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METHOD AND APPARATUS FOR
ESTIMATING AND COMPENSATING
SPATIOTEMPORAL MOTION IMAGE

CROSS-REFERENCE TO RELATED PATENT
APPLICATION

[0001] This application is a continuation of U.S. applica-
tion Ser. No. 12/105,718, filed Apr. 18, 2008, which claims
priority from Korean Patent Application No. 10-2007-
0086549, filed on Aug. 28, 2007, in the Korean Intellectual
Property Office. The entire disclosures of the prior applica-
tion are considered part of the disclosure of the accompanying
continuation application, and are hereby incorporated by ref-
erence.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] Thepresent invention relates to a method of estimat-
ing and compensating for motion in image encoding and
decoding, and more particularly, to a method of estimating
and compensating for motion when a current block refers to a
region that is outside a reference frame by using a motion
vector in image encoding and decoding.

[0004] 2. Description of the Related Art

[0005] Video codecs such as H.263, Moving Picture
Experts Group 2 (MPEG 2), MPEG 4, H.264/Advanced
Video Coding (AVC), etc. use correlation between frames,
perform a method of estimating and compensating for
motion, and thereby increase compression efficiency, even
when motion of an object appears in an image.

[0006] The method of estimating and compensating for
motion refers to a reference block of a reference frame to
reconstruct a block of a current frame. However, a part of the
reference block determined by a motion vector may be out-
side the reference frame. The conventional video codecs such
as H.263, MPEG 2, MPEG 4, H.264/AVC, etc. extend an
outside region of the reference frame by using boundary
pixels of the reference frame, and thereby estimate the part of
the reference block which is outside the reference frame.
[0007] FIG. 1 is a diagram of a conventional method of
estimating and compensating for motion when a reference
block is outside a reference frame.

[0008] A current block 120 of a current frame 110 refers to
a reference block 160 of a reference frame 150 by a motion
vector. A region 170 included in the reference frame 150 is
inserted into an equivalent region 130 of the current block
120. However, when a part 180 of the reference block 160 is
outside the reference frame 150, an equivalent region 140 of
the current block 120 referring to the part 180 that is outside
the reference frame 150 is padded with pixel values of bound-
ary pixels 190 of the reference frame 150. This conventional
technique is known as a padding method.

[0009] When motion occurs in an outside region of a frame,
compression efficiency of a block which refers to the outside
of the frame by using the conventional simple padding
method is decreased. In particular, compression efficiency of
an active image sequence having panning, tilting, zooming
in/out, fast camera motion, and fast object motion is greatly
decreased.

[0010] The conventional padding method extends an out-
side region of a frame prior to performing a method of com-
pensating for motion, and as such only limited information is

Oct. 18,2012

used in the padding method. Thus, a region that is related to
motion and is outside the frame is not accurately estimated.

SUMMARY OF THE INVENTION

[0011] The present invention provides a method and appa-
ratus for accurately estimating and compensating for motion
by using information of a region included in a neighboring
block of a current block and a reference frame, when a refer-
ence block selected by a motion vector of the current block
has a region that is outside the reference frame.

[0012] The present invention also provides a method and
apparatus for estimating and compensating for motion,
wherein the method and apparatus use correlation with a
neighboring block and a reference frame, and can thereby
greatly enhance compression efficiency of an active image
sequence having panning, tilting, zooming in/out, fast camera
motion, and fast object motion.

[0013] According to an aspect of the present invention,
there is provided a method of estimating and compensating
for motion in image decoding, the method including the
operations of determining a reference block of a reference
frame indicated by a motion vector of a current block of a
current frame being decoded; and generating a spatiotempo-
ral estimation block of the current block by using the current
frame and the reference frame, when some pixels of the
reference block are outside the reference frame.

[0014] When a block region in a same position as a region
included in the reference frame is defined to be a first block
region, wherein the block region is a part of the reference
block, and a block region in a same position as a region
excluded from the reference frame is defined to be a second
block region, wherein the block region is a part of the refer-
ence block, the operation of generating the spatiotemporal
estimation block may include the operations of determining
the first block region of the reference block to be an estima-
tion region of the first block region of the spatiotemporal
estimation block; and generating an estimation region of the
second block region of the spatiotemporal estimation block
by using at least one of pixel values of neighboring blocks of
the current block, and pixel values of an estimation region of
the first block region.

[0015] When a block region in a same position as a region
included in the reference frame is defined to be a first block
region, wherein the block region is a part of the reference
block, and a block region in a same position as a region
excluded from the reference frame is defined to be a second
block region, wherein the block region is a part of the refer-
ence block, the operation of generating the spatiotemporal
estimation block may include the operations of determining
pixels of the neighboring blocks of the current block and
pixels surrounding the second block region to be a search
pattern region, wherein the neighboring blocks are from
among regions reconstructed prior to the current block, and
the pixels surrounding the second block region are part of the
first block region of the spatiotemporal estimation block,
when the spatiotemporal estimation block is allocated to the
current block; searching for an outside estimation region
surrounded by a similar pattern region having a minimum
difference compared with the search pattern region in the
regions reconstructed prior to the current block; and deter-
mining the outside estimation region to be an estimation
region of the second block region of the spatiotemporal esti-
mation block.
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[0016] The operation of searching for the outside estima-
tion region may include the operation of searching for the
similar pattern region having a same form as the search pat-
tern region in the regions reconstructed prior to the current
block, and having a minimum Sum of Absolute Differences
(SAD) between pixel values of the search pattern region and
pixel values of the similar pattern region.

