
Description METHOD AND APPARATUSFOR LOSSLESS ENCODING
AND DECODING Technical Field [1] Apparatuses and
methods consistent with the present invention relate
to encoding and decoding of moving picture data, and
more particularly, to a lossless moving picture
encoding and decoding by which when intra prediction
is performed for a block of a predetermined size, by
using a pixel in the block to be predicted, a
compression ratio is increased. Background Art [2]
According to the H.264 standard set up for encoding
and decoding moving picture data, a frame includes a
plurality of macroblocks, and encoding and decoding
are performed in units of macroblocks, or in units of
sub blocks which are obtained by dividing a macroblock
into two or four units. There are two methods of
predicting the motion of a macroblock of a current
frame to be encoded: temporal prediction which draws
reference from macroblocks of an adjacent frame, and
spatial prediction which draws reference from an
adjacent macroblock. [3] Spatial prediction is also
referred to as intra prediction. Intra prediction is
based on the characteristic that when a pixel is
predicted, an adjacent pixel is most likely to have a
most similar value. [4] Meanwhile, encoding can be
broken down into lossy encoding and lossless encoding.
In order to perform lossless encoding of moving
pictures, a predicted pixel value calculated by motion
prediction is subtracted from a current pixel value.
Then, without discrete cosine transform (DCT) or
quantization, entropy coding is performed and the
result is output. Disclosure of Invention Technical
Problem [5] In the conventional method, when lossless
encoding is performed, each pixel value 



in a block to be predicted is predicted by using a
pixel value of a block adjacent to the block to be
predicted, and therefore the compression ratio is much
lower than that of lossy encoding. Technical Solution
[6] The present invention provides a lossless moving
picture encoding and decoding method and apparatus by
which when intra prediction of a block with a
predetermined size is performed, the compression ratio
is increased by using a pixel in a block to be
predicted.[7] ccording to an aspect of the present
invention, there is provided a lossless moving picture
encoding method including: predicting each of pixel
values in an M x N block to be predicted by using a
pixel in the M x N block closest to the pixel value in
a prediction direction determined by an encoding mode;
and entropy coding a difference between the predicted
pixel value and the pixel value to be predicted. [8]
When the block to be predicted is a luminance block or
a G block, the M x N block may be any one of a 4 x 4
block, an 8 x 8 block, and a 16 x 16 block, and when
it is any one of a chrominance block, an R block, and
a B block, the M x N block may be an 8 x 8 block. [9]
For a luminance block or a G block, the encoding modes
may be Vertical mode, Horizontal mode, DC mode,
Diagonal_Down_Left, Diagonal_Down_Right,
Vertical_Right, Horizontal_Down, Vertical_Left, and
Horizontal_Up, which are H.264 intra 4 x 4 luminance
encoding modes. [10] For any one of a chrominance
block, an R block and a B block, the encoding modes
may be Vertical mode, Horizontal mode, and DC mode,
which are H.264 intra M x N chrominance encoding
modes. [11] According to another aspect of the present
invention, there is provided a lossless moving picture
decoding method including: receiving a bitstream
obtained by performing entropy coding based on
prediction values, each predicted by using a closest
pixel in a prediction direction determined according
to an encoding mode, in an M x N block which is a
prediction block unit; entropy decoding the bitstream;
and 



losslessly restoring an original image according to
the decoded values. [12] According to still another
aspect of the present invention, there is provided a
lossless moving picture encoding apparatus including:
a motion prediction unit which predicts each of pixel
values in an M x N block to be predicted by using a
pixel in the M x N block closest to the pixel value in
a prediction direction determined by an encoding mode;
and an entropy coding unit which performs entropy
coding on a difference between the predicted pixel
value and the pixel value to be predicted. [13]
According to still another aspect of the present
invention, there is provided a lossless moving picture
decoding apparatus including: an entropy decoding unit
which receives a bitstream obtained by performing
entropy coding based on values predicted by using a
closest pixel in a prediction direction determined
according to an encoding mode, in an M x N block which
is a prediction block unit, and performs entropy
decoding on the bitstream; and a moving picture
restoration unit which losslessly restores an original
image according to the decoded values. Advantageous
Effects [14] The compression ratio can be improved
when lossless encoding is performed. In particular,
when only intra prediction mode is used, the
compression ratio is muchhigher than in the
conventional method. Description of Drawings [15] [16]
FIG. 1 is a block diagram of an encoding apparatus
according to an exemplary embodiment of the present
invention; [17] FIG. 2 is a diagram showing intra
prediction modes for a 4 x 4 block in H.264; [18] FIG.
3A illustrates pixel prediction of a luminance block
and a G block in Vertical mode (mode 0); [19] FIG. 3B
illustrates pixel prediction of a luminance block and
a G block in Horizontal mode (mode 1); [20] FIG. 3C
illustrates pixel prediction of a luminance block and
a G block in Diagonal_Down_Left mode (mode 3); 



