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Abstract

Disclosed are an image encoding method and apparatus for encoding an image by grouping a
plurality of adjacent prediction units into a transformation unit and transforming the plurality of
adjacent prediction into a frequency domain, and an image decoding method and apparatus for

decoding an image encoded by using the image encoding method and apparatus.
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Description

METHOD AND APPARATUS FOR ENCODING AND DECODING

IMAGE BY USING LARGE TRANSFORMATION UNIT

This application is divisional of Canadian Patent Application No. 2,768,181 filed
August 13, 2010

Technical Field

The exemplary embodiments relate to a method and apparatus tor encoding and
decoding an umage. and more particularly. 10 4@ method and apparatus for encoding and
decoding an image by transforming an imagc of a pixel domain into coetticients of a
requency domain.
Background Art

[n order (o perlorm unage compression, most ol nnage encoding and decoding
mcthods and apparatuses cncode an timage by transforming an image of a pixel domain
mto coethicients ol a lrequency domain. A discrete cosine transtorm (DCT). which s
one of frequency transform technigues, s a well-known technigue that s widely used
In 1mage or sound compression. An image encoding method using the DCT involves
peitorming the DCT on an image of a pixcl domain, generating discrete cosine coct-
ficients, quanuzing the generated discrete cosine coellicients, and perlorming entropy
coding an the gencrated discrete cosine coetticients,
Disclosure of Invention
Solution to Problem

The exemplary embodiments provide a method and apparatus for encoding and
decoding an nmage by using more ellicient discrete cosine transtorm (DCT), and also
provide a computer rcadable recording medium having recorded thercon a program for
execuling the method.
Advantagcous Effects of Invention

According to the one or more exemplary embodiments, it s possible to set the (rans-
formation unit so as to be greater than the prediction unit, and to perform the DCT. so
that an 1mage may be efliciently compressed and encoded.
Briet Description of Drawings

The above and other features ol the exemplary embodiments will become more
apparcnt by describing in detail exemplary embodiments thercot with reference to the
attached drawings i which:

FIG. Tis a block diagram of an image encoding apparatus according to an cxemplary
embodiment:

[1GL 218 a diagram of an 1image decoding apparatus according to another exemplary
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cmbodiment;

EIG. 3 is a diagram of & hicrarchical coding unit according 1o another exemplary cm-
bodiment:

FIG. 4 is a block diggram of an image encoder based on a coding unit according 1o
another exemplary embodiment:

FIG. 5 is 4 block diggram of an image decoder based on a coding unit accordmg to
another exemplary embodiment;

FIG. 6 illustrates @ maximum coding unit, sub-coding units, and prediction units
according to another exemplary embodiment:

FIG. 7 is a diagram of 4 coding unit and a transformation unit according to another
exemplary embodiment;

FIGS. 8A and 8B illustrate division shapes ol a maximum coding unit, a prediction
unit, and a transformation unit according to another exemplary embodiment;

FIG. 9 is a block diagram of an image encoding apparatus according to another
exemplary embodiment;

FIG. [0 1s a diggram ol the transformer:

FIGS. T1A through [1C illustrate types of a transformation unit according to another
cxemplary embodiment;

[F1G. 12 illustrates different transtormation units according to another exemplary em-
bodiment:

FIG. 13 1s a block diagram of an image decoding apparatus according to another
exemplary embodiment; and

FIG. 14 is a flowchart of an imagce encoding method, according to an exemplary ¢m-
bodiment,

FIG. 15 is a flowchart ol an image decoding method, aecording to another excemplary
embodiment,
Best Mode for Carrying out the Invention

According 10 an aspect of an exemplary embodiment, there 1 provided dn image
encoding method including the operations of setting a transformation unit by selecting
a plurality of adjacent prediction units; and transforming the plurahity ol adjacent
prediction units into a frequency domain according to the transtormation unit, and
generating frequency component coefficients; quantizing the frequency component co-
cllicients; and performing entropy encoding on the quantized frequency component ¢o-
efticients,

The operation of sctting the transformation unit may be performed based on a depth
indicating a level of size-reduction that is gradually performed trom a maximum

coding unit of & current slice or a current picture to @ sub-coding unit comprising the
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plurality ot adjacent prediction units,

The operation of sctting the transformation unit may be perlormed by sclecting a
plurality of adjacent prediction units on which prediction 1§ pertormed according to a
saime prediction modc.

The same prediction mode may be an inter-prediction mode or an intra-prediction
mode.

The image encoding method may further include the operation of setting an optimal
translormation unit by repeatedly performing the alorementioned operations on
different transformation units, wherein the aforementioned operations include the op-
crations of setting the translormation unit by sclecting a plurality of adjacent prediction
units, transforming the plurality of adjacent prediction units into the trequency domain
according to the transformation unit und generating the requency component cocl-
ficients, quantizing the frequency component coetticients and performing the entropy
encoding on the quantized [requency component coellicients.

According ta another aspect ot an exemplary embodiment, there 18 provided an
image encoding apparatus mncluding a transtformer lor setting a transformation untt by
selecting a plurality of adjacent prediction units, transtforming the plurality ot adjacent
prediction units into 4 frequency domain according (o the transformation unit, and
generating frequency component coefficients; a quantization unit for quantizing the
frequency component coctlicients; and an entropy encoding unit lor performing
entropy encoding on the quantized frequency component cocfficients.

According 1o another aspect of an exemplary embodiment, there is provided an
imagce decoding method mclude the operations ol entropy-decoding [reguency
component coefficients that are generated by being transtormed to a trequency domain
according to & transformation unit; inverse-quantizing the frequency component cocef-
ficients; and Inverse-transtorming the trequency component coetticients into a pixel
domain. and reconstructing a plurality ol adjacent prediction units comprised 1n the
transtormation unit.

