatian elated denth hisiiarchical
t ransf rmcoefff'ci entsf wiith a m'tni mmherr(gr ‘%[e oplt put . . T1Jf”|e.

vi deo BHEHEY BSEAATRUN R HH) R FED6RS SRAUGH st 1T SnEFasRigsioehiciency
dept h afrpeR@dding resitt megmefigiprabédn- unit maxi mum split information
which are required for the video encodi ng@gﬁparat_us 10 to determ ne
the transf ofMitreiTenee 16 FIGSadand 4he amkedimentcinuwbichra haight apd enwidth

B L B e

t ransfdeggvpibedn Howevehi bl tearasforsetionurdscindi higrafchidaé structues are agt imited
40, by using the transformation depth infornmation and the

tr ansttorthgtenabodimantsekiham sAnd 4i ﬁﬂ%ﬂ'ﬁﬁéﬁ,iiwﬂé&& eREPEINeHEnaY legst one of
bi t St rigaMei@ASHRY M2 Width b tfré@ﬁgﬁﬁém LA nfEPEE sBfit AR¥RAing tE'Gn arbitrary

transformat&gn units In a var
ratio, so that the transformation units at a lower level may be generated.

FIGS. 5 through 8 illustrate base transformation units, according to embodiments
30  of the present invention.
In an embodiment, transformation units in a variable tree-structure include

transformation units at lower levels which are split from a base transformation unit, so
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mtree-structure which are used to inverse-transformthe transform
coefficients of the current region 40 nmay be determ ned. The
maxi mum total nunber of splits or the maximumsplit |evel of the
transformation unit may be determ ned according to a characteristic

of the current region. Thus, according to an i mage characteristic, if
It is not required to perform15 transformati on by using various

types of a transfornmation unit, video encoding and decoding are

per f or thedl aishapei ang atsézea o%wgftbanﬁﬁ@rnmaﬂmrhumlss inthg vgsieblgbiree-structure may be
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units at a FemefarhgieethedByagieobibeeizdieefansformation unit &f He. CLﬁ'l‘éI‘hﬁ'@%ﬁh Bay
illustrate base transformation units, according to enbodi nents 3
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Ievels I ¢h are ase tran or na

shape parforen snzmt@f ptetiictionaos faor imtdal predictions on nthehegicar,i @i ¢he size of the
tree-structure nmay, be determ ned accordi ng to a shape or a size of
t hie ba%%’“?‘?%ﬁ?ﬁydf‘ﬁ&ﬂ%ﬁs Ape or the size qidlae PAMtEN. t he size of the base

transf or mat po iy fo FiG S5U2babe th S+Cﬁﬁ’%tle§]hltahé% f&@%&ﬁ]@@ﬁ B 5 Qfta

unit with respect-to a current video. Based on one o encodr ng
nodes wriit ﬁ)rrpegdlohpn af ahragtenaﬁayabbaﬁenmlaedf oFuaExamplenatZNﬁZN-lscze partition

' b dt ha f bas )
T oo RlinesPe o BB sizedroioroen B MBI wal i RN ek msBaiRfiSF ar g intra
to a pﬁ@@@bhowao%e bfars@”traﬁﬁﬂﬂnbﬁ@ %Wﬂqufnﬂwmhp&zéhﬁag’&g'w mEWbe
exanple, a size of the base transformation unit may be determ ned

ba¥ed Cleletmlnﬁﬁeﬁ@QNP(B@ -§re taosiopmatiod&indf t he current region is an
I nter mode Iﬂra!%'thept rrﬁbgm%%nt, a base transformation unit may be determined as a

transformation unit having a size equal to or less than a size of partitions of a region.

In this case, since the base transformation unit is included in a partition positioned in a

corresponding region, the base transformation unit may be determined not to span a
25  boundary between partitions of a current region.

Referring to FIG. 6, when Nx2N-size partitions 61a and 61b are determined with
respect to a 2Nx2N-size region 80, 2Nx2N-size base transformation units 65a, 65b, 65¢
and 65d may be determined with respect to the 2Nx2N-size region 60. The
2Nx2N-size base transformation units 65a, 65b, 65¢c and 65d are less than the

30  Nx2N-size partitions 61a and 61b, so that the 2Nx2N-size base transformation units 65a,
65b, 65¢ and 65d are included in the Nx2N-size partitions 61a and 61b and do not cross

a boundary between the Nx2N-size partitions 61a and 61b.
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For exanpl e, the shape of the base transformation unit of the current
region may be determ ned according to a size of a partition from

anong the encodi ng nodes of the region. The partition indicates a

data unit obtained by splitting the region so as to performan inter
prediction or an intra prediction on the region, and the size of the
15partition may indicate a shape or the size of the partition.
Referring to FIG 5, a base transformation unit having the sanme shape
as a data uReterfiag tord@. ot ingtitiinsa7 @ @ingn7 Hapf hiele ddihisrarg. agsenmetrically

oo VL B IR 2 L LR RIS et s, e
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respect to a 2Nx2N-size region 60, 2Nx2N-size base transformation

uni t s B5mcletEd, ingbe paniitiod avery 7 ble ofl atcerneispendingtrégicaspect to t he
2Nx2N-si ze feqgign 60. .The, 2Nx2N-si ze_bhase . .trapsfor.mation units 6%a,, .
550 650 aroBs 1 PaSPBECIcRAR % HeS 36 BRRS=GR BEMELPTI I aS hst Sonmant with
61b, s@spbat td BecANeyide ReRminERS fRGTH, |41 MIN-SiZe5pariftioR. 8fiPand a
and 65d are included in the Nx2N-size partitions 6la and 61b and do

not crd¥xdid-siee paditipnpd1heesy badatrmmined xéthpeaapect the HxdMridze 1egion 80.

Ref errji.ng..t I - L4 : 1 f i -t .
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regi org5j0 85Kh&®51,i 85mt, F85HYKkEdd, shad §BY thati do rdtaspad 4 heudikdMbetwsen the
partition 71b_may be determned with respect to the 4Mk4M sjze region

7015 | rParkitiens@ta ang £l %m%ﬂﬁ%&%ta ernsiant zeumay oe detgsaineq with fgspect to

4M4M®Eﬁw%€%€s@i}5€%imggbe determ ned as MkKMsize transfornmation

units and /5d and 2Mk2M si ze transformati on units 75i

and 75] so lasameimnbodin@asin aandxirnohasylitleveleaay becsqparatetyi detenviiheddndeach
71b. Té}(—;i MKM si,.ze tr nsfﬁ{ mati on units 75a, 75b, 75c and 75d and the
22 M ithe eNFQIRESPASeS BhiNGTEEOYsi and 75] may be included in the

partition g AlaxilmPépir IR HeHPBE bPardtayideterndiRéd %6+ eddh prediction mode
possible to limt a size of basé transformation units to be constant

wi oh rafdhedegivn. aFonexanple.dhe snaxireine splitigvelonay Ge sepasateikdateshined for
FespecttRORRARSISS HalrOieEhat it dhke Sl oRRai€) FaskTGBeBthinter
tsg?nsgg[(ﬂétsdgﬁﬁhésd;iﬂo$8§5ae%igﬁb,w]ﬂrﬁca8n58iﬁ§bhr ?&f(jjde 8&‘{ ,mﬁﬁmurﬁg@plitg%formation
Js , : m n, 0, an p that do not span a boundary
bet weelaxhbDenta@iintra'dh sletarmingd fera regien withramiatra racdertthadikei ze
may be det efyd RRMitL i sBIR FART mdyP bl R8paMtaM fiéfihEd't8Pe8th slice type. For
25  example, the maximum split level may be separately determined for each slice type in a
manner that a maximum split level value 'MaxTUDepthOfIntraSlice' is determined for an
intra-type slice, a maximum split level value 'MaxTUDepthOfinterP’ is determined for an
inter P-type slice, a maximum split level value 'MaxTUDepthOflnterB' is determined for
an inter B-type slice, or the like. [n this case, a slice header may be encoded while
30 including maximum split information for each slice type.
FIGS. 9 and 10 illustrate transformation units in a variable tree-structure,

according to embodiments of the present invention.
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In an enbodi ment, a maximumsplit | evel may be separately determ ned
for each of the encoding nodes of the region. The maximumsplit |evel
may be separately determ ned for each prediction node 20 of the

region. For exanple, the maximumsplit | evel may be separately

determ ned for each prediction node in a manner that maxi mum split

i nformati on ' MaxTUDept hOf Inter' is determned for a region with an
inter node or maxi mumsplit information ' MaxTUDept hOf Intra' is
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FIG 14h a partition type of a 4Mk4Msize region 92 may be determ ned

as partitions 93a and 93b that are an asymmetri cal tgartltlon t?/
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t r ansfiggigfoineationiunis 2068 9615,S06E.e96t, DBal 963, 068, aededsh,0urd INMRPM-size
transformation units 96i and 96j so as not to span a boundary between the partitions
93a and 93b.

25 In another embodiment, the transformation units at the first level that is one-level
lower from the base transformation unit 94 at the zero level may be determined as
MxM-size transformation units 98a, 98b, 98¢, 98d, 98e, 98f, 98g, 98h, 98i, 98j, 98k, 98,
98m, 298n, 980, and 98p so as to have a constant size while they do not cross the
boundary between the partitions 93a and 93b.

30 With reference to FIGS. 5 through 8, the base transformation units according to
the embodiments of the present invention are described above, and with reference to

FIGS. 9 and 10, the transformation units in a variable tree-structure according to the
28



the base transformation unit 94 at the zero |l evel nay be determ ned

as MkM size transformation units 96a, 96b, 96c, 96d, 96e, 961', 96g,
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The maximum split level of the transformation unit may indicate a total number of
20 levels of the transformation unit that is allowed with respect to the current region and
may correspond to a total number of splits from the base transformation unit of the
current region to a transformation unit at a lowermost level which is allowed with respect
to the current region.
The transformation units in a variable tree-structure may include the base
25 transformation unit according to the maximum split level of the transformation unit, and
transformation units according to levels that are generated by being stepwise split from
the base transformation unit to the maximum split level of the transformation unit.
The maximum split level of the transformation unit may be separately determined
for each of encoding modes including a prediction mode, a slice type, and the like which
30 are used in encoding of the current region.
The base transformation unit with respect to the current region may be variously

set according to an image characteristic.
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20 levels of the transformation unit that is allowed with respect to
the current region and may correspond to a total nunmber of splits
fromthe base transformation unit of the current region to a
transformation unit at a | owernost |level which is allowed with

respect to the current region. The transformation units in a variable
tree-structure may include the base 25 transformation unit according
to the maximumsplit |level of the transformation unit, and
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Lo RT oRGEnGmaE brat S dhteRnindd S adcBfink PR bR ARt s outlin the
the cur@Nbf e 8itIMeard WHEREINR tHd @meh@ed £A8TiE! Gérathtd®Yid ehed WnBHing! that
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tr ansf@am@fbrrﬁatmasmd Whh treepéctans ty Witdoo randn trangfireiatib nesmiti maxmum split
operation 111. Al so, nmaxinum size i nformati on and ni ni mum Si

i nfor nigfargiatien [’E"Fn'éa’é"ﬂglﬂlﬁ Berp BRIk javelpt Werté%rﬁ@&m@t@pr{ wait @T%@@PUEWH'HG
transfl%m HOR W bist mumsplit is information indicating the

maxi mum'spli't" I'evel " of "the transformation unit are output while
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region, 20 transformation-unit sub-split information indicating
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A'so, S0t v st TR BT TR e R PEia g hBiea and may be

transf@uitpat.i on-units pattern i nformat i on indicating existence of a

transformation unit that includes a non-zero ] . ) .
Also, for each of the transformation units, hierarchical transformation-units

pattern information indicating existence of a transformation unit that includes a non-zero
25 coefficient and that is from among transformation units at a lower level may be encoded
and may be output.
FIG. 12 is a flowchart of a video decoding method using transformation units in a
variable tree-structure, according to an embodiment of the present invention.
In operation 121, a bitstream including encoded data of a video is received.
30 In operation 122, the bitstream received in operation 121 is parsed, so that
encoded data of a current region and information about an encoding mode that is

determined in encoding of the current region are extracted from the bitstream.
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25 coefficient and that is fromanong transformation units at a | ower

| evel may be encoded and may be out put. FIG 12 is a flowchart

of a video decoding nethod using transformation units in a variable
tree-structure, according to an enbodi nent of the present invention.

In operation 121, a bitstreamincluding encoded data of a video is
received. 30 In operation 122, the bitstreamreceived in operation

121 is parsed, so that encoded data of a current region and .
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and inverse-transformation nmay be performed on a transform

coef f idgterminet! Fom amongniransfgimoatiasy unés fgat aee hicxashinatutspdh fiont ta base
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unit may be separately determ ned according to a spatial-domain
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based on a capabi ﬁy or a’datd co A CRLTSh eny | ronnent [of Tan

encodidepthy stAftereard) thec oilieng neyys benrestorrecie bl heombiimgirericotied  resohierwith
of splits or the maxinumsplit level is selectively [imted fromthe
30basdePPEFAIPIMR@EFon unit, an encoding cal cul ati on anount and a

transm ssi o BidxiRBRHYotal number of splits or the maximum split level of the
25 transformation unit may be separately determined according to a spatial-domain
characteristic of an image. The maximum total number of splits or the maximum split

level of the transformation unit may be determined based on a capability or a data
communication environment of an encoding system or a decoding system. Since the
maximum total number of splits or the maximum split level is selectively limited from the

30 base transformation unit, an encoding calculation amount and a transmission bit amount

may be reduced.
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may be reduced. Hereinafter, with reference to FIGS. 13

t hrough 27, a video encodi ng apparatus and a vi deo decodi ng
apparatus, and a video encodi ng nethod and a vi deo decodi ng net hod,
whi ch use a transformation unit in a tree structure and a
transformation unit in a variable tree-structure, wll be described.
5FIG 13 is a block diagram of a video encodi ng apparatus using
transformation unit in tree structure and transformation unit in

variabl e trEeraifaiigs wie referenge do My TBotharvanBédn vigfro sncedieg apparatus
present,y avaaL, Hrcoding app: rgﬁ{ ; (180 ‘?/fbce%dérq@ocﬁﬁ@%@th?& vy 8iideo decoding
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splltter 110, a codin um& de ern&& 120, and an output unit 130.
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codin :om t he maxi mum codi ng unit.

