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Description
METHOD AND APPARATUS FOR INTERPOLATING A
REFERENCE PIXEL IN AN ANNULAR IMAGE AND

ENCODING/DECODING AN ANNULAR IMAGE
Technical Field

[1] The present invention relates to a method and apparatus for interpolating a

reference pixel in an annular image and for encoding/decoding an annular image.
Background Art
[2] With the development of various digital technologies relating to hardware and

software, the age where independent communication media are used has gone, and the
Ubiquitous Age where people can receive online any service anywhere and at any time
1s coming. Users 1n the Ubiquitous Age desire to freely obtain and use information as
they use parts of their bodies. As a prelude, interactive broadcasting and three-
dimensional (3D) broadcasting are being researched and developed more actively than
ever before. For interactive broadcasting and 3D broadcasting, 3D video camera
systems such as stereoscopic camera systems, omnidirectional video systems, or
multiview camera systems are required.

[3] To standardize the compression of a 3D image obtained from a 3D video camera
system, the Moving Picture Expert Group (MPEG) has established 3D Audio Visual

(3DAYV) Exploration Experiments (EE) -1 through EE-4, which are currently under
research. In 3DAV EE-1, research on omnidirectional-video compression is being
performed, but only the topic of image transformation is handled.

[4] Because conventional video compression methods such as MPEG-1, MPEG-2,
MPEG-4, H.263, and H.264 have been designed for two-dimensional (2D) images,
they cannot be applied to the compression of 3D images, in particular, omnidirectional-
video compression. Unlike a general picture, an annular image created using a hy-
perboloid mirror includes 360° of information and has a unique circular distortion. Due
to the characteristic of the annular 1mage, the use of a conventional 2D video coding
algorithm for an annular image would lead to degradation in the efficiency of
prediction and compression of the image.

[5] An annular image i1s obtained by reflecting an image off a mirror and capturing the
reflected image by a camera in a mirror-based camera system using omnidirectional
cameras. An annular image includes 360° of whole view information. FIG. 1 illustrates
an example of an annular image. The annular image can be captured using an omnidi-
rectional image sensor which can receive 360°-whole view information from the center

of projection unlike conventional image sensors having a limited field of view (FOV).
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If a codec for a general 2D 1mage 1s applied to an annular 1mage, the efficiency of a
prediction algorithm such as intraprediction and interprediction using spatial and
temporal correlations 1s degraded due to the spatial distortion resulting from the char-
acteristic of the annular image. This 1s because the degree of distortion of the annular
image 1s greater than that of the 2D image. For example, when an object moves
vertically as shown 1n FIGS. 2A and 2B, as long as a distance between a camera and
the object 1s maintained constant, the shape of the object 1s not distorted 1in a 2D 1mage
even when the object moves. However, the shape of the object 1s easily distorted due to
the characteristic of a hyperboloid mirror in an omnidirectional camera.

Since the annular image spatially has a distortion ratio similar to number 7 , the
spatial correlation degrades, causing a significant reduction in the efficiency in inter-
prediction. Since the shape of the object is not maintained constant, but is severely
distorted by a temporal movement as shown in FIGS. 2A and 2B, the temporal
correlation degrades. For these reasons, it 1s difficult to accurately match motion
vectors, and a reference pixel having low spatial correlation 1s referred to during 1/2 or
1/4 pixel-based interpolation, causing degradation of the coding efficiency.

In the following description, existing prediction methods will be introduced based
on H.264, which is one of the 2D moving picture coding methods.

Interprediction creates a prediction model from at least one previously-encoded
video frame or field using block-based motion compensation.

A partition and a sub-partition of an inter-coded macroblock are predicted from a
partition and a sub-partition of a reference image which have the same sizes and
positions as those of the partition and the sub-partition of the inter-coded macroblock.
With regard to positions, luminance components have a 1/4-pixel resolution and
chrominance components have a 1/8-pixel resolution. Since samples corresponding to
luminance and chrominance component samples at a sub-sample position cannot be
found 1n a reference image, the luminance and chrominance component samples are 1n-
terpolated using adjacent coded samples.

Referring to FIG. 3A, a 4x4 block of a current frame 1s predicted from an area
around a corresponding 4x4 block of a reference image. If both horizontal and vertical
components of a motion vector are integers (1, -1), appropriate reference block
samples exist in the form of gray dots in the reference image, as shown in FIG. 3B. If
one or two components of a motion vector are decimals (0.75, -0.5), prediction
samples expressed by gray dots are interpolated between adjacent samples such as
white dots, in a reference frame, as shown in FIG. 3C.

[Luminance component interpolation in units of a 1/4 pixel is directed to obtaining a
luminance component at a 1/2 pixel position by applying a 6-tap filter having a co-

efficient of (1, -5, 20, 20, -5, 1) in horizontal and vertical directions of a luminance
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pixel at an integer position and obtaining a 1/4 pixel-based luminance sample by
averaging samples at an integer position and a 1/2 pixel position. Since a chrominance
component has a resolution that 1s half of that of a luminance component, when a 1/4
pixel-based motion vector of the luminance component 1s used for motion com-
pensation of the chrominance component, it 1s recognized as a 1/8 pixel-based motion
vector. Thus, chrominance component interpolation in units of a 1/8 pixel 1s required.

