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SPECIFICATION
TITLE OF THE INVENTION
MOVING IMAGE ENCCDING DEVICE, MOVING IMAGE DECODING DEVICE,
MOVING IMAGE CODING METHOD, AND MOVING IMAGE DECODING METHGD
FIELD OF THE INVENTION
[0001]

The present invention relates to a moving image encoding
device, a moving image decoding device, a moving image encoding
method, and a moving image decoding method which are used for
an image compression encoding technology, a compressed image
data transmission technology, etc.

BACKBROUND OF THE INVENTION
[0002]

For example, in an international standard video encoding
system, such as MPEG (Moving Picture Experts Group) or "ITU-T
H.26x", a method of defining block data (referred to as a
"macroblock™ from here on) which is a combination of 16x16
pixels for a luminance signal and 8x8 pixels for each of color
difference signals which correspond to the 16x16 pixels of the
luminance signal as one unit, and compressing image data cn the
basis of a motion compensation technology and an orthogonal
transformation/transform coefficient quantization technology
is used. In motion compensation processes carried out by a
moving image encoding device and a moving image decoding device,
a forward picture or a backward picture is referred to, and
detecticon of a motion vector and generation of a prediction
image are carried out for each macrcblock. At this time, a
picture for which only one picture is referred to and on which
inter-frame prediction encoding is carried ocut is referred to

as a P picture, and a picture for which twe pictures is
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simultaneously referred to and on which inter-frame prediction
encoding is carried out is referred to as a B picture.
(0003]

In AVC/H.264 which is an international standard system
(ISO/IEC 14496-10|1ITU-T H.264), an encoding mode called a
direct mode can be selected when encoding a B picture (for
example, refer to nonpatent reference 1). More specifically,
a macroblock to be encoded does not have encoded data of a motion
vector, and an encoding mode in which to generate amotion vector
of the macroblock to be encoded can be selected in a
predetermined arithmetic process using a motion vector of a
macroblock of another already-encoded picture and a mction
vector of an adjacent macroblock.

[0004]

This direct mode includes the following two types of
modes: a temporal direct mode and a spatial direct mode. In
the temporal direct mode, by referring tc the motion vector of
another already-encoded picture and then carrying out a scaling
process of scaling the motion vector according to the time
difference between the other already-encoded picture and the
picture which is the target to be encoded, a motion vector of
the macroblock to be encoded is generated. In the spatial
direct mode, by referring to the motion vector of at least one
already-encoded macroblock located in the wvicinity of the
macrcblock to be encoded, a motion vector of the macroblock to
be encoded is generated from the motion vector. 1In this direct
mode, either of the temporal direct mode and the spatial direct
mode can be selected for each slice by using
"direct spatial _mv pred flag" which is a flag disposed in each

slice header. A mode in which transform coefficients are not
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encoded, among direct modes, is referred to as a skip mode.
Hereafter, a skip mode is also included in a direct mode which
will be described below.

(0005)]

Fig. 11 is a schematic diagram showing a method of
generating a motion vector in the temporal direct mode. 1In Fig.
11, "P" denotes a P picture and "B" denotes a Bpicture. Further,
numerical numbers 0 to 3 denote an order in which pictures
respectively designated by the numerical numbers are displayed,
and show images which are displayed at times TO, T1, T2, and
T3, respectively. It is assumed that an encoding process on
the pictures is carried out in order of PO, P3, Bl, and B2.
[(0006]