According to another aspect of an exemplary embodiment, there 1s provided an
timage decoding apparatus including an entropy decoder for entropy-decoding
frequency component coeflicients that are gencrated by being transformed to 4
frequency domain according to a transtformation unit; an inverse-quantization unit for
imverse-guantizing the frequency component coetlicients; and an mnverse-transformer
for inverse-transtorming the frequency component coefticients into a pixel domain,
and reconstructing & plurality of adjacent prediction units comprised 1 the trans-
formation unit,

According 1o another aspect ol an exemplary embodiment, there 1s provided a

computer readable recording medium having recorded thereon a program for executing
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the nmage encoding and deceding methods.
Mode for the Invention

Hereinafler, the exemplary embodiments will be described in detail with relerence to
the attachced drawings. In the exemplary embodiments, “unit”™ may or may not refer to a
unit of size, depending on its context, and “1mape” may denote a sull image for 4 video
Or a moving image, that is, the video itsclf.

FIG. 1 1s @ block digpram of an apparatus 100 for encoding an mage, according (o dn
cxemplary embodiment.

Relerring to FIG. 1, the apparatus 100 includes a maximuin encoding unt dividing
unit 110, an encoding depth determining unit 120, an image data encoder 130, and an
cncoding information encoder 144),

The maximum encoding unit dividing unit 110 can divide 4 current picture or slice
bascd on a maximum coding unit that is an encoding unit ot the largest size, That is,
the maximum encoding unit dividing unit 110 can divide the current picture or slice 10
obtain at lecast one maximum coding unit,

According to an exemplary embodiment, an encoding unit can be represented using a
maximum coding unit and a depth, As described above, the maximum coding unit
ndicates an encoding unit having the largest size [rom among coding units of the
current picture, and the depth indicates the size of a sub coding unit obtained by hicrar-
chically decreasing the coding unit. As 4 depth incregses, d coding unit can decrease n
size from a maximum coding unit to a minimum coding unit, wherein a depth of the
maximum coding unit 1s delined as a minumuin depth and a depth ol the minimum
coding unit is defined as a maximum depth, Since the size of an coding unit decreasces
from a maxnmum coding unit as a depth mcreases, a sub coding unit ol a kth depth can
include a plurality of sub coding units of a (k+n)th depth (k and n arc integers cqual to
or preater than 1),

According to an increasc of the size of a picture to be encoded, encoding an image in
a eredater coding unit can result 1n a4 higher image compression ratio. However, if a
greater coding unit is fixed, an image cannot be ctticiently encoded by taking into
account the continuously changing 1mage charactenstics.

For example, when a smooth darea such as the sea or sky 1s encoded, the greater an
coding unit is, the compression ratio can increase. owever, when a complex arca such
as people or buildings 1s encoded, the smaller an coding unit 15, the more a com-
Pression ratio can mncreasc.

Accordingly, according 1o an exemplary embodiment, & diflerent maximum 1mage
coding unit and a different maximum depth are set for cach picture or slice, Since a

maximuin depth denotes the maximum number ol times by which 4 coding unit can
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dccrease, the size of cach minimum coding unit included in a maximum image coding
unil cun be variably set according to @ maximum depth.

The encoding depth determining unit 120 determines a maximum depth. The
maximum depth can be detenmined based on calculation o Rate-Distortion (R-D) cost.
The maximum depth may be determined difterently tor cach picture or slice or for each
maximum coding unit. The determined maximum depth 1s provided 1o the encoding in-
tormation encoder 140, and imagce data according to maximum coding units 1s
provided to the mmage data encoder 130,

The maximum depth denotes a coding unit having the smallest size, which can be
imcluded m a maximum coding unit, Le., ¢ mmimum coding unit. In other words, a
maximum coding unit can be divided into sub coding units having diffcrent sizes
according to different depths. This s described 1n detail later with reference 1o FIGS.
3A and &B. [n addition, the sub coding units having diffcrent sizes, which are included
in the maximum coding unit, can be predicted or transformed based on processing
units having ditterent s1zes, In other words, the apparatus 100 can perform a plurality
ol processing operations lor image encoding based on processing unils having varnous
s17¢s and various shapes. To encode image data, processing operations such as
prediction, translormation, and entropy encoding are performed, wherein processing
units having the same size may be used tor every operation or processing units having
dilferent sizes may be used for every operation.

For example, the apparatus 100 can select a processing unit that 1s dilferent from a
coding unit to predict the coding unit.

When the size of 4 coding unit 1s 2Nx2N (where N 15 a positive integer), processing
units for prediction may be 2Nx2N, 2NxN, Nx2N, and NxN. In other words, motion
prediction may be perlormed based on a processing unit having a shape whereby at
least one of height and width of a coding unit 1 equally divided by two, Hereinafter, a
processing unit, which 1s the base ol prediction, 1s delined as a ‘prediction unit’.

A prediction mode may be at lcast onc of an intra mode. an inter mode, and a skip
mode, and & specific prediction mode can be performed for only a prediction unit
having a specific size or shape. I'or example, the intra mode can be performed for only
prediction unuts having the sizes ol 2ZNX2N and NxN of which the shape 15 4 square.
[‘urther, the skip mode can be performed for only a prediction unit having the size of
2NX2NL It a plurality of prediction units exist in a coding unit, the prediction mode
with the lcast encoding crrors can be selected after performing prediction for every
prediction unit.

Altcrnatively, the apparatus 100 can perform frequency transformation on image data
based on a processing unit having a different size [rom 4 coding unit. For the frequency

transtormation in the coding unit, the frequency transtformation can be performed
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bascd on a processing unit having a size cqual to or smaller than that of the coding
unit. Hereinalter. a processing unit, which is the base ol frequency translormation, 1s
defined as a “transformation unit’. The frequency transtormation may be a Discrete
Cosine Transtorm (DCT) or a Karhunen Loeve Transtorm (KL'T).

The encoding depth determining unit 120 can detcrmine sub coding units included in
a maximum coding unit using RD optimization based on 4 Lagrangian multipher. In
other words, the encoding depth determining unit 120 can determine the shapes of a
plurality of sub coding units divided [rom the maximum coding unit, wherem the
plurality of sub coding units have different sizes according to their depths, The image
data encoder 130 outputs a bitstream by encoding the maxinum coding unit based on
the division shapes, i.c., the shapes which divide the maximum coding unit, a8 de-
termined by the encoding depth determining unit 120.