For interpolation, pixel values are calculated using the following equations. A pixel
b in FIG. 4 1s calculated using equation (1):

b = round((E-SF+20G4+20H-5I4+J)/32) ..vvvvriiiiiiiiniiiiceeeen(1)

After the luminance component at a 1/2 pixel position is obtained using the 6-tap
filter, a 1/4 pixel a 1s calculated as follows:

a = round((G+b+1)/2)

For example, referring to FIG. 5A, the pixel a 1s obtained using a pixel G and the
pixel b, referring to FIG. 5B, a pixel d 1s obtained using the pixel G and a pixel h, and
referring to FIG. 5C, a pixel e is obtained using the pixel b and the pixel h.

As such, according to a conventional interpolation method, interpolation is
performed using reference pixels in a horizontal or vertical direction without
considering the distortion characteristic of an image. However, when interpolation 1is
performed on an annular 1mage using reference pixels 1n a horizontal or vertical
direction like in the conventional interpolation method, spatial correlation 1s degraded
and thus prediction of a pixel 1s not correctly performed. For example, as shown 1n
FIGS. 6A and 6B, blocking effects arise.

FIGS. 6A and 6B are reference diagrams illustrating blocking effects in inter-

prediction of an annular image according to the prior art.
Disclosure of Invention
Technical Problem

Since a basic processing unit of all moving picture codecs is a 2D square block or
macroblock, errors as shown in FIGS. 6A and 6B occur when an annular image having
circular distortion 1s processed. In FIGS. 6A and 6B, interprediction data of an annular
image extracted from a H.264 baseline profile are shown. Referring to FIG. 6B, a
portion of a human face shape 1s empty. The blocking effects as shown in FIGS. 6A
and 6B occur because coordinates from which reference pixels of a 6-tap filter of a 1/2
pixel and a 1/4 pixel used 1n interprediction have low spatial correlation.

Technical Solution
The present invention provides a method and apparatus for interpolating a reference
pixel in an annular image, in which interprediction of the annular image can be ef-

fectively performed through interpolation using spatial correlation of the annular i1mage

CA 02576679 2007-02-09
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based on the distortion characteristic of the annular image, and a method and apparatus

for encoding/decoding an annular image.

Advantageous Effects
According to an exemplary embodiment of the present invention, pixel in-
terpolation in encoding/decoding of an annular image 1s performed using reference
pixels according to the distorted shape of the annular image, instead of using reference
pixels in a vertical or horizontal direction, thereby effectively performing prediction

with the maximal use of the characteristic of the annular image.

Description of Drawings

FIG. 1 illustrates an example of a conventional annular image;

FIGS. 2A and 2B are reference diagrams illustrating distortion of a conventional
two dimensional (2D) image due to the vertical movement of an object;

FIGS. 3A through 3C are reference diagrams illustrating conventional integer-pixel
and sub-pixel prediction;

FIG. 4 1s a reference diagram illustrating directions of a 1/2 reference pixel
according to the prior art;

FIGS. 5A through 5C are reference diagrams illustrating interpolation at a 1/4 pixel
position according to the prior art;

FIGS. 6A and 6B are reference diagrams illustrating blocking effects in inter-
prediction of an annular image according to the prior art;

FIG. 7 1s a schematic block diagram of exemplary an encoding/decoding system
according to an exemplary embodiment of the present invention,;

FIG. 8 1s a detailed block diagram of an exemplary encoder according to an
exemplary embodiment of the present invention;

FIG. 9 1s a flowchart illustrating an exemplary operation of the encoder of FIG. 8
according to an exemplary embodiment of the present invention,;

FIG. 10 is a detailed block diagram of an exemplary decoder according to an
exemplary embodiment of the present invention;

FIG. 11 1s a flowchart illustrating an exemplary operation of the decoder of FIG. 10
according to an exemplary embodiment of the present invention,;

FIG. 12A 1illustrates a 2D polar coordinate system,;

FIG. 12B illustrates directivities according to the movement of a point P;

FIGS. 12C and 12D are views for explaining the concepts of a horizontal direction
in a 2D 1mage and a circle ratio curve in a 3D annular image;

FIGS. 12E and 12F are views for explaining the concepts of a vertical direction in a
2D image and an angle in a 3D annular image;

FIG. 13A illustrates directivities in the first quadrant of an annular image;
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FIG. 13B illustrates exemplary positions of reference pixels in 1/2 pixel-based in-
terpolation due to distortion shown in FIG. 13A according to an embodiment of the
present invention;

FIG. 14A 1illustrates directivities in the second quadrant of an annular 1mage;