Accorgol%% &Id séﬁhkﬁeég%%ed%%ii deeper encodi ng unlgts according to
dept hs may e spdxitmufn mdtr’rgeunmmphﬂm ddadi mgyuwsplit & ouaeni plcmum bzmhdwgn a
uni t. Ad th of, the XIme nit. is an perrmstt
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of the maxi mum coding unit deepehs, a coding unit corresponding to an
upper ldaptt dnermaximuomucdediag pinify aﬂ“hEymaXm”amlomglngwmltsrrmb@@pdﬂtalumt having

pi et ur S QTR D8N 2BK 110 2Rk Pl c SaPTRY, ariepena B it i @
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A coding unit may be characterized by a maximum size and a depth. The depth
denotes a number of times the coding unit is spatially split from the maximum coding
unit. Accordingly, as the depth deepens, deeper encoding units according to depths
may be split from the maximum coding unit to a minimum coding unit. A depth of the

25 maximum coding unit is an uppermost depth and a depth of the minimum coding unit is
a lowermost depth. Since a size of a coding unit corresponding to each depth
decreases as the depth of the maximum coding unit deepens, a coding unit
corresponding to an upper depth may include a plurality of coding units corresponding
to lower depths.

30 As described above, the image data of the current picture is split into one or
more 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 to
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depths. Since the maxi mum coding unit is split according to depths,

the image data of a spatial domain included in the maxi mum codi ng

unit may be hierarchically classified according to depths. A
maxi nrum dept h and a nmaxi num si ze of a coding unit, which [imt the
total 5 nunmber of tinmes a height and a width of the maxi num codi ng
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one depth equal to or below the nmaxi num depth, and resul
encodiinpgehdatanadbe dietepeacedingnpiaitsedcdading tondedbs, adcardiegdedpemadmum
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cel cotialing Pk OE JRESHE bty Segi srcplEnqdagdhe gt Agcering srors.
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unit. The size of the maximumcoding unit Is spfit as a
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e osShy e hRebAGIIRT 5 bR AT o LA hihty the coding
det er miriiedetehqireer1 200 spldd, teaebdpg urite crispendindgttd therdoeet e ehdyobe

the sane depth to a |ower 5 de_gﬁ]h by measuring an encodi ng _error of

t he i fegardest as enceded cedimongnitsni AlSe.dpgrapding, unitg eerraspryiding & the coded
when i IS i i fm coding unit, the image

dat a idsaggln?%} ?%rr%%@%b\;é%g%‘cdgrﬂglf]%d@(%he'dept hs and the encodi ng
erysors may Thd fdetemcined dtoupdt depthgiaodsthenehbedahdémagei data acctirdipg fo the

e R EORS LR SR SH S RHBCEGR! P07 oy e ot ned
ni ¢y Do v de et ah e 3RebciLin, TR Ak EncolBd TN Bh 188 dytper
dept h.coding units corresponding to at least one depth equal to or below the maximum depth,
and results of encoding the image data are compared based on each of the deeper
30 coding units. A depth having the least encoding errors may be selected after
comparing encoding errors of the deeper coding units. At least one coded depth may

be selected for each maximum coding unit.
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Accordingly, the coding unit determ ner 120 may determ ne codi ng

units having a tree structure included in the maxi nrum codi ng unit.

The coding units having a tree structure include coding units
corresponding to a depth determ ned to be the coded 15 depth, from
anong all deeper coding units included in the maxi mumcoding unit. A
coding unit of a coded depth may be hierarchically determ ned

according to depths in the sane region of the nmaxi num coding unit, .
and may be Thelsemidhe naxiewvsr apding uni igisplitasatcoding wntis eprarchicaly split
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t r ansf @diBg LA nERYbE dividsd aEcRmEiaeUodirntPuihits SNt 188t dREESRY deptkni t .
The prediction encoding and the transformation may al so be perforned
based on t hAcedingly, dhaelcagingrinitdetesvingr 1g0traan datgsminegeding wpitsdraving a
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nunber of deeper coding units increases whenever the maxi num ¢codi ng
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cod ng i nit 1 2 £BO3A YGPRL LK), BEIGREREAR/ TERrAheH sodirdhbEaRAS in
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vari oUgdiérafle8tord aStddedde AR anbfheR ré@ibA. unit for encoding the

image data. I'n order to encode the inage data, operations, such as
praadi cti on Anvedimygn depthsisoandniden, related data opymkercobiispliftingriémes from a

performed, and at this.tine,.the same data unit. may.be used, f I

bper atantn i talind Phfud BTl g Tip. A by PR Em fetipapay Bhote 2
For expmrembdiofshigingamessiros terassiiiim tolingainisel thetminihu@ndadifg unit.
coding unit for encoding the image data, but also a data unit

di f f erAnsecansimmadmeaidRptannaysgeneter @ patak aumhereopdapifetlpyels from the
encodi rﬂgxmurﬁhc%diﬁaagﬁitqgttﬁe 'nﬁnmﬁmcé)ocaiﬁg? it ¢ For example, when a depth of the

25 maximum coding unit is 0, a depth of a coding unit, in which the maximum coding unit is
split once, may be set to 1, and a depth of a coding unit, in which the maximum coding
unit is split twice, may be set to 2. Here, if the minimum coding unit is a coding unit in
which the maximum coding unit is split four times, 5 depth levels of depths 0, 1, 2, 3 and
4 exist. In this case, the first maximum depth may be set to 4, and the second

30 maximum depth may be set to 5.

Prediction encoding and transformation may be performed according to the

maximum coding unit. The prediction encoding and the transformation may also be
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In order to performthe prediction encoding in the maxi num codi ng
unit, the 20 prediction encoding may be perfornmed based on a coding
unit corresponding to a coded depth, i.e., based on a coding unit
that is no longer split to coding units corresponding to a | ower
depth. Hereinafter, the coding unit that is no |longer split and
beconmes a basis unit for the prediction encoding will now be referred
to as a prediction unit. A partition obtained by splitting the
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t hereby selecting a prediction node having a | east encoding error.
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to FIGS. 1 through 12, in order to performthe transformation in the
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oxampie. ¢ HEST Stblc, hetVido& ShobAAY drpRrdiie 100aRAP soRR HBt bnly Boding unit
t r ansffor eatodinguhetimage data; iodtr zlsonaddatanaitadiffe semd frommiité oadingi unitf &o as to
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el e AR ShRite BRR GRS s o AR BARD 5B Brgepopeing o
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set for the transformation unit. For exanple, in a current coding .
uni t ofnibferdihe raediction epeeding wvll oyt he referied to amarpradistior upft. o A partition

12! SRy b RIS IR BRI b BT un
25  obtained by splitting at least one of a height and a width of the prediction unit.

For example, when a coding unit of a size of 2Nx2N (where N is a positive
integer) is no longer split and becomes a prediction unit of 2Nx2N, 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 a width of

30 the prediction unit, partitions obtained by asymmetrically splitting the height or the 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.
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25 transformati on depth may be 2 when the size of the transfornmation
unit is NV2xN 2. In other words, the transformation unit in the tree
structure nmay be set for the transformation unit according to a

transfornmati on depth. Encodi ng i nformati on according to coding
units corresponding to a coded depth uses not only informtion about
t he coded depth, but also information about information 30related to
predi ction encodi ng and transformation. Accordi ngl y, the coding unit

det er ni ner AZuesigjiondnedaphiheapasirtiondapt mayake AgleaskionrAimeNEgdNAge. a
error ftkr mBa¥ %‘1&% &'ﬁpgﬁéﬁé‘e ForP@fampbleOthe Kt Mddd & i ifiterSHodd'ay be
I predic and a size Ol a

a prediction nbde acco ng to ron units,

t r ansf panfiemerhonrthe faotitidrr eh2NRPRNRRNN, Nx2N, or kN0, Aldwe thedkipgmadiet may
det er m ner r;}2Oﬁm%rrma_yq?‘_ﬁerform t he transfornation by using.the
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i ncl uodata, bulsalse baged enmdatanunihinet isdifferand fronptheacoding wnitt s at | ower
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base tamgbehamin Pnthendddirndnit,tBe MRS gidhi thal @¢ederfihddebard onvialdata
set according to encodln? nodes. For exanple, a shape of a base
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Partit ;08845 9c8rdiY O 15 AarfbrORAEH L&t e HeePRUbtlre Secording to
transformation depths.
20 A transformation depth indicating a number of splitting times to reach the
transformation unit by splitting a height and a width of the coding unit may also be set
for the transformation unit. For example, in a current coding unit of 2Nx2N, a
transformation depth may be 0 when a size of a transformation unit is 2Nx2N, the
transformation depth may be 1 when the size of the transformation unit is NxN, and the
25 transformation depth may be 2 when the size of the transformation unit is N/2xN/2. 1In
other words, the transformation unit in the tree structure may be set for the
transformation unit according to a transformation depth.
Encoding information according to coding units corresponding fo a coded depth
uses not only information about the coded depth, but also information about information
30 related to prediction encoding and transformation. Accordingly, the coding unit

determiner 120 may determine a coded depth having a minimum encoding error and
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Al so, while the base transformation unit is larger than the

partition, transformation units at |ower |evels than the base
transformation unit nay be determ ned to have a size 25l ess than the
size of the partitions so as not to span the boundary between the
partitions. The coding unit determner 120 may performthe
transformati on on each of the coding units by using the

transformation units in the variable tree-structure and thus may

det er niNg¥ al$ie deiQiRine ArRaMiHeN DS s 3 Aredietiar waitst PrRAiEian Medenrncrging to
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i nf or nellovesdl for theyeedingiumdf- t o dept hs, which indicates whether encoding
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and thus the split ipformati.on nmay be defined not to . split th
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The partition may indicate a data unit obtained by splitting a prediction unit of the
coding unit, and the prediction unit may be a partition having the same size as the
coding unit. In an embodiment, the base transformation unit may be determined to

20 have the same shape as the prediction unit of the coding unit.  [n another embodiment,
the base transformation unit may be determined to have a size equal to or less than a
size of partitions so as not to span a boundary between the partitions.

Also, while the base transformation unit is larger than the partition, transformation
units at lower levels than the base transformation unit may be determined to have a size

25 less than the size of the partitions so as not to span the boundary between the
partitions.

The coding unit determiner 120 may perform the transformation on each of the
coding units by using the transformation units in the variable tree-structure and thus
may determine the transformation units in the tree structure.

30 Coding units according to a tree structure in a maximum coding unit and a

method of determining a partition and a transformation unit in a tree structure, according
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20 depth, the encoding is perforned on the coding unit of the |ower
depth. Thus, the split information may be defined to split the

current coding unit to obtain the coding units of the |ower depth.

If the current depth is not the coded depth, encoding is performed on
the coding unit that is split into the coding unit of the | ower

depth. Since at |east one coding unit of 25 the |ower depth exists

in one coding unit of the current depth, the encoding is repeatedl

per f or IPeRNHAT BWFR esRlRdigients wihpetdescribagin delqilHatermid, ref@f@ﬂ@ﬁé@&ié@- 15
may beﬂﬁﬁﬁéﬁﬁévely performed for the coding units having the sanme
depth. "Sirmce the coding units having a tree structure are determ ned
for one maxtThanecadhag ngnitikieterndmsr 120 omagt measat®iin ehcbdingt ewoe of deeper

encodi ng,.node s determned for a 30 codipng upit of a_coded depth,
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oney Wéqgg}g%ﬂ%ﬂﬂipﬂéﬂstu Al so, a coded depth of the inage data of the

maxi mum ng unit may be different according to | ocations since the
i mge dat a The ohipartamithi3oadutputsplnetimegectata g the ndaimbs cddiog unit, which is

i nformati on about ,the coded depth and th nc,odi nmod y.. be set .
For °t nMarRga baspd. o 6”8t ASSth Andgraded IR IMETTRER BYctRngoding unit
assi gnd&eRARMeRd 20NEAA TbHABIGP AUbuthE AINCBERNADAS ae88RihgiRPHe @iddadbpth,
encodi ng node to at | east one of the coding unit, the 5prediction

uni t, iardtsireams. num unit i ncl uded in the maxi mum coding unit.