The encoding information encader 140 encodes information about an encoding maode
ol the maximum coding unit determined by the encoding depth determining unit 120
In other words, the encoding information encoder 140 outputs a bitstrcam by encoding
information about a division shape ol the maximuim coding unit, information about the
maximum depth, and information about an encoding mode of a sub coding unit tor
each depth. The mformation about the encoding mode of the sub coding unit ¢an
include information about a prediction unit of the sub coding unit, information about a
prediction mode [or each prediction unit, and inlormation about a transformation unit
of the sub coding unit.

Since sub coding units having different sizes exist for cach maximum coding unit
and infornmation about an encoding mode must be determined for each sub coding unit,
information about at least onc encoding mode can be determined tor one maximum
coding unit.

The apparatus 100 can gencrate sub coding units by cqually dividing both height and
width of 4 maximum coding unit by two according to an increase of depth. That s,
when the size of a coding unit of a kth depth 1s 2NX2N, the size of a coding unit of a
(k+1)th depth 1s NxXN.

Accordingly, the apparatus 100 according to an exemplary embodiment can
determine an optimal division shape [or each maximum coding unit based on sizes of
maximum coding units and a maximum depth in consideration of image charac-
teristics. By variably adjusting the size of @ maximum coding unit in consideration ol
image characteristics and encoding an image through the division of a maximum
coding unit into sub coding units of different depths, images having various resolutions
can be more ctficiently encoded.

FIG. 2 1s 4 block diagram of an apparatus 200 for decoding an nmage according (o an

cxemplary embodiment,
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| 50] Referring to FI1G. 2, the apparatus 200 includes an image data obtaining unit 210, an
encoding inlormation extracting unit 220, and an image data decoder 230).

[51] The image data obtaining unit 210 acquires image data according to maximum
coding untts by parsing a bitstreamn received by the apparatus 200 and outputs the
image data to the image data decoder 230. The image data obtaining unit 210 can
extract information about a maximum coding unit of 4 current picture or shice from a
header of the current picture or slice, In other words, the image data obtaining unit 210
divides the bitstream in the maximum coding unit so that the image data decoder 230)
can decode the image data according to maximum coding units,

[52] The encoding inlormation extracting unit 220 extracts information about 4 maximum
coding unit, a maximum depth, a division shape ot the maximum coding unit, an
encoding mode of sub coding units from the header ol the current picture by parsing
the bitstream received by the apparatus 200, The information about a division shape
and the information about an encoding mode are provided to the image data decoder
2300,

(53] The information about a division shape of the maximum coding unit can include 1n-
farmation about sub coding units having ditterent sizes according to depths included in
the maximum coding unit, and the mformation about an encoding mode can include 1n-
farmation about a prediction unit according to sub coding unit, information about a
prediction mode, and mlormation about a translormation units.

(54 ] The image data decoder 230 restores the current picture by decoding image data of
every maximum coding unit based on the information extracted by the encading in-
formation extracting unit 220, The image data decoder 230 can decode sub coding
units included 10 a maximum coding untit based on the intormation about a division
shape of the maximum coding unit. A decoding process can include a prediction
process including intra prediction and motion compensation and an inverse trans-
formation process.

|39 The image data decoder 230 can perform intra prediction or inter prediction based on
inlormation about a prediction unit and mlormation about a prediction mode 1n order
to predict a prediction unit, The image data decoder 230 can also perform inverse
translormation lor cach sub coding unit basced on information about a transfornmation
unit of a sub coding unit,

[56)] FICG, 3 illustrates hierarchical coding units according o an exemplary embodiment.

|57 ] Reterring to G, 3, the hierarchical coding units according to an exemplary em-
bodiment can imclude coding units whose widthxheights are 64x64, 32x32, 16x16,
3x8, and dx4, Besides these coding units having perfect square shapes, coding units
whose widthxheights are 64x32, 32x64, 32x16, 16x32. 16xK, 8x16, 8x4, und 4x8 muy

als0O exist,
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Reterring to FIG. 3, for image data 310 whose resolution is 1920x 1080, the si7e of a
maximum coding unit is sct o 64x64, and a4 maximum depth is sct (o 2.

For image data 320 whose resolution is 1920x 1080, the size ot a maximum coding
unit 1s set 1o 64x64, and @ maximuin depth is set to 4. For image data 330 whose
resolution is 352x28&8, the size of a maximum coding unit is set to 16x16, and a
maximum depth 1s set o 1.

When the resolution is high or the amount of data is great, it is preferable, but not
necessary. that @ maximum size of @ coding unit is relatively great to merease a com-
pression ratio and exactly reflect image characteristics, Accordingly. for the image data
310 and 320 having higher resolution than the image data 330, 64x64 can be selected
as the size of a maximum coding unit,

A maximuwm depth indicates the total number of layers in the hierarchical coding
units, Since the maximum depth ot the image data 310 is 2, a coding unit 315 ot the
image data 310 can include @ maximum coding unit whose longer axis size 15 64 and
sub coding units whose longer axis sizes are 32 and 16. according to an increase of 2
depth.

On the other hand, since the maximum depth of the image data 330 is |, a coding
unit 335 ol the image data 330 can include @ maximum coding unit whose longer axis
size is 16 and coding units whose longer axis sizes is ¥, according to an increase ot a
depth.

Howcever, since the maximum depth of the image data 3201s 4, a coding unit 325 of
the image data 320 can include a maximum coding unit whose longer axis size i1s 64
and sub coding units whose longer axis sizes are 32, 16, 8 and 4 according 1o an
increase of a depth, Since an image is encoded based on a smaller sub coding unit as a
depth increases, the exemplary embodiment 1s suitable for encoding an unage
including more minute details in scenes,

FIG. 4 is a block digpram of an image encoder 400 based on a coding unit, according
to an exemplary embodiment.

An intra predictor 410 performs intra prediction on prediction units of the mtra modce
in a current frame 4035, and a motion estimation unit 420 and a motion compensation
unit 425 perform inter prediction and motion compensation on prediction units of the
inter mode using the current frame 405 and a reference frame 493.