FIG. 14B illustrates exemplary positions of a reference pixel in 1/2 pixel-based in-
terpolation due to distortion shown in FIG. 14A according to an embodiment of the
present invention;

FIG. 15A illustrates directivities in a horizontal direction of an annular i1mage;

FIG. 15B illustrates exemplary positions of reference a pixel in 1/2 pixel-based in-
terpolation due to distortion shown in FIG. 15A according to an embodiment of the
present invention;

FIG. 16A 1illustrates a prediction result of H.264 according to the prior art; and

FIG. 16B 1llustrates a prediction result of H.264 according to an embodiment of the

present invention.
Best Mode

According to an exemplary aspect of the present invention, there is provided a
method of interpolating an object reference pixel in an annular image. The method
comprises selecting a plurality of reference pixels arranged in a direction of the
distortion of the annular image and interpolating the object reference pixel to be in-
terpolated based on the selected plurality of reference pixels.

The plurality of reference pixels may be arranged along the circumference of a
circle having a radius between the center of the annular image and the object reference
pixel and are located within a predetermined distance from the object reference pixel.

The selection of the plurality of reference pixels may comprise selecting the
plurality of reference pixels using the positions of the plurality of reference pixels,
which are determined using a predetermined equation or selecting the plurality of
reference pixels using a table that stores the positions of the plurality of reference
pixels arranged along the circumference of the circle.

The interpolation of the object reference pixel may comprise applying different
predetermined weights to the plurality of reference pixels and obtaining the object
reference pixel by adding the reference pixels to which the different predetermined
weights are applied.

According to another aspect of the present invention, there 1s provided an apparatus
for interpolating an object reference pixel in an annular image. The apparatus
comprises a reference pixel selecting unit and an interpolating unit. The reference pixel
selecting unit selects a plurality of reference pixels arranged in a direction of the
distortion of the annular image. The interpolating unit interpolates the object reference

pixel to be interpolated based on the selected plurality of reference pixels.

CA 02576679 2007-02-09
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[51] According to still another exemplary aspect of the present invention, there 1s
provided a method of encoding an annular image. The method comprises interpolating
an object reference pixel to be interpolated based on a plurality of reference pixels
arranged along the circumference of a circle having a radius between the center of the
annular 1mage and the position of the object reference pixel to perform motion
estimation on the annular 1mage, thereby determining a prediction macroblock for a
current macroblock and performing a discrete cosine transform (DCT) on a difference
between the prediction macroblock and the current macroblock, quantizing DCT co-
efficients, reordering the quantized DCT coefficients, and entropy-encoding the
reordered DCT coefficients.

[52] According to yet another exemplary aspect of the present invention, there 1s
provided an apparatus for encoding an annular image. The apparatus comprises a
motion estimation and compensation unit, a discrete cosine transform (DCT) unit, a
quantization unit, a reordering unit, and an entropy encoding unit. The motion
estimation and compensation unit interpolates an object reference pixel to be in-
terpolated based on a plurality of reference pixels arranged along the circumference of
a circle having a radius between the center of the annular image and the position of the
object reference pixel to perform motion estimation on the annular image, thereby de-
termining a prediction macroblock for a current macroblock. The DCT unit performs
DCT on a difference between the prediction macroblock and the current macroblock.
The quantization unit quantizes DCT coefficients. The reordering unit reorders the
quantized DCT coefficients. The entropy encoding unit entropy-encodes the reordered
DCT coefficients.

[53] According to yet another exemplary aspect of the present invention, there 1s
provided a method of decoding an annular image. The method comprises entropy-
decoding a received encoded bitstream, reordering entropy-decoded data samples,
inversely quantizing the reordered data samples, and performing inverse discrete
cosine transform (DCT) on the inversely quantized data samples, thereby generating
inverse DCT coefficients, interpolating an object reference pixel to be interpolated
based on a plurality of reference pixels arranged along the circumference of a circle
having a radius between the center of the annular image and the position of the object
reference pixel, thereby determining a prediction macroblock for a current macroblock,
and adding a macroblock composed of the inverse DCT coefficients and the prediction
macroblock.

[54] According to still another exemplary aspect of the present invention, there 1s
provided an apparatus for decoding an annular image. The apparatus comprises an
entropy decoding unit, a reordering unit, an inverse quantization unit, an inverse

discrete cosine transform (DCT) unit, a motion compensation unit, and an adder. The

CA 02576679 2007-02-09
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entropy decoding unit entropy-decodes a received encoded bitstream. The reordering
unit reorders entropy-decoded data samples. The inverse quantization unit inversely
quantizes the reordered data samples. The inverse DCT unit generates inverse DCT co-
efficients by performing inverse DCT on the inversely quantized data samples. The
motion compensation unit interpolates an object reference pixel to be interpolated
based on a plurality of reference pixels arranged along the circumference of a circle
having a radius between the center of the annular image and the position of the object
reference pixel, thereby determining a prediction macroblock for a current macroblock.
The adder adds a macroblock composed of the inverse DCT coefficients and the

prediction macroblock.
Mode for Invention
[55] FIG. 7 1s a schematic block diagram of an exemplary encoding/decoding system

according to an exemplary embodiment of the present invention.