[0017] The operation of determining the estimation region
of the second block region of the spatiotemporal estimation
block may include the operations of selecting at least one of a
pixel line of the neighboring blocks of the current block and
apixel line surrounding the second block region, wherein the
pixel line surrounding the second block region is a part of the
first block region of the spatiotemporal estimation block,
when the spatiotemporal estimation block is allocated to the
current block; and determining pixels of the selected pixel
line to be estimation pixels related to pixels of the second
block region located either vertically or diagonally to the
selected pixel line.

[0018] The operation of determining the estimation region
of the second block region of the spatiotemporal estimation
block may include the operation of determining an average
value between pixel values of the neighboring blocks of the
current block and pixel values surrounding the second block
region to be an estimation pixel value of the second block
region, wherein the pixel values surrounding the second block
region are a part of the first block region of the spatiotemporal
estimation block, when the spatiotemporal estimation block
is allocated to the current block.

[0019] According to another aspect of the present inven-
tion, there is provided a method of estimating and compen-
sating for motion in image encoding, the method including
the operations of searching for a reference block having a
minimum difference compared with a current block in a ref-
erence frame, calculating a motion vector, and thereby per-
forming motion estimation; generating an estimation block
for the current block by using the current frame and the
reference frame, when some pixels of the reference block are
outside the reference frame; and encoding an image by using
the estimation block and the motion vector.

[0020] When a block region in a same position as a region
included in the reference frame is defined to be a first block
region, wherein the block region is a part of the reference
block, and a block region in a same position as a region
excluded from the reference frame is defined to be a second
block region, wherein the block region is a part of the refer-
ence block, the operation of generating the estimation block
may include the operations of determining the first block
region of the reference block to be an estimation region of the
first block region of the estimation block; and generating an
estimation region of the second block region of the estimation
block by using at least one of pixels of neighboring blocks of
the current block and pixels of an estimation region of the first
block region.

[0021] The operation of generating the estimation region of
the second block region of the estimation block may include
the operations of determining pixels of the neighboring
blocks of the current block and pixels surrounding the second
block region to be a search pattern region, wherein the neigh-
boring blocks are from among regions reconstructed prior to
the current block, and the pixels surrounding the second block
region are of a part of the first block region of the estimation
block, when the estimation block is allocated to the current
block; searching for an outside estimation region surrounded
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by a similar pattern region having a minimum difference
compared with the search pattern region in the regions recon-
structed prior to the current block; and determining the out-
side estimation region to be an estimation region of the sec-
ond block region of the estimation block.

[0022] The operation of searching for the outside estima-
tion region may include the operation of searching for the
similar pattern region having a same form as the search pat-
tern region in the regions reconstructed prior to the current
block, and having a minimum SAD between pixel values of
the search pattern region and pixel values of the similar pat-
tern region.

[0023] The operation of generating the estimation region of
the second block region of the estimation block may include
the operations of selecting at least one of a pixel line of the
neighboring blocks of the current block and a pixel line sur-
rounding the second block region, wherein the pixel line
surrounding the second block region is a part of the first block
region of the estimation block, when the estimation block is
allocated to the current block; and determining pixels of the
selected pixel line to be estimation pixels related to pixels of
the second block region located either vertically or diagonally
to the selected pixel line.

[0024] The operation of generating the estimation region of
the second block region of the estimation block may include
the operation of determining an average value between pixel
values of the neighboring blocks of the current block and
pixel values surrounding the second block region to be an
estimation pixel value ofthe second block region, wherein the
pixel values surrounding the second block region are a part of
the first block region of the estimation block, when the esti-
mation block is allocated to the current block.

[0025] According to another aspect of the present inven-
tion, there is provided a motion estimation and compensation
apparatus in image decoding, the motion estimation and com-
pensation apparatus including a reference block determining
unit determining a reference block of a reference frame for a
current block of a current frame being decoded; and a spa-
tiotemporal estimation block generation unit generating a
spatiotemporal estimation block of the current block by using
the current frame and the reference frame, when some pixels
of the reference block are outside the reference frame.

[0026] According to another aspect of the present inven-
tion, there is provided a motion estimation and compensation
apparatus in image encoding, the motion estimation and com-
pensation apparatus including a motion estimation perform-
ing unit searching for a reference block having a minimum
difference compared with a current block in a reference
frame, calculating a motion vector, and thereby performing
motion estimation; an estimation block generation unit gen-
erating an estimation block for the current block by using the
current frame and the reference frame, when some pixels of
the reference block are outside the reference frame; and an
encoding unit encoding an image by using the estimation
block and the motion vector.