Residual values are pencrated based on the prediction units output from the mtra
predictor 410, the motion estimation unit 420, and the motion compensation umt 425,
and the gencrated residual values are output as quantized transtorm coetficients by
passing through a transtormer 430 and a quantization unit 440,

The quantized transform coeflicients are restored to residual values by passing

through an inverse-quantization unit 460 and a trequency inverse-transtormer 470, and
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the restored residual values are post-processed by passing through a deblocking unit
480} and a loop lltering unit 490 and output as the reference frame 493. The quantized
transtorm cocfficicnts can be output as a bitstream 455 by passing through an entropy
encoder 450).

108 ] To perform encoding bascd on an cncoding method according to an exemplary cm-
bodiment, components of the image encoder 400, 1.e., the intra predictor 410, the
maotion estimation unit 420, the motion compensation unit 423, the transtormer 430,
the quantization unit 440, the entropy encoder 450, the mnverse-quantization unit 464,
the frequency inverse-transtormer 470, the deblocking unit 480 and the loop tiltering
unit 490, perform image encoding processes based on a maximum coding unit, a sub
coding unit according to depths, a prediction unit, and a transformation unit.

169 FIG. 315 a block diaeram of an imuge decoder 500 based on a coding unit, according
to an cxemplary ecmbaodiment,

1 70)] A bitstreamn 303 passes through a parsing unit 510 so that encoded 1mage data 1o be
decoded and encoding information nceessary tor decoding arc parscd. The encoded
imuge data 1s outpul as inverse-quantized data by passing through an entropy decoder
520 and an inverse-quantization unit 530 and restored to residual values by passing
through a frequency mverse-translormer 3440, The residual values are restored
according to coding units by being added to an intra prediction result of an intra
predictor 350 or ¢ moton compensation result of @ motuon compensation unit 560, ‘The
restored coding units are used lor prediction of next coding units or a next picture by
passing through a deblocking unit 370 and a loop filtering umit 5¥0,

71 To perform decoding based on 4 decoding method according 1o an exemplary em-
‘bodiment, components of the image decoder SO0, 1.¢., the parsing unit 310, the entropy
decoder 320, the inverse-gquantization unit 330, the frequency inverse-transformer 544,
the intra predictor 550, the motion compensation untit 360, the deblocking unit 570 and
the loop Nitering unit 380, perform unage decoding processes based on g4 maximum
coding unit, a sub coding unit according to depths, a prediction unit, and a trans-
formation unit.

|72} [n particular, the intra predictor 550 and the motion compensation unit 360 determine
a prediction unit and 4 prediction mode 1n @ sub coding unit by considering d
maximum coding unit and a depth, and the frequency inverse-transtormer 340
performs inverse transformation by considering the size ol a translormation unit.

| 73] [1G. 6 illustrates a maximum coding unit, a sub coding unit, and a prediction unit,
according to dn exemplary embodiment.

| 74] The apparatus 100 and the apparatus 200 according to an exemplary embodiment usc
hierarchical coding units to pertorm encoding and decoding in consideration ol nmuage

characteristics. A maximum coding unit and a maximum depth can be adaptively set
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according to the image characteristics or variably set according to reguirements of a
USCr.

[ 75] A hierarchical coding unit structure 600 according to an exemplary embodiment 1l-
lustrates @ maximuim coding unit 610 whose height and width are 64 and maximum
depth is 4. A depth increases along a vertical axis of the hierarchical coding unit
structure 600, and as a depth increases, heights and widths of sub coding units 620 1o
650 decrease, Prediction units of the maximum coding unit 610 and the sub coding
units 620 0 650 arc shown along a horizontal axis of the hierarchical coding unit
structure 600.

| 76] The maximum coding unit 610 has a depth of O and the size ol a coding unit, 1.c.,
height and width, of 64x64. A depth increases along the vertical axis. and there exist a
sub coding unit 620 whose size is 32x32 and depth 1s 1, a sub coding unit 630 whosc
size is 16x16 and depth is 2, a sub coding unit 640 whose size is 8x8 and depth is 3,
and a sub coding unit 630 whose size 15 dx4 and depth s 4. The sub coding unit 650)
whose size is 4x4 and depth is 4 is a minimum coding unit, and the minimum coding
unit may be divided into prediction units, cach of which 1s less than the mmumum
caoding unit,

771 Referring 0 FIG. 6, examples of a prediction unit are shown along the horizontal
axis according to each depth, That is, a prediction unit of the maximum coding unit
610 whose depth 1s (0 may be a prediction unit whose size 1s equal 1o the coding unit
610, i.c., 64x64, or a prediction unit 612 whose size 1s 64x32, a prediction unit 614
whose size is 32x64, or a prediction unit 616 whose size 1§ 32x32, which has a size
simaller than the coding unit 610 whose size 18 64x64.

| /8] A prediction unit of the coding unit 620 whose depth is 1 and size 1§ 32x32 may be a
prediction unit whose size 1s equal to the coding unit 620, 1.c., 32x32, or 4 prediction
unit 622 whase size is 32x 106, a prediction unit 624 whose size is 16X32, or a
prediction unit 626 whosce size 1s 16x16, which has a size smaller than the coding unit
620 whose s17e 15 32x32,

[ 79] A prediction unit of the coding unit 630 whose depth 1s 2 and size 15 16x16 may be &
prediction unit whose size is equal to the coding unit 630, Le., 16Xx10, or a prediction
unit 632 whose size is 16x8. a prediction unit 634 whose size 1s 8x 16, or a prediction
unit 636 whose size is 8x&, which has a size smaller than the coding unit 630 whose
S17¢ 18 16X16.

| 30)] A prediction unit of the coding unit 640 whose depth 1§ 3 and size is 88 may be a
prediction unit whose size 1s equal to the coding unit 640, 1.¢., 8xX, or 4 prediction unit
042 whaose size is 8x4, a prediction unit 644 whose size 1s 4x8, or a prediction unit 6406
whose size 1s dxd. which has 4 size smaller than the coding umit 640 whose s17¢ 15 8X8.