[56] An encoder 100 according to an exemplary embodiment of the present invention
receives an annular image and performs interpolation in interprediction based on the
direction of the distortion of the annular image, thereby encoding the annular image.
The encoded annular 1mage 1s received by a decoder 200 through a network and the
decoder 200 performs interpolation in interprediction based on the direction of the
distortion of the encoded annular image, thereby decoding the encoded annular image.
The decoded annular image 1s converted into a plane image by a plane image converter
300 and 1s then output to a user.

[S57] The encoding/decoding system according to an exemplary embodiment of the
present invention performs interpolation using reference pixels based on a distorted
shape of an annular image, instead of using reference pixels in a vertical or horizontal
direction, during encoding and decoding of the annular image, thereby effectively
performing prediction with the maximal use of the characteristic of the annular 1mage.

[58] FIG. 8 1s a detailed block diagram of the exemplary encoder 100 according to an
exemplary embodiment of the present invention.

[59] Referring to FIG. 8, the encoder 100 comprises a motion estimation unit 1, a
motion compensation unit 2, an adder 3, a discrete cosine transform (DCT) unit 4, a
quantization unit 5, a reordering unit 6, an entropy encoder 7, an inverse quantization
unit 9, an inverse DCT unit 8, and an adder 12.

[60] The encoder 100 comprises two data flow paths. One of the data flow paths 1s a
forward path progressing from left to right and the other is a reconstruction path
progressing from right to left.

[61] First, the forward path will be described.

[62] An 1nput video frame F to be encoded 1s processed in units of a macroblock

(corresponding to a 16x16 luminance area and a color difference associated with the

CA 02576679 2007-02-09
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[63]

[64]

[65]

[66]

[67]

[63]

16x16 luminance area).

The motion estimation unit 1 compares the current video frame F and a reference
frame F . that has been previously encoded to select a 16x16 refere;ce area that 1s
determined to be the same as or similar to a current macroblock of the current video
frame Fl1 from the reference frame F i A difference between the position of the
current macroblock and the position of the selected 16x16 reference area 1s a motion
vector.

The motion estimation unit 1 comprises a reference pixel interpolation unit 10 and
a motion vector prediction unit 11. A current macroblock of a current frame 1s
predicted from an area of a reference frame which 1s adjacent to the position of the
current macroblock. When a horizontal motion vector and a vertical motion vector are
integers, associated samples actually exist in a reference macroblock. However, when
one or two vectors are decimals, the reference pixel interpolation unit 10 generates a
prediction sample through interpolation between adjacent samples in the reference
frame. In particular, according to an exemplary embodiment of the present invention,
the reference pixel interpolation unit 10 interpolates a reference pixel based on the
distortion of an annular image in view of the fact that an input image 1s an annular
image. In other words, the reference pixel interpolation unit 10 performs interpolation
using reference pixels arranged in the direction of the distortion of the annular image,
instead of using reference pixels in a horizontal or vertical direction. Here, the
reference pixels arranged in the direction of the distortion of the annular image indicate
a plurality of pixels that are arranged along the circumference of a circle having a
radius between the center of the annular image and a reference pixel to be interpolated
and are adjacent to the reference pixel to be interpolated.

The motion vector prediction unit 11 selects a reference area determined to be most
similar to the current macroblock from the reference frame F s comprising a pixel in-
terpolated by the reference pixel interpolating unit 10 and predicts a difference
between the position of the current macroblock and the selected reference area as a
motion vector.

The motion compensation unit 2 generates a prediction macroblock P (i.e., the
16x16 reference area selected through motion estimation) that 1s motion compensated
according to the predicted motion vector.

The adder 3 subtracts the prediction macroblock P from the current macroblock,
thereby generating a difference macroblock Dn.

The difference macroblock Dl1 1s transformed by the DCT unit 4 and quantized by
the quantization unit 5 to generate a quantized transform coefficient X. Quantized
transform coefficients X are reordered and run-level coded by the reordering unit 6,

and entropy coded by the entropy encoding unit 7. Entropy coded coefficients generate
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a compressed bitstream, along with additional information required for decoding a
macroblock. The addition information comprises motion vector information and header
information. The compressed bitstream 1s transmitted to a network abstraction layer
(NAL) for transmission or storage.

The reconstruction path 1s as follows.

Encoded coefficients X are decoded for reconstruction of a frame used to encode
another macroblock. In other words, the encoded coefficients X are inversely
quantized by the inverse quantization unit 9 and inversely transformed by the inverse
DCT unit 8, thus generating a difference macroblock D '. The difference macroblock
D 'is different from the original difference macrobloclé1 D under the influence of
si;nal loss. n

The prediction macroblock P 1s added to the difference macroblock D ' by the
adder 12, thereby generating a reconstructed macroblock. The reconstructned
macroblock is a distorted version of the original macroblock. To reduce the effect of
distortion, a filter (not shown) 1s further included and a reconstructed reference frame
may be generated from a macroblock F' .