[0027] According to another aspect of the present inven-
tion, there is provided a computer readable recording medium
having recorded thereon a program for executing the method
of estimating and compensating for motion in image decod-
ing.

[0028] According to another aspect of the present inven-
tion, there is provided a computer readable recording medium
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having recorded thereon a program for executing the method
of estimating and compensating for motion in image encod-
ing.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029] The above and other features and advantages of the
present invention will become more apparent by describing in
detail exemplary embodiments thereof with reference to the
attached drawings in which:

[0030] FIG. 1 is a diagram of a conventional method of
estimating and compensating for motion when a reference
block is outside a reference frame;

[0031] FIG. 2 is a block diagram illustrating a motion esti-
mation and compensation apparatus for image decoding
according to an exemplary embodiment of the present inven-
tion;

[0032] FIG. 3 is a block diagram illustrating a motion esti-
mation and compensation apparatus for image encoding
according to another exemplary embodiment of the present
invention;

[0033] FIG. 4 is a diagram illustrating a method of gener-
ating an estimation block when a reference block is outside a
reference frame, according to an exemplary embodiment of
the present invention;

[0034] FIG.5 is a diagram illustrating an example of a type
of a search pattern for estimating a region that is outside a
reference frame;

[0035] FIG. 6A provides diagrams illustrating one of vari-
ous methods of estimating a region that is outside a reference
frame;

[0036] FIG. 6B provides diagrams illustrating another
method from among various methods of estimating a region
that is outside a reference frame;

[0037] FIG. 6C provides a diagram illustrating another
method from among various methods of estimating a region
that is outside a reference frame;

[0038] FIG. 7 is a flowchart of a method of estimating and
compensating for motion in image decoding, according to
another exemplary embodiment of the present invention; and
[0039] FIG. 8 is a flowchart of a method of estimating and
compensating for motion in image encoding, according to
another exemplary embodiment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0040] Hereinafter, a method and apparatus for estimating
and compensating for motion in image decoding, and a
method and apparatus for encoding an image, according to
exemplary embodiments of the present invention will now be
described more fully with reference to the accompanying
drawings, in which exemplary embodiments of the invention
are shown.

[0041] FIG. 2 is a block diagram illustrating a motion esti-
mation and compensation apparatus 200 for image decoding
according to an embodiment of the present invention.

[0042] The motion estimation and compensation apparatus
200 for image decoding according to the current embodiment
of the present invention includes a reference block determi-
nation unit 210, and a spatiotemporal estimation block gen-
eration unit 220. The spatiotemporal estimation block gen-
eration unit 220 includes a first block region determination
unit 230, and a second block region determination unit 240.
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[0043] The reference block determination unit 210 deter-
mines a reference block of a reference frame for a current
block of a current frame being decoded.

[0044] When some pixels of the reference block are outside
the reference frame, the spatiotemporal estimation block gen-
eration unit 220 generates a spatiotemporal estimation block
of the current block by using the current frame and the refer-
ence frame.

[0045] For convenience of description, it is assumed that a
block region in the same position as a region included in the
reference frame is defined to be a first block region, wherein
the block region is a part of the reference block, and a block
region in the same position as a region excluded from the
reference frame is defined to be a second block region,
wherein the block region is a part of the reference block.
[0046] The first block region determination unit 230 deter-
mines the first block region of the reference block to be an
estimation region of a first block region of the spatiotemporal
estimation block.

[0047] The second block region determination unit 240
generates an estimation region of a second block region of the
spatiotemporal estimation block by using at least one of pixel
values of neighboring blocks of the current block and pixel
values of the estimation region of the first block region.
[0048] Embodiments related to the second block region
determination unit 240 will be described later in detail with
reference to FIGS. 4 through 6C.

[0049] An aspect of the present invention determines
blocks estimated by the reference block, and in particular, the
spatiotemporal estimation blocks generated by the spatiotem-
poral estimation block generation unit 220 when the refer-
ence block is outside the reference frame, to be a current
block, and as such an image is reconstructed during image
decoding.

[0050] FIG. 3 is a block diagram illustrating a motion esti-
mation and compensation apparatus 300 for image encoding
according to another embodiment of the present invention.
[0051] The motion estimation and compensation apparatus
300 for image encoding according to the current embodiment
of the present invention includes a motion estimation per-
forming unit 310, an estimation block generation unit 320,
and an encoding unit 330.

[0052] The motion estimation performing unit 310
searches for a reference block in a reference frame, wherein
the reference block has a minimum difference compared with
a current block, calculates a motion vector, and thereby per-
forms motion estimation.

[0053] The motion estimation performing unit 310 may
determine a block to be the reference block, wherein the block
has a minimum Sum of Absolute Differences (SAD) between
each pixel value of a block in the reference frame and each
pixel value of the current block. The motion vector may
indicate a positional distance between the current block and
the reference block.

