woO 2009/096721 A2 | 1IN0 00 OO0 00O O

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization Vd”Ij

) IO O T OO 0

International Bureau

(43) International Publication Date
6 August 2009 (06.08.2009)

(10) International Publication Number

WO 2009/096721 A2

(51) International Patent Classification:
HO4N 7/32 (2006.01) HO04N 7/30 (2006.01)

(21) International Application Number:
PCT/KR2009/000441

(22) International Filing Date: 29 January 2009 (29.01.2009)
(25) Filing Language: English
(26) Publication Language: English
(30) Priority Data:

10-2008-0009120
10-2009-0007038

29 January 2008 (29.01.2008)
29 January 2009 (29.01.2009)

KR
KR

(71) Applicant (for all designated States except US): ELEC-
TRONICS AND TELECOMMUNICATIONS RE-
SEARCH INSTITUTE [KR/KR]; 161, Gajeong-dong,
Yuseong-gu,, Daejeon 305-350 (KR).

(72) Inventors; and

(75) Inventors/Applicants (for US only): KIM, Dong Hyung
[KR/KR]; 293-73, Sagun-dong, Seongdong-gu,, Seoul
133-817 (KR). JEONG, Se Yoon [KR/KR]; 101-1203
Gumsung Bakjo Apt., Birae-dong, Daeduk-gu,, Daejeon
306-769 (KR). CHOI, Jin Soo [KR/KR]; 609-1605
Banseol-Maul apt,, Banseok-dong, Yuseong-gu,, Dae-
jeon 305-150 (KR). CHEONG, Won Sik [KR/KR];
208-1101Expo apt,, Jeonmin-dong, Yuseong-gu,, Daejeon
305-761 (KR). MOON, Kyung Ae [KR/KR]; 9-903

Hanmaru apt., Dunsan-dong, Seo-gu,, Daejeon 302-120
(KR). HONG, Jin Woo [KR/KR]; 609-1202 Daeduk
Techno valley,, Kwanpyung-dong, Yuseong-gu,, Daejeon
305-509 (KR).
(74) Agent: PARK, Byung Chang; 2F Dongju Bldg., 824-24
Yeoksam-dong, Kangnam-gu, Seoul 135-080 (KR).
(81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AOQ, AT, AU, AZ,BA, BB, BG, BH, BR, BW, BY, BZ, CA,
CH, CN, CO, CR, CU, CZ, DE, DK, DM, DO, DZ, EC, EE,
EG, ES, FI, GB, GD, GE, GH, GM, GT, HN, HR, HU, ID,
1L, IN, IS, JP, KE, KG, KM, KN, KP,KZ, LA, LC, LK, LR,
LS, LT, LU, LY, MA, MD, ME, MG, MK, MN, MW, MX,
MY, MZ, NA, NG, NI, NO, NZ, OM, PG, PH, PL, PT, RO,
RS, RU, SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TJ, TM,
TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV, MC, MK,
MT, NL, NO, PL, PT, RO, SE, SI, SK, TR), OAPI (BE, BJ,
CF, CG, CI, CM, GA, GN, GQ, GW, ML, MR, NE, SN,
TD, TG).

Published:
without international search report and to be republished
upon receipt of that report

(54) Title: METHOD AND APPARATUS FOR ENCODING AND DECODING VIDEO SIGNAL USING MOTION COMPEN-

SATION BASED ON AFFINE TRANSFORMATION

(57) Abstract: A video encoding method and apparatus are provided. The video encoding method includes determining whether
a current block includes an affine-transformation object having an affine transformation; if the current block includes an affine-
transformation object, generating a prediction block by performing affine transformation-based motion compensation on the current
block in consideration of an affine transformation of the affine-transformation object; and if the current block does not include any
affine-transformation object, generating a prediction block by performing motion vector-based motion compensation on the current
block using a motion vector of the current block. Therefore, it is possible to achieve high video encoding/decoding efficiency even
when a block to be encoded or decoded includes an affine transformation.