(8 1] ["inally. the coding unit 650 whose depth 1s 4 and si7e 1s 4x4 is a minimum coding
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unit and a coding unit of 2 maximum depth, and a prediction unit of the coding unit
630 may be a prediction unit 630 whose size 1s 4x4, a prediction unit 632 having a siz¢e
of 4x2, a prediction unit 654 having a size of 2x4, or a prediction unit 636 having a
s1ze of 2x2.

F1G. 7 illustrates a coding unit and a transtormation unit, according to an exemplary
embodiment.

The apparatus 100 and the apparatus 200, according to an exemplary embodiment.
perfonm encoding with @ maximum coding unit itself or with sub coding units, which
arc cqual to or smaller than the maximum coding unit, divided from the maximum
coding unit.

[n the encoding process, the size of a transtormation unit tor frequency trans-
formation is selected to be no larger than that of 4 corresponding coding umt. For
cxample, when a encoding unit 710 has the size of 64x64, frequency transtormation
can be performed using 4 translormation unit 720 having the size ol 32x32.

FIGS. 8A and 8B illustrate division shapes of a coding unit. a prediction unit. and a
translormation unit, according to an exemplary embodiment.

[F1G. 8A illustrates a coding unit and a prediction unit, according to an exemplary
embodiment.

A left side of FIG. 8A shows a division shape selected by the apparatus 100,
according 1o an exemplary embodiment. in order 1o encode 4 maximuim coding unit
810. The apparatus 100 divides the maximum coding unit 810 into various shapes.
performs encoding, and sclects an optimal division shape by comparing encoding
results of various division shapes with each other based on R-D cost. When 1t 1s
optimal to encode the maximum coding unit 810 as it is, the maximum coding unit 810
may be encoded without dividing the maximum coding unit 810 as illustrated n FIGS.
SA and 8.

Relerring 1o the left side of FIG. 8A, the maximum coding unit 810 whose depth 15 ()
s cncoded by dividing it into sub coding units whose depths arc cqual to or greater
than 1. That is, the maximum coding unit 810 is divided into 4 sub coding units whose
depths are 1, and all or some of the sub coding units whosce depths arc | are divided
mto sub coding units whose depths are 2.

A sub coding unit located in an upper-right stde and a sub coding unit located 1n a
lower-lelt side among the sub coding units whose depths are | are divided mto sub
coding units whose depths are cqual to or greater than 2. Some of the sub coding units
whose depths are equdl to or greater than 2 may be divided 1nto sub coding units whose
depths are cqual to or greater than 3.

The right side of FIG. 8A shows a division shape ol a prediction unit for the

maximum coding unit 10,
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Reterring to the right side of I'1G. A, a prediction unit 860 tor the maximum coding
unit 810 can be divided differently [rom the maximum coding unit 810. In other words,
a prediction unit for each of sub coding units can be smaller than a corresponding sub
coding unit.

[For example. a prediction unit for a sub coding unit 854 located in a lower-right side
among the sub coding units whose depths are 1 can be smaller than the sub codig unit
¥54. In addition, prediction units for some (814, 816, 850, and 852) ot sub coding LNIts
R14, 816, 818, 828. 850, and 852 whose depths are 2 can be smaller than the sub
caoding units 814, 816, 850, and 852, respectively. In addition, prediction units for sub
coding units 822, 832, and 848 whose depths are 3 can be smaller than the sub coding
units 822, 832, and 848, respectively. The prediction units may have a shape whereby
respective sub coding units are cqually divided by two in a direction ol height or width
or have a shape whereby respective sub coding units are equally divided by fourin di-
rections of height and width.

16, 8B illustrates a prediction unit and a transtformation unit, according to an
cxemplary embodiment

A left side of IFIG. 8B shows a division shape ot a prediction unit tor the maximum
coding unit 810 shown in the right side of FIG. 8A, and a right side of FIG. 8B shows
a division shape of a transformation unit of the maximum coding unit 8 [0,

Relerring 1o the right side of FIG. 8B, a division shape of a transformation unit 87
can be set dilTerently from the prediction unit 860,

FFor example, even though a prediction unit for the coding unit 54 whaose depth 1s |
1s selected with @ shape whereby the height of the coding unit 854 1s equally divided by
two, a transtformation unit can be selected with the same size as the coding untt 334,
Likewisce, even though prediction units for coding units 814 und 850 whosc depths are
2 are selected with a shape whereby the height ot each of the coding units 814 and 850
1s equally divided by two, a transformmation unit can be selected with the same stze as
the original size of each ot the coding units 8 14 and 850.

A transformation unit may be sclected with a smaller s1z¢ than a prediction umt. For
example, when a prediction unit for the coding unit 852 whose depth 15 2 18 selected
wilh a shape whereby the width of the coding unit 852 15 equally divided by two, a
transformation unit can be selected with a shape whereby the coding unit 852 15
cqually divided by tour in directions of height and width, which has a smaller size than
the shape of the prediction unit,

FIG. 9 15 4 block diagram of animage encoding apparatus 900 according to another
exemplary embodiment.

Relerring o FIG. 9, the image encoding appardtus 900 according 1o the present

exemplary embodiment includes a transtormer 910, a quantization unit 920, and an
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entropy encoder 930,

The transtormer 910 receives an image processing unit of 4 pixel domain, and
transforms the image processing unit into a frequency domain. The transformer 910
recerves a plurality of prediction units including residual values gencerated due to ntra-
prediction or inter-prediction, and transtforms the prediction units into a freguency
domaim. As a result of the transform to the frequency domain, coeflicients ol (requency
components are generated, According to the present exemplary embodiment, the
translorm to the frequency domain may occur via a discrete cosine transform (DCT) or
Karhunen [Loeve Transtorm (KI.T). and as a result of the DCT or KI.T. coetficients of
trequency domain are pencrated. Hereinalter, the transform o the frequency domain
may be the DC'T, however, it is obvious to one of ordinary skill in the art that the

translorm to the frequency domain may be any transfonm ivolving transformation of

an image of a pixel domain into a frequency domain,

Also, according to the present exemplary embodiment, the transformer 910 sets a
transtormation unit by grouping a plurality of prediction units, and performs the trans-
formation according to the transformation unit. This process will be described in detail
with reference to FIGS. 10, 1TAL THB, and 12.