[21] FIG. 3D illustrates pixel prediction of a
luminance block and a G block in Diagonal_Down_Right
mode (mode 4); [22] FIG. 3E illustrates pixel
prediction of a luminance block and a G block in
Vertical_Right mode (mode 5); [23] FIG. 3F illustrates
pixel prediction of a luminance block and a G block in
Horizontal_Down mode (mode 6); [24] FIG. 3G
illustrates pixel prediction of a luminance block and
a G block in Vertical_Left mode (mode 7); [25] FIG. 3H
illustrates pixel prediction of a luminance block and
a G block in Horizontal_Up mode (mode 8); [26] FIG. 4A
illustrates pixel prediction of a chrominance block,
an R block, and a B block in DC mode; [27] FIG. 4B
illustrates pixel prediction of a chrominance block,
an R block, and a B block in Horizontal mode; [28]
FIG. 4C illustrates pixel prediction of a chrominance
block, an R block, and a B block in Vertical mode;
[29] FIG. 5 illustrates a prediction method when
encoding and decoding are performed in the above
modes; and [30] FIG. 6 is a block diagram of a
decoding apparatus according to an exemplary
embodiment of the present invention; and [31] FIG. 7
is a flowchart of an encoding method according to the
present invention. Best Mode [32] [33] In order to
explain exemplary embodiments of the present
invention, first, defining a prediction value and a
residual value will now be explained.[34] Assuming
that the position of a pixel on the top left comer is
x=0, y=0, p[x, y] indicates a pixel value on a
relative position (x, y). For example, in FIG. 3A, the
position of pixel a is expressed as [0, 0], the
position of pixel b is as [1, 0], the position of
pixel c is as [2, 0], the position of pixel d is as
[3, 0], and the position of pixel e is as 



[0, I]. The positions of the remaining pixels f
through p can be expressed in the same manner. [35] A
prediction value when a pixel is predicted by the
original H.264 method without modifying the prediction
method is expressed as pred [x, y]. For example, the
prediction value of pixel a in FIG. 3A is expressed as
pred [0, O]. In the same manner, the prediction value
of pixel b is pred [1, 0], the prediction value of
pixel c is pred [2, 0], the prediction value of pixel
d is pred [3, 0], and the prediction value of pixel e
is pred [0, I]. The prediction values of the remaining
pixels f through p can be expressed in the same
manner. [36] A prediction value when a pixel is
predicted from adjacent pixels according to the
present invention is expressed as pred [x, y]. The
position of a pixel is expressed in the same manner as
in pred [x, y]. The residual value of position (i, j )
obtained by subtracting the pixel prediction value at
position (i, j) from the pixel value at position (i, j
) is expressed as r . The pixel value of position (i,
j ) restored by adding the pixel prediction value at
position (i, j ) and the residual value at position
(i, j ) when decoding is performed, is expressed as u
. [37] The present invention will now be described
more fully with reference to the ac companying
drawings, in which exemplary embodiments of the
invention are shown. [38] Referring to FIG. 1 showing
an encoding apparatus according to an exemplary
embodiment of the present invention, if an image is
input, motion prediction is performed. In the present
invention, pixels of a luminance block and a G block
are obtained by performing 4 x 4 intra prediction and
pixels of a chrominance block, an R block, and a B
block are obtained by performing 8 x 8 intra
prediction. Accordingly, a motion prediction unit 110
performs 4 x 4 intra prediction for pixels of a
luminance block and a G block in a macroblock to be
predicted and 8 x 8 intra prediction for pixels of a
chrominance block, an R block, and a B block.
Calculation of predicted pixel values when 4 x 4 intra
prediction and 8 x 8 intra prediction are performed
will be explained later. A mode selection unit 120
selects one optimum mode among a 



variety of prediction modes. That is, when 4 x 4 intra
prediction and 8 x 8 intra prediction are performed,
one mode is selected from among a plurality of
available encoding modes. Generally, one mode is
selected according to a rate-distortion (RD)
optimization method which minimizes rate-distortion.
Since there is no distortion in the lossless encoding
of the present invention, one encoding mode is
determined through optimization of rates.[39] An
entropy coding unit 130 entropy-codes a difference
value output from the motion prediction unit 110, that
is, the difference between a pixel value in a
macroblock of a current frame desired to be encoded
and a predicted pixel value, and outputs the result.
Entropy coding means a coding method by which less
bits are assigned to more frequent data and more bits
are assigned to less frequent data such that the
compression ratio of data is increased. The entropy
coding methods used in the present invention include
context adaptive variable length coding (CAVLC), and
context-based adaptive binary arithmetic coding
(CABAC). Mode for Invention [40] [41] FIG. 2 is a
diagram showing intra prediction modes for a 4 x 4
block in H.264. [42] Intra prediction of pixels in a
luminance block and a G block is performed in units of
4 x 4 blocks. There are nine types of 4 x 4 intra
prediction modes corresponding to different prediction
directions, including: Vertical mode (mode 0),
Horizontal mode (mode 1), DC mode (mode 2),
Diagonal_Down_Left (mode 3), Diagonal_Down_Right (mode
4), Vertical_Right (mode 5), Horizontal_Down (mode 6),
Vertical_Left (mode 7), and Horizontal_Up (mode 8).
The arrows in FIG. 2 indicate prediction directions.
Calculation of a pixel in each mode will now be
explained in more detail. [43] FIG. 3A illustrates
pixel prediction of a luminance block and a G block in
Vertical mode (mode 0). [44] Pixel a 302 is predicted
from pixel A, which is an adjacent pixel in the
vertical direction, and pixel e 304 is predicted not
from pixel A adjacent to the block 300 to be predicted
but from pixel a 302 which is adjacent to pixel e 304
in the block 300. Also, 