[1]

[2]

[3]

[4]

[5]

[6]

WO 2009/096721 PCT/KR2009/000441

Description
METHOD AND APPARATUS FOR ENCODING AND
DECODING VIDEO SIGNAL USING MOTION COM-

PENSATION BASED ON AFFINE TRANSFORMATION

Technical Field

The present invention relates to a video encoding method and apparatus and a video
decoding method and apparatus in which a video signal can be encoded through affine
transformation-based motion compensation.

The present invention is based on research (Project Management No.:
2007-S-004-01, Project Title: Development of Rich Media Broadcasting Technology
through Advancement of AV codec) conducted as part of Information Technology (IT)
Growth Power Technology Development Project launched by Ministry of Information

and Communication and Institute for Information Technology Advancement (IITA).

Background Art

Inter-frame encoding such as H.264 video encoding is similar to other various video
encoding methods in terms of predicting a current block through block-oriented motion
estimation and encoding the predicted current block. However, inter-frame encoding is
differentiated from other various video encoding methods by using various macroblock
modes and adopting different block sizes for the various macroblock modes so as to
perform motion estimation and motion compensation. Inter-frame encoding generally
includes performing motion estimation in each of the various macroblock modes,
choosing whichever of the various macroblock modes is determined to be optimal in
consideration of rate-distortion performance, and encoding a prediction error in the
chosen macroblock mode, i.e., the difference(s) between a current block and a block
obtained by performing motion estimation on the current block.

In inter-frame encoding, like in other various video encoding methods, motion es-
timation and motion compensation are performed only in consideration of horizontal
and vertical translational motion components. That is, referring to FIG. 1, motion es-
timation and motion compensation may be performed on a current block only in con-
sideration of horizontal and vertical motions (mv, and mvy) with respect to a reference
frame.

If motion estimation and motion compensation are performed only in consideration
of horizontal and/or vertical motions, coding complexity may decrease, but it may not
be able to achieve high encoding efficiency especially when an object in a picture to be

encoded has an affine transformation such as rotation, enlargement or reduction. On
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the other hand, if motion estimation and motion compensation are performed in con-
sideration of all possible transformations of an object, encoding efficiency may
increase, but coding complexity, and particularly, the complexity of motion estimation,

may considerably increase.

Disclosure of Invention

Technical Problem

The present invention provides a video encoding method and apparatus and a video
decoding method and apparatus which can achieve high encoding efficiency even
when a block to be encoded includes an affine-transformation object having an affine

transformation such as rotation, enlargement or reduction.

Technical Solution

According to an aspect of the present invention, there is provided a video encoding
method including determining whether a current block includes an affine-
transformation object having an affine transformation; if the current block includes an
affine-transformation object, generating a prediction block by performing affine trans-
formation-based motion compensation on the current block in consideration of an
affine transformation of the affine-transformation object; and if the current block does
not include any affine-transformation object, generating a prediction block by
performing motion vector-based motion compensation on the current block using a
motion vector of the current block.

According to another aspect of the present invention, there is provided a video
encoding apparatus including a motion estimation unit calculating a motion vector of a
current block with reference to a reference block; an affine-transformation object cal-
culation unit determining whether a current block to be subjected to motion com-
pensation includes an affine-transformation object having an affine transformation and
outputting an affine-transformation object detection signal corresponding to the results
of the determination; and a motion compensation unit generating a prediction block by
performing either affine transformation-based motion compensation or motion vector-
based motion compensation on the current block in response to the affine-
transformation object detection signal.

According to another aspect of the present invention, there is provided a video
decoding method including determining whether an affine-transformation object exists
in a reference block; if an affine-transformation object exists in the reference block,
generating a predicted block by performing affine transformation-based motion com-

pensation on the reference block; and if no affine-transformation object exists in the
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reference block, generating the predicted block by performing motion vector-based

motion compensation on the reference block.
According to another aspect of the present invention, there is provided a video

decoding apparatus including an affine-transformation object detection unit de-
termining whether an affine-transformation object exists in a reference block and
outputting a signal indicating the results of the determination; a motion compensation
unit generating a predicted block by performing one of affine transformation-based
motion compensation and motion vector-based motion compensation on the reference
block in response to the signal output by the affine-transformation object detection
unit; and an adding unit which generates a current block by adding the predicted block
and a residual signal.