P 1w i ] B0 AT RO iadh b PR berSuEReB ) ot gl eatbatd of bh irdge.
Al ternati veThye irffbenaticn BbdutUthbtertdYirEmadaRccoriihG t@ eod€d dapiiumay include
data unit that may be included in all of the coding units, prediction

uni t s, atpapet Aneal iFRrmaAtioarrbayt S pedemdrai, infptraaticrrtﬁla@rétpthp Patition type in
T R SAISH T b preoiton g AEPLE < SReeAi Al gt o
i nf or mat i onThe idoxhaliprt abeutdhegodedtdsptiantayebe aéfingd ibyfusimpsplirinformation
FhE Qe P SaRis WEE DaaTiaetes ERihgheNBedinG b PRECBRS SbGERTg Nt of
predi cf i Rfermsih dtebd P &t GRBAT I the current depth of the current coding unit
is the coded depth, image data in the current coding unit is encoded and output, and
thus the split information may be defined not to split the current coding unit to a lower
depth. Alternatively, if the current depth of the current coding unit is not the coded
20 depth, the encoding is performed on the coding unit of the lower depth. Thus, the split
information may be defined to split the current coding unit to obtain the coding units of
the lower depth.
If the current depth is not the coded depth, encoding is performed on the coding
unit that is split into the coding unit of the lower depth. Since at least one coding unit of
25  the lower depth exists in one coding unit of the current depth, the encoding is repeatedly
performed on each coding unit of the lower depth. Thus, the encoding may be
recursively performed for the coding units having the same depth.
Since the ceding units having a tree structure are determined for one maximum
coding unit, and information about at least one encoding mode is determined for a
30 coding unit of a coded depth, information about at least one 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
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is a size of the partitions. The encoding information according to
the prediction units may include at |east one of information about an
estimated direction of an inter node, information about a reference

i mge index of the inter node, information about a notion vector,

i nformati on about a chroma conponent of an intra node, and

i nformati on about an interpolation nmethod of the intra node.
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determ ned considering characteristics of the current picture. Al so,
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codi ngniommtatioh abaut auefaremgeinagedex of the THiesmode, exfomeips dtaodt mgmation

hi gh resolution or a |arge anount of data s encoded,in units of,
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excessiy pltdrpbRfioPanBhod W RE hitRPhbded nunber of pieces of conpressed
informati on generated for 15 each macrobl ock increases, and thus it

i s20di f fi cul nfaroatioanghdut Bhenaximpresized of nther aedingnueib defied according o

conpressjon efficiency decreases. ver, by . using the video. .

encod ML alipEsSha R H S i 1 R0BH e ity ahi e Ao stspth
since RagWH MbeHBUtintcS aadtdder e aBitsitesAnal Sediditecharanéter ISyt (8PNfor a
an image while increasing a maxi mum size of a coding unit while

consi dégiung parameterset.t he i mage. 20The vi deo encodi ng apparatus 100

of FIG 13 AR, Wé)&ﬁﬁﬂ?%gzet %f&#ﬁaﬂ’dnd%? the transformation unit and minimum size

25 information of the transformation unit which are allowed for the current video may be
output via the header of the bitstream, the SPS or the picture parameter set. The
output unit 130 may output the transformation-unit maximum split information, the
transformation index information, the transformation-unit sub-split information, the
hierarchical transformation-units pattern information, and the like which are described

30  above with reference to FIGS. 1 through 12.

In the video encoding apparatus 100, the deeper coding unit may be a coding

unit obtained by dividing at least one of a height and a width of a coding unit of an upper
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encodi ng apparatus 10 described above with reference to FIG 1.

That is, in the video encodi ng apparatus 10, a current regi on may
indicate a current coding unit that is one of coding units obtained

by splitting a current picture of a video so as to encode the video.
25The transformation-unit determning unit 11 of the video encoding
apparatus 10 may split the current picture into maxi num coding units,
may performtransformati on on each of the nmaxi mum codi ng units based
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units, base n mation unit int
t r ee- spictureur Alscargindeh encodygdetagr e er@rinednsih eravht maxindept todihatunit by
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transf gy ' @&e%iﬁed@%r%ﬁd@rﬁg%a‘ﬂﬁ&tbri&ks@f}ihé%Gfr{& nyat _6R¢Hrféﬂjsqﬁiatg% difes.
a tree sfructure 10 and transformation units in &a variable

t r ee- st r uct Uhus,vif ah imagpdwvingadigih regolutinn aagilaige amalnpoldatasis encoded

coded HavAHPt heipreel B Brl e g BB B ARAo PRk SR RIPHEE dhppasivel
i Nt heinkreRes! r AEEOFdnA! 8 Hiesiacef piecenen comprésseminidriatiopdyérterated for
units, may encode information about coded depths and is encoding

notfes @ACh HeagwiplorK dn¢reasen ©ond thuse ittipudificw! temjrasp@ddéhe compressed
t r ansf +an- uni i | Leed j an u : ;

e R A ol BURR Ll T o UL 8 video
t r ansf engoaling rapparatuisn 100 eénade uimpessind effieisfoyr may be imordased since a

vari abl e tree-structur Q0, according to an enbodi nent of the .
pr esenOqing &nitiiged %ﬁé"%\}'?é&ﬁm&%‘w&i %1?@?65?%‘%%9 83ihgoe Whﬂg Increasing a

tr anst QLumb iR a Bd iSWAIC EYNSdEieh bIsRRShOhBTiiagR, unit in
0 u 210, a

vari able tree-structure I ncl udes a receiver I mge data’
anzb encodi nfhé nfidesrearicodingx appatatus 220, ohdGarl 3 maye cdaeapaiat ddehe video

230 BRI heb ek EEME Sho pARTEIBAL g v deo cecoding

transfor mat 7ot 80iih the Wdéd BcBdinge8pSaratied Y0e a28Qrrest F&RficH Rsly itdidste a
current coding unit that is one of coding units obtained by splitting a current picture of a
video so as to encode the video.

25 The transformation-unit determining unit 11 of the video encoding apparatus 10
may split the current picture into maximum coding units, may perform transformation on
each of the maximum coding units based on coding unitis according to depths, may
select coding units with a coded depth from which a coding result that generates a
minimum error is output, and then may determine coding units in a free structure.

30 When the fransformation-unit determining unit 11 of the video encoding
apparatus 10 performs the transformation based on the coding unit, the

transformation-unit determining unit 11 may perform the transformation based on a
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25' vi deo decodi ng apparatus 200'. Definitions of various terns,
such as a coding unit, a depth, a prediction unit, a transformation
unit, and information about various encodi ng nodes, for various
operations of the video decodi ng apparatus 200 are the sanme or

simlar to those described above with reference to FIG 13 and the

vi deo encodi ng apparatus 100. 30 The receiver 210 receives and

parses a bitstream of an encoded video. The inmage data and encodi ng

i nf or nE@nYamegtionends brpadicuieictranefpapatien Untigdn @avaliatly tregcHrushgenyay
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230. Thus,”"the Inage data in a bit streamis split into the nmaximm
codi ndtrarsfarmatiarpunihgletemeningegret datraayetedersning 3vdig: odds in ketréerstyeicture
data for,each maxi.num cadi ng uni.t.. The.information about the
colib Aub FAARAHBILAEDS: RS habatles des T s MEPhistikeh ook of the

uni t rmgxmrﬁejodir%uﬁi[\j_ornati on about at | east one coding unit
corresponding to the coded depth. Furthernore, the information about

the encodi njha sutpubdaitied/of thel \ideo gncedingrappaeatos 10nmay mattp@reogiss data of
Eggéht%g&ttﬁﬁéﬁﬁaﬂs & é@&@&i’ﬁg' tqugcebgplc}% diits n@&@%rt%&g%p%e%@?trggp ect to

, Intornmatl on abou

t r ansfedgmmbf the wEximud sodingplinitst inmgy entodeatifornatiore abduhgodied dieptitsand
may be extracted éals thﬁ i nformati on about the coded dg&t h. The
i nFor rRASAINGL ARGt ol GoPiNG AWMt N e JITRE nETEHCIWE: 0P g eNGode

20 eacp@iniBrEadk Aeyiflin SR IRGHRSSH, dridembBaflahamand encodi ng

i nformation extracto I's 1nformation epth and an
encodi ng nodé.dkt & aibleck dmggemeofad evideardacoding eppaditng using trankienmation

encoder,., such as the video encoding apparatus 100, repeate .
por fortit EhEgersiyole snddrr ety ARRE Tt g s i ol Agrording to
accor e daaREht BBKE WEISAGhWhtieRl t . Accordi ngly, the video
decodi ng 25 apparatus 200 may restore an i nmage b%{mgecodi n% t he i mage
It

daita accor dl gy idem desadingdapparatitsd uainge trapslionyation sinith i trgeraiructwre and

i or it T EFELORI T Be regatpdtedé 200 o B Rtiehsf ey B 1108 cate
t r ansfandrehe®ding mforraatomeRiratiay 2P0eahd fer irRideotatafdetodeanrsdor Meréinafter,

unit which are allowed for the current video fromthe header of the )
30 bi tfef cenvgnieRee spdeserintion. tne vides gesating appaeatus wsing %@@0%@@” unit

20 IR0 BRSO ARF LA IRSOE RN 200 i rfera t o
i nex ‘vidkordeabding appwatuse2@F or mati on-unit sub-split infornation, the

Definitions of various terms, such as a coding unit, a depth, a prediction unit, a

transformation unit, and information about various encoding modes, for various

operations of the video decoding apparatus 200 are the same or similar to those

described above with reference to FIG. 13 and the video encoding apparatus 100.
30 The receiver 210 receives and parses a bitstream of an encoded video. The
image data and encoding information extractor 220 extracts encoded image data for

each coding unit from the parsed bitstream, wherein the coding units have a tree
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hi erarchi cal transformation-units pattern information, and the |ike,
which are related to the transformation unit described above wth
reference to FIGS. 1 through 12, as encoding information. Since
encodi ng i nformation about the coded depth and t he encodi ng node nay

5 be assigned to a predeterm ned data unit from anong a correspondi ng
coding unit, a prediction unit, and a mnimumunit, the inmge data

and encodlng i nformation extractor 220 may extract the information
about $tﬁé:t@m|@@mu@lﬁgﬁomhtm@xlmﬁpﬂ@gmfe apd cuitplitadhe extraeted image data
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f t I t f {i b .
aclior diib S8 dHEHRo I ERe b BelSatt 23T SRaP st iPa e FaR AR dR SRCF AU@Kgm
i nt egedodifi@n/ftor mat i on. The i mage data decoder 230 may perform
intra prediction or notion conpensation according to a partition and

ahpr edicti O-Fherﬁﬂ@rmtlcﬁh@homﬁr@d@ﬁlldeptba’%’é‘dhérﬁﬂqq)éhﬂgﬂﬂ@dﬁaﬂqc@fﬁ*aﬁdfgtthe
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per f orgorredpending toatiss eodad ldyptmcclammerrmdre tHEe infom ation abdmmwmwehctcsding
t he imaggedata d coder 230 may .read transforpation units |n atr

st PuctTPge ey IAYAP o1 1565T ARBATRIOBRAHER APOHT e HIGR PG Pfun FREesRoNding
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i nver se- ormatl on o he cdding units,
t r ansfasizat dfom tnaan'stormwwhmmhag”éscojaamttnlm:mﬁnmeﬂm aaoprdiag do rdapths ey be

transformati nlt in the variable tr ucture including

al | owa%témi%ﬁ@? rgﬂﬁ‘tlo&ﬁ%f)'ﬁés% Pq%%EFBﬁhatl on unit, based on a

maxi mum splThe lﬁéﬁha%n BPoURRE WdWRK! @8ptHnhkd Whé fbﬁc%ﬁﬂfgﬂmddb 8@66rdHg to
the coding units. The i mage data decoder 230 may determ ne

t r@nsfesafamaximunt codinig bni exteaniedrinatheimagpt datahnod encodinginfosvation

e rERI A BT of Bk et GORR A THE RFebhbebre i Pt

uni ts dendrie damirtiluen taneadBigr 8gbrhen Bl GRfddermsttte as the video encoding

apparatus 100, repeatedly performs encoding for each deeper coding unit according to

depths according to each maximum coding unit. Accordingly, the video decoding

25 apparatus 200 may restore an image by decoding the image data according to a coded
depth and an encoding mode that generates the minimum encoding error.