pixel i 306 is predicted from pixel e 304 and pixel m
308 is predicted from pixel i 306. [45] In the same
manner, pixel b is predicted from pixel B, pixel f
from pixel b, pixel j from pixel f, pixel n from pixel
j , pixel c from pixel C, pixel g from pixel c, pixel
k from pixel g, pixel o from pixel k, pixel d from
pixel D, pixel h from pixel d, pixel 1 from pixel h,
and pixel p from pixel 1. Here, prediction means to
output the difference (residual value) of pixel values
and to entropy code the difference. That is, for
pixels a, e, i, and m in the block 300 to be
predicted, residual values (a - A), (e - a), (i - e),
and (m - i), are output and entropy coded,
respectively. The pixel prediction method in V ertical
mode (mode 0) can be expressed as the following
equation: [46] pred4x4L-|Xy] = r[x-l,y], y = 0, .. . .
3 [47] FIG. 3B illustrates pixel prediction of a
luminance block and a G block inHorizontal mode (mode
1). [48] Pixel a 312 is predicted from pixel I, which
is an adjacent pixel in the horizontal direction, and
pixel b 314 is predicted not from pixel I adjacent to
the block 300 to be predicted but from pixel a 312
which is adjacent to pixel b 314 in the block 300.
Also, pixel c 316 is predicted from pixel b 314 and
pixel d 318 is predicted from pixel c 316. [49] In the
same manner, pixel e is predicted from pixel J, pixel
f from pixel e, pixel g from pixel f, pixel h from
pixel g, pixel i from pixel K, pixel j from pixel i,
pixel k from pixel j , pixel 1from pixel k, pixel m
from pixel L, pixel n from pixel m, pixel o from pixel
n, and pixel p from pixel o. The pixel prediction
method in Horizontal mode (mode 1) can be expressed as
the following equation: [50] rred4x4L.[Xy] = r[x-l,y],
x, y = 0, ... , 3 [51] FIG. 3C illustrates pixel
prediction of a luminance block and a G block in
Diagonal_Down_Left mode (mode 3). [52] Pixel a 322 is
predicted from pixel B that is an adjacent pixel in
the diagonal direction indicated by an arrow in FIG.
3C, and pixel e 324 is predicted from pixel b that is
a pixel adjacent to pixel e 324 in the arrow direction
in the block 300. Also, 



pixel i 326 is predicted from pixel f and pixel m 328
is predicted from pixel j . [53] In this manner, pixel
b is predicted from pixel C, pixel c from pixel D,
pixel d from pixel E, pixel f from pixel c, pixel g
from pixel d, pixel h from pixel d, pixel j from pixel
g, pixel k from pixel h, pixel 1from pixel h, pixel n
is from pixel k, pixel o from pixel 1, and pixel p
from pixel 1. The pixel prediction method in
Diagonal_Down_Left mode (mode 3) can be expressed as
the following equation: [54] if x=3, yO rredL-[x,y]
r[xl,y-l], else, rredL'[x,y] r[x+l,y-l] [55] Also,
when a pixel is predicted in Diagonal_Down_Left mode
(mode 3), prediction can be performed by using an
appropriate filter for pixels in prediction
directions. For example, when 1:2:1 filter is used,
pixel a 322 is predicted from (A + 2B + C + 2)1A which
is formed using pixel values located in the diagonal
direction indicated by arrows in FIG. 3C, and pixel e
324 is predicted from (a + 2b + c + 2)1A which
isformed using pixel values located adjacent to pixel
e 324 in the diagonal direction in the block 300.
Also, pixel i 326 is predicted from (e + 2f + g + 2)/4
and pixel m 328 is predicted from (i + 2j + k + 2)/4.
[56] In the same manner, pixel b is predicted from (B
+ 2C + D + 2), pixel c from (C + 2D + E + 2)1A, pixel
d from (D + 2E + F + 2)1A, pixel f from (b + 2c + d +
2)1A, pixel g from (c + 2d + d + 2) / 4, pixel h from
(d + 2d + d + 2) / 4, pixel j from (f + 2g + h + 2) /
4, pixel k from (g + 2h + h + 2) / 4, pixel 1from (h +
2h + h + 2) / 4, pixel n from (j + 2k + 1+ 2) / 4,
pixel o from (k + 2 1 + 1+ 2) / 4, and pixel p from (1
+ 2 1 + 1+ 2) / 4. [57] FIG. 3D illustrates pixel
prediction of a luminance block and a G block in
Diagonal_Down_Right mode (mode 4). [58] Pixel a 322 is
predicted from pixel X that is an adjacent pixel in
the diagonal direction indicated by an arrow in FIG.
3D, and pixel f 334 is predicted from pixel a that is
a pixel adjacent to pixel f 334 in the arrow direction
in the block 300. Also, pixel k 336 is predicted from
pixel f and pixel p 338 is predicted from pixel k.
[59] In this manner, pixel b predicted from pixel A,
pixel c from pixel B, pixel d from 



pixel C, pixel e from pixel I, pixel g from pixel b,
pixel h from pixel c, pixel i from pixel J, pixel j
from pixel e, pixel 1from pixel g, pixel is from pixel
K, pixel n from pixel i, and pixel o from pixel j .
The pixel prediction method in Diagonal_Down_Right
mode (mode 4) can be expressed as the following
equation: [60] rred4x4L.[Xy] = r[x-l,y-l], x, y = 0,
... , 3 [61] [62] Also, when a pixel is predicted in
Diagonal_Down_Right mode (mode 4), prediction can be
performed by using an appropriate filter for pixels in
prediction directions. For example, when 1:2:1 filter
is used, pixel a 332 is predicted from (I + 2X + A +
2)/4 which is formed using pixel values located in the
diagonal direction indicated by arrows in FIG. 3D, and
pixel f 334 is predicted from (I+2a+b+2)/4 which is
formed using pixel values located adjacent to pixel f
334 in the arrow direction in the block 300. Also,
pixel k 336 is predicted from (e + 2f + g + 2)/4 and
pixel p 338 is predicted from (j + 2k + 1+ 2)/4. [63]
In the same manner, pixel b is predicted from (X + 2A
+ B + 2)/4, pixel c from (A + 2B + C + 2)1A, pixel d
from (B + 2C + D + 2)1A, pixel e from (J + 21 + a +
2)/4, pixel g from (a + 2b + c + 2)/4, pixel h from (b
+ 2c + d + 2)/4, pixel i from (K + 2J + e + 2)/4,
pixel j from (J + 2e + f + 2)/4, pixel 1from (f + 2g +
h + 2)/4, pixel m from (L + 2K + i + 2)/4, pixel n
from (K + 2i + j + 2)/4, and pixel o from (i + 2j + k
+ 2)/4. [64] FIG. 3E illustrates pixel prediction of a
luminance block and a G block inVertical_Right mode
(mode 5). [65] Pixel a 342 is predicted from (X + A +
l)/2 which is formed using pixel values located in the
diagonal direction at an angle of 22.5 from vertical,
as indicated by arrows in FIG. 3E, and pixel e 344 is
predicted from (I + a +l)/2 which is formed usin pixel
values located adjacent to pixel e 344 in the arrow
direction at an angle of 22.5 from vertical, in the
block 300. Also, pixel j 346 is predicted from (e + f
+ l)/2 and pixel n 348 is predicted from (i + j +l)/2.
[66] In the same manner, pixel b is predicted from (A
+ B + l)/2, pixel c from (B + C + 