[0054] When some pixels of the reference block are outside
the reference frame, the estimation block generation unit 320
generates an estimation block for the current block by using
the current frame and the reference frame.

[0055] Anembodiment for the estimation block generation
unit 320 is not illustrated. However, similar to the motion
estimation and compensation apparatus 200 for image decod-
ing, the estimation block generation unit 320 includes a first
block region determination unit and a second block region
determination unit which are respectively for a first block
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region and a second block region of the estimation block. The
first and second block region determination units of the esti-
mation block generation unit 320 respectively have the same
operating principle as the first and second block region deter-
mination units of the spatiotemporal estimation block gen-
eration unit 220. Thus, the operating principle of the first and
second block region determination units of the estimation
block generation unit 320 will be described later with refer-
ence to FIGS. 4 through 6C.

[0056] The encoding unit 330 encodes an image by using
the estimation block and the motion vector.

[0057] The encoding unit 330 may determine the estima-
tion block to be the current block, and encode the image by
using a difference value between the current block and the
reference block.

[0058] FIG. 4 is a diagram illustrating a method of gener-
ating an estimation block when a reference block is outside a
reference frame, according to an embodiment of the present
invention.

[0059] Referring to FIG. 4, a method of operating the spa-
tiotemporal estimation block generation unit 220 of the
motion estimation and compensation apparatus 200 for image
decoding, and the estimation block generation unit 320 of the
motion estimation and compensation apparatus 300 for image
encoding will now be described in detail. In particular, a
method of operating the first and second block region deter-
mination units of the spatiotemporal estimation block gen-
eration unit 220 and the estimation block generation unit 320
will now be described in detail.

[0060] A frame 110, a frame 150, and a block 160 respec-
tively indicate a current frame, a reference frame, and a ref-
erence block.

[0061] A region 170 of the reference block 160 indicates a
region included in the reference frame 150. A region 180 of
the reference block 160 indicates a region excluded from the
reference frame 150.

[0062] A block 420 indicates a spatiotemporal estimation
block. Since the spatiotemporal estimation block generated
by the present invention is determined to be a current block,
the block 420 eventually becomes a current block 120.
[0063] A region 430 indicates a first block region of the
spatiotemporal estimation block 420.

[0064] A region 440 indicates a second block region of the
spatiotemporal estimation block 420.

[0065] A region 450 indicates pixels surrounding the cur-
rent block 120, wherein the pixels are from among neighbor-
ing blocks of the current block 120.

[0066] When the reference block 160 related to the current
block 120 is inside the reference frame 150, an estimation
block related to the current block 120 can be determined by a
motion estimation/compensation method that is well-known
to one of ordinary skill in the art. Hereinafter, a case in which
the reference block 160 is outside the reference frame 150
will now be described in detail.

[0067] Asdescribed above, itis assumed that a block region
in the same position as the region 170 included in the refer-
ence frame 150 is defined to be a first block region, wherein
the block region is a part of the reference block 160, and a
block region in the same position as the region 180 excluded
from the reference frame 150 is defined to be a second block
region, wherein the block region is a part of the reference
block 160. Thus, the region 430 and the region 440 respec-
tively become the first block region and the second block
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region, which are of the spatiotemporal estimation block 420
that is to be inserted into the current block 120.

[0068] The first block region determination unit 230 may
determine the first block region 170 of the reference block
160 to be an estimation region of the first block region 430 of
the spatiotemporal estimation block 420.

[0069] The second block region determination unit 240
may generate an estimation region of the second block region
440 of the spatiotemporal estimation block 420 by using at
least one of pixel values of neighboring blocks of the current
block 120, and pixel values of the estimation region of the first
block region 430 of the spatiotemporal estimation block 420.
[0070] The second block region determination unit 240
may use a method of using a search pattern including the
pixels 450, and a method of using values of some of the pixels
450 without a change, wherein the pixels 450 surrounding the
current block 120 are from among pixels of the neighboring
blocks and first block region 430, so as to use the neighboring
blocks of the current block 120 and the estimation region of
the first block region 430 of the spatiotemporal estimation
block 420. The method of using the search pattern will be
described later with reference to FIG. 5, and the method of
using the pixels 450 will be described later with reference to
FIGS. 6A through 6C.

[0071] The first and second block region determination
units of the estimation block generation unit 320 for image
encoding respectively have the same operating principle as
the first and second block region determination units 230 and
240 of the spatiotemporal estimation block generation unit
220 for image decoding.

[0072] FIG. 5 is a diagram illustrating an example of a type
of a search pattern for estimating a region that is outside a
reference frame.

[0073] A method of operating an example of the second
block region determination unit 240 of the spatiotemporal
estimation block generation unit 220 for image decoding, and
an example of the second block region determination unit of
the estimation block generation unit 320 for image encoding
will now be described in detail with reference to FIG. 5.

[0074] A region 510 indicates a search pattern region for
determining the second block region 440.

[0075] A region 520 indicates a similar pattern region
searched for by the search pattern region 510.

[0076] A region 530 indicates an outside estimation region.