FIG. 1018 a didgram ol the translormer 9140

Reterring to FlG. 10, the transformer 910 includes a selection unit 1010 and a
transtorm performing unit 1020.

The selection unit 1010 sets a transformation unit by selecting 4 plurality ol adjacent
prediction units,

An image encoding apparatus according to the related art perlorms intra-prediction or
Inter-prediction according to a block having a predetermined size, i.e., according to a
prediction unit, and performs the DCT based on a size that is less than or equal to that
ot the prediction unit. In other words, the image encoding apparatus according to the
related art performs the DCT by using transformation units that are less than or equal
to the prediction unit,

However, due to a plurality ol pieces of header information added to the trans-
formation units, added overheads are increased as the transformation units are
decreased, such that a compression rate ol an image encoding operation deteriorates. 1n
order to solve this problem, the image encoding apparatus 900 according to the present
exemplary embodiment groups a plurality of adjacent prediction units into a trans-
tormation unit, and performs transtormation according to the transtormation unit that is
pencrated by the grouping. There 15 @ high possibility that the adjacent prediction units
may include similar residual values, so that, it the adjacent prediction units are grouped
nto one transfonmation unit and then the translormation is performed thercon, a com-

pression rate of an encoding operation may be highly increased.
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[‘or this increase, the selection unit 1010 selects the adjacent prediction units to be
erouped into one transformation unit. This process will be deseribed 1n detail with
reference to ['IGS. 11 A through 11C and 12,

FIGS. T1A through 11C tlustrate types of a transtonmation unit accordmg to another
exemplary embodiment.

Relerring o FIGS. TIA through 11C, 4 prediction unit 1120 with respect o a coding
unit 110 may have a division shape obtained by halving a width of the coding unit
1110, The coding umit 110 may be « maximum coding unit, or may dbe a sub-coding
unit having a smaller size than the maximum coding unit.

As ilustrated in FI1G. T1TA, a size ol the translormation unit 1130 may be less than
the prediction unit 1120, or as tllustrated in I1G. 1113, a size of the transtormation unit
1 140 may be equal to the prediction unit 1120, Also, as llustrated 0 FI1G FIC, a size
of the transtormation unit | 150 may be greater than the prediction unit 1120, That is,
the transformation units 1130 through 1150 may be set while having no connection
with the prediction unit [ 120.

Also, FIG. 11C 1llustrates an example in which the prediction unit 1120 55 set by
grouping a plurality of the prediction units [ 120 included in the coding unit 1110,
However, a transformation unit may be sct to be greater than a coding unit i a manner
that a plurality of prediction units, which are included not in one coding unit but in a
plurality of coding units, dare set as one transformaton untt. In other words, as
deseribed with reference o FIGS. TIA through 1T1C, 4 transformation unit may be set
to be egual to or less than a s17e ot a coding unit, or to be greater than the size of the
coding unit. That 15, the transformation umt may be set while having no connection
with the prediction unit and the coding unit,

Although FIGS. T1TA through 11C illustrate examples mm which the transformation
unit has a square torm, However, according to a method of grouping adjacent
prediction units, the transfonnation unit may have a rectangular form. For example, n
a case where the prediction unit 18 not set to have rectangular forms as illustrated in
FIGS. 11TA through 11 but 1s set to have four square forms obtained by quadrisceting
the coding unit 1110, upper and lower prediction units, or left and right prediction units
arc grouped so that the translormation unit may have a rectangular lorm whose
horizontal side or vertical side 18 long.

Referring back to FIG. 1O, there 1s no hmit in @ entenon by which the selection unint
1010 selects the adjacent prediction units, IHowever, according to the exemplary em-
bodiment, the selection unit 1010 may sclect the translormation unit according (o a
depth, As described above, the depth indicates a level of size-reduction that is
gradually performed {rom a maxumumn coding unit of a current slice or a current picture

to a sub-coding unit, As described above with reterence to I'lGS. 3 and 6, as the depth
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15 1Increasced, a size of a sub-coding unit 18 deercased, and thus a prediction unit
mcluded in the sub-coding unit 1s also decreased. In this case, 1f the transformmaton 1s
pcriformed according to a transtormation unit that is less than or equal to the prediction
unit, @ compression rate of an image encoding operation deleriorates since header 1n-
formation 1s added to cvery transtormation unit,

Thus, with respect 10 4 sub-coding unit at & depth of a4 predetermined value, 1t 1s
preterable, but not nceessary, that prediction units included in the sub-coding unit are
prouped and set as a4 transformation unit, and then the transtormation 1s performed
thereon. For this, the sclection unit 1010 sets the transtormation unit based on the
depth ol the sub-coding unit. For example, in the case where a depth ol the coding unit
LHEQ in THG. TIC is greater than K, the selection unit [G10 groups prediction units
1120 and sets them as 4 transtormation umit 1 150.

Also, according to another exemplary embodiment, the sclcetion unit 1010 may
proup a plurality ol adjacent prediction untts on which prediction i1s perlormed
according to the same prediction mode, and may sct them as one transformation unit.
The selection unit 1010 groups the adjacent prediction units on which prediction 1s
pcrformed according to intra-prediction or inter-prediction, and then scts them as onc
transformation unit. Sice there 1s 4 high possibility that the adjacent prediction units
on which prediction 18 performed according to the same prediction mode include
sumilar residual values, 1t 1s possible to group the adjacent prediction units into the
transformation unit and then o perform the translormation on the adjacent prediction
units,

When the selection unmit 1010 sets the transtormation unit, the transfornn performing
unit 1020 transforms the adjacent prediction units 1nto a treguency domain, according
(o the transformation unit. The translorm performing unit 1020 perlorms the DC'T on
the adjacent prediction units according to the transtormation unit, and gencrates
discrele cosine coelticients.