l)/2, pixel d from (C + D + l)/2, pixel f from (a + b
+ l)/2, pixel g from (b +c + l)/2, pixel h from (c +d
+ l)/2, pixel i from (J + e + l)/2, pixel k from (f +g
+ l)/2, pixel 1 from (g + h + l)/2, pixel m from (K +
i + l)/2, pixel o from (j + k + l)/2, and pixel p from
(k + 1+ l)/2. The pixel prediction method in
Vertical_Right mode (mode 5) can be expressed as the
following equations: [67] pred4x4L-[0,0] = p[-l,-l] +
p[0,-l] + 1) " 1 pred4x4L'[l,U] = p[U,-l] + p[l,-l] +
l ) " 1 pred4x4L-[2,0] = p[l,-l] + p[2,-l] + 1) " 1
pred4x4L-[3,0] = p[2,-l] + p[3,-l] + l ) " l
pred4x4L-[0,l ] = p[-l,0] + p[0,0] + l ) " 1
pred4x4L'[U ] = p[0,0] + r[l,0] + 1) " 1 pred4x4L-[2,l
] = p[l,0] + p[2,0] + l ) " 1 pred4x4L-[3,l ] = p[2,0]
+ p[3,0] + 1) " 1pred4x4L{0,2] = p[-U] + p[U,l] + l )
" 1 Pred4x4L{l,2] = p[0,l] + p[U] + l ) " l
pred4x4L-[2,2] = p[U] + p[2,l] + l ) >> l
Pred4x4L-[3,2] = p[2,l] + p[3,l] + l ) >> l
pred4x4L{0,3] = p[-l,2] + p[U,2] + l ) " 1
pred4x4L-[l,3] = p[0,2] + p[l,2] + l ) " l
pred4x4L-[2,3] = p[l,2] + p[2,2] + l ) " l
Pred4x4L{3,3] = p[2,2] + p[3,2] + l ) " l [69] FIG. 3F
illustrates pixel prediction of a luminance block and
a G block in Horizontal_Down mode (mode 6). [70] Pixel
a 352 is predicted from (X + I + l)/2 which is formed
using pixel values located in the diagonal direction
at an angle of 22.5 from horizontal, as indicated by
arrows in FIG. 3F, and pixel b 354 is predicted from
(A + a + l)/2 which is formed using pixel values
located adjacent to pixel b 354 in the arrow direction
at an angle of 22.5 from horizontal, in the block 300.
Also, pixel g 356 is predicted from (b + f + 



l)/2 and pixel h 358 is predicted from (c + g + l)/2.
[71] In the same manner, pixel i is predicted from (J
+ K + l)/2, pixel m from (K + L + l)/2, pixel f from
(a + e + l)/2, pixel j from (e + i + l)/2, pixel n
from (i + m + l)/2, pixel c from (B + b + l)/2, pixel
k from (f + j + l)/2, pixel o from (j + n + l)/2,
pixel d from (C + c + l)/2, pixel 1from (g + k + l)/2,
and pixel p from (k + o + l)/2. The pixel prediction
method in Horizontal_Down mode (mode 6) can be
expressed as the following equations:
[72]pred4x4L-[0,0] = p[-l,-l] + p[l-,0] + l ) >> 1
pred4x4L-[0,l ] = p[-l,0] + p[-l,l] + l ) " l
pre<Ms4L.[0 2] = p[-l l ] + p[-1.2] + l ) " l
pred4x4L-[0,3] = p[-l,2] + p[-l,3] + 1) " 1
pred4x4L-[l,0] = p[0,-l] + p[0,0] + 1) " 1
pred4x4L-[l,l ] = p[0,0] + p[0,l] + l ) " 1
pred4x4L-[l,2] = p[0,l] + p[0,2] + l ) " 1
pred4x4L-[l,3] = p[0,2] + p[0,3] + l ) " 1 [73]
Pred4x4L-[2,0] = p[l,-l] + p[l,0] + 1) " 1
pred4x4L-[2,l ] = p[l,0] + p[l,l] + l ) " 1
pred4x4L-[2,2] = p[l,l] + p[l,2] + l ) " 1
Pred4x4L-[2,3] = p[l,2] + p[l,3] + l ) " l Pred4x4L'[3
0] = p[2,-l] + p[2,0] + 1) " 1 pred4x4L'[3,l ] =
p[2,0] + p[2 l ] + l ) " 1 pred4 4L'[3,2] = p[2,l] +
p[2 2] + l ) l pred4x4L.[3,3] = p[2 2] + p[2 3] + l )
1 [74] FIG. 3G illustrates pixel prediction of a
luminance block and a Gblock in Vertical_Left mode
(mode 7).[75] Pixel a 362 is predicted from (A + B +
l)/2 which is formed using pixel values located in the
diagonal direction at an angle of 22.5 from vertical,
indicated by arrows in FIG. 3G, and pixel e 364 is
predicted from (a + b + l)/2 which is formed using
pixel 