For example, a case in which a macroblock MBl1 in the
picture B2 is encoded in the temporal direct mode will be
considered hereafter. In this case, the motion vector MV of
a macroblock MB2 which is a motion vector of the picture P3
closest to the picture B2 among the already-encoded pictures
located backward with respect to the picture B2 on the time axis,
and which is spatially located at the same position as the
macroblock MB1l. This motion vector MV refers tc the picture
PO, and motion vectors MVLO and MVL1 which are used when encoding
the macroblock MBl are calculated according to the following

equation (1).
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Fig. 12 is a schematic diagram showing a method of

generating a motion vector in the spatial direct mode. 1In Fig.
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12, currentMB denotes the macroblock to be encoded. At this
time, when the motion vector of an already-encoded macroblock
A on a left side of the macroblock to be encoded is expressed
as MVa, the motion vector of an already-encoded macroblock B
on an upper side of the macroblock to be encoded is expressed
as MVb, and the motion vector of an already-encoded macroblock
C on an upper right side of the macroblock to be encoded is
expressed as MVc, the motion vector MV of the macroblock to be
encoded can be calculated by determining the median of these
motion vectors MVa, MVb, and MVc, as shown in the following
equation (2).

MV=median(MVa, MVb, MVc) (2)

The motion vector is determined for each of forwaxd and
backward pictures in the spatial direct mode, and the motion
vectors for both of them can be determined by using the
above-mentioned method.

[0008]

A reference image which is used for the generation of a
prediction image is managed as a reference image list for each
vector which is used for reference. When two vectors are used,
reference image lists are referred to as a list 0 and a list
1, respectively. Reference images are stored in the reference
image lists in reverse chronological order, respectively, and,
in a general case, the list 0 shows a forward reference image
and the list 1 shows a backward reference image. As an
alternative, the list 1 can show a forward reference image and
the list 0 can show a backward reference image, or each of the
lists 0 and 1 can show a forward reference image and a backward
reference image. Further, the reference image 1lists do not have

to be aligned in reverse chronological order. For example, the
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following nonpatent reference 1 describes that the reference
image lists can be ordered for each slice.

Related art document

Nonpatent reference

[0009])

Nonpatent reference 1: MPEG-4 AVC (ISO/IEC 14496-10)/H.ITU-T
264 standards

SUMMARY OF THE INVENTION

PROBLEMS TO BE SOLVED BY THE INVENTION

[0010]

Because the conventional image encoding device is
constructed as above, the conventional image encoding device
can switch between the temporal direct mode and the spatial
direct mode on a per slice basis by simply referring to
"direct_spatial_mv_pred_flag"” which is a flag disposed in each
slice header. However, because the conventional image
encoding device cannct switch between the temporal direct mode
and the spatial direct mode on a per macroblock basis, even
though an optimal direct mode for a macroblock belonging to a
slice is the spatial direct mode, for example, the conventional
image encoding device has to use the temporal direct mode for
the macroblock when the direct mode corresponding to the slice
is determined to be the temporal direct mode, and therefore
cannot select the optimal direct mode. 1In such a case, because
the conventional image encoding device cannot select the
optimal direct mode, the conventional image encoding device has
to encode an unnecessary motion vector and there arises a
problem cf increase in the code amount.

[0011)

The present invention is made in order to solve the
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above-mentioned problem, and it is therefore an object of the
present invention to provide a moving image encoding device,
a moving image decoding device, a moving image encoding method,
and a moving image decoding method capable of selecting an
optimal direct mode for each predetermined block unit, thereby
being able to reduce the code amount.

MEANS FOR SOLVING THE PROBLEM

(0012]

In accordance with the present invention, there is
provided a moving image encoding device including: an encoding
controlling unit for determining a maximum size of a block to
be encecded which is a unit to be processed when a prediction
process is carried out, and also determining a maximum hierarchy
depth when a block to be encoded having the maximum size is
divided hierarchically, and for selecting an encoding mode
which determines an encoding method of encoding each block to
be encoded from one or more available encoding modes; and a block
dividing unit for dividing an inputted image into blocks to be
encoded having a predetermined size, and also dividing each of
the above-mentioned blocks to be encoded hierarchically until
its hierarchy number reaches the maximum hierarchy depth
determined by the encoding controlling unit, in which when an
inter encoding mode which is a direct mode is selected by the
enceding controlling unit as an encoding mode corresponding to
one of the blocks to be encoded into which the inputted image
is divided by the block dividing unit, a mction-compensated
prediction unit selects a motion vector suitable for generation
of a prediction image from one or more selectable motion vectors
and also carries out a motion-compensated prediction process

on the above-mentioned block to be encoded to generate a
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prediction image by using the motion vector, and outputs index
information showing the motion vector to a variable length
encoding unit, and the variable length encoding unit
variable-length-encoding the index information.