Retferring back to [FI1G, 9, the quantization unit 920 quantizes trequency component
coefficients generated by the translormer 910, e.g., the discrete cosine coelficients. The
guantization unit 920 may quantize the diserete cosine coefticients that are input
according (o a predetermned guantization step.

The entropy encoder 930 pertorms entropy encoding on the frequency component
coefficients that are quantzed by the quantization unit 920. The entropy encader 93(0)
may perform the entropy encoding on the discrete cosine coctlicients by using context-
adaptive variable arithmetc coding (CABAC) or contextl-adaptive variable lenpth
coding (CAVILC).

The image encoding apparatus 900 may determine an optimal transformation unit by

repeatedly pertorming the DCT, the quantization, and the entropy encoding on
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ditferent transformation units, A procedure for selecting the adjacent prediction units
may be repeated (o determine the optimal translormation unit. The optimal trans-
formation unit may be determined in consideration of an RD cost calculation, and this
will be described n detail with relerence (o F1G. 12,

1O, 12 lustrates different transtormation units according to another exemplary cm-
bodiment.

Referring to FIG. 12, the image encoding apparatus 900 repeatedly performs an
encoding operation on the different transformation units.

As tlustrated in F1G. 12, a coding unit 1210 may be predicted and encoded based on
a prediction unit 1220 having a smaller size than the coding unit 12]10. A trans-
tormation i1s performed on residual values that arc generated by a result of the
prediction, and here, as tllustrated in FI1G. 12, the DCT may be perlormed on the
residual values based on the different transformation units,

A first-tllustrated transformation unit 1230 has the same size as the coding unit 1210.
and has a size obtained by grouping all prediction units included in the coding unit
1210,

A sccond-tllustrated transformation unit 1240 has sizes obtained by halving a width
ol the coding unit 1210, and the sizes are obtained by grouping every two prediction
units adjacent to cach other in a vertical dircction, respectively.

A third-tHustrated transformation unit 1250 has sizes obtained by halving a height of
the coding unit 1210, and the sizes are obtained by grouping every two prediction units
adjacent to cach other in a horizontal direction, respectively.

A tourth-tllustrated transtormation unit 1260 18 used when the transformation is
pertormed bascd on the fourth-illustrated transtormation unit [ 260 having the same
s17¢ as the prediction unit 1220,

[F1G. 13 1s a block diagram of an image decoding apparatus 1300 according to
another exemplary embodiment.

Reterring to FIGL 13, the image decoding apparatus 1300 according to the present
exemplary embodiment mncludes an entropy decoder 1310, an inverse-quantization unit
[ 320, and an inverse-transtormer 1330,

The entropy decoder 1310 performs entropy decoding on {requency component coel-
ficicnts with respect o a predetermined transtormation unit, As described above with
reference o FIGS. TTA through 11C and 12, the predetermined transformation unit
may be a transformation unit generated by grouping a plurality of adjacent prediction
units.

As deseribed above with reference to the image encoding apparatus 900, the trans-
formation unit may be generated by grouping the adjacent prediction units according to

a depth, or may be gencrated by grouping a plurality of adjacent prediction units on
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which prediction is performed according to the same prediction mode, that s,
according o dn intra-prediction mode or an inter-prediction mode.

The plurality of prediction units may not be included in one coding unit but included
in a plurality ol coding units. In other words, as described above with relerence o
[F1GS. 1A through [C, the transformation unit that is entropy-decoded by the entropy
decoder 1310 may be set 1o be equal 1o or less than a size of 4 coding unit, or to be
greater than the size of the coding unit.

Also. as desceribed above with relerence o F1G. 12, the transformation umit may be
an optimal transformation unit selected by repeating a procedure for grouping a
plurality ol adjacent prediction units, and by repeatedly performing a transformation,
guantization, and entropy decoding on ditferent transtormation units,

The inverse-quantization unit 1320 inverse-quantizes the frequency component coct-
ficients that are entropy-decoded by the entropy decoder [ 310,

The inverse-guantization unit 1320 mverse-quantizes the entropy-decoded frequency
component coefficients according to a quantization step that is used n encoding ot the
transformation unit.

The inverse-transformer 1330 inverse-transforms the inverse-quantized frequency
component coeflicients into a pixel domain. The mverse-transtormer may perlorm an
inverse-DCT on inverse-quantized discrete cosine coefficients (1.e., the inverse-
quantized [requency component coelficients), and then may reconstruct a trans-
formation unit ol the pixel domain. The reconstructed transfornmation unit may include
adjacent prediction units,

FIG. 14 15 a flowchart of an image encoding method, according to an exemplary em-
bodiment.

Referring o F1G. 14, i operation 1410, an imdge cncoding dppdaratus sets a irans-
formation unit by selecting a plurality of adjacent prediction units, The image encoding
apparatus may select a4 plurality of adjacent prediction units according to @ depth, or
may select a plurality of adjacent prediction units on which prediction 1s performed
according to the same prediction mode.

[n operation 1420, the image encoding apparatus transtforms the adjacent prediction
units into a Irequency domain according to the transformation unit set in operation
1420. The image encoding apparatus groups the adjacent prediction units, performs a
DCT on the adjacent prediction units, and thus gencrates discrete cosine coelficients.

[n operation 1430, the image encoding apparatus gquantizes trequency component co-
cllicients, pencrated i operation 1420, according o a quantization step.

[In operation 1440, the image encoding apparatus performs entropy encoding on the
frequency component coetlicients quantized i operation 1430 The nmage encoding

apparatus performs the entropy encoding on the discrete cosine coefficients by using
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CABAC or CAVI.C,

An mmage encoding method according 1o another exemplary emmbodiment may lurther
include an operation of sctting an optimal transformation unit by repeatediy
performing operations 1410 through 1440 on different transformation units. That is, by
repeatedly pertorming the transformation, the quantization, and the entropy encoding
on different transformation units as illustrated in FIG. 12, 1015 possible to set the
optimal transtormation unit,

FICr 15 1s a flowchart of an image decoding method. according (o another exemplary
cmbodiment,

Relerring o FIG. 15, m operation 1510, an unage decoding appardatus performs
cntropy decoding on trequency component coctficients with respect to a predetermined
translormaton unit. The frequency component coefficients may be discrete cosine co-
ctticients.