FIG. 9 1s a flowchart illustrating an exemplary operation of the encoder 100 of FIG.
8 according to an exemplary embodiment of the present invention.

Referring to FIG. 9, in operation 910, the motion estimation 1 performs in-
terpolation based on a plurality of reference pixels arranged along the circumference of
a circle having a center that 1s the same as that of an input annular image, thereby
estimating motion of the annular image.

In operation 920, the motion compensation unit 2 performs motion compensation
using a motion vector that 1s the result of the motion estimation, thereby generating a
prediction macroblock. In operation 930, the DCT unit 4 performs DCT on a
difference macroblock between the prediction macroblock and a current macroblock.
The quantization unit 5 quantizes DCTed samples in operation 940. The reordering
unit 6 recorders and runlevel-codes the quantized samples in operation 950 and the
entropy encoding unit 7 entropy-encodes the resulting samples in operation 960.

FIG. 10 1s a detailed block diagram of the exemplary decoder 200 according to an
exemplary embodiment of the present invention.

Referring to FIG. 10, the decoder 200 comprises an entropy decoding unit 21, a
reordering unit 22, an inverse quantization unit 23, an inverse DCT unit 24, an adder
25, and a motion compensation unit 26.

The entropy decoding unit 21 of the decoder 200 receives a compressed bitstream
from a NAL and entropy-decodes the compressed bitstream to extract a coefficient, a
motion vector, and a header for each macroblock.

The reordering unit 22 generates a transformed macroblock X by performing a

CA 02576679 2007-02-09
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[80]
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process that 1s inverse to run-level coding and reordering of the encoder 100. The
inverse quantization unit 23 inversely quantizes the macroblock X and the inverse
DCT unit 24 performs inverse DCT on the inversely quantized macroblock X, thereby
generating a difference macroblock D' .

The motion compensation unit 26 (iletermines a motion-compensated prediction
macroblock P using a motion vector to search in a previous reference frame of the
decoder 200 for the position of a reference area.

The motion compensation unit 26 comprises a reference pixel interpolation unit 27
and a prediction macroblock determining unit 28. The reference pixel interpolation unit
2’7 functions similarly to the reference pixel interpolation unit 10 of the encoder 100. In
other words, according to according to an exemplary embodiment of the present
invention, the reference pixel interpolation unit 27 interpolates a reference pixel based
on the distortion of an annular image 1n view of the fact that an input 1mage 1s an
annular image. In other words, the reference pixel interpolation unit 27 interpolates a
reference pixel using reference pixels arranged 1n the direction of the distortion of the
annular i1mage, instead of using reference pixels in a horizontal or vertical direction.
Here, the reference pixels arranged in the direction of the distortion of the annular
image 1ndicate a plurality of pixels that are arranged along the circumference of a
circle having a radius between the center of the annular image and a reference pixel to
be interpolated and are adjacent to the reference pixel to be interpolated. The
prediction macroblock determining unit 28 determines a prediction macroblock P using
a motion vector with respect to the interpolated reference pixel.

The adder 25 adds the difference macroblock D' to the prediction macroblock P,
thereby generating a reconstructed macroblock. The nreconstructed macroblock 1s
stored to generate a decoded frame F' .

FIG. 11 1s a flowchart illustrating ;n exemplary operation of the decoder 200 of
FIG. 10 according to an exemplary embodiment of the present invention.

Referring to FIG. 11, the entropy decoding unit 21 entropy-decodes the
compressed bitstream received by the decoder 200 in operation 1110. The reordering
unit 22 performs a process that 1s inverse to runlevel-coding and reorders entropy-
decoded data samples in operation 1120. The inverse quantization unit 23 inversely
quantizes the reordered samples in operation 1130 and the inverse DCT unit 24
performs inverse DCT on the quantized sample in operation 1140, thereby generating a
difference macroblock D' -

The motion compensation unit 26 performs interpolation using a plurality of
reference pixels arranged along the circumference of a circle having a center that is the
same as that of the annular image to determine a prediction macroblock for a current

macroblock 1n operation 1150. The adder 25 adds a difference macroblock D' )
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between the prediction macroblock and the current macroblock to the prediction
macroblock P, thereby generating a reconstructed macroblock in operation 1160.

Hereinafter, interpolation based on the distortion characteristic of an annular 1mage
according to the present invention will be described in detail. In a method of in-
terpolating a reference pixel according to the present invention, reference pixels
arranged 1n the direction of the distortion of an annular image, instead of reference
pixels in a vertical or horizontal direction, are used. Thus, since the positions of refe
rence pixels arranged along a predetermined curved surface should be searched for, it
1s desirable to use a 2D polar coordinates system with respect to the positions of the
reference pixels.

FIG. 12A 1illustrates a 2D polar coordinate system.