[0077] The second block region determination unit 240
may determine pixels of the neighboring blocks of the current
block 120 and pixels surrounding the second block region 440
to be the search pattern region 510, wherein the neighboring
blocks are from among regions reconstructed prior to the
current block 120, and the pixels surrounding the second
block region 440 are part of the first block region 430 of the
spatiotemporal estimation block (estimation block) 420.
[0078] Also, the second block region determination unit
240 may search for the similar pattern region 520 having a
minimum difference compared with the search pattern region
510 in the regions reconstructed prior to the current block
120. The similar pattern region 520 has the same form as the
search pattern region 510, and a region having a minimum
SAD (that is the sum of the absolute values of the difference
between pixel values of the search pattern region 510 and
pixel values of the similar pattern region 520) in the regions
reconstructed prior to the current block 120 is determined to
be the similar pattern region 520.
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[0079] The outside estimation region 530 corresponds to a
region surrounded by the similar pattern region 520 deter-
mined by the search pattern region 510. The second block
region determination unit 240 determines the outside estima-
tion region 530 to be an estimation region of the second block
region 440, and thereby completes the spatiotemporal esti-
mation block (estimation block) 420.

[0080] FIGS. 6A through 6C are diagrams illustrating vari-
ous methods of estimating a region that is outside a reference
frame, according to another embodiment of the present inven-
tion.

[0081] A method of operating an example for the second
block region determination unit 240 of the spatiotemporal
estimation block generation unit 220 forimage decoding, and
an example of the second block region determination unit of
the estimation block generation unit 320 for image encoding
will now be described in detail with reference to FIGS. 6A
through 6C. In particular, the method is related to a method of
determining the second block region 440 by using the afore-
mentioned pixels 450.

[0082] FIG. 6A provides diagrams illustrating one of the
various methods of estimating the region that is outside the
reference frame.

[0083] A block 610 indicates the spatiotemporal estimation
block (estimation block) 420 in which each pixel value of the
first block region 430 is inserted vertically to a boundary line
and to each pixel of the second block region 440.

[0084] A block 620 indicates the spatiotemporal estimation
block (estimation block) 420 in which each pixel value of a
previously reconstructed neighboring block is inserted verti-
cally to a boundary line and to each pixel of the second block
region 440.

[0085] A block 630 indicates the spatiotemporal estimation
block (estimation block) 420 in which each pixel value of the
previously reconstructed neighboring block is inserted hori-
zontally to a boundary line and to each pixel of the second
block region 440.

[0086] The pixel values of the previously reconstructed
neighboring block that is the nearest block to the second block
region 440 of the current block 120 are inserted vertically and
horizontally to the boundary line and to each pixel of the
second block region 440 from the boundary lines between the
current block 120 and the previously reconstructed neighbor-
ing block, such that the estimation blocks 620 and 630 are
generated.

[0087] The pixel values of the first block region 430 that is
the nearest block region to the second block region 440 are
inserted vertically to each pixel of the second block region
440 from the boundary line between the first block region 430
and the second block region 440, and such that the estimation
block 610 is generated.

[0088] FIG. 6B provides diagrams illustrating another
method from among the various methods of estimating the
region that is outside the reference frame.

[0089] A block 640 indicates the spatiotemporal estimation
block (estimation block) 420 in which the pixel values of the
previously reconstructed neighboring block are inserted
diagonally left to each pixel of the second block region 440.
[0090] A block 650 indicates the spatiotemporal estimation
block (estimation block) 420 in which the pixel values of the
previously reconstructed neighboring block are inserted
diagonally right to each pixel of the second block region 440.
[0091] A block 660 indicates the spatiotemporal estimation
block (estimation block) 420 in which each pixel value of the
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first block region 430 is inserted diagonally right to each pixel
of the second block region 440.

[0092] Ablock 670 indicates the spatiotemporal estimation
block (estimation block) 420 in which each pixel value of the
first block region 430 is inserted diagonally left to each pixel
of the second block region 440.

[0093] The pixel values of the previously reconstructed
neighboring block that is the nearest block to the second block
region 440 ofthe current block 120 are inserted diagonally to
the boundary line and to each pixel of the second block region
440 from the boundary line between the current block 120 and
the previously reconstructed neighboring block, such that the
estimation blocks 640 and 650 are generated.

[0094] The pixel values of the first block region 430 that is
the nearest block region to the second block region 440 are
inserted diagonally to each pixel of the second block region
440 from the boundary line between the first block region 430
and the second block region 440, such that the estimation
blocks 660 and 670 are generated.

[0095] FIG. 6C provides a diagram illustrating another
method from among the various methods of estimating the
region that is outside the reference frame.

[0096] A block 680 indicates the spatiotemporal estimation
block (estimation block) 420 in which an average value of
pixel values included in the region 510 is determined by
estimation pixel values of the second block region 440.
[0097] The estimation block 680 determines an average
value of pixel values of the previously reconstructed neigh-
boring blocks from among neighboring blocks of the current
block 120, and a region that is the same as the search pattern
region 510 that comprises pixels of the first block region 430,
wherein the pixels are the nearest pixels to the second block
region 440, to be an estimation region.