values located adjacent to pixel e 344 in the arrow
direction at an angle of 22.5 from vertical, in the
block 300. Also, pixel i 366 is predicted from (e + f
+ l)/2 and pixel m 368 is predicted from (i + j +l)/2.
[76] In the same manner, pixel b is predicted from (B
+ C + l)/2, pixel c from (C + D + l)/2, pixel d from
(D + E + l)/2, pixel f from (b + c + l)/2, pixel g
from (c + d + l)/2 pixel h from d, pixel j from (f + g
+ l)/2, pixel k from (g + h + l)/2, pixel 1from h,
pixel n from ( j + k + l)/2, pixel o from (k + 1+
l)/2, and pixel p from 1. The pixel prediction method
in Vertical_Left mode (mode 7) can be expressed as the
following equations: [77] pred4x4L{0,0] = (p[0,-l] +
p[l,-l] + 1) " 1 pred4x4L{l,U] = (p[l,-l] + p[2,-l] +
1) " 1 Pred4x4L.[2,U ] = (p[2,- 1] + p[3,- 1] + 1) " 1
Pred4x4L{3,0 ] = (p[3,- 1] + p[4,- 1] + 1) " 1
Pred4x4L{0,l ] = (p[0,0] + p[l,U] + l ) " 1
pred4x4L-[U ] = (p[l,0] + p[2,0] + l ) " l
pred4x4L-[2,l ] = (p[2,0] + p[3,0] + l ) " l
pred4x4L-[3,l ] = p[3,0] [78]Pred4x4L{0,2] = (p[0,l ]
+ p[l,l] + 1) " 1 pred4x4L-[l,2] = (p[l,l ] + p[2,l] +
1) " 1 pred4x4L{2,2] = (p[2,l ] + p[3,l] + 1) " 1
Pred4x4L [3,2] = p[3,l] Pred4x4L{0,3] = (p[0,2] +
p[l,2] + 1) " 1 pred4x4L-[l,3] = (p[l,2] + p[2,2] + 1)
" 1 Pred4x4L{2,3] = (p[2,2] + p[3,2] + 1) " 1 Pred4x4L
[3,3] = p[3,2] [79] FIG. 3H illustrates pixel
prediction of a luminance block and a G block in
Horizontal_Up mode (mode 8). 



[80] Pixel a 372 is predicted from (I + J + l)/2 which
is formed using pixel values located in the diagonal
direction at an angle of 22.5 from horizontal, as
indicated by arrows in FIG. 3H, and pixel b 374 is
predicted from (a + e + l)/2 which is formed using
pixel values located adjacent to pixel b 374 in the
arrow direction at an angle of 22.5 from horizontal,
in the block 300. Also, pixel c 376 is predicted from
(b + f + l)/2 and pixel d 378 is predicted from (c + g
+ l)/2. [81] In the same manner, pixel e is predicted
from (J + K + l)/2, pixel I from (K + L + l)/2, pixel
m from L, pixel f from (e + i + l)/2, pixel j from (i
+ m + l)/2, pixel n from m, pixel g from (f + j +
l)/2, pixel k from ( j + n + l)/2, pixel o from n,
pixel h from (g + k + l)/2, pixel 1from (k + o + l)/2,
and pixel p from o. The pixel prediction method in
Horizontal_Up mode (mode 8) can be expressed as the
following equations: [82]pred4x4i/[0,0] = (p[-l,0] +
p[-l,l] + 1) " 1 pred4x4L-[0,l ] = (p[-U] + p[-U] + 1)
" 1 pred4x4L-[0,2] = (p[-l,2] + p[-l,3] + 1) " 1
pred4x4L-[0,3] = [-l,3] pred4x4L-[l,0] = (p[0,0] +
p[0,l] + 1) " 1 pred4x4L-[U ] = (p[0,l ] + p[0,2] + l
) " 1 pred4x4L-[l,2] = (p[0,2] + p[0,3] + 1) " 1
Pred4x4L-[l,3] = p[0,3] [83] pred4x4L-[2,0] = (p[l,0]
+ p[l,l] + 1) " 1 Pred4x4L-[2,l ] = (p[l,l ] + p[l,2]
+ l ) " l Pred4 4L'[2,2] = (p[l,2] + p[l,3] + 1) " 1
pred4 4L'[2,3] = p[l 3] Pred4x4L'[3 0] = (p[2,0] +
p[2,l] + 1) " 1 pred4x4L-[3,l ] = (p[2,l ] + p[2,2] +
l ) " 1 Pred4 4L'[3,2] = (p[2,2] + p[2,3] + 1) " 1
pred4 4L.[3 3] p[2 3] 