As shown 1n FIG. 12A, a 2D polar coordinate system or a plane polar coordinate
system 1s determined by a distance from the origin and an azimuth angle. In FIG. 12A,
r represents a distance from the origin to a point P and O represents an azimuth angle
measured 1n a counterclockwise direction from a horizontal axis. Thus, the position of
the point P can be expressed as (r, 0), and r and O are referred to as 2D polar co-
ordinates.

Polar coordinates are useful to express the segmental movement of a human body
originating from the movement of joints in the human body. Since segments of a
human body rotate with respect to joints, it is more useful to use an azimuth angle than
rectangular coordinates. However, r (distance) and 0 (angle) cannot be expressed 1n the
same coordinates system.

The relationship between 2D polar coordinates and 2D rectangular coordinates can

be expressed as follows:

= \sz + 3
6 =tan™ lll
X
Oor

X=7r-Ccosf

Y =r-8n &

In some cases, rectangular coordinates may be used like polar coordinates. An axis
X shown in FIG. 12B i1s a radius axis and Xe 1s orthogonal to the axis X . Thus, the
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axes X and Xe constitute a rectangular coordinate system. It may be more useful to use

a rectangular coordinate system since the advantages of both axes Xr and Xe can be
taken. A movement in the direction of the axis X indicates a movement in the
direction of a radius, and a movement in the dire(r:tion of the axis Xe indicates a
rotation.

In an exemplary method of interpolating a reference pixel in an annular image,
based on the distortion characteristic of the annular image, the concepts of vertical and
horizontal directions 1n a 2D 1mage are substituted with the concepts using the same
angle and the same radius.

The concept of a horizontal direction in a 2D image as shown in FIG. 12C is
converted into the concept of a curve to which the ratio of the circumference of a circle
to its diameter 1s applied, as shown in FIG. 12D.

Here, the condition that a radius (r) of an equation of a 2D polar coordinate system
1s the same should be satisfied.

Further, the concept of a vertical direction in a 2D 1mage as shown in FIG. 12D
should have the same angle and form a straight line with an increase or a decrease in
the radius (1), as shown 1n FIG. 12E.

1/2 pixel-based interpolation 1n each quadrant to which such concepts are applied
will be taken as an example.

In the first quadrant of an annular image as shown in FIG. 13A, movement occurs,
as indicated by a large arrow along a distorted shape.

FIG. 13B illustrates a portion of an area 1300 of the first quadrant of the annular
image shown in FIG. 13A. For example, conventionally, to interpolate a pixel j, 1n-
terpolation is performed by applying different weights to pixels cc, dd, h, m, ee, and ff.
However, according to an exemplary embodiment of the present invention, 1n-
terpolation 1s performed using pixels arranged along an arrow shown 1n FIG. 13B. In
other words, the pixel j according to an exemplary embodiment of the present
invention 1is interpolated by applying weights to pixels 1301 through 1306. Pixels b, h,
m, and s as well as the pixel j are also interpolated by referring to pixels arranged in
the direction of the distortion of the annular image. Instead of referring to pixels 1n a
vertical or horizontal direction, the positions of pixels to be referred to are changed like
bolded squares of FIG. 13B. In addition, 0 1s found through a 2D polar coordinate
transformation according to the position of a macroblock, a gradient is changed
vertically, and thus reference pixels as shown in FIG. 13B are used.

In the second quadrant of an annular image as shown in FIG. 14A, movement
occurs as indicated by a large arrow along a distorted shape.

FIG. 14B illustrates a portion of an area 1400 of the second quadrant of the annular

image shown in FIG. 14A. For example, conventionally, to interpolate a pixel j, in-
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terpolation is performed by applying different weights to pixels cc, dd, h, m, ee, and ff.
However, according to an exemplary embodiment of the present invention, 1n-
terpolation 1s performed using pixels arranged along an arrow shown in FIG. 14B. In
other words, the pixel j according to an exemplary embodiment of the present
invention is interpolated by applying different weights to pixels 1401 through 1406.
Pixels b, h, m, and s as well as the pixel j are also interpolated by referring to pixels
arranged 1n the direction of the distortion of the annular image.

In FIGS. 13A through 14B, only the first and second quadrants are used as
examples, but it can be easily understood by those skilled in the art that a method of 1n-
terpolating a 1/2 pixel using pixels arranged in the direction of the distortion of an
annular image can also be applied to third and fourth quadrants.

In an area 1500 at a boundary between the first quadrant and the fourth quadrant of
an annular image shown in FIG. 15A, interpolation 1s performed using pixels arranged
along an arrow shown in FIG. 15B.

FIG. 15B illustrates the area 1500 at the boundary between the first quadrant and
the fourth quadrant of the annular image shown in FIG. 15A. For example, con-
ventionally, to interpolate a pixel b, interpolation 1s performed by applying different
weilghts to pixels E, F, G, H, I, and J arranged 1n the horizontal direction. However,
according to an exemplary embodiment of the present invention, interpolation 1s
performed using pixels arranged along an arrow shown in FIG. 15B. In other words,
according to an exemplary embodiment of the present invention, the pixel b 1s 1n-
terpolated by applying different weights to a pixel A 1501, a pixel bb 1502, a pixel S
1503, a pixel gg 5404, and a pixel T 1505. Pixels h, m, and s as well as the pixel b are
also interpolated by referring to pixels arranged in the direction of the distortion of the
annular 1mage.