According to another aspect of the present invention, there is provided a computer-
readable recording medium having recorded thereon a program for executing a video
encoding method including determining whether a current block includes an affine-
transformation object having an affine transformation; if the current block includes an
affine-transformation object, generating a prediction block by performing affine trans-
formation-based motion compensation on the current block in consideration of an
affine transformation of the affine-transformation object; and if the current block does
not include any affine-transformation object, generating a prediction block by
performing motion vector-based motion compensation on the current block using a
motion vector of the current block.

According to another aspect of the present invention, there is provided a computer-
readable recording medium having recorded thereon a program for executing a video
decoding method including determining whether an affine-transformation object exists
in a reference block; if an affine-transformation object exists in the reference block,
generating a predicted block by performing affine transformation-based motion com-
pensation on the reference block; and if no affine-transformation object exists in the
reference block, generating the predicted block by performing motion vector-based

motion compensation on the reference block.

Advantageous Effects

According to the present invention, affine transformation-based motion estimation/
compensation may be performed on each block including an affine-transformation
object having an affine transformation. Thus, it is possible to overcome the
shortcomings of conventional video encoding and decoding methods in which motion
estimation and motion compensation prediction are preformed in units of blocks only

in consideration of translational motions. Therefore, it is possible to prevent the per-
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formance of encoding from deteriorating even when an object in a block to be encoded

rotates, the size or shape of the object changes or there is camera movement.
In addition, according to the present invention, it is possible to establish an affine

model only based on the motion in a previously-encoded macroblock. Thus, the
present invention can be readily applied to an encoding apparatus (such as an H.264

encoding apparatus) performing encoding in units of macroblocks.

Brief Description of the Drawings

FIG. 1 illustrates a diagram for explaining conventional motion estimation and com-
pensation methods in which only horizontal and vertical translational motions are
considered;

FIG. 2 illustrates a diagram for explaining a typical inter-frame encoding method;

FIG. 3 illustrates a block diagram of a video encoding apparatus according to an
exemplary embodiment of the present invention;

FIG. 4 illustrates a diagram for explaining a video encoding method according to an
exemplary embodiment of the present invention;

FIG. 5 illustrates a diagram for explaining how to divide an 8x8 block into eight
triangular blocks;

FIG. 6 illustrates a diagram for explaining motion vectors used to deduce an affine
transformation at each of a plurality of triangular blocks in an 8x8 block; and

FIGS. 7 and § illustrate diagrams for affine transformations that can be used in the

present invention.

Best Mode for Carrying Out the Invention

The present invention will hereinafter be described more fully with reference to the
accompanying drawings, in which exemplary embodiments of the invention are shown.

FIG. 2 illustrates a diagram for explaining a typical inter-frame encoding method.
Referring to FIG. 2, the typical inter-frame encoding method may largely involve four
phases: Phases 1 through 4.

Phases 1 and 2 may be phases for estimating motion. More specifically, in phase 1, a
motion vector for each of an inter 16x16 block, inter 16x8 blocks, inter 8x16 blocks
may be estimated. In phase 2, a motion vector for each of a plurality of sub-blocks of
an inter 8x8 block, i.e., a motion vector for each of an inter 8x8 block, inter 8x4
blocks, inter 4x8 blocks, and inter 4x4 blocks may be estimated.

In phase 3, a sub-macroblock mode may be chosen for a sub-macroblock in an inter
8x8 macroblock by using a rate-distortion function. The rate-distortion function may

be represented by Equation (1):
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error (i.e., the differences between a block currently being encoded and a restored
block obtained by compensation using a motion vector of the current block) and a
motion vector and Distortion indicates the sum of the squares of the differences
between the current block and the restored block.

In phase 4, an optimum macroblock mode may be chosen from all macroblock
modes available, including a skip mode and an intra macroblock mode, in con-
sideration of rate-distortion performance.