[84] Finally, in DC mode (mode 2), all pixels in the
block 300 to be predicted are predicted from
(A+B+C+D+I+J+K+L+4)/8 which is formed using pixel
values ofblocks adjacent to the block 300. [85] So
far, prediction of luminance block and G block pixels
with a 4 x 4 block size has been described as
examples. However, when the size of a luminance block
is 8 x 8 or 16 x 16, the luminance pixel prediction
method described above can also be applied in the same
manner. For example, when the mode for an 8 x 8 block
is Vertical mode, as described with reference to FIG.
3A, each pixel is predicted from a nearest adjacent
pixel in the vertical direction. Accordingly, the only
difference is that the size of the block is 8 x 8 or
16 x 16, and except that, the pixel prediction is the
same as in Vertical mode for a 4 x 4 block. [86]
Meanwhile, in addition to pixels formed with luminance
and chrominance, for a red (R) block and a blue (B)
block among R, green (G), and B blocks, the pixel
prediction method for a chrominance pixel described
below can be applied. [87] Next, calculation of pixels
for a chrominance block, an R block, and B block will
now be explained in detail with reference to FIGS. 4A
through 4C. [88] Prediction of pixels of a chrominance
block, an R block, and a B block is performed in units
of 8 x 8 blocks, and there are 4 prediction modes, but
in the present invention, plane mode is not used.
Accordingly, in the present invention, only DC mode
(mode 0), Horizontal mode (mode 1) and Vertical mode
(mode 2) are used. [89] FIG. 4A illustrates pixel
prediction of a chrominance block, an R block, and a B
block in DC mode. [90] FIGS. 4A through 4C illustrate
prediction for an 8 x 8 block, but the pixel
prediction can be applied to an M x N block in the
same manner when prediction of pixels in a chrominance
block, an R block, and a B block is performed. [91]
Referring to FIG. 4A, al, bl, cl, dl, el, fl, gl, hi,
il, jl, kl, 11, ml, nl, ol, and p i which are all
pixels in a 4 x 4 block 410 of an 8 x 8 block 400 are
predicted from (A + B + C + D + I + J + K + L + 4)/8.
Also, pixels a2, b2, c2, d2, e2, fl, g2, h2, i2, j2,
k2, 12, m2, n2, o2, and p2 are predicted from (E + F +
G + H + I)IA. Also, pixels a3, b3, 



c3, d3, e3, f3, g3, h3, i3, j3, k3, 13, m3, n3, o3,
and p3 are predicted from (M + N + O + P + 2)/4 and
pixels a4, b4, c4, d4, e4, f4, g4, h4, i4, j4, k4, 14,
m4, n4, o4, and p4 are predicted from (E + F + G + H +
M + N + O + P + 4)/8. [92] FIG. 4B illustrates pixel
prediction of a chrominance block, an R block, and a B
block in Horizontal mode. [93] Pixel al is predicted
from pixel I, pixel b l from pixel al, and pixel cl
from pixel bl. Thus, prediction is performed by using
an adjacent pixel in the horizontal direction in the
block 400 to be predicted. [94] FIG. 4C illustrates
pixel prediction of a chrominance block, an R block,
and a B block in Vertical mode. [95] Pixel al is
predicted from pixel A, pixel el from pixel al, and
pixel il from pixelel. Thus, prediction is performed
by using an adjacent pixel in the vertical direction
in the block 400 to be predicted. [96] It is described
above that pixel prediction is performed by using
adjacent pixels in each of 4 x 4 block units in
luminance block and G block prediction and is
performed by using adjacent pixels in each of 8 x 8
block units in chrominance block, R block, and B block
prediction. However, the prediction method is not
limited to the 4 x 4 block or 8 x 8 block, and can be
equally applied to blocks of an arbitrary size M x N.
That is, even when a block unit to be predicted is an
M x N block, a pixel value to be predicted can be
calculated by using a pixel closest to the pixel value
in a prediction direction in the block. [97] FIG. 5
illustrates a prediction method when encoding and
decoding are performed in the above modes. [98]
Referring to FIG. 5, another method for obtaining a
residual by pixel prediction will now be explained. In
the conventional encoder, in order to obtain a
residual value, a p ixel in an adjacent block is used.
For example, in Vertical_mode of FIG. 3A, in the
conventional method, pixels a 302, e 304, i 306, and m
308 are predicted all from pixel A, and therefore,
residual values are r = a-A, r = e-A, r = i-A, and r =
m-A. In the present invention, by using thus obtained
conventional residual values, new residual 



values are calculated. Then, the new residual values
are r' 0 = r 0 , r' 1 = r 1 -r 0 , r' 2 = r 2 -r 1 ,
and r' 3 = r 3 -r 2 . At this time, since the new
residual values r' 0, r' 1, r' 



2, and r' 3 are r' 0 = a- A r' = e-a r' = i-e and r' =
m-i, r' , r' , r' , and r' have the same values as the
, 1 , 2 , 3 0 1 2 3 residual values predicted from the
nearest adjacent pixels according to the prediction
method described above. Accordingly, with the new
residual values r' , r' , r' , and r' , in each mode
as described above, the pixel prediction method using
an adjacent pixel can be applied. [99] Accordingly,
the motion prediction unit 110 of the encoding
apparatus of the present invention of FIG. 1 can
further include a residual value calculation unit
generating new pixel values r' , r' , r' , and r' from
residuals. [100] FIG. 6 is a block diagram of a
decoding apparatus according to an exemplary
embodiment of the present invention. [101] An entropy
decoder 610 receives a bitstream encoded according to
the present invention, and performs decoding according
to an entropy decoding method such as CAVLC or CABAC.
In the frontmost part of the received bitstream, a
flag indicating that pixel values are predicted
according to the present invention can be set. As an
example of this flag, there is a
lossless_qpprime_y_zero_flag in H.264. [102] By using
this flag, information that pixel values are predicted
according to the present invention is transferred to a
moving picture reconstruction unit 620. [103]
According to this flag information and encoding mode
information, the movingpicture reconstruction unit 620
restores moving pictures according to the pixel
prediction calculation method in a mode of the present
invention, and outputs the result. [104] FIG. 7 is a
flowchart of an encoding method according to the
present invention. 