Also, the image data and encoding information extractor 220 may extract

maximum size information of a transformation unit and minimum size information of a

transformation unit which are allowed for the current video from the header of the

30 bitstream, the SPS or the picture parameter set. The image data and encoding

information extractor 220 may extract the transformation-unit maximum split information,

the transformation index information, the transformation-unit sub-split information, the
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5i nverse-transformati on on the transform coefficient, and thus nmay
restore a pixel val ue. The i mage data decoder 230 may
determ ne at | east one coded depth of a current maxi num coding unit
by using split information according to depths. If the split
information indicates that inmage data is no longer split in the
current depth, the current depth is a coded depth. Accordingly, the
i mge data decoder 230 may decode 10 encoded data of at |east one

cogi nghigrarehical traaploration-uoite ackiesn darmdetinm and theelikaurwhish araxehaied to
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i nformation dbout at [east one coding unit that generates the ninimum
encodi sanerinformatien aboubd thegoded depth shddhg greodmgrewdeois assigned may be

maxi mum codj upi t, .and.may use,the informati.on to decode the

cultr erimagract G- the SRS HESH I Dot PANTED FRRiag e tr ce
structure dpieimbge dats dBEodr2 3P tares aRE iciErerh blcturebyedstodRy itha! ihage
codi ng unit may be decoded. Al so, a 25 maxi num size of the codin

g
uni t rBlate caehenaximen cofinD sl brsadeamtha infermainaabaidie coded deatieand

dat a. or di Wil - hi J
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r est ordatabyettsdarg2a0 sinag décades abe nendotidd @ndgandstacbdsed ordie atradted
are adaptively determ ned _according to characteristics of :f30 t he ]

i Mege 8 a',aflep alP@iUﬁH’q REdIRBLYRM taﬁé’tﬁ@d'ﬁF\O%mQ% #ne ﬁb%&'i%ﬁﬁ qrgw@adion unit for
receivy, ‘

F G oL@ anR IR Song the codin s &R0 B ARYREThUBaEHth Bach
above maximurefedimg enito Al ecdling process Magtinckidei at kst endeaaf a prediction
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unit 23 of the video decoding apparatus 20 may extract, froma parse
bi 20st rteanaformaation aingerse iategee transformations coded according to the

i mam cod 6y G, B8R SNt Bl oy pREbE, MRS bR dhr,vfGron
and er&gﬁﬂ)@@smﬁ@ccbmm%w h prtitidieaf@ @i preéditlion widde of éhstPcoding unit, based
extracting unit 23 of the video decodi na‘iappar atus 20 may extract

t r ansfat Hig iNEMation ahodt mPapiticn typg snddbe eredigian mede«f the predietipn unit
pi cturg, Sl / i ihg unit, or each coding unit.
The deogg :ea%éah ilfrﬁgg(:%?&ﬁl'ﬁggﬁgggla‘égg{o%i ng apparatus 20 may perform

t g | nver seAlkoamsfadenttoopedorne aiohesk-triesfomratiomasedidigg uoi thee byaximum

using éor(]j?ng units, the image data decoder 230 may read transformation units in a tree
structure including size information about transformation units of the coding units
according to coded depths, and then may perform the inverse-transformation on each of

the coding units, based on the transformation unit.
30 The image data decoder 230 may determine the transformation units in the
variable tree-structure including allowable lower levels from a base transformation unit,

based on a maximum split level of a transformation unit with respect to each of the
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is transformation units in the tree structure. In particular, the
decoding unit 25 may performthe inverse-transformation by using
transformation units that are determ ned from anong the

transformation units in the variable tree-structure which are
configured based on the transformation-unit maxi num split

i nformation, may decode the encoded data in each of the coding units,
and thus may restore a picture. 20FIG 15 is a diagram for describing
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havi ngnaxim@h%d[@s@hlutl on than the third video data 330 nmay be 64.
Since the maxi nrumdepth of the first video data 310 is 2, coding
units 315 on qther WPF@& data ewitg dreluding thﬁ)ﬁﬂcﬁélﬂﬂd@fcﬁmﬁi@ﬂdﬂﬁlﬂémﬁh@ same
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spl i t tfonthd predeterimned cath ug|t firint atvarzetheMsaiing uhit, thel predictiba unitxandrne

depth of .the thjrd video dat coding u |ts 335 of the thir
vi deo AHHRUEBYNKmy MareeYRIet ﬁ]er'?%‘itdééﬁnuﬁ S IhaY efef JaPeaong data

size Qfnidf b@agccgld&gj Bgatrtwtnt %c%d@@sow@ﬁérﬁe é?tcoa.r%@ggl hg

dept hs are deepe to one eve y splittin maxi num
urdct once. The videsi deeodlhg anpdralus z@iﬁ)tlilEnyobtate mfmm.ﬂomajmt daitlaaQQOne
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dept h QURNERIGYTE.i . lp. othphivosds b, casingiinigel hawingr et free strugtuse determlned

pr eci %Sll:}/e f?t)épdﬁﬁﬁt?rq'coding units in each maximum coding unit may be decoded. Also, a

25  maximum size of the coding unit may be determined considering resolution and an
amount of image data. |

Accordingly, even if image data has a 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 characteristics of

30 the image data, by using information about an optimum encoding mode received from

an encoder.
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FIG 16 is a block diagram of an i mage encoder 400 based on codi ng
units, according to an enbodi nent of the present invention.

Referring to FIG 16, the inage encoder 400 perforns operations of

the coding unit determ ner 120 of the video encodi ng apparatus 100 to
encode i mage data. For 25 exanple, an intra predictor 410 perforns
intra prediction on coding units in an intra node, fromanong a

current frame 405, and a notion estimator 420 and a notion )
conpensat or TB@5vigee fdsoeding @ppaetusslilont 4G rick Ay corgepead itorthe video
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encoder .400, intra r 4 he notion estimtor 42
Eh et el peracit SpRs ofuBF oides delGalenablaiis 28 Maygidact
t he enfrs8R¥reagsHianit 4RExindude Sp fFSenatiNtHatas st8Gor BREh igMBFS Ssach slice,
transformer 470, the 10 debl ocking unit 480, and the loop filtering

unit 49ach WW%Q%’@"!Q&UDI@@ 4aeheapding walkh coding unit from anong

Gepth of ealie MareRiy MoiTaE dnfe Vet beGpdfPuiSireGR e EmBRipin the

pr edi chosrsélitandfbenatiri oonesfachatafr tA20 matshuhhe codingorurdenmignsasing  the
425 determne partitions and a prediction node of each coding unit
f rBm 1%3%‘#8%33% waia; ingthenities RlYSIHER-a Wy partisulaic e éj%ﬁ’ﬂ!'@ unit 25 may

consi gﬁé g‘tl%n%&rﬁféqloﬁ %@%lﬂéﬁ{%ﬁﬁ%ﬂn%oﬁ LﬁM%r@QE R Rined

codin , etran or ner ermnes a size
tr ansfftnmrrmamong mlme transfoeaation adiitsgn dné tvafiable teemstyuctues M’nhmgrammmﬂgured
having a tree struct

bl k di f
e RERehER BoGDsTanEY MEXmITLSPs el geY sesade e encoled

e”b()d'di@cﬂtln%%cﬁ%?tlﬁééﬁﬂg u‘n"tgeé‘ﬁdl fHus may restoREhPidtiRg to FIG 17, a
par ser 510dh}?ar ses encoded | nage data to be decoded and information

abzut encodrify 15 dl af dirgtro dar eigstriking za isoneepteaicadipg Uits aenssdied to an

decodcriagnierd s pBSEc retiofyer 530, and the i nverse quant sed
data is respA@igfot 8 do#gfubRinday Be@xpressed in width x height, and may be 64x64,
32x32, 16x16, and 8x8, though it is understood that another embodiment is not limited
thereto. A coding unit of 64x64 may be split into partitions of 64x64, 64x32, 32x64, or
25 32x32, a coding unit of 32x32 may be split into partitions of 32x32, 32x16, 16x32, or
16x186, a coding unit of 16x16 may be split into partitions of 16x16, 16x8, 8x16, or 8x8,

and a coding unit of 8x8 may be split into partitions of 8x8, 8x4, 4x8, or 4x4.

Referring to FIG. 15, first video data 310 has a resolution of 1920x1080, a
maximum size of a coding unit of 64, and a maximum depth of 2. Second video data
30 320 has a resolution of 1920x1080, a maximum size of a coding unit of 64, and a
maximum depth of 3. Third video data 330 has a resolution of 352x288, a maximum

size of a coding unit of 16, and a maximum depth of 1. The maximum depth shown in
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25spatial domain through an inverse transforner 540. An intra
predi ctor 550 perforns intra prediction on coding units in an intra
node with respect to the image data in the spatial domain, and a

noti on conpensat or 560 perforns notion conpensation on coding units

in an inter node by using a reference frame 585. 30The image data in
the spatial domain, which passed through the intra predictor 550 and

t he notion conpensator 560, may be output as a restored frame 595

af t er bé3.ndd siesotes acletal drmbeioalBris depmoz knagmum codirng |niél ta 8 supimum
filterﬁ&%ﬁﬁ&%h ﬁ80. Al so, the inmage data that is post-processed

t hr oug e B ocking unit 570 and the loop filtering unit 580 may

be out put al d keohgibariemigh br antd8mount is large, 4 maxirdam ige d¢ aostlitd enit
i mage data in the i mage data decoder 230 of the video decoding

appar aN@¥ b£08raq e asia get apydaeiease eneadingsfiernty pet alep da gceirately reflect
S5perfo £ r ; f ' - r.
260 ¢ o HgRrits, Of nfiiate!  AbSoraingly, tHeltritfim <fi bt o FFi8 W he
t he i nilgbaddsedend ¥iiko data. 310 ded Ba0davirkd 8, higher resoiudipy thiat duethisddeo

t he inyer uanti z 530, the inverse transforner 540, the intra

pr edi c‘%{%}?’s‘%@g,"_ayh’@ fﬁ‘{)t i on conpensator 560, the debl ocking unit 570,

and the | ooginiklth8mAgmuR HepBlof the RS iREFJAREE R ILDScRASEUnRE 315 of the
coding units having a tree structure for each maxi mum codihg unit.

Speci flirshvidgo date 316k maypgneddeta maxts0maseding einitchdving edopg @xis sire 36E4,
need to deternmne partitions and. a pr.edj cti node , f each, of th
Do b EeEnd i Rid [ Rl SrBs B D 84 B SMRGSoddhs 25 BeBhahtt so v
need tl@vdlgtwfﬁg]ﬂing fieZ enadimant cadmgounRttvite. L MEdAwhi, Sacd the@dhagEimum
unit. FI 18 is a di a%r amillustrati nggdeeper codi ng units

accor dierjhtad tae prifd vidgaddala 330t isch £odir Brigs A35 1ob the thirdhwdpadiata $60 may
t he pr; ' | QN . ' ' .

i deo. HEE88h PeEthufeoding ypit el 2 ISRERRS 3 BA R Tt oddifg Thits Haying o
consi dengcdxig 8idzeof 8tdinee depths amndespénethio ona [@0elhey gplitting thexhaximum
wi dth, apd a paxi nrum depth of coding units may be adaptively
de}cSerrﬁQ@EQ HBEOREPng to the characteristics of the image, or may be

et b ey SEE R o o506 50 SRER ARG U1 o SR b o
t he cdbderspcondtvideo 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 levels by splitting the maximum coding unit three times. As a depth
20  deepens (i.e., increases), detailed information may be precisely expressed.
FIG. 16 is a block diagram of an image encoder 400 based on coding units,
according to an embodiment of the present invention.
Referring to FIG. 16, the image encoder 400 performs operations of the coding
unit determiner 120 of the video encoding apparatus 100 to encode image data. For
25 example, an intra predictor 410 performs intra prediction on coding units in an intra
mode, from among a current frame 405, and a motion estimator 420 and a motion
compensator 425 perform inter estimation and motion compensation, respectively, on
coding units in an inter mode from among the current frame 405 by using the current
frame 405, and a reference frame 495.
30 Data output from the intra predictor 410, the motion estimator 420, and the
motion compensator 425 is output as a quantized transformation coefficient through a

transformer 430 and a quantizer 440. The quantized transformation coefficient is
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In a hierarchical structure 600 of coding units, the maxi num hei ght

and the 25 maxi mumwi dth of the coding units are each 64, and the

maxi mum depth is 4. Here, the maxi mum depth indicates a total nunber

of splits froma maxi numcoding unit to a mninmmcoding unit. Since

a depth deepens (i.e., increases) along a vertical axis of the

hi erarchi cal structure 600, a height and a wdth of the deeper coding

units are each split. Alsg, a prediction unit and partitions, which

are ba$storedraspraldi B2 spatialdrmaty broughe apHnwisgeuatigendo0mnd andaverse

shown hZ0 I i : i -chi : )

For oxIfiartier #10.229ha reltbhed Yatd 1 i SR NRATlS Mt S 3 reforence

hi er arfedmnead@5saftercheing pa@6-prodessed thraudb @ deblbekiagfuniis48D and adlosp Aibtering
wi dt h, thereof is 64x64. The d h deepens al o

Lhe et 8 ERS Qs RGOt Eiant S b QLB Brlisage 455

SeCONGrEAHH SN BRtrbp$ eRcAdy gn a size of 32x32 and a depth of 1, a
third 5 codigrp]g urnP? 6%06%a§/?)ng a size of 16x16 and a depth of 2, and

a fourth cddiordeufurthé#tapaenngder 400 to bé apriedindthe \ddes knoddiBg apparatus

fourth ding unit 640 having the, si of 8 and the t f S

i o A oaPA T iaf e Thabq nasiiss; &0, cke-urife “Bifa’ PesicIBt & 1By dfie' Gpflon
the coghtivgatdnids, Bidnofd? complénsard 4040ty @aﬁéfbﬂﬁ@@%@'tﬁé_@qf Rfizer 440, the
hori zontal axis according to each depth. In other words, if the |

0
first edmmgenapdens480hdbe nigverse guaeatizar 4A0.6theaiavarae iganpsfarmaer @70s the

° B S0l Tl 44 SR Bt rPAo0 AR b8l RERE YABHOF e
si ze ofodi it frant idnmarip colihghanitethavirsd zetreb Sctdre perilel tonsiSelirigt the

having the size of 32x64, or partitions 616 having a size of 32x32.
Si mi | dPRyIMu slepth et eash Diaximem ¢adngBBbnd coding unit 620 having the

. ¢ 25 _ : oI Cit _
el uded | v 2uln e del TRedeRl fufike foih corhfih 120, Bhi e motor
si ze aforB3RerEatond2s idetemuné DArtitiorisngnd asprediotibn 38ade of pachi dadings uhR 4rom
having a size of 16x32, .and partitions 626 having a, size of 16x16.