In video encoding and decoding methods according to the present invention, unlike
in the typical inter-frame encoding method, affine transformation-based motion com-
pensation may be applied only to phases 3 and 4 in consideration of coding
complexity. That is, in the video encoding and decoding methods according to the
present invention, only horizontal and vertical translational motions may be taken into
consideration during the estimation of a motion vector, and affine transformation-
based motion compensation, in which the rotation, enlargement or reduction of an
object is considered, may be performed in the phase of motion compensation.
Therefore, it is possible to minimize coding complexity and provide high encoding ef-
ficiency.

More specifically, in the video encoding and decoding methods according to the
present invention, affine transformation-based motion compensation may be performed
only on blocks that are believed to include affine transformations such as rotation, en-
largement and reduction. Thus, it is possible to minimize coding complexity. In
addition, the video encoding and decoding methods according to the present invention
suggest ways to skip an inverse matrix calculation process for deducing an affine
model from blocks to be subjected to affine transformation-based motion com-
pensation. Therefore, it is possible to achieve high encoding efficiency with less com-
putation.

FIG. 3 illustrates a block diagram of a video encoding apparatus according to an
exemplary embodiment of the present invention. Referring to FIG. 3, the video
encoding apparatus may include a motion estimation unit 110, an affine-transformation
object calculation unit 120 and a motion compensation unit 130.

The motion estimation unit 110 may calculate a motion vector of a current block
based on a reference block. The affine-transformation object calculation unit 120 may

determine whether the current block includes an affine-transformation object. The
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motion compensation unit 130 may generate a prediction block by compensating for
the current block based on an affine-object-detection signal provided by the affine-
transformation object calculation unit 120 or the motion vector provided by the motion
estimation unit 110. The video encoding apparatus may also include an encoding unit
(not shown) generating a bitstream by encoding a differential signal generated based
on the difference(s) between the current block and the prediction block and a signal
including side information such as the motion vector of the current block.

FIG. 4 illustrates a diagram for explaining a video encoding method according to an
exemplary embodiment of the present invention. Referring to FIG. 4, the video
encoding method may be largely divided into two phases: phases 1 and 2 (200 and
220). In phase 1 (200), the affine-transformation object calculation unit 120 may
determine whether a current block includes an affine-transformation object. Phase 2
(220) may involve compensating for the current block through affine transformation-
based motion compensation using information such as the motion vectors of blocks
adjacent to the current block (221) if it is determined in phase 1 that the current block
includes an affine-transformation object; and performing typical motion compensation
on the current block (223) if it is determined in phase 1 that the current block does not
include any affine-transformation object.

More specifically, phase 1 (200) may involve determining whether the current block
includes an affine-transformation object having an affine transformation based on the
motion vector of the current block and the motion vectors of blocks adjacent to the
current block, a reference frame and macroblock mode information used to encode the
current block .

There are two conditions for determining whether the current block includes any
affine-transformation object: if the maximum of the angles between the motion vector
of the current block and the motion vectors of blocks adjacent to the current block is
within a predefined range; and if a maximum variation obtained by applying affine
transformation-based motion compensation is less than a reference value. If the current
block satisfies neither the first nor second condition, the current block may not be
subjected to affine transformation-based motion compensation.

Even if the current block includes an affine-transformation object, the current block
may not be subjected to affine transformation-based motion compensation if at least
one of the blocks adjacent to the current block is intra-encoded, if the current block is
located on the upper left corner of a corresponding frame or if the current block
references a different reference frame from the blocks adjacent to the current block.

In short, it may be determined whether the current block includes an affine-
transformation object based on the first and second conditions. Thereafter, it may be

determined whether to apply typical motion compensation or affine transformation-
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based motion compensation to the current block based on whether the current block
includes an affine-transformation object.

In the exemplary embodiment of FIG. 4, video encoding or decoding may be
performed in units of 8x8 blocks. If it is determined in phase 1 that the current block
has an affine-transformation object, affine transformation-based motion compensation
may be performed on the current block by using only the motion vectors within a range
that establishes causality. Therefore, it is possible to address the problems associated
with two-pass coding such as high coding complexity.

Referring to FIG. 5, an 8x8 block may be divided into eight triangular blocks 300
through 307. The triangular blocks 300 through 307 may be motion-compensated
using different affine models.