[105] As described above, motion prediction is
performed in a variety of intra prediction modes
provided according to modified prediction methods, and
an optimum mode is determined in operation S710. Also,
without using the modified prediction methods, a block
is formed by using residual values newly generated
from residuals obtained by the conventional prediction
method, and then, motion prediction under the intra
prediction encoding mode can be performed. The optimum
mode can be performed by RD optimization, and because
lossless is encoding is used in the present invention,
one encoding mode is determined by rate optimization.
In the determined encoding mode, motion prediction is
performed in operation S720. Then, the resulting value
is entropy coded and output in operation S730. [106]
Decoding is performed in the reverse of the order of
the encoding. That is, the entropy coded bitstream is
input, and entropy decoded. Then, based on encoding
mode information and flag information, pixel values
are restored according to the pixel prediction value
calculation method of the present invention, and
moving pictures are output. [107] At this time, the
pixel values restored can be expressed as the
following equations: [108] (1) If, when encoding is
performed, the modified prediction method as described
above is used and the encoding mode is determined as
Vertical mode, pixel values are restored according to
the following equation: [109] Ua, = rredL[xo+j, yo+i]
+ *- ' ij = 0, .,3 or U1J = rredL'[ o+j, yo] + *- '
i,j = 0, ,3 [110] (2) If, when encoding is performed,
the modified prediction method as described above is
used and the encoding mode is determined as Horizontal
mode, pixel values are restored according to the
following equation: [111] I Uij = predL[xo+j, yo+i] +
*- ' i,j = 0, ,3 or 



I U1J = pred L{xo, yo+i] + *" '' i,J = 0 ,3[112] (3)
If, when encoding is performed, the modified
prediction method as described above is used and the
encoding mode is determined as Diagonal_Down_Left
mode, pixel values are restored according to the
following equation: [113] Ifi = 0 ( CiJ) = CO O),
(0,1), (0,2), (0,3) ) uij = pred L'[xo+j, yo+i] + iy ,
j < 3 ((ij) = (l,0), (U), (l,2) ) , uij = pred L'[xo
+j+ i , yo+i-i] + n-i J+I +iy, if i = 1, j = 3 (ij) =
(1,3) ) , U1J = pred L'[xQ+J , yo+i-i ] + - I + r , if
i = 2, j < 2 ((ij) = (2,0), (2,1) ) , U1J = rred L'[xo
+J+2, yo-n-2] + -2 +2 + fi-i +i + r , if i = 2, j = 2
((ij) = (2,2) ) , U1J = p r edL'[ o +J+ 1, yo+1-2] +
ri-2 +i + fi-ij-i + ij , [114]Uij = predi^xo+j,
yo+i-2] + fi-2j+ r.-ij + i ij , if i = 3 j = 0 ((i j )
= (3,0) ) , U1J = rredL'[xo +j+3, yo+i-3] + i i-3j+3 +
1V2J +2 + + r , if i = 3, j = l ((ij) = (3,l) ) , 1J =
predL [xD+j+2, yo+1-3] + i i-3j+2 + .2 +2 + iVi + i +
r , U1J = rredL'[xo+j+i, yo+1-3] + ri-3j+i + + iVi + i
+ , if i = 3, j = 3 ((1 j ) = (3,3) ) , U1J =
predL'[xo+j, yo+1-3] + fi-3j+ -2 + r ij + r [115] (4)
If, when encoding is performed, the modified
prediction method as described above is used and the
encoding mode is determined as Diagonal_Down_Right
mode, pixel values are restored according to the
following equation: [116] Ifi = 0,or j = 0 ( (i,j) =
(0,0), (0,1), (0,2), (0,3), (1,0), (2,0), (3,0) ) , 



U1J = rredL'[xo+j, yo+ ] + , ifi = l , j >= l,orj = l
, i > l ((U) = (U), (1,2), (1,3), (2,1), (3,1) ), U1J
= rred L [ > j , yo+i] + fi-i j-i + r , if 1= 2, j >=
2,or j = 2, 1> 2 ((ij) = (2,2), (2,3), (3,2) ) , U1J =
rred L [ > j , yo+i] + 1.-2,1-2 + i i i + r , U1J =
rredL'[Ho+j, yo+i] + fi-3j-3 + -2 2 + 1- Ij -I + r
[117] (5) In the remaining modes, pixel values are
restored by the following equation: [118] Uij = rredL[
xo+j, yo+i] + r.j [119] As the result of experiments
performed according to the method described above,for
various test images suggested by Joint Model 73
(JM73), which is an H.264 stan dardization group, the
following compression efficiency improvement has been
achieved. Experiment conditions are shown in Table 1
as follows: [120] Table 1 [121] [122] For all seven
test images, moving pictures of 10 Hz, 15 Hz, and 30
Hz were ex perimented in various ways with 100 frames
to 300 frames. Compression ratios when test images
were compressed by the conventional compression method
and by the compression method of the present invention
(PI), respectively, under the experiment conditions as
shown in table 1 are compared in Table 2 as follows:
[123] Table 2 [124][125] Meanwhile, Table 2 shows
results when test images were generated as intra
frames, by using only intra prediction, and, it can be
seen that the compression ratio when only intra
prediction was used is higher. [126] Meanwhile, the
moving picture encoding and decoding method described
above can be implemented as a computer program. The
codes and code segments forming the program can be
easily inferred by computer programmers in the field
of the present invention. Also, the program can be
stored in a computer readable medium and read and
executed by a computer such that the moving picture
encoding and decoding 