S 1 1 00 S, Fedingi s TN BB O G0 B SR G Zerd 2
Si ze QhakfihR depth b'S ARG ndxiufP¥odRg TRitl Bnd B tBABioneP A0 determines
included In the third coding unit 630, T.e. a 20 partition having a

si ze of sizexiiahe ranetdeonatinntunit inkkach aodéhighgnitifiom seENgghe wodingngnigatzaving
havi ngc_ilﬁ_ Sisé'e Pf 16x8, partitions 634 having a size of 8x16, and
partit fi& SES6 NS vi ng a size of 8x8. Simlarly, a prediction

unit of theriourt s @OBiotll dingtar®4t AVaget dtorlier S0UF b8¥&d Qﬁfdcédﬁﬂg_units,
depth of 3 may be split into partitions included in the fourth coding

urdtt earpording to an eyabegimant pbHenarAsagt |ventian.of 8x8 included in the
parti ti ons SAR TR 0416 37 & bR SO PR PRl el G ngby depoted
of. 4x4and information about encoding used for decoding from a bitstream 505. The encoded
image data is output as inverse quantized data through an entropy decoder 520 and an
inverse quantizer 530, and the inverse quantized data is restored to image data in a
25  spatial domain through an inverse transformer 540.
An intra predictor 550 performs intra prediction on coding units in an intra mode
with respect to the image data in the spatial domain, and a motion compensator 560
performs motion compensation on coding units in an inter mode by using a reference
frame 585.
30 The image data in the spatial domain, which passed through the intra predictor
550 and the motion compensator 560, may be output as a restored frame 595 after

being post-processed through a deblocking unit 570 and a loop filtering unit 580. Also,
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In order to determine the at | east one coded depth of the coding

units of the maxi mum coding unit 610, the coding unit determ ner 120

of the video encoding 30 apparatus 100 is required to perform

encodi ng for coding units corresponding to each depth included in the
maxi mum codi ng unit 610. A total nunber of deeper coding

units according to depths including data in the sane range and the
sane size increases as the depth deepens. For exanple, four codin

uni t s erimagsdataihatdsaperdmrecessed treugh Hig dedlackingoveit &r4: and ng loop
is incg [ ' ni [ depth of 1.
Accorgﬂi”t\égﬁg,d@n@ﬁ%%gg@%g?gﬁééﬁg%ﬁ&%g%égﬁgé of the sanme data
accor di ng tio cielet s ddchdedhdiimggenddtadarthedpeigei datat deddder dSpt &f ik Video
and four coding units corresponding to the depth of are each

encodedecoding apparatys gef0.; M1 EPage rHesdshi 3 MRy ReEigrmeRpPeFdpns that)are
amn 10 ncodi ng error nay be selected for the
mang ;Sé}ﬁaergﬁ} %@er theBPsenBHE 9 y

current performng encodi ng for each prediction unit in the
codi ng uni tle arder &sdbadnage decoder 200 teebe agplxedin thleonided Hecodidg apparatus

e

encodithg RVERES qasRseH 530, hedfiRehse tlRVsREAEPTSR0IAhENRRG Pedi@hr 880N the
depth as the depth deepens alo the vertical axis of the

n
hi er arfohtieal caynpensaior 5600 .the déﬂowla@mrdt Babt iandothendeomdilteniag unit 580,

ol R E ORBRRN S eseh SO GAS Lne st 3 thed it Efte 36; RELE T Hdmum
610. codingbh® 19 is a diagramfor describing a relationship between

a coding unit 710 and transformation units 720, according to an
embodi ment Ppediticallyr dieiitra pregieliah 550 and theyengticle so@ReBERtAG 560 need to

appar . i.dqo, J t 2 ,
oo pe ol Bind GHa%a ERERCHIIP pRRRAICE STt HRLERH R0 APihe AR B ree
20 t hastruwturequat the irverex itramsforodir Bg0uvedd foodeteanimenasizeLoh & trdnsfgrmation
unit. Sizes of trapsforpmation units for transformation during

enidodi WHt iPaPa6R COEINGYRH based on data units that are not |arger than

a correspongig 83@sdian@ial§jf%rﬁ -illustratingfd?{ﬁfrcmlﬁl’itsi ébdogtﬁpgitgiﬂ)}éadfths, and

encodi ng apparatus 100, a sl ze unit 71
t r ansfpartitiensy acoekding tgpan embrastiment okthegresenttineentfoox mati on units 720

25having a size of 32x32. Al data of, the coding unit, 71

navi ng the A1 Jgegretntion apparausniQuatithy JieeoRrrgnErebaratis 200 use
transfigermémniedl odirgalhief sd e for ensdidsmBharabieritits oha mMaddle Rimaxifium
32x32, 16x16, 8x8, and 4x4, which are smaller than 64x64, and then a

t r2dnsfhgight icomaximum jdthg andea Ireaximuse dlemgh exf rendingrawits emak| bec edgptively

determined according to the characteristics of the image, or may be differently set by a
user. Sizes of deeper coding units according to depths may be determined according
to a predetermined maximum size of the coding unit.
In a hierarchical structure 600 of coding units, the maximum height and the
25  maximum width of the coding units are each 64, and the maximum depth is 4. Here,
the maximum depth indicates a total number of splits from a maximum coding unit to a
minimum coding unit. Since a depth deepens (i.e., increases) along a vertical axis of
the hierarchical structure 600, a height and a width of the deeper coding units are each
split. Also, a prediction unit and partitions, which are bases for prediction encoding of
30 each deeper coding unit, are shown along a horizontal axis of the hierarchical structure
600.
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30FIG 20 is a diagramfor describing encoding information of coding
units corresponding to a coded depth, according to an enbodi nent of

the present invention. The output unit 130 of a video encoding
apparatus 100 nmay encode and transmt first information 800 about a
partition type, second information 810 about a prediction node, and
third informati on 820 about a size of a transformation unit for each
coding unit corresponding to a coded depth, as information about an
encodi ng nolder exa@niee affirskeoding sinitei 1bis BomXImdMceedivg iunitdn riae ingrarchical

about ape Etit] bt ai spl.itting redicti ni .
o a carTei e fafi b ot R ROTRED Bt birbnl ¢S dlfB Gh, fiprdor s
predi c4,@2. eMrddggtht deepuns’ #0hg ¢hd ivedtidahiakis S@h % Gierdrobigdl @fucture
o0 054t sl P o B e ok
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of 2NxDqify Ridkttddd R viﬁ@% 3% % k18! 25 A dert W'%ndaé‘g R2b64inG Gt 640
808 having”a size o$ . %ere, B?%e %’?drst mﬁormﬁtlon %@agoui a

parti tl?auing vapsizé of B8 ed i:an@‘lisiq:utbttcﬁF AneTled fdureh Dat}jihgtdrﬂmwglahﬁrgi g size of
size of 2NxN, the partition_ 806 having a.size of Nx2N, and the

parti tﬁ”ﬁﬁ'na%‘@)ﬁ‘%a%l?tﬁ‘go‘cé '§iaz@"8f”%&°d'n8 Unitrhe second i nformati on 810

par tit? vir - " The se it |
i ndi cates aris sfbHEEGH UARSRIQ ej?a?(md%%f & tfhbg(;bdgfggpﬁéﬁpm, 620! §*§O,gand 640

second i nformalion 810 nay I ndicate a node ction encodin

i sper f arenardangedalongt thei fewizonth| @xtsedcdnrdingetof éadtt depthor mbiher ve@ds, if the
l.e., anintra 812, an inter 814, .or a ski.p node 8184. .
T § PO il b 8vad Mo Pl o B s g tR i T Presionyia dhe
on whereHiHBAT @ifPidyOBe! $pliPHitb OpABEoRS ifciGHEd Fhe FPdtnebding tunitFe10, ie. a
exanple, the transformation unit may be a first intra transformation

uni t guerfition §4€chavingtar aizerefn@h@EdngaritionsnP12 dawingra$ize p§ BIXBL epartitions

t ransf I ILL 8 I , Lakn r r ' unit 828.

a1 e BarBB i Slze i G BEPRO R TR IBERE PSR VT ueo

decodi ng apgiatikirlysa 2P6diohon anit bitie 88¢cbrits€oding unifeROrRdving tH08ze B B2x32
and 820 for decoding, accordi _n% to each deeper coding unit. . )
FI G Zgncl thedepth @f dnnay b&(—fd%'éfn QMEW@@HF@'W&@%M $ﬁj30("6| GRslipg gnit _620, Le.
accor i0 ]
ot or P o2 a3 BB R, BaRERE o2 BGRL LHze ot 32x(EPppitons
I nf or Né24 bavingdi siz¢ of 16k&2, eed partitioins 1§26 hiavingfa sizewfriér16depth is

D et 0 SRlaa =B i s Rk inch A AR S the S5 bt
and the depth of 2 may be split into partitions included in the third coding unit 630, i.e. a
20 partition having a size of 16x16 included in the third coding unit 630, partitions 632
having a size of 16x8, partitions 634 having a size of 8x16, and partitions 636 having a

size of 8x8.
Similarly, a prediction unit of the fourth coding unit 640 having the size of 8x8 and
the depth of 3 may be split into partitions included in the fourth coding unit 640, i.e. a
25 partition having a size of 8x8 included in the fourth coding unit 640, partitions 642
having a size of 8x4, partitions 644 having a size of 4x8, and partitions 646 having a

size of 4x4.
In order to determine the at least one coded depth of the coding units of the
maximum coding unit 610, the coding unit determiner 120 of the video encoding
30 apparatus 100 is required to perform encoding for coding units corresponding to each

depth included in the maximum coding unit 610.
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30 0 and a size of 2N_Ox2N_O may include partitions of a partition
type 912 having a size of 2N Ox2N 0, a partition type 914 having a
size of 2N OxN O, a partition type 916 having a size of N Ox2N 0, and
a partition type 918 having a size of NOXN.O FIG 9 only

illustrates the partition types 912 through 918 which are obtai ned by
symmetrically splitting the prediction unit 910, but it is understood
that a partition type is not limted thereto in another enbodi nent.

For exanpl eA tptad myummbern ofodrepstr aodingreils ecc@dinenia depthsnagluding defe in the

Soart | TBReREG it LR Sanll bk hRhsds 4 he aBb BTN Fob B E ur
r epeat @stiyg Reits @oredpondingao RAdépthi of? BRvist@irad3b e vef d2fd BsEd Pcluded in

partitions having a size of 2N OxN O, two partitions having a size of
N_Ox2NPI0e GRRling okt pairesransiing Rava riigrdh sszg- oACRPIGNGID, In OELRId i gorpare
ot or o Peoy R 180 Ble e BB B LR R codthd 2 eREe3Rtnda to
2N_0x 2tNeQdepth @k 2Nirid foRINcOdNgQnitsrabridsPshditg tdtilee depth oft2 are eactodncgled.

in a skip de is perforned only on the partition having the siz f
DN o b, T Grder B pEraID: g a Prehaanh et oMb TReng e depths, a
encodi ¥ o ;

i o bl SRt drt by PESsclecloh To Lt gt AICbi IR R Enf fHing
an enciodieagh gredictios usitih tescoding améts abrrespondingito it cugrpesdgyith, along the

t hrough 916, the prediction . unit 91 ot, be split into.a | ower .
ol Horizortal s B Te HerBreaichl st E 0 At dliely. erBidialfi Ehaading
type 94@or thaleBthsdgrcléi@ety fdopipdlin the heinmRlrht eddtRlimfiehidrs Aecbitiey to
918 in operation 920, and encoding is repeatedly perfornmed on coding.
uni ts GaEhAdkY ReTartingrenceding frdashalanin 68 the dentindespeenpismartoe vagtical

ancoai T anE Rl EhisR] styerurs 05" 2 BEBIT 2" et By BEGHHe” Mifhum
2N_1x2dhcbdirig Briox th Ohe fiest dotihg deit @00 ayotns sefectedastthe icodetydeptl4ehd a

having a size of 2N 1x2N 1, a partition type 944 having a size of
2N 51 x Npartitian bape ohthgdire ir Nk &Png a size of N 1x2N 1, and a

partition type RAR DAL Im¥or beEoing 2 NidiiMship between a coding unit 710 and

transformation units 720, according to an embodiment of the present invention.

The video encoding apparatus 100 and a video decoding apparatus 200 encode

and decodes, respectively, an image according to coding units having sizes smaller

20 than or equal to a maximum coding unit for each maximum coding unit. Sizes of
transformation units for transformation during encoding may be selected based on data
units that are not larger than a corresponding coding unit.

For example, in the video encoding apparatus 100, if a size of the coding unit
710 is 64x64, transformation may be performed by using the transformation units 720

25 having a size of 32x32.

Also, data of the coding unit 710 having the size of 64x64 may be encoded by
performing the transformation on each of the transformation units having the size of
32x32, 16x16, 8x8, and 4x4, which are smaller than 64x64, and then a transformation
unit having the least coding errors may be selected.