A method of interpolating a 1/2 pixel according to an exemplary embodiment of
the present invention can be expressed as follows, using a predetermined number of
pixels arranged in the direction of the distortion of an annular image.

1/2 pixel = round((aA+bB+cC+dD+eE+{F)/K)

When a 6-tap filter is used, A, B, C, D, E, and F indicate 6 pixels that are arranged
in the direction of the distortion of an annular image and are adjacent to a pixel to be
interpolated. a, b, ¢, d, e, and f indicate weights respectively applied to the pixels A, B,
C,D,E, and F.

Here, the positions of the adjacent pixels A through F used for interpolation may be
previously calculated and stored in the form of a table in a system, and the pixels A
through F may be retrieved from the table for use in interpolation. Alternatively, the
positions of adjacent pixels used for interpolation of a pixel to be interpolated may be

calculated using a predetermined equation at every interpolation.
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1/2 pixel-based interpolation can also be applied to 1/4 pixel-based interpolation.

FIG. 16A illustrates a prediction result of H.264 according to the prior art, and FIG.
16B 1llustrates a prediction result of H.264 according to an exemplary embodiment of
the present invention.

In H. 264 according to the prior art, a distorted portion of an annular image 1s not
correctly referred to and a blocking effect occurs 1n a portion of the annular i1mage. On
the other hand, in H.264 according to an exemplary embodiment of the present
invention where interpolation is performed based on the direction of the distortion of
an annular image, an image 1s predicted without a blocking effect.

Meanwhile, the method of encoding/decoding an annular image can also be
embodied as a computer-readable code on a computer-readable recording medium. The
computer-readable recording medium 1s any data storage device that can store data
which can be thereafter read by a computer system. Examples of the computer-
readable recording medium include read-only memory (ROM), random-access
memory (RAM), CD-ROMs, magnetic tapes, floppy disks, optical data storage
devices, and carrier waves. The computer-readable recording medium can also be
distributed over network coupled computer systems so that the computer-readable code
1s stored and executed in a distributed fashion. Function programs, code, and code
segments for implementing the method of encoding/decoding an annular image can be
easily construed by programmers 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 1n form and details may be made therein
without departing from the spirit and scope of the present invention as defined by the

following claims.
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Claims

[1] 1. A method of interpolating an object reference pixel in an annular image, the
method comprising:
selecting a plurality of reference pixels arranged 1n a direction of the distortion of
the annular 1mage;
interpolating the object reference pixel to be interpolated based on the selected
plurality of reference pixels.
2. The method of claim 1, wherein the plurality of reference pixels are arranged
along the circumference of a circle having a radius between the center of the
annular image and the object reference pixel and are located within a pre-
determined distance from the object reference pixel.
3. The method of claim 1, wherein the selection of the plurality of reference
pixels comprises selecting the plurality of reference pixels using the positions of
the plurality of reference pixels, which are determined using a predetermined
equation.
4. The method of claim 1, wherein the selection of the plurality of reference
pixels comprises selecting the plurality of reference pixels using a table that
stores the positions of the plurality of reference pixels arranged along the cir-
cumference of the circle.
5. The method of claim 1, wherein the object reference pixel 1s a 1/2 pixel or a
1/4 pixel.
6. The method of claim 1, wherein the interpolation of the object reference pixel
comprises:
applying different predetermined weights to the plurality of object reference
pixels; and
obtaining the object reference pixel by adding the reference pixels to which the
different predetermined weights are applied.
7. An apparatus for interpolating an object reference pixel in an annular image,
the apparatus comprising:
a reference pixel selecting unit for selecting a plurality of reference pixels
arranged 1n a direction of the distortion of the annular image; and
an interpolating unit for interpolating the object reference pixel to be interpolated
based on the selected plurality of reference pixels.
8. The apparatus of claim 7, wherein the arranged plurality of reference pixels 1s
arranged along the circumference of a circle having a radius between the center
of the annular image and the object reference pixel and comprises reference

pixels located within a predetermined distance from the object reference pixel.
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9. The apparatus of claim 7, wherein the reference pixel selecting unit selects the
plurality of reference pixels using the positions of the plurality of reference
pixels, which are determined using a predetermined equation.

10. The apparatus of claim 7, wherein the reference pixel selecting unit selects
the plurality of reference pixels using a table that stores the positions of the
plurality of reference pixels arranged along the circumference of the circle.

11. The apparatus of claim 7, wherein the object reference pixel is a 1/2 pixel or
a 1/4 pixel.

12. The apparatus of claim 7, wherein the interpolating unit applies different pre-
determined weights to the plurality of reference pixels and obtains the object
reference pixel by adding the reference pixels to which the predetermined
different weights are applied.