method is performed. The information storage medium
may be a magnetic recording medium, an optical
recording medium, or carrier waves. [127] While the
present invention has been particularly shown and
described with r eference to exemplary embodiments
thereof, it will be understood by those of ordinary
skill in the art that various changes in form and
details may be made therein without departing from the
spirit and scope of the present invention as defined
by the following claims. The exemplary embodiments
should be considered in descriptive sense only and not
for purposes of limitation. Therefore, the scope of
the invention is defined not by the forgoing detailed
description but by the appended claims, and all
differences within the scope will be construed as
being included in the present invention.[128]
According to the present invention as described above,
the compression ratio can be improved when lossless
encoding is performed. In particular, when only intra
prediction mode is used, the compression ratio is much
higher than in the conventional method. Industrial
Applicability [129] The present invention can be
applied to a lossless moving picture encoder and
decorder in order to increase the compression
ratio.Claims [1] L A lossless moving picture encoding
method comprising: predicting each of a plurality of
pixel values in an M x N block to be predicted by
using a pixel in the M x N block closest to a pixel
value in a prediction direction determined by an
encoding mode; and entropy coding a difference between
a predicted pixel value and a pixel value to be
predicted. 2. The method of claim 1, wherein if the M
x N block to be predicted is a luminance block or a G
block, M x N is any one of 4 x 4, 8 x 8, and 16 x 16,
and if the M x N block is one of a chrominance block,
an R block, and a B block, M x N is 8 x 8. 3. The
method of claim 1, wherein for a luminance block or a
G block, the encoding mode is one of Vertical mode,
Horizontal mode, DC mode, 



Diagonal_Down_Left, Diagonal_Down_Right,
Vertical_Right, Horizontal_Down, Vertical_Left, and
Horizontal_Up, which are H.264 intra 4 x 4 luminance
encoding modes. 4. The method of claim 1, wherein for
one of a chrominance block, an R block, and a B block,
the encoding mode is one of Vertical mode, Horizontal
mode, and DC mode, which are H.264 intra 8 x 8
chrominance encoding modes. 5. The method of claim 1,
wherein the entropy coding the difference between the
predicted pixel value and the pixel value to be
predicted comprises: determining an encoding mode
having a lowest rate by performing intra prediction
for predicting the pixel value for the M x N block in
an H.264 intra encoding mode; and entropy coding the
difference between the predicted pixel value predicted
according to the determined encoding mode and the
pixel value to be predicted. 6. A lossless moving
picture encoding method comprising: when each of a
plurality of pixels in an M x N block to be predicted
is predicted, predicting a value of a pixel by
obtaining a residual value with a pixel adjacent to
the M x N block in a direction determined according to
an encoding mode, and then, by using a nearest
adjacent pixel in an M x N block formed by residuals;
and entropy coding a difference between a predicted
pixel value and a pixel value to be predicted. 7. A
lossless moving picture decoding method comprising:
receiving a bitstream obtained by performing entropy
coding based on a plurality of prediction values,
wherein each pixel is predicted by using a closest
pixel in aprediction direction determined according to
an encoding mode, in an M x N block which is a
prediction block unit; entropy decoding the bitstream;
and losslessly restoring an original image according
to decoded values. 8. The method of claim 7, wherein
if the M x N block is a luminance block or a 



G block, the M x N block is one of a 4 x 4 block, an 8
x 8 block, and a 16 x 16 block, and if the M x N block
is one of a chrominance block, an R block, and a B
block, the M x N block is an 8 x 8 block. 9. The
method of claim 7, wherein for a luminance block or a
G block, the encoding is one of Vertical mode,
Horizontal mode, DC mode, Diagonal_Down_Left,
Diagonal_Down_Right, Vertical_Right, Horizontal_Down,
Vertical_Left, and Horizontal_Up, which are H.264
intra 4 x 4 luminance encoding modes. 10. The method
of claim 7, wherein for one of a chrominance block, an
R block, and a B block, the encoding mode is one of
Vertical mode, Horizontal mode, and DC mode, which are
H.264 intra M x N chrominance encoding modes. 11. A
lossless moving picture encoding apparatus comprising:
a motion prediction unit which predicts each of a
plurality of pixel values in an M x N block to be
predicted by using a pixel in the M x N block closest
to a pixel value in a prediction direction determined
by an encoding mode; and an entropy coding unit which
performs entropy coding of a difference between a
predicted pixel value and a pixel value to be
predicted. 12. The apparatus of claim 11, wherein the
motion prediction unit further comprises: a residual
value calculation unit which obtains a residual value
by using a pixel adjacent to the M x N block to be
predicted in the prediction direction determined
according to the encoding mode, when each of the
pixels in the M x N block is predicted, in order to
predict the pixel value. 13. The apparatus of claim
11, wherein if the M x N block to be predicted is a
luminance block or a G block, the M x N block is one
of a 4 x 4 block, an 8 x 8 block, and a 16 x 16 block,
and if the M x N block is one of a chrominance block,
an R block, and a B block, the M x N block is an 8 x 8
block. 14. A lossless moving picture decoding
apparatus comprising: 



an entropy decoding unit which receives a bitstream
obtained by performing entropy coding based on values
predicted by using a closest pixel in a prediction
direction determined according to an encoding mode, in
an M x N block which is a prediction block unit, and
performs entropy decoding on the bitstream; and a
moving picture restoration unit which losslessly
restores an original imageaccording to decoded values.
15. The apparatus of claim 14, wherein if the M x N
block to be predicted is a luminance block or a G
block, the M x N block is any one of a 4 x 4 block, an
8 x 8 block, and a 16 x 16 block, and if the M x N
block is one of a chrominance block, an R block, and a
B block, the M x N block is an 8 x 8 block. 