[0098] FIG. 7 is a flowchart of a method of estimating and
compensating for motion in image decoding, according to
another embodiment of the present invention.

[0099] In operation 710, a reference block of a reference
frame for a current block of a current frame is determined by
using a received frame and a motion vector.

[0100] Inoperation 720, when some pixels of the reference
block are outside the reference frame, a spatiotemporal esti-
mation block for the current block is generated by using the
current frame and the reference frame.

[0101] Inthe current embodiment, the spatiotemporal esti-
mation block is divided into a first block region correspond-
ing to a region included in the reference frame, wherein the
region is a part of the reference block, and a second block
region corresponding to a region excluded from the reference
frame, wherein the region is a part of the reference block, and
as such the spatiotemporal estimation block corresponding to
the respective regions is generated. That is, temporal estima-
tion using pixel values of the reference block is performed on
the first block region of the spatiotemporal estimation block,
and spatial estimation using pixel values of a neighboring
block of the current block is performed on the second block
region of the spatiotemporal estimation block.

[0102] FIG. 8is a flowchart of a method of estimating and
compensating for motion in image encoding, according to
another embodiment of the present invention.

[0103] In operation 810, a reference block having a mini-
mum difference compared with a current block is searched for
in a reference frame, a motion vector is calculated, and
thereby motion estimation is performed.
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[0104] Inoperation 820, when some pixels of the reference
block are outside the reference frame, an estimation block for
the current block is generated by using a current frame and the
reference frame.

[0105] In the current embodiment, the spatiotemporal esti-
mation block is divided into a first block region correspond-
ing to a region included in the reference frame, wherein the
region is a part of the reference block, and a second block
region corresponding to a region excluded from the reference
frame, wherein the region is a part of the reference block, and
as such the spatiotemporal estimation block corresponding to
the respective regions is generated. That is, temporal estima-
tion using pixel values of the reference block is performed on
the first block region of the spatiotemporal estimation block,
and spatial estimation using pixel values of a neighboring
block of the current block is performed on the second block
region of the spatiotemporal estimation block.

[0106] In operation 830, an image is encoded by using the
estimation block and the motion vector. In this manner,
motion compensation is performed during image encoding
and then the image to be encoded is reconstructed. Thus, it is
possible to use the image in which information regarding
motion is more accurately reflected.

[0107] When the reference block, which is selected by the
motion vector, for the current block has the region that is
outside the reference frame, the method and apparatus for
estimating and compensating for the motion in image decod-
ing according to the present invention use information of the
region included in the neighboring block of the current block
and the reference frame. Accordingly, the method and appa-
ratus can accurately estimate and compensate for the motion
in comparison with the conventional technology.

[0108] While the conventional technology uses a padding
method which depends on limited information corresponding
to boundary pixels of a reference frame, the method and
apparatus for estimating and compensating for motion in
image decoding according to the present invention use the
information of the region included in the neighboring block
and the reference frame. By doing so, the method and appa-
ratus has reflected therein correlation with the reference
frame, thereby has high compression efficiency. In particular,
the compression efficiency of an active image sequence hav-
ing panning, tilting, zooming in/out, fast camera motion, and
fast object motion is greatly increased.

[0109] Among exemplary embodiments of the present
invention, an effect of the method of estimating and compen-
sating for motion in image decoding is higher than an effect of
the method of estimating and compensating for motion in
image encoding, in terms of calculation time.

[0110] The present invention can be applied to video
codecs based on temporal motion estimation, or to all meth-
ods and apparatuses such as mobile phones, camcorders,
digital cameras, Portable Multimedia Players (PMPs), next-
generation Digital Video Discs (DVDs), software video
codes, and the like which are capable of using the video
codecs.

[0111] Exemplary embodiments of the present invention
can be written as computer programs and can be implemented
in general-use digital computers that execute the programs
using a computer readable recording medium and other
media. In addition, a data structure used in the embodiments
of'the present invention can be written in a computer readable
recording medium through various means. Examples of the
computer readable recording medium include magnetic stor-
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age media (e.g., ROM, floppy disks, hard disks, etc.) and
optical recording media (e.g., CD-ROMs, or DVDs) An
example of other media is carrier waves (e.g., transmission
through the Internet).

[0112] While this 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
invention as defined by the appended claims. The exemplary
embodiments should be considered in a descriptive sense
only and not for purposes of limitation. Therefore, the scope
of the invention is defined not by the detailed description of
the invention but by the appended claims, and all differences
within the scope will be construed as being included in the
present invention.