30 FIG. 20 is a diagram for describing enceding information of coding units

corresponding to a coded depth, according to an embodiment of the present invention.
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If an encoding error is the smallest in the partition type 948, a

depth is changed from1l to 2 to split the partition type 948 in
operation 950, and encoding is repeatedly perfornmed on coding units
960, which have a depth of 2 and a size of N 2xN 2 to search for a

m ni nrum encodi ng error. 30Wen a maxi numdepth is d, the coding unit
according to each depth may be perfornmed up to when a depth becones
d-1, and split informati on may be encoded up to when a depth is one

of 0 to d- 2Thesutrutamill B30 ofw Nideacenfoding apparaiusy Hed may enrcodghangd traasmit
depth 4 - : codi Lk S ' . de 22 1S 1
pl i ¢ 113t Hirdnfetic B GRS, BahivefidkbE-ReRBloh rarthiolipid BhuEadficgon
a codi mgdeniahd X80d Haformgtion G20t Abaft &l sizeadida dragisfernedtion unit for each coding
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N _(d- 19bkdHinedt By splitting a Presititioni unt ehe adimegt ceginhgeunie pdwreitl the partition is a

f d titi ] i i f 2N -1)x2N (d-1), t ,
Pt P RT Rt e e etk Raiig GhE A IS, CHEE b goding

si ze ofiniNCLA-OLhaahG Esie of PRKRNPREY B 8PIft iRRVARZoRe Df & atfition 802 having a
N (d-1)xN (d-1) from 10 anong the partition types 992 through 998 to
sear chsizeof 2NyaiN,i a ipariitiopp@0h having & sidendin@NKBn eoprrtitiore B06rhaving a size of

Even en the partitio e. 998 has m pi.num encoding erro

o i "R A Airrifor Pod ¥R%ne B aeR . "l s MRS BiRingticiEhon agput 2
d- 1 i spA€itibenges isdttiotindrated\wple S paptiidnagoadedintent Bizkosf PR]N, the
coding units of a current maxi mumcoding unit 15 900 is determ ned to

be d- 1parktion 8AMavViNGA stzgsd N2 rncctherraititiom P Bhaviesd sige @hiNxMN 00

may be det ] . . - d- 1) . Sl '

dopth s d i SEend rEmaton 810 niialh o Sraficush ARSI O o piHEon, - For
d-1i Sexmnﬂélengbe gddgﬁotrrﬁométmmmdemalg, inglidaté a gﬁéoderaifi gnedi@ibnt gﬁco%ing
m ni mrum codi ng unit 980 is . notf set. A_data unif may be consi dere

a ki niwﬁrﬁqrmﬁcgom p?ﬂ&"’@d?ﬁ"&ﬁi‘?dn%&mﬁjﬂ{StZ'GfOEBa{' Saﬂi f-g-,@”n'i“ enlipde 812,
uni t : n : i obtained by splitting a m ni num
codi ngaﬁlnr?% @g(ﬂ)gf%%ﬂ%%?k[ eﬁ‘ftog?ln?lr% t he encoding repeatedly, a video
encodi ng appe divied irffoomatign $@Deondicateate pttransforinmaticrhenititoibeubaset odi when

o GBS TREIAT R BRI Rl D P BLR th aR SR ASon
(F:Jg(rj te ijt%rgt;{rtﬁw?e anfffsBinBaafh isfo AMatPOeni8 822N ac6Rd Ktid) GaRBdemeafion it 824,
20  a first inter transformation unit 826, or a second intra transformation unit 828.

An image data and encoding information extractor 220 of a video decoding
apparatus 200 may extract and use the information 800, 810, and 820 for decoding,
according to each deeper coding unit.

FIG. 21 is a diagram of deeper coding units according to depths, according to an

25 embodiment of the present invention.

Split information may be used to indicate a change of a depth. The spilt
information indicates whether a coding unit of a current depth is split into coding units of
a lower depth.

A prediction unit 910 for prediction encoding a coding unit 900 having a depth of

30 0 and a size of 2N_0x2N_0 may include partitions of a partition type 912 having a size
of 2N_0Ox2N_0, a partition type 914 having a size of 2N_OxN_0, a partition type 916

having a size of N_0x2N_0, and a partition type 918 having a size of N_OxN_0. FIG. 9
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As such, the m ninum encoding errors according to depths are conpared
in all of the depths of 1 through d, and a depth having the | east
encodi ng errors nmay be determ ned as a coded depth. At |east one of

t he coded depth, the partition type of the prediction unit, and the
predi cti on node nmay be encoded and transmitted as infornmation 30
about an encodi ng node. Al so, since a coding unit is split froma
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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.

30 When a maximum depth is d, the coding unit according to each depth may be
performed up to when a depth becomes d-1, and split information may be encoded up

to when a depth is one of 0 to d-2. For example, when encoding is performed up to
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Accordi ngly, encoding is recursively perfornmed on each of coding

units having a hierarchical structure in each region of a maxi num
coding unit to determ ne an optinmum coding unit, and thus codi ng

units having a recursive tree structure may be obtai ned. Encodi ng
informati on may include at |east one of split information about a
coding unit, 5 information about a partition type, information about

a prediction node, and information about a size of a transformation
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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 of 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 considered a minimum unit for the current maximum
coding unit. A minimum unit may be a rectangular data unit obtained by splitting a
minimum coding unit 980 by 4. By performing the encoding repeatedly, a video
encoding apparatus 100 may select a depth having the minimum 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 errors may be
determined as a coded depth. At least one of 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 are set to 1.
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(Only 2Nx2N) Symmetrical Partition Type Asymetrical Partition Type

Spli t

Information O of Transformation Unit Split Information 1 of

Transformation Unit 2NX2N 2NxXN Nx2N NxN 2NxnU 2NxnD nLx2N nRx2N
2Nx2N NxN

10

15

20

25

30

An image data and encoding information extractor 220 of a 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. 22 through 24 are diagrams for describing a relationship between coding
units 1010, prediction units 1080, 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 a 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 10486 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 of the coding units 1010.
For example, partition types in the coding units 1014, 1022, 1050, and 1054 have a size
of 2NxN, partition types in the coding units 1016, 1048, and 1052 have a size of Nx2N,
and a partition type of the coding unit 1032 has a size of NxN. Prediction units and
partitions of the coding units 1010 are smaller than or equal to each coding unit.

Transformation or inverse transformation is performed on image data of the
coding unit 1052 in the transformation units 1070 in a data unit that is smaller than the
coding unit 1052. Also, the coding units 1014, 1016, 1022, 1032, 1048, 1050, and
1052 in the transformation units 1070 are different from those in the prediction units
1060 in terms of sizes and shapes. For example, video encoding and decoding
apparatuses 100 and 200 may perform intra prediction, motion estimation, motion
compensation, transformation, and inverse-transformation individually on a data unit in

the same coding unit.
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(Symretrical Type) N 2xN 2 (Asymmetrical Type) 10 The out put
unit 130 of the video encodi ng apparatus 100 may out put the encodi ng

i nformati on about the coding units having a tree structure, and the

i mge data and encoding i nformation extractor 220 of the video

decodi ng apparatus 200 nay extract the encoding informati on about the
coding units having a tree structure froma isreceived bitstream

Split information indicates whether a current coding unit is split
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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 may
extract the encoding information about the coding units having a tree structure from a

15 received bitstream.

Split information indicates whether a current coding unit is split into coding units
of a lower depth. If split information of a current depth d is 0, a depth in which a
current coding unit is no longer split into a lower depth is a coded depth, and thus

information about a partition type, prediction mode, and a size of a transformation unit
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20 transformation units may be obtained by splitting the current
coding unit. Also, if a partition type of the current coding unit

havi ng 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 asymetrical partition type, the size of
the transformation unit may be N 2xN 2. 25The encodi ng i nformation
about coding units having a tree structure may include at |east one
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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 transformation unit
may be N/2xN/2.

25 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 including the same encoding information.

Accordingly, it is determined whether adjacent data units are included in the

30 same coding unit corresponding to the coded depth by comparing encoding information

of the adjacent data units. Also, a corresponding coding unit corresponding to a coded
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Transformation-unit split information TU size flag nmay be one of
transformindexes, and a size of the transformation unit that
corresponds to the transformindex may be changed according to a
prediction unit type or a partition type of the coding unit. 25 For
exanpl e, when the partition type is set to be symretrical, i.e., the
partition type 1322, 1324, 1326, or 1328, a transformation unit 1342
having a size of 2Nx2N is set if the transformation-unit spli
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Set. get if the transformation-unit split information is 0, and a transformation unit 1344 having
a size of NxN is set if the transformation-unit split information is 1.

When the partition type is set to be asymmetrical, i.e., the partition type 1332,

30 1334, 1336, or 1338, a transformation unit 1352 having a size of 2Nx2N is set if the the

transformation-unit split information is 0, and a transformation unit 1354 having a size of

N/2xN/2 is set if the transformation-unit split information is 1.
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For exanpl e, when the current encoding unit has a size of 64x64 and
maxi mum split information of a transformation unit is 1, the
transformation-unit split information nay be 0 or 1, and ot her
transformation-unit split information cannot be set. Accordingly,
when the maxi mumsplit information of a transformation unit is 5
defined as ' MaxTransfornti zel ndex', the size of the m ni num
transformation unit is_defined as 'MnTransfornfSize', and the size of
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(2) 'rlréﬁéfr&r%mrﬁanitmf@sfze%wma%h & 'ﬁﬁmﬁmnﬁm% kSmeion" S, and the
node, the e t

transformation unit size en t t ransf or mati on- uni
spl i t makiorumaspbhinfam@tionRdat trarsiferhatioraynibe set to be a smaller size
from anong I.1'.he maxi mm F]ransformatti ora.uni t .ts'hze and th? é:LtJr 4ent .
predi cti on i eXample, wnen a current coding unit"has a size © x64, a maximum
transformation unit has a size of 32x32, and transformation-unit split information is 0, a
20 transformation unit may be set to have a size of 32x32. When the current encoding
unit has a size of 64x64, the maximum transformation unit has a size of 32x32, and the
transformation-unit split information is 1, the transformation unit may be set to have a
size of 16x16. When the current encoding unit has a size of 64x64, the maximum
transformation unit has a size of 32x32, and the transformation-unit split information is 2,
25  the transformation unit may be set to have a size of 8x8.

For example, when the current coding unit has a size of 32x32, a minimum
transformation unit has a size of 32x32, and the transformation-unit split information is 0,
the transformation unit may be set fo have a size of 32x32. Since the size of the
transformation unit cannot be smaller than 32x32, nc transformation-unit split

30 information can be set.
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When a prediction node of a current partition unit is an intra node,

' Root TuSi ze' may be determ ned according to relationship Equation (3)
bel ow, where 'PartitionSize' indicates the size of the current
partition unit,: RootTuSize = m n(MaxTransfornti ze, PartitionSize)

(3) 5In other words, when the current prediction node is an intra

node, the transfornation unit size when the transformation-unit split
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t ransf I on unit size I ze' varili es accordi ng

t he prediydid ®or mpded other trarsformationwumit spls mformamm eaftrastibeesdt, and
t hat a factor for eteBm ni ng t he currerl HgﬁXl rrumtransformatlon unit
si ze ' Root TOSFUEINGs WHEN| thei maximem: galie jdeanaian of a transformatign yait is

is A fhomMdpat MdxsarsgbiRg e othen&iod SHHEE HRthUis | tRshFornstidtO unit is

I
unit in atree structure ang;@r}ﬁ rans%orrratlon uni't in a variable
t r ee- sdefirecduras, I!aﬂuﬂiradsfogn&zeanan%tlmrmim nehta dfansfernpatesennit when the

i nventj on. I n operation 1210 u icture ,Iit i nt.o

ot eakrssnEmatan-Hfh S8 RIOTRRION 46 ixRmiTBERLAS | MACLLESRE - o8¢ BUBMUM
nunber trsfeRRatidH %rﬁtpélkétﬂ)é‘%ltﬁ@'atté BlYemecddihg! thif MORAMINTLUBIZe', may be
operation 1220, at |east one split region obt a| ned by splitting a

reg| ondefinadhas e fellswingnieldiong lplﬁfﬁwatmddr)dl ng depths is encoded, so

a code output a final encoding result is determ ned
each atnggﬁlﬁ-P%%lgespl it region and the coding unit in the tree

st ruct ure aathd@vinTeIsfemiSize ORoBITIUSz¢( 2 MaTaahebaSidehtdei)y Uctyr e
are determ ned The maxinmum coding unit is spatially split whenever

the depth dEepRRBATIEAM Withuthe pEnimiing dransformaliododnih §izgnpessible at @ gwsient

dept h. Fﬁ:ﬁﬁ di e
| ower dept @L@?f (gl?rﬁlglmsﬁ)ua aI pie spbﬁorh%iepgﬁﬂﬂeﬁgla %@rtn}?% ac 2% flag is 0,
codi ngRoot TusSizE&n o mre&rﬁaomak'mlhm tms‘formnmd)mmmeazb tbarlda:mg baremp!oyed

it  THav S PGS 6 ng oG8 408 SETAtREEh o RAUAN kbpctince
2221)3?ﬁ&a‘éﬁ‘i%?@%%‘“ﬂi%}@ﬁs@?@?%@éQ@?’?ggﬁﬂﬁﬁsdéﬁ‘é%ﬁ%g"%l“r”gﬁ';ﬂ‘n%%@ g5raihed
meas urkedsplitting thg naadformadion Lhitegiee whedi thg transfermaatiorrdinih gplitdntiepEtion is
0, 'RootTuSize', by a number of times corresponding to the maximum split information
of a transformation unit, and 'MinTransformSize' denotes a minimum transformation unit
20 size, a smaller size from among the two sizes may be the minimum transformation unit
size possible at the current coding unit, 'CurrMinTuSize".
The current maximum transformation unit size RootTuSize may vary depending
on the type of prediction mode.
For example, when a current prediction mode is an inter mode, RootTuSize may
25 be determined according to relationship Equation (2) below, where 'MaxTransformSize'
indicates a maximum transformation unit size and 'PUSize' indicates a current
prediction unit size,:
RootTuSize = min(MaxTransformSize, PUSize) ......... (2}
In other words, when the current prediction mode is an inter mode, the
30 transformation unit size when the transformation-unit split information is 0, 'RootTuSize',
may be set to be a smaller size from among the maximum transformation unit size and

the current prediction unit size.
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When each coding unit is determned, a transformation unit for
transformation of the coding unit may be determ ned. The

transformation unit nay be determned as a data unit that m nim zes

an error caused by transformng the coding unit. As a result of
perform ng transformati on based on | evels according to transformation
depths in a 5 current coding unit, a transformation unit in a tree
structure which is independent from another transformation unit in an
adj acent r elj{han amdediptiomnasienel & cHirepkparitienundtis @atinie mpde ‘RootTuSize'

transf i i i A ' izg!
et o niieibe QRtettindg SCCOKMA HAafighis Bdakif, BTERIALINAE Barfifonsize
may beingicaietisd sizs ef tHeoocuriéntgartitioraynittum codi ng unit or each 'codi ng
unit. According to a maxi split | evel _of the current coding unit,
{Fanst or nat ROACTHS 5 BRAMERHE S g SHURSS Bt om B t s i n'a

o Bt 1 Torothéf! tatte, Wifork AhR0cfBe Prbdieisy Eeb, R aiflifurd Fneidel! the
codi ngtram$formatiem shib sinet wiben thé transfotrhation-uait spbt infariratioddp Oh'RadtthSize',
out put _an ,encodi result havi a_ m ni num err.or 5 b o

det or niTRIPY POHCLPR 2 TRAIS F4mIPBhatNeaNs M PiRUp, FRgBIcmation unit size and

t r ee- stheUiirkerR pattitiorr @sip§ige. to the current coding unit, so that the
transformation units in the tree structure nay be determ ned.