FIG. 6 illustrates motion vectors used to deduce an affine model for each of a
plurality of triangular blocks in an 8x8 block. Referring to FIG. 6, the affine model for
each of a plurality of triangular blocks (i.e., blocks 0 through 7) in a current (8x8)
block may vary according to a macroblock mode of the current block and a
macroblock mode of a number of blocks adjacent to the current block. If the current
block is located at the lower right corner of a macroblock and the macroblock mode of
the current block is a 16x16 mode, the motion vectors of blocks O through 7 may all be
the same. The affine models for blocks O through 7 may all include translations only
and may thus have the same model formula.

An affine transformation formula between (x,y) and (x', y') may be represented by

Equation (2):

-

).

—_— R
1l

< [ R

o o O

— S 0

—_ = R

A total of six equations may be required to determine the values of parameters a, b, ¢
, d, e and fin Equation (2). For this, at least three displacement values for (x, y) may be
required. If there are more than three displacement values, a least square solution may
be used to determine the values of parameters a, b, c, d, e and f in Equation (2). If (x0,
y0), (x1, yl), (x2, y2), (x'0, y'0), (x'1, y'l), and (x"2, y'2) are provided as displacement
values for (X, y), the values of the parameters a, b, ¢, d, e and f may be determined

using Equations (3):
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(x, ¥, 1 0 0 0]
x yy 1 0 00

Ao x, v, 1 0 00
0 0 0 x, y, 1 ...(3).
0 0 0 x Il
0 0 0 x, y, 1
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p=la b ¢ d e f]
b=[x, % X, ¥ % ¥

In the video encoding and decoding methods according to the present invention, an
affine model for each of a plurality of triangular blocks in an 8x8 block may be
deduced using variations at the apexes of each of the triangular blocks. Referring to
Equations (3), there is no need to calculate the inverse matrix of matrix A, i.e., A,
because the inverse 6x6 matrix A can be easily obtained from eight inverse matrices
respectively corresponding to blocks 0 through 7, which are all calculated in advance.
Thus, it is possible to reduce coding complexity.

FIG. 7 illustrates the case in which a current block to be encoded includes an object
which is reduced by 1/2 with respect to the vertical axis of a previous frame and is
inclined to the right at an angle of 45 degrees.

Three points of displacement for obtaining an affine model for block 0 of a current
block are (xo,y0)—= (Xo+my «o, Yoty y¢), (X1,y1)—= (i +my 1, yi+mv 1), and (,y2)— (ot
my s, yr+mvy). According to existing video encoding standards as H.264, the
minimum size of macroblocks that can have a motion vector is 4x4. Therefore, motion
vectors mvx0 through mvx2 may be different from one another. However, assume that
all 4x4 blocks in the current block have the same motion vector if theminimum size of
macroblocks that can have a motion vector is 4x4 in blocks adjacent to the current
block.

An affine model for block 0 may be obtained using the three points of displacement,

as indicated by Equations (4):
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(% ¥, 1 0 00
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A x ¥, 1 0 00
0 0 0 x, 1
0 0 0 x »1
0 0 0 x, y, 1]
p=[a b ¢ d f1
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().

b= [x,+mv, x,+mv, x,+mv, y,+mv,, y+mv, y,+my,]

[56] Referring to Equations (4), matrix A includes the coordinates of the current block

and the coordinates of each of the blocks adjacent to the current block. If the point (x,,y

0) is mapped to the origin (0,0), matrix A can be commonly applied to blocks 0 through

7 regardless of the position of the current block in a corresponding macroblock.
[57] Equations (4) may be transformed into Equations (5), and Equations (6) may be
obtained by applying (x1,y1) to Equations (5). Equations (5) and Equations (6) are as

follows:
[58]

where

pT =Al.p"
[0 0 1 0
0 -16 1 0
6 0 1 0
0 0 0 0
0 0 0 0
0 0 0 1le

-16

O e OO OO

p=—[abcdef]

b= [mv, mv, mv,+16 mv, y —-16 mv,]

[59]