ADVANTAGES OF THE INVENTION

(0013]

Because the moving image encoding device in accordance
with the present invention is constructed in such a way as that
the moving image encoding device includes: the encoding
controlling unit for determining a maximum size of a block to
be encoded which is a unit to be processed when a prediction
process is carried out, and also determining a maximum hierarchy
depth when a block to be encoded having the maximum size is
divided hierarchically, and for selecting an encoding mode
which determines an encoding method of encoding each block to
be encoded from one or more available encoding modes; and the
block dividing unit for dividing an inputted image into blocks
to be encoded having a predetermined size, and also dividing
each of the above-mentioned blocks to be encoded hierarchically
until its hierarchy number reaches the maximum hierarchy depth
determined by the encoding controlling unit, and, when an inter
encoding mode which is a direct mode is selected by the encoding
controlling unit as an encoding mode corresponding to one of
the blocks to be encoded into which the inputted image is divided
by the bhlock dividing unit, the motion-compensated prediction
unit selects a moticn vector suitable for generation of a
prediction image from one or more selectable motion vectors and
also carries out a motion-compensated prediction process on the
above-mentioned block Lo be encoded to generate a prediction

image by using the motion vector, and outputs index information
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showing the motion vector to the variable length encoding unit,
and the variable length encoding unit variable-length-encoding
the index information, there is provided an advantage of being
able to select an optimal direct mode for each predetermined
block unit, and reduce the code amount.

BRIEF DESCRIPTION OF THE FIGURES

[0014]

[Fig. 1] Fig. 1 is a block diagram showing a moving image encoding
device in accordance with Embodiment 1 of the present invention;
[Fig. 2] Fig. 2 is a block diagram showing a motion-compensated
prediction part 5 of the moving image encoding device in
accordance with Embodiment 1 of the present invention;

[Fig. 3] Fig. 3 is a block diagram showing a direct vector
generating part 23 which constructs the motion-compensated
prediction part 5;

[Fig. 4] Fig. 4 is a block diagram showing a direct wvector
determining part 33 which constructs the direct vector
generating part 23;

[Fig. 5] Fig. 5is a block diagram showing a moving image decoding
device in accordance with Embodiment 1 of the present invention;
[Fig. 6] Fig. 6 is a block diagram showing a motion-~compensated
prediction part 54 of the moving image decoding device in
accordance with Embodiment 1 of the present invention;

[Fig. 7] Fig. 7 is a flow chart showing processing carried out
by the moving image encoding device in accordance with
Embodiment 1 of the present invention;

[Fig. B8] Fig. 8 is a flow chart showing processing carried out
by the moving image decoding device in accordance with
Empbodiment 1 of the present invention:

[Fig. 9] Fig. 9 is an explanatory drawing showing a state in
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which e=ach block to be encoded having a maximum size is
hierarchically divided inte a plurality of blocks to be encoded;
[Fig. 10] Fig. 10(a) is an explanatory drawing showing a
distribution of partitions into which a block to #ncoded is
divided, and Fig. 10(b) is an explanatory drawing showing a
state in which an encoding mode m(B") is assigned to each of
the partitions after a hierarchical laver division is performad
by using a quadtree graph ;

[Fig. 11] Fig. 11 is & schematic diagram showing a method of
generating a moticon vector in a tewporal direct mode;

[Fig. 12] Fig. 12 is a schematic diagram showing a method of
generating a motion vector in a spatial direct mode;

[Fig. 13] Fig. 13 is a schematic diagram showing a method of
generating a spatial direct vector from candidates Al to An,
Bl to Bn, C, D, and E for median prediction;