13. A method of encoding an annular image, the method comprising:
interpolating an object reference pixel to be interpolated based on a plurality of
reference pixels arranged along the circumference of a circle having a radius
between the center of the annular image and the position of the object reference
pixel to perform motion estimation on the annular image, thereby determining a
prediction macroblock for a current macroblock; and

performing a discrete cosine transform (DCT) on a difference between the
prediction macroblock and the current macroblock, quantizing DCT coefficients,
reordering the quantized DCT coefficients, and entropy-encoding the reordered
DCT coetficients.

14. An apparatus for encoding an annular image, the apparatus comprising:

a motion estimation and compensation unit for interpolating an object reference
pixel to be interpolated based on a plurality of reference pixels arranged along
the circumference of a circle having a radius between the center of the annular
image and the position of the object reference pixel to perform motion estimation
on the annular image, thereby determining a prediction macroblock for a current
macroblock;

a discrete cosine transform (DCT) unit for performing a DCT on a difference
between the prediction macroblock and the current macroblock;

a quantization unit for quantizing DCT coefficients;

a reordering unit for reordering the quantized DCT coefficients; and

an entropy encoding unit for entropy-encoding the reordered DCT coefficients.
15. A method of decoding an annular image, the method comprising:
entropy-decoding a received encoded bitstream, reordering entropy-decoded data
samples, inversely quantizing the reordered data samples, and performing an

inverse discrete cosine transform (DCT) on the inversely quantized data samples,
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thereby generating inverse DCT coefficients;

interpolating an object reference pixel to be interpolated based on a plurality of
reference pixels arranged along the circumference of a circle having a radius
between the center of the annular image and the position of the object reference
pixel, thereby determining a prediction macroblock for a current macroblock;
and

adding a macroblock composed of the inverse DCT coefficients and the
prediction macroblock.

16. An apparatus for decoding an annular image, the apparatus comprising:

an entropy decoding unit for entropy-decoding a received encoded bitstream;

a reordering unit for reordering entropy-decoded data samples;

an inverse quantization unit for inversely quantizing the reordered data samples;
an inverse discrete cosine transform (DCT) unit for generating inverse DCT co-
efficients by performing an inverse DCT on the inversely quantized data
samples;

a motion compensation unit for interpolating an object reference pixel to be 1in-
terpolated based on a plurality of reference pixels arranged along the cir-
cumference of a circle having a radius between the center of the annular image
and the position of the object reference pixel, thereby determining a prediction
macroblock for a current macroblock; and

an adder for adding a macroblock composed of the inverse DCT coefficients and

the prediction macroblock.
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FIG. 9
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FIG. 11

PERFORM ENTROPY DECODING 1110

PERFORM PROCESS THAT IS INVERSE TO 1190
RUNLEVEL CODING AND REORDERING

PERFORM INVERSE QUANTIZATION 1130

PERFORM INVERSE DCT 1140

PERFORM INTERPOLATION USING
REFERENCE PIXELS ARRANGED ALONG
CIRCUMFERENCE OF CIRCLE HAVING
CENTER THAT IS THE SAME AS THAT OF 1130
ANNULAR IMAGE TO DETERMINE PREDICTION
MACROBLOCK FOR CURRENT MACROBLOCK

GENERATE RECONSTRUCTED MACROBLOCK
BY ADDING PREDICTION MACROBLOCK 1160
AND DIFFERENCE MACROBLOCK




10/15
CA 02576679 2007-02-09

WO 2006/016780 PCT/KR2005/002635

FIG. 1Z2A

FIG. 12C



11/15
CA 02576679 2007-02-09

WO 2006/016780 PCT/KR2005/002635

FIG. 12D

TN

FIG. 12E

FIG. 12F



WO 2006/016780

12/15
CA 02576679 2007-02-09

FIG. 13A

FlG. 13B

PCT/KR2005/002635

1300



13/15
CA 02576679 2007-02-09

WO 2006/016780 PCT/KR2005/002635

FIG. 14A

1400

FlG. 148

1403 1402 1401

1405 1406



14/15
CA 02576679 2007-02-09

WO 2006/016780 PCT/KR2005/002635

FIG., 10A

1500

FIG. 19B

1501 1502

X 22| B/
\ _/

Cyp]D.
Gy

hifim
MIHIN| [P

L' El
A
Fl WA

1505 1504

| L

|

— 1503

L =8l L] L
HRERGEE O
| U el=E L L

L




15/15
CA 02576679 2007-02-09

WO 2006/016780 PCT/KR2005/002635

FIG. 16A

— SUGGESTED ALGORITHM

.-






	Page 1 - abstract
	Page 2 - abstract
	Page 3 - abstract
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - claims
	Page 19 - claims
	Page 20 - claims
	Page 21 - drawings
	Page 22 - drawings
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - drawings
	Page 35 - drawings
	Page 36 - abstract drawing