| n oper at i oHoweser, it shgulddheanated ifah af cumenty eexinoumf trangfoamatien nuitosize

at | ea SpL L. req i LG und £ i.S..
enthaororkfisRg, ion “aHbE acGorfR R W SR B 2 st Bk s Sl an
encodesmbotiimigritt hod tiadroal fadtbefop tietshniigingtde dent rtbidan traasforhbton unit
about a coded_depth or split information, information about a

par ti t$18% ReQyd usizesispretdinitgcole theiambegigneat.pr edi cti on node, and

t ransf or mat g@n-44it 5 i i SErAUG j } : e
i or mat | on' S 15 A0 EeAaR ERRG bbbl TRE N yIRg LERIRE Rt in
with téadreenstodeidre aaden danaformaboR|Bit iA7a ivariabld eetstnucture) astardingni® an

a video ﬁggodi qg}rﬁrret hod ll,lsi. rb% E coding unit in a tree structure and a
t r &nsfIPRAEINYT ithe prese dMFRHPR- tree-structure, according to an
embodi ment  pfoddiation 8880ta LONEAL ['.)iegure Iié‘s;ﬂg%tétét@éhsjf%_@m§ximdnﬁtcbﬁﬁ‘1@ unit.

of an encoded video is received and parsed. In operation 1320,
encoded maxigwrdadeptofindicaiing entotali cumber af pogsibte splitting Gplitex maynbe set in
codi ng%dmi t is acquired fromthe parsed bitstream and information

about A 'E0¢&d dept h and an encodi ng node accordi ng to maxi mum codi ng

units are et s eragen 1200 bheeparsirdsplittrebiopadbtaiHed BPEprttidgRt Fedidbn of the
each maxi mnum coding unit is a degt h  having a m ni num encodi ng error

i 20eadRaMxaMmaedintetvmiy ageerding n belishgnentiad, saxthatarceded dgptiforoutput a
the i - I it [ :
. o PSR ESEA AR, 08 Bkl B308ei 0% S50 0B ar bR
dept hsin tec tredi sBgrutioré hend nhertratsformativoutunithin clodedirideid Nreanstridiere are

encodic?e eprﬁicrll(aé’d. t he

The maximum coding unit is spatially split whenever the depth deepens, and thus
25 is split into coding units of a lower depth. Each coding unit may be split into coding
units of another lower depth by being spatially split independently from adjacent coding

units. Encoding is repeatedly performed on each coding unit according to depths.
Also, partition types and transformation units having a minimum encoding error
are determined for each deeper coding unit. In order to determine a coded depth
30 having a minimum encoding error in each maximum coding unit, encoding errors may

be measured and compared in all deeper coding units according to depths.
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5 maxi mum coding unit may be split into coding units having a tree
structure. Each of the coding units having the tree structure is
determ ned as a coding unit corresponding to a coded depth, and is
optimally encoded as to output the m ni mum encodi ng error.

Accordi ngly, encoding and decoding efficiency of an i mage may be

| nproved by decodi ng each piece of encoded i nage data in the coding
units having.a tree structure é?after eterm ning at | east one_ coded

depth accor! hﬁy £@c s_a‘iﬂiﬁg qmt, isdetermined ap gl@znsggg@ti@pwitt r franskormadion of
transf f?fe”@édiﬁg'dﬁﬁ! ﬁ'laP 'nﬁ:{ ﬁéférﬂhﬁ’féd. StﬁH@ﬁHﬁﬁofrﬂéﬁ%ﬂ%ﬁit?ﬁ% b@qjeterneiﬁeed as a

transformati on unit e tree structure my etermned in
codi ngdatai unit ¥at nerianipée an e&rtootcalised by dransforiveng ke Eoding aindasés a result of

Al O AT T

thest r@tﬁérﬁré’&iiﬁ?’rﬂrnﬂnhttrmmoﬁp&ﬁﬁ il AftRSdTBIrL&re AR %aihhéﬁéﬂdeﬁtrfﬁ)m
total nunber of Tevels fromthe base transformation unit to the _
t r ansf anether dransieimation waitl twanmadiacest gegivity and woickr vl e ddtraraical

a maxi spli t..| . 1S set | vapce, bet ween,_encodi ng_and
econ NIUE Wit ParobiBliob it abfhrBMbnRE Ser Tl fas Dighre, HEpfh may e
det er niigtedmareprding to an 20 encodi ng node based on a pre-set

schene. Thus, transfornmation units in a variable tree-structure wth

respect to A, gunasimum lihipvehof thejrapsfog@atipniunidmey fedpsyiausly set for
t r gnsf i_QR- uni i bt ti r '

unl?o'? wgéﬂ?y#ﬂgﬁﬁ%?nn iugﬁgé?ach'%dﬁbihﬂ@edﬂ%or?n etr%sée- rang ornnatﬁ‘ig\(’% of
Wi t h rigepaatertaddireg aoitrtemisfomaativn ovayt barpyrfbened berusime trahsformationainits
t he transfor ign units in the variable 25tree-structure. | .
oper at 'of ! f]ett'F?éa'%tﬁ%H’@d'Wf’éfﬂﬁcha SSf“%%%’H”HﬁBk‘?%Wc@&‘PWB" En[miNiTgm

decodeg, hasgatth LAR v&méwaf@gime@%eac@fg#ﬁ%egg mﬁndgrﬁgsﬁmﬁbﬁ@mits

mode according to nmaxi mum coding units. | is régard,

i nver swith reaatrehsfommiation depgh yéhiple futputeah emcodiegersstl ritavirgd angrinimium leyror
using the trapnsformation upit. that is .deteryined 30 fr mong t he ,
U T Einat BR® GIPTGRTINES, fomn i, renaiorastipg 4T Bt the deiinPle. FHBRtacie: wih
per f or igRgebntd he SUFERNSodieE URE, S6ithattAsafhrdlofnidmingitdTRE fheNtréd @utucture
coded depth and an encodi ng node. As decoding is perfornmed on each

codi ngnaiibe defgrnaien. maxi mum
In operation 1230, image data being a final result of the encoding of at least one
split region of each maximum coding unit is output, with encoded information about a

20 coded depth and an encoding mode. The encoded information a‘bout the encoding
mode may include information about a coded depth or split information, information
about a partition type of a prediction unit, and a prediction mode, and
transformation-unit hierarchical-structure information. The encoded information about
the encoding mode may be transmitted to a decoder with the encoded image data.

25 FIG. 27 is a flowchart illustrating a video decoding method using a coding unit in
a tree structure and a transformation unit in a variable tree-structure, according to an
embodiment of the present invention.

In operation 1310, a bitstream of an encoded video is received and parsed.
In operation 1320, encoded image data of a current picture assigned to a

30 maximum coding unit is acquired from the parsed bitstream, and information about a
coded depth and an encoding mode according o maximum coding units are extracted

from the parsed bitstream. The coded depth of each maximum coding unit is a depth
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coding unit, inage data of a spatial region may be restored and then
a picture and a video that is a picture sequence nmay be restored. The
restored video nay be reproduced by a reproduci ng apparatus, my be
stored in a storage nmedium or may be transmtted via a network. 5The
enbodi nents of the present invention can be witten as conputer
prograns and can be inplenented in general-use digital conmputers that

execute the prograns using a conputer readable recording nmedium In
addi t i BAVING HMIBINYP LA q,$891 13 93 m%av%ﬁ%mafumge Inrenering each
i nvent ji-Qn: At L I LN ' ;
it ough s, S5t SaEReklinf R 1Y rEBHET e R BB Ui Uata uni
10nedi oimtained mdkicnarghietlle splitbn@gachmdadmien godingQit ddcopting th dé&pths.

hard di sks, D) ' di di 0. . , Or :
cre. % agagili @ beHlpsRaioh 2nadt Pechored dfet and [P Raclioninode, the
descri padintihNeddt@ LARRah DLYAMRNERY YodiAE UHIEEHHVIG BAFESstrutturdl | Eab? of

under st ood by those of ordinary skill 1n"the ar at various changes

i n f ortieatrdlinipualts Haning the tresletrudtorelsndetetrmingd arepaodingguhit eorreéspeming
irit d f the.i t| defi ned ded cl gi ns,
D eectansB i, 405 L YRR RoBedi B ol 08 BBBERRS LSOl e
only aﬂébdrﬁtng;i}ﬁ?rerﬁ%ﬁdhﬁ@e@cpfdécbﬂirfgafemlenc of ediPrimagehmaCc oReirRproved by

i nvention is defined not by the detailed description of the invention
but bydegasling paskiircs of ercodsddmade datarietbaceding mitshhavieg aclspe stimriure

10 AR AR A ee R i ol eBRA0 1 BN R O ode o

current reghley, atcardingdecexteetddtransiormatosLalt hiéracthical-sthueturarinfermation,
region by using transformation units in a varjiable tree-structure

whi ch Bedransie@atianednit Moiiealien girleliAe Mphie deteraHned in fig cegigg unit.  For
hi eraré)tyrﬁ@le' % BRI 5%@@&%&%%@5 ndSritidn Whit Ro ' fBRSfordh8tion

the current tegion and which are generated based on a maximum split
| evel wriit at & lawsrihwostdevedwhich are atalvekd fearrarcairent coding Lioit meay be read based

SRR ol oS B B SR8 A RSBl Burper of
of theeGHERIM the BhOA taRkfmaSiod eMRIBLEE trahafceMaBdh M@t at the lowermost level
may be determined based on a maximum split level that is set in advance between

encoding and decoding systems.
The base transformation unit may be variously determined according to an
20 encoding mode based on a pre-set scheme. Thus, transformation units in a variable
tree-structure with respect to the current coding unit may be determined based on the
transformation-unit maximum split information, and a transformation unit with a
transformation depth to be used in inverse-transformation with respect to the current
coding unit may be determined from among the transformation units in the variable

25  tree-structure.

in operation 1330, the encoded image data of each maximum coding unit is
decoded based on the information about a coded depth and an encoding mode
according to maximum coding units. In this regard, the inverse-transformation may be
performed on the current coding unit by using the transformation unit that is determined
30 from among the transformation units in the variable free-structure while decoding is
performed on the current coding unit based on the information about a coded depth and

an encoding mode. As decoding is performed on each coding unit and each maximum
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conprising the transformation based on the determ ned transformation
units, information about an encodi ng node determ ned in the encoding
wWth respect to the current region, and transfornmation-unit

hi erarchi cal -structure information conpri sing nmaxi mum si ze
information and m ni num si ze information of the transformation unit
wi th 15respect to the video. 2. The video encodi ng nmet hod of
claiml1, wherein the transformation-unit hierarchical -structure

i nf or ne@9418@& Unily irage <t af sospaiialiragionsmiaytbe resierask Ao thepaceiciurg and a
t he g it 4 o] r i ni in e
exi m“%ﬂ“?‘ﬂ s\ ) Fitfilre Phoqdindel A/ MeTREABIR! M The ?“é?b%‘%%ﬂ‘“?és% e be
cur r entepreduced by ageprdducinepapparbtudateayobe@sfisedin a siatbgel resdiunt, comay be
anong data | evel.s conpri,sing a picture sequence, a picture, a slice,
and a ¥RRSMERAVia 8/N&MWeencodi ng of the video, and is equal to or

less than arhokpdii hﬁfs of thb‘f‘ﬁ/ré!sént}c ihQ8MhtiorBanh BeWGRsH B¢ cBHirIutérPgrggrams

m ni mum codi ng unit that respectively correspond to a naxi mum si
and a amhicahnheninplesnarited s garmmslfusardigitah camipusersi that esspetet theoprogeams

i deo. . 3. .The vi di t h f, glal in the.
e 1367 GomRyEr Feddatie e beaRRlERbn ndtdh i faia it dsed in the
cur r enémbedinfehts f 169 Prédart IndgitiohredieBe WHRACH #oRipRAGCldadBbOERSrding
used while the encoding is perfornmed on the current region. 30

4. Themedwso breual reeshowLass. c| Bxampleswebridien commidgroreadalie ieeprding
at, ¢ OV\%EdIL{?X %auéﬁ‘g'trﬁa?lﬁ%t?cr %Fbtrﬁgg‘?ﬂ%&%t %gé' té@gﬁtflotbg)g?@ﬁﬁ%rgard disks, etc.),

transfornati on uni espe ‘cur

det er noptidl escoliding medibyelpyCDoROMN @F DVDS), @t conprised in
partitions so _as not to span a boundar)( bet ween the partitiaqns that

are data un\(VthﬂeftBils 'BY%'HiQﬂ 'i‘%bé%@éﬂﬁiﬂ 30 W_‘Q‘@% ﬁ@étdqsé_”?ﬁ@ vty refgrence to
regi 0rbxe?ﬁ?@g?e%bﬁﬁRnérﬂﬁcfﬂéﬂé%f,ﬂf\kzpl%’e ﬁiﬁdéﬂs?dd& tgy (IR & JrainBRy DB the art
transfornmatron unit with respec o the current” region 1S a nmaxi mum

and uppet rasoud ehahges imefror aad i dsailenimayt batmade thabinewitho it deysartog from

to the, current region, a is, equal to or |ess than a maxinumsSize o

Pt rBRs PRI ATKEScaRe Shilbh PaeREn T deBSd beahe SpPenqgburis, “The

llevel QlenfplBREERIRUTHhERE SHANS ber fBHdidtedNhta U@&Eﬁpﬁﬁ/@ss@sboérﬂ{/ AR for

of splits so’as to generate the predeterm ned transformation unit b

st epwi Bpepes tof i lingitatlosm. bdherefosmsther seepe wf dhetinvention is defined not by the
detailed description of the invention but by the appended claims, and all differences
within the scope will be construed as being included in the present invention.