L it == T v N e |

...(5); and
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where
-1 0 1 0 0 0
1 -1 0 0 0 0
1116 0 0 0 0 0
B=—- ..{(6).
160 0 0 -1 0 1 ©)
0 0 0 1 -10
0 0 016 0 0]

p=[ahb ¢c d e f]

b= [mv, mv, mv,+16 mv, y, -16 mv,,]

[60] According to the H.264 standard, motion estimation may be performed in units of 1/4
pixels, and thus, the distance between a pair of adjacent pixels may be 4. Therefore, if
a pixel at a point (4,-12) is determined to have been moved to (4+mv , ,+Ax, -124+mv ,,
+Ay) based on an affine model, the pixel may be determined to have the same dis-
placement (Ax,Ay) at any arbitrary block location. This is very important for the
reduction of computation because, according to the present invention, it is possible to
easily obtain an affine model simply using eight inverse matrices respectively cor-
responding to blocks O through 7 without the need to calculate the inverse matrix of
matrix A.

[61] An affine model for each of blocks 1 through 7 may be obtained using the same
method used to obtain the affine model for block 0.

[62] Once the affine models for blocks 1 through 7 are all obtained, motion compensation

may be performed on the current block, as indicated by Equation (7):

[63]
x'= round(ax + by +c) 0
y=romd(detey+f)

[64] In short, if a current block includes an affine-transformation object, affine trans-

formation-based motion compensation may be performed on the current block, thereby
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maintaining high encoding efficiency.

A video decoding method according to an exemplary embodiment of the present
invention may be performed by inversely performing the above-mentioned video
encoding method. That is, it may be determined whether an affine-transformation
object exists in a reference block. Thereafter, if an affine-transformation object exists
in the reference block, a predicted block may be generated by performing affine trans-
formation-based motion compensation on the reference block. On the other hand, if no
affine-transformation object exists in the reference block, a predicted block may be
generated by performing motion vector-based motion compensation on the reference
block. Thereafter, a current block may be generated using a predicted block and a
residual signal included in a video signal to be decoded. Therefore, a video decoding
apparatus according to an exemplary embodiment of the present invention, unlike a
typical video decoding apparatus, may include an affine-transformation object cal-
culation unit determining whether an affine-transformation object exists in the
reference block.

The video encoding and decoding methods according to the present invention are not
restricted to the exemplary embodiments set forth herein. Therefore, variations and
combinations of the exemplary embodiments set forth herein may fall within the scope
of the present invention.

The present invention can be realized as computer-readable code written on a
computer-readable recording medium. The computer-readable recording medium may
be any type of recording device in which data is stored in a computer-readable manner.
Examples of the computer-readable recording medium include a ROM, a RAM, a CD-
ROM, a magnetic tape, a floppy disc, an optical data storage, and a carrier wave (e.g.,
data transmission through the Internet). The computer-readable recording medium can
be distributed over a plurality of computer systems connected to a network so that
computer-readable code is written thereto and executed therefrom in a decentralized
manner. Functional programs, code, and code segments needed for realizing the
present invention can be easily construed by one of ordinary skill in the art.

While the present invention has been particularly shown and described with reference
to exemplary embodiments thereof, it will be understood by those of ordinary skill in
the art that various changes in form and details may be made therein without departing

from the spirit and scope of the present invention as defined by the following claims.

Industrial Applicability
The present invention can be effectively applied to the encoding or decoding of a

video signal and can thus achieve high efficiency especially when a block to be
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encoded includes an affine-transformation object having an affine transformation such
as rotation, enlargement or reduction.
[71]
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Claims

A video encoding method comprising:

determining whether a current block includes an affine-transformation object
having an affine transformation;

if the current block includes an affine-transformation object, generating a
prediction block by performing affine transformation-based motion com-
pensation on the current block in consideration of an affine transformation of the
affine-transformation object; and

if the current block does not include any affine-transformation object, generating
a prediction block by performing motion vector-based motion compensation on
the current block using a motion vector of the current block.

The video encoding method of claim 1, further comprising generating a dif-
ferential signal based on a difference between the current block and the
prediction block.

The video encoding method of claim 2, further comprising generating a bitstream
including data obtained by encoding the differential signal.

The video encoding method of claim 1, further comprising calculating the
motion vector of the current block with reference to a reference block.