What is claimed is:
1. A method of estimating and compensating for motion in
image decoding, the method comprising:
determining a reference block of a reference frame indi-
cated by a motion vector of a current block of a current
frame being decoded; and
generating a spatiotemporal estimation block of the current
block by using the current frame and the reference
frame, when some pixels of the reference block are
outside the reference frame.
2. The method of claim 1, wherein, when a block region in
a same position as a region included in the reference frame is
defined to be a first block region, wherein the block region is
a part of the reference block, and a block region in a same
position as a region excluded from the reference frame is
defined to be a second block region, wherein the block region
is a part of the reference block, the generating of the spa-
tiotemporal estimation block comprises:
determining the first block region of the reference block to
be an estimation region of the first block region of the
spatiotemporal estimation block; and
generating an estimation region of the second block region
of the spatiotemporal estimation block by using at least
one of pixel values of neighboring blocks of the current
block, and pixel values of an estimation region of the
first block region.
3. The method of claim 1, wherein, when a block region in
a same position as a region included in the reference frame is
defined to be a first block region, wherein the block region is
a part of the reference block, and a block region in a same
position as a region excluded from the reference frame is
defined to be a second block region, wherein the block region
is a part of the reference block, the generating of the spa-
tiotemporal estimation block comprises:
determining pixels of neighboring blocks of the current
block and pixels surrounding the second block region to
be a search pattern region, wherein the neighboring
blocks are from among regions reconstructed prior to the
current block, and the pixels surrounding the second
block region are part of the first block region of the
spatiotemporal estimation block, when the spatiotempo-
ral estimation block is allocated to the current block;
searching for an outside estimation region surrounded by a
similar pattern region having a minimum difference
compared with the search pattern region in the regions
reconstructed prior to the current block; and
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determining the outside estimation region to be an estima-
tion region of the second block region of the spatiotem-
poral estimation block.

4. The method of claim 3, wherein the searching for the
outside estimation region comprises searching for the similar
pattern region having a same form as the search pattern region
in the regions reconstructed prior to the current block, and
having a minimum SAD (Sum of Absolute Differences)
between pixel values of the search pattern region and pixel
values of the similar pattern region.

5. The method of claim 3, wherein the determining of the
estimation region of the second block region of the spatiotem-
poral estimation block comprises:

selecting at least one of a pixel line of the neighboring

blocks of the current block and a pixel line surrounding
the second block region, wherein the pixel line sur-
rounding the second block region is a part of the first
block region of the spatiotemporal estimation block,
when the spatiotemporal estimation block is allocated to
the current block; and

determining pixels of the selected pixel line to be estima-

tion pixels related to pixels of the second block region
located either vertically or diagonally to the selected
pixel line.

6. The method of claim 3, wherein the determining of the
estimation region of the second block region of the spatiotem-
poral estimation block comprises determining an average
value between pixel values of the neighboring blocks of the
current block and pixel values surrounding the second block
region to be an estimation pixel value of the second block
region, wherein the pixel values surrounding the second block
region are a part of the first block region of the spatiotemporal
estimation block, when the spatiotemporal estimation block
is allocated to the current block.

7. A method of estimating and compensating for motion in
image encoding, the method comprising:

searching for a reference block having a minimum differ-

ence compared with a current block in a reference frame,
calculating a motion vector, and thereby performing
motion estimation;

generating an estimation block for the current block by

using a current frame and the reference frame, when
some pixels of the reference block are outside the refer-
ence frame; and

encoding an image by using the estimation block and the

motion vector.

8. The method of claim 7, wherein, when a block region in
a same position as a region included in the reference frame is
defined to be a first block region, wherein the block region is
a part of the reference block, and a block region in a same
position as a region excluded from the reference frame is
defined to be a second block region, wherein the block region
is a part of the reference block, the generating of the estima-
tion block comprises:

determining the first block region of the reference block to

be an estimation region of the first block region of the
estimation block; and

generating an estimation region of the second block region

of'the estimation block by using at least one of pixels of
neighboring blocks of the current block and pixels of an
estimation region of the first block region.

9. The method of claim 8, wherein the generating of the
estimation region of the second block region of the estimation
block comprises:
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determining the pixels of the neighboring blocks of the
current block and pixels surrounding the second block
region to be a search pattern region, wherein the neigh-
boring blocks are from among regions reconstructed
prior to the current block, and the pixels surrounding the
second block region are part of the first block region of
the estimation block, when the estimation block is allo-
cated to the current block;

searching for an outside estimation region surrounded by a
similar pattern region having a minimum difference
compared with the search pattern region in the regions
reconstructed prior to the current block; and

determining the outside estimation region to be an estima-
tion region of the second block region of the estimation
block.

10. The method of claim 9, wherein the searching for the
outside estimation region comprises:

searching for the similar pattern region having a same form
as the search pattern region in the regions reconstructed
prior to the current block, and

having a minimum SAD between pixel values of the search
pattern region and pixel values of the similar pattern
region.
11. The method of claim 8, wherein the generating of the
estimation region of the second block region of the estimation
block comprises:

selecting at least one of a pixel line of the neighboring
blocks of the current block and a pixel line surrounding
the second block region, wherein the pixel line sur-
rounding the second block region is a part of the first
block region of the estimation block, when the estima-
tion block is allocated to the current block; and

determining pixels of the selected pixel line to be estima-
tion pixels related to pixels of the second block region
located either vertically or diagonally to the selected
pixel line.