20
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wherein the transformation units in the variable tree-structure that
are generated based on the maxi mumsplit |evel of the transformation
unit with respect to the current region conprise the base
transformation unit and transformation units according to 15l evel s
that are generated by stepwi se splitting the base transformati on unit
to the maximumsplit |evel, and wherein a mninum size of the
transformation units with respect to the current region is determ ned
as a larger one fromanong a m ni nu@LAIkS of the transformation unit

with respect to jhe, video and a . size of a transformation unit at a
| ower most Iﬁe\/el édﬁﬁ%ﬁn?@%mtﬁ%‘écﬂvpgﬁﬂgtti ng the base

t ransf or mat inaitdeptd ehdode @ cCORShIMEBIGTPOT & vidRveperférminygitERRf¢HRERBh the
met hod conprising: receivi n'%éa bi t'stream conpri sing data obtai ned by

encodi eigrentyegies: bypesiag Fgnsiemeitios undsin arvariekte tiee-shycture viighare

oncod SO ERAIRTH AR fnSoRnstid Bl bdiefa merd iy s Bl E50 patk
r egi ongrameidrrhattorsiinit Withirespeutitd tie euaeniviegin std whidlr srel gérradi sased on

conpri sing maxi mum si ze inforpation and m ni mum si ze informatjon of
the trafRsPanHat sRIN level of aittansfergation ynit. eRd deterayningdeansée matianngits with
I nver sg; f | ' usi - f I on
30unt 1 5oPReay e ERERE ol Rt bR o e e e i e

t r ansftoserstructurerrarids t hat are hierarchically split froma base

geffor at ed 1208yt encheRr s SEhe Surtarairgieninich RusTesRIRet Y8 s TaRng,

sieggg ' HBpASinG MO HEHsBANELSH bhBEI BHMRE HetdRihaN traRSbrhaBbRUhAg, t he
information about an encoding mode determined in the encoding with respect to the
current region, and transformation-unit hierarchical-structure information comprising
maximum size infoarmation and minimum size information of the transformation unit with

15 respect to the video.

2. The video encoding method of claim 1, wherein the transformation-unit
hierarchical-structure information further comprises maximum split information indicating
the maximum split level of the transformation unit, and

20 wherein the maximum split level of the transformation unit with respect to the
current region is set for each of data groups at a data level from among data levels
comprising a picture sequence, a picture, a slice, and a data unit for the encoding of the
video, and is equal to or Iess than a total number of levels from a maximum coding unit
to a minimum coding unit that respectively correspond to a maximum size and a

25  minimum size of the transformation units with respect to the video.

3. The video encoding method of claim 1, wherein the maximum split level of
the transformation unit with respect to the current region is separately determined in
each of prediction modes used while the encoding is performed on the current region.

30
4. The video encoding method of claim 1, wherein transformation units at

lower levels which are obtained by splitting the base transformation unit with respect to
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7. The video decoding nethod of claim®6, wherein the
transformation-unit hierarchical-structure information further
conprises maximumsplit information indicating 5the maxi mum split

| evel of the transformation unit, and wherein the maxi num
split information of the transformation unit is extracted as a
paranmeter with respect to one data | evel from anong data | evels
conprising a picture sequence, a picture, a slice, and a data unit

f or t hthesqurtritmgoion araslelerddned andlats usige hhaving shapee skattdracomprised|in

nunber of..l evels fr a_maxigum coding unit to a.m ninmum 1 odi.
ni ¢t RAPES ST Seap eIy oSt A Ok LR e Haferdhiftor
si ze Opredigtionr SHtdiigWith P8spHtt tS thid éuﬁrérﬁ&?ﬁiéh.?o the video.

8. The video decodi ng nmethod of claim6é, erein the extracting

conprises separately reading the maximumsplit |evel of the

transformation upj \ t h rr Lon, i f o
pr ngi ction ﬁodes?hétyc‘]ﬁ%faf]gg@ﬁé 8 ®8§i ﬁg&gﬁgémerrﬁeﬁg{h%nb?#; tr%ﬁ(ré*rbéﬁtatlon
r egi onunit with respést td hiee vudent weimdisngmaRirion @rfd gppermdst-lovet trehsformation

transformation units at |lower |evels which are obtained by splitting
t he bad@it thafnist esahie vk tpsrechite Hhecapett regiopy anseiscapv@nio pPedissnthan a

ar e, dehedhiniasof HeratibandiR] At ARARESHAAT u Gusgrpr | sed T

partitions so as n 0 span a boundary ween e partitions that
are data unwherdima lpveldife predetrmninkdyansformatispenit indicatee actotal enimber of

region. . 10. The video, decadi ng nmethod of claim6, wherejn
(D extrlle P oABivEbs e BRI TG VL Ran: I BhererES Spiffipg the
i nf or npidORahstdihalibmanithet her each of transformation units is split

into a transformation unit at a next | oner _I evel, wherein the
t r ansf or mat wbereimthe transfodmatoniunid if thenvariablg ttaeestructbed that@reé @enerated

its jin t Il abl.e t r St t | t t to.th
oot onbas o Ao B R SEROP et OB R i PSP 8 e e
t r ansf g io@mdpﬁ%bt the blsé epReFdrmiatidr eni Uane Mfansedhition30nits according to
11. The vi deo decodi ng nethod of claim6, wherein the base

t r Ensflevelat that arei genprated dupstapwise tgpditting thetbasegiransipematieryyniuta the
and  uppelMsh doft Rlel, Agst or mation

wherein a minimum size of the transformation units with respect to the current
region is determined as a larger one from among a minimum size of the transformation
unit with respect to the video and a size of a transformation unit at a lowermost level

20  which is obtained by splitting the base transformation unit to the maximum split level.

6. A video decoding method comprising:
receiving a bitstream comprising data obtained by encoding a video;
parsing the bitstream and extracting, from the bitstream, encoded data of a
25 current region, information about an encoding mode determined in the encoding with
respect to the current region, and transformation-unit hierarchical-structure information
comprising maximum size information and minimum size information of the
transformation unit with respect to the video; and
performing inverse-transformation on the current region by using transformation
30 units in a variable tree-structure which are determined from among transformation units
that are hierarchically split from a base transformation unit with respect to the current

region and which are generated based on a maximum split level of the transformation
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unit that is usable with respect to the current region, and is equal
to or less than a maxi mum size of the transformation unit with
respect to the video, and a | evel of a predeterm ned transformation
unit indicates a total nunber of splits so as to generate the
predeterm ned transformation unit by stepw se splitting the base
transformation unit, 5 wherein the transformation units in the

vari able tree-structure that are generated based on the maxi mum split
| evel whitidacodingnibesnaedied data pf the ewrerdgpeion, ead rertodng temvideegi on
conprise the base transformation unit and transformation units
according to levels that are generated by stepw se splitting the base

transformatyon umhé vided decoting methedbf tlaingeeivhersid the waaskirmation-unit
m ni nrum si ze, of the transforpation units with respect to the current

r egi onNiesargBicaRirMeira i matiagdirhRece NBHsamBIRNIAUR IRlikiPEnsionindigting
transt ATRbLLRLIH Nofit VA1 b tRE REMstdr aftiBﬁldH\;ﬁ@ﬂa“d a size of a

transforma%l on u%t at a Iovverm)stﬂ] eve i s obtai ned by

splitting twhelsiséhd maxahomnsdlit orionmmatiort of thbdrarskormatiospinit islextracted as a
1512. A videqQ encodin ar at 0 i Si ng: a - -
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split froma transformation unit wth.respect tq the.current

;e orcSEe Dot RPN e oA SRESiE af apm it SRe of the
t r ansfpameEb rRBtic Lbits AtH ré§hedt 1d M didebansf or mation units with _
respect to the current region fromanong the transformation units in

the variable tree-structure; and an output unit outputting encoded

data of thegcurr i I i d, yi.a.: i | S
the t ranst ot 1 i YRBHRLMNERATPENGER BwHofif I BbSoGR Rl
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wth e e i Geo. “3013. A vi deo decodi ng apparatus
conprising: a receiving unit receiving a bitstream conprising data
obtai ned byg‘encoﬂgg %idte%edevcio(a?n% method of claim 6, wherein transformation units at
lower levels which are obtained by splitting the base transformation unit with respect to
20 the current region are determined as data units having shapes that are comprised in
partitions so as not to span a boundary between the partitions that are data units for

prediction encoding with respect to the current region.

10.  The video decoding method of claim 6, wherein the extracting comprises
25 extracting transformation-unit sub-split information indicating whether each of
transformation units is split into a transformation unit at a next lower level, wherein the
transformation units are determined from among the transformation units in the variable
tree-structure with respect to the current region and exclude a transformation unit
having a minimum size of the iransformation unit with respect to the current region.
30
11.  The video decoding method of claim 6, wherein the base transformation

unit with respect to the current region is a maximum and uppermost-level transformation
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an extracting unit parsing the bitstreamand extracting, fromthe
bitstream encoded data of a current region, information about an
encodi ng node deternmned in the encoding with respect to the current
region, and transformation-unit hierarchical -structure information
conpri sing maxi mum si ze informati-on and m ni num 5si ze i nformati on of
the transformation unit with respect to the video; and a decoding
unit performng inverse-transformation on the current region bY usi ng
e

t r ansf @hitriiatols weakle with sespect 4pithetquseent regionu@aduisi edurte or less than a
deter %'&Eﬁn%oﬁkéﬁ?%et {réﬂ%ﬁﬁé‘ﬁéﬁ %{'t%}hﬁ Sebpa t%rﬁ}eg{/itﬁﬁa,r SRECa!Ib¥el of a
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the transformati on unit, decoding the encoded data of the current, X

r egi onthedigdetesmgrgdigansfarnatiprpunit by stepwige splitipaie 6ase fgagigraation uni,

‘recordi ng LU ' : : 1 i

Vi G0 encod o S, B AR foRAac fmitg % 6961 A BTt 3 Ik ol gchaated

r ecor dhampdhed ithenniaximog splitdedeldoft the tensfammatiogramt fvith regpectt tortyetdusrent

vi deo decodi n% net hﬁ'\d gf claim®6. . . . . .
region comprise the base transformation unit and transformation units according to
levels that are generated by stepwise splitting the base transformation unit to the
maximum split level, and

10 wherein a minimum size of the transformation units with respect to the current

region is determined as a larger one from among a minimum size of the transformation
unit with respect to the video and a size of a transformation unit at a lowermost level

which is obtained by splitting the base transformation unit to the maximum split level.

15 12. A video encoding apparatus comprising:
a transformation-unit determining unit, in order to encode a current region of the
video, performing transformation on the current region by using transformation units in a
variable tree-structure which are determined from among transformation units that are
hierarchically split from a base transformation unit with respect to the current region and
20  which are generated based on a maximum split level of a transformation unit, and
determining transformation units with respect to the current region from among the
transformation units in the variable tree-structure; and
an outpﬁt unit outputting encoded data of the current region which is generated
via encoding comprising the transformation based on the determined transformation
25 units, information about an encoding mode determined in the encoding with respect to
the current region, and transformation-unit hierarchical-structure information comprising
maximum size information and minimum size information of the transformation unit with

respect to the video.

30 13. A video decoding apparatus comprising:
a receiving unit receiving a biistream comprising data obtained by encoding the

video;
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an extracting unit parsing the bitstream and extracting, from the bitstream,
encoded data of a current region, information about an encoding mode determined in
the encoding with respect to the current region, and transformation-unit
hierarchical-structure information comprising maximum size information and minimum
size information of the transformation unit with respect to the video; and

a decoding unit performing inverse-transformation on the current region by using
transformation units in a variable tree-structure which are determined from among
transformation units that are hierarchically split from a base fransformation unit with
respect to the current region and which are generated based on a maximum split level
of the transformation unit, decoding the encoded data of the current region, and

restoring the video.

14. A computer-readable recording medium having recorded thereon a

program for executing the video encoding method of claim 1.

15. A computer-readable recording medium having recorded thereon a

pragram for executing the video decoding method of claim 6.

63