The video encoding method of claim 1, further comprising, if the current block
includes an affine-transformation object and is located on the upper left corner of
a frame, performing affine transformation-based motion compensation on the
current block.

The video encoding method of claim 1, further comprising, if the current block
includes an affine-transformation object, one of a number of blocks adjacent to
the current block is intra-encoded, and the current block references a different
reference block from the adjacent blocks, performing motion vector-based
motion compensation on the current block.

The video encoding method of claim 1, further comprising, if the current block
includes an affine-transformation object and a maximum of the angles between
the motion vector of the current block and the motion vectors of a number of
blocks adjacent to the current block is greater than a reference value, performing
motion vector-based motion compensation on the current block.

The video encoding method of claim 1, further comprising, if the current block
includes an affine-transformation object and a maximum variation of the affine-
transformation object is greater than a reference value, performing motion
vector-based motion compensation on the current block.

The video encoding method of claim 1, wherein the performing of affine trans-



14

WO 2009/096721 PCT/KR2009/000441

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

formation-based motion compensation comprises dividing the current block into
a number of triangular blocks and applying different affine models to the
triangular blocks.

A video encoding apparatus comprising:

a motion estimation unit calculating a motion vector of a current block with
reference to a reference block;

an affine-transformation object calculation unit determining whether a current
block to be subjected to motion compensation includes an affine-transformation
object having an affine transformation and outputting an affine-transformation
object detection signal corresponding to the results of the determination; and

a motion compensation unit generating a prediction block by performing either
affine transformation-based motion compensation or motion vector-based motion
compensation on the current block in response to the affine-transformation object
detection signal.

The video encoding apparatus of claim 10, further comprising a differential unit
generating a differential signal based on a difference between the current block
and the prediction block.

The video encoding apparatus of claim 11, further comprising an encoding unit
generating a bitstream including data obtained by encoding the differential
signal.

A video decoding method comprising:

determining whether an affine-transformation object exists in a reference block;
if an affine-transformation object exists in the reference block, generating a
predicted block by performing affine transformation-based motion compensation
on the reference block; and

if no affine-transformation object exists in the reference block, generating the
predicted block by performing motion vector-based motion compensation on the
reference block.

The video decoding method of claim 13, further comprising generating a residual
signal and a motion vector for performing motion compensation on the reference
block by reconfiguring the bitstream of an input video signal.

The video decoding method of claim 14, further comprising generating a current
block based on the predicted block and the residual signal.

The video decoding method of claim 13, wherein the performing of affine trans-
formation-based motion compensation comprises dividing the current block into
a number of triangular blocks and applying different affine models to the
triangular blocks.

A video decoding apparatus comprising:
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an affine-transformation object detection unit determining whether an affine-
transformation object exists in a reference block and outputting a signal in-
dicating the results of the determination;

a motion compensation unit generating a predicted block by performing one of
affine transformation-based motion compensation and motion vector-based
motion compensation on the reference block in response to the signal output by
the affine-transformation object detection unit; and

an adding unit which generates a current block by adding the predicted block and
a residual signal.

The video decoding apparatus of claim 17, further comprising a decoding unit
generating a residual signal and a motion vector for performing motion com-
pensation on the reference block by reconfiguring the bitstream of an input video
signal.

A computer-readable recording medium having recorded thereon a program for
executing a video encoding method comprising:

determining whether a current block includes an affine-transformation object
having an affine transformation;

if the current block includes an affine-transformation object, generating a
prediction block by performing affine transformation-based motion com-
pensation on the current block in consideration of an affine transformation of the
affine-transformation object; and

if the current block does not include any affine-transformation object, generating
a prediction block by performing motion vector-based motion compensation on
the current block using a motion vector of the current block.

A computer-readable recording medium having recorded thereon a program for
executing a video decoding method comprising:

determining whether an affine-transformation object exists in a reference block;
if an affine-transformation object exists in the reference block, generating a
predicted block by performing affine transformation-based motion compensation
on the reference block; and

if no affine-transformation object exists in the reference block, generating the
predicted block by performing motion vector-based motion compensation on the

reference block.
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