12. The method of claim 8, wherein the generating of the
estimation region of the second block region of the estimation
block comprises determining an average value between pixel
values of the neighboring blocks of the current block and
pixel values surrounding the second block region to be an
estimation pixel value ofthe second block region, wherein the
pixel values surrounding the second block region are a part of
the first block region of the estimation block, when the esti-
mation block is allocated to the current block.

13. A motion estimation and compensation apparatus in
image decoding, the motion estimation and compensation
apparatus comprising:

a reference block determining unit which determines a

reference block of a reference frame for a current block
of a current frame being decoded; and

a spatiotemporal estimation block generation unit which
generates a spatiotemporal estimation block of the cur-
rent block by using the current frame and the reference
frame, when some pixels of the reference block are
outside the reference frame.

14. The motion estimation and compensation apparatus of
claim 13, wherein, when a block region in a same position as
aregion included in the reference frame is defined to be a first
block region, wherein the block region is a part of the refer-
ence block, and a block region in a same position as a region
excluded from the reference frame is defined to be a second
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block region, wherein the block region is a part of the refer-
ence block, the spatiotemporal estimation block generation
unit comprises:

a first block region determination unit which determines
the first block region of the reference block to be an
estimation region of the first block region of the spa-
tiotemporal estimation block; and

asecond block region determination unit which determines
pixels of neighboring blocks of the current block and
pixels surrounding the second block region to be a
search pattern region, wherein the pixels surrounding
the second block region are part of the first block region
of'the spatiotemporal estimation block, and determines a
region corresponding to the second block region of the
spatiotemporal estimation block in the current frame by
using the determined search pattern region, when the
spatiotemporal estimation block is allocated to the cur-
rent block.

15. The motion estimation and compensation apparatus of
claim 13, wherein, when a block region in a same position as
aregion included in the reference frame is defined to be a first
block region, wherein the block region is a part of the refer-
ence block, and a block region in a same position as a region
excluded from the reference frame is defined to be a second
block region, wherein the block region is a part of the refer-
ence block, the spatiotemporal estimation block generation
unit comprises:

a first block region determination unit which determines
the first block region of the reference block to be an
estimation region of the first block region of the spa-
tiotemporal estimation block; and

a second block region determination unit which selects at
least one of a pixel line of neighboring blocks of the
current block and a pixel line surrounding the second
block region, wherein the pixel line surrounding the
second block region is a part of the first block region of
the spatiotemporal estimation block, and determines an
estimation region of the second block region of the spa-
tiotemporal estimation block in the current frame by
using the selected pixel line, when the spatiotemporal
estimation block is allocated to the current block.

16. A motion estimation and compensation apparatus in
image encoding, the motion estimation and compensation
apparatus comprising:

a motion estimation performing unit which searches for a
reference block having a minimum difference compared
with a current block in a reference frame, calculates a
motion vector, and thereby performs motion estimation;

an estimation block generation unit which generates an
estimation block for the current block by using a current
frame and the reference frame, when some pixels of the
reference block are outside the reference frame; and
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an encoding unit which encodes an image by using the

estimation block and the motion vector.

17. The motion estimation and compensation apparatus of
claim 16, wherein, when a block region in a same position as
aregion included in the reference frame is defined to be a first
block region, wherein the block region is a part of the refer-
ence block, and a block region in a same position as a region
excluded from the reference frame is defined to be a second
block region, wherein the block region is a part of the refer-
ence block, the estimation block generation unit comprises:

a first block region determination unit which determines

the first block region of the reference block to be an
estimation region of the first block region of the estima-
tion block; and

a second block region determination unit which determines

pixels of neighboring blocks of the current block and
pixels surrounding the second block region to be a
search pattern region, wherein the pixels surrounding
the second block region are part of the first block region
of the estimation block, and determines a region corre-
sponding to the second block region of the estimation
block in the current frame by using the determined
search pattern region, when the estimation block is allo-
cated to the current block.

18. The motion estimation and compensation apparatus of
claim 16, wherein, when a block region in a same position as
aregion included in the reference frame is defined to be a first
block region, wherein the block region is a part of the refer-
ence block, and a block region in a same position as a region
excluded from the reference frame is defined to be a second
block region, wherein the block region is a part of the refer-
ence block, the estimation block generation unit comprises:

a first block region determination unit which determines

the first block region of the reference block to be an
estimation region of the first block region of the estima-
tion block; and

a second block region determination unit which selects at

least one of a pixel line of the neighboring blocks of the
current block and a pixel line surrounding the second
block region, wherein the pixel line surrounding the
second block region is a part of the first block region of
the estimation block, and determines an estimation
region of the second block region of the estimation block
in the current frame by using the selected pixel line,
when the estimation block is allocated to the current
block.

19. A non-transitory computer readable recording medium
having recorded thereon a program for executing the method
of claim 1.

20. A non-transitory computer readable recording medium
having recorded thereon a program for executing the method
of claim 7.