[n operation 1520, the 1image decoding appardtus mverse-quantizes the lrequency
component cocfricicnts that are entropy-dccoded in operation 15310, The image
decoding apparatus inverse-quantizes the discrete cosine coeflictents by using a4 quan-
tization step used in an encoding operation,

[n operation 1530, the image decoding apparatus mverse-translorms the frequency
component coetticients, which have been inverse-quantized in operation 1520, into a
pixel domain and then reconstructs the transtformation unit. The reconstructed trans-
formation unit 1s set by grouping 4 plurality of adjacent prediction units. As described
above, the transtformation unit may be set by grouping the adjacent prediction units
according 1o & depth, or may be set by grouping 4 plurafity ol adjacent prediction units
on which prediction ts performed according to the same prediction mode,

According to the one or more exemplary embodiments, 1t 1s possible to set the trans-
formation unit so as to be greater than the prediction unit, and to perform the DCT, so
that an nmage may be efliciently compressed and encoded.

The exemplary embodiments can also be embodiced as computer-readable codes on a
computer-readable recording medium. The computer-readable recording medium is
any data storage device that can store data, which can be thercatter read by a computer
system. Exammples of the computer-readable recording medium mclude read-only
mcmory {ROM), random-aceess memory {_RAM), CD-ROMs, magnetic tapes, floppy
disks, and optical data storage devices. The computer-readable recording medium can
also be distributed over nctwork-coupled computer systems so that the computer-
readable code is stored and executed in 4 distributed fashion.

I'or example, cach ot the image encoding apparatus, the image decoding apparatus,
the 1mdge encoder, and the image decoder according 1o the one or more embodiments

may include a bus coupled to cach unit in an apparatus as illustrated in FIGS, 1-2, 4-3,
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0-10, and 14, and at least one processor coupled to the bus. Also, each of the image
cncoding apparatus, the image decoding appardtus, the image encoder, and the image
decoder according to the one or more embaodiments may include a memory coupled to
the at least one processor that is coupled to the bus so as 1o store commands, received
messages or generated messages. and to execute the commands,

While this invention has been particularly shown and deseribed with reference 1o
exemplary embodiments thereof, it will be understood by those of ardinary skill in the
art that various changes in form and details mday be made theremn without departing
from the spirit and scope of the invention as defined by the appended claims. The
exemplary embodiments should be considered in a deseriptive sense only and not for
purposes of limitation, Therefore, the scope of the invention is detined not by the
detalled description of the invention but by the appended clanms, and all difterences

within the scope will be construed as being included in the present invention,
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What is claimed is

1. A method of decoding image, the method comprising:

determining maximum coding units from a bitstream, and determining coding units
which are hierarchically split from a maximum coding unit among the maximum coding units
using split information of a coding unit, wherein the split information is parsed from the
bitstream:;

determining at least one prediction unit which is split from a coding unit among the
coding units using information about a partition type, wherein the information about a partition
type 1s parsed from the bitstream;

determining at least one transformation unit which is split from the coding unit using
information about division for the at least one transformation unit, wherein the information about
division for the at least one transformation unit is parsed from the bitstream;

reconstructing residuals of the transformation unit by parsing quantized transformation
coettficients of the at least one transformation unit and performing inverse quantization and
inverse transformation on the parsed quantized transformation coefficients;and

performing intra prediction or inter prediction using at least one prediction unit included

in the coding unit to generate a predictor, and reconstructing the coding unit using the residuals

and the predictor,

wherein a size of the transformation unit split from the coding unit is determined
individually from a size of the at least one prediction unit in the coding unit,

the 1mage 1s split into the maximum coding units,

the maximum coding unit is hierarchically split into one or more coding units of depth
including at least one of a current depth and a lower depth, according to the split information,

when the split information indicates a split for the current depth, the coding unit of the
current depth is split into four square coding units of a lower depth, independently from
neighboring coding units, and

when the split information indicates a non-split of the lower depth, at least one prediction

unit 1s obtained from the coding unit of the lower depth.
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2. The method of claim1, wherein, when a size of the maximum coding unit is set as
one of 16x16, 32x32 and 64x64, a size of the coding unit is determined as one of 8x8, 16x16,
32x32 and 64x64, and the at least one prediction unit is obtained by splitting at least one of a

height and a width of the coding unit according to a ratio of 1:1.

3. The method of claim 1, wherein each of the size of the transformation unit and the

size of the prediction unit is smaller than or equal to a size of the coding unit.

4. An apparatus for decoding 1image, the apparatus comprising:

a processor which 1s configured for determining coding units which are hierarchically
split from a maximum coding unit among the maximum coding units using split information of a
coding unit, wherein the split information is parsed from the bitstream, determining at least one
prediction unit which is split from a coding unit among the coding units using information about
a partition type, wherein the information about a partition type is parsed from the bitstream, and
determining at least one transformation unit which is split from the coding unit using information
about division for the at least one transformation unit, wherein the information about division for
the at least one transformation unit is parsed from the bitstream; and

a decoder which is configured for reconstructing residuals of the transformation unit by
performing inverse quantization and inverse transformation on the quantized transformation

coetticients of the transformation unit parsed from the bitstream, and performing intra prediction
or inter prediction using at least one prediction unit included in the coding unit,

wherein a size of the transformation unit split from the coding unit is determined
individually from a size of the at least one prediction unit in the coding unit,

the 1mage 1is split into the maximum coding units,

the maximum coding unit is hierarchically split into one or more coding units of depth
including at least one of a current depth and a lower depth, according to the split information,

when the split information indicates a split for the current depth, the coding unit of the
current depth is split into four square coding units of a lower depth, independently from
neighboring coding units, and

when the split information indicates a non-split of the lower depth, at least one prediction

unit is obtained from the coding unit of the lower depth.
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[Fig. 10]
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[Fig. 12]
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[FI1g. 14]
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