[Fig. 14] Fig. 14 is a schematic diagram showing a method of
generating a spatial direct vector by carrying out scaling
according to a distance in a temporal direction;

[Fig. 15]) Fig. 15 is an explanatory drawing showing an example
of calculation of an evaluated value based on the degree of
similarity between a forward prediction image and a backward
prediction image;

[Fig. 16] Fig. 16 iz an explanatory drawing showing an

avaluation eguaticn nsing a variance of motion vectors;

[Fig. 17] Fig. 17 is an explanatory drawing showing spatial
vectors MY A, MV B, and MY C, and temporal vectors MV 1 to MV 8;
[FPig. 18] FPig. 18 is an explanatory draving showing generation

of one candidate vector from a plurality of already-encoded

[Fig. 19] Fig. 19 is an explanatory drawing showing an examples
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of calculating an evaluated value SAD from a combinaticn of only
images located backward in time;

[Fig. 20] Fig. 20 is an explanatory drawing showing a search
for an image similar to an L-shaped template;

{Fig. 21] Fig. 21 is an explanatory drawing showing an example
in which the size of a block to be encoded B® is Lnr=kMn;
[Fig. 22]) Fig. 22 is an explanatory drawing showing an example
of a division satisfying (Lr*, Mo+l)=(Ln/2, M2/2);

(Fig. 23] Fig. 23 is an explanatory drawing showing an example
in which a division shown in either Fig. 21 or Fig. 22 can be
selected;

[Fig. 24] Fig. 24 is an explanatory drawing showing an example
in which a transformation block size unit has a hierarchical
structure;

(Fig. 25] Fig. 25 1is a block diagram showing a
motion-compensated prediction part 5 of a moving image encoding
device in accordance with Embodiment 3 of the present invention;
[Fig. 26] Fig. 26 is a block diagram showing a direct vector
generation part 25 which constructs the motion-compensated
prediction part 5;

[Fig. 27] Fig. 27 is a block diagram showing an initial vector
generating part 34 which constructs the direct vector
generation part 25;

(Fig. 28] Fig. 28 is a block diagram showing an initial vector
determining part 73 which constructs the initial vector
generating part 34.

[Fig. 29] Fig. 29 is a block diagram showing a
motion-compensated prediction part 54 of a moving image
decoding device in accordance with Embodiment 3 of the present

invention;
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[Fig. 20] Flig. 230 is an explanatory drawing showing a pr

of searching for a motion vector;
[Fig. 31] Fig. 31 iz a block diagram showing a
motion-compensated prediction part 5 of a moving image sncoding

iccordance with Embodiment 4 of the present invention:

device in:
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[Fig. 40] Fig. 40 is an explanatory drawing showing a
correlation with an adjacent block;

[Fig. 41] Fig. 41 is an explanatory drawing of a list showing
one or more selectable motion vectors for each of block sizes
provided for blocks to be encoded;

[Fig. 42] Fig. 42 is an explanatory drawing showing an example
of a list whose maximum block size is "128";

[Fig. 43] Fig. 43 is an explanatory drawing of a list showing
one or more selectable motion vectors for each of division
patterns provided for blocks to be encoded;

[Fig. 44] Fig. 44 is a flow chart showing a process of
transmitting list information in a moving image encoding
device;

[Fig. 45] Fig. 45 is a flow chart showing a process of receiving
list information in a moving image decoding device;

[Fig. 46] Fig. 46 is an explanatory drawing showing an example
of encoding a change flag set to "ON" and list information
showing a changed list because "temporal"” in a list is changed
from selectable to unselectable;

[Fig. 47] Fig. 47 is an explanatory drawing showing an example
of changing a list currently being held because a change flag
is set to "ON";

[Fig. 48] Fig. 48 is an explanatory drawing showing an example
of preparing a change flag for each block size, and encoding
only list information associated with a block size for which
selectable motion vectors are changed; and

[Fig. 49] Fig. 49 is an explanatory drawing showing an example
of searching for a block which is inter-encoded from a target
block, and setting all vectors included in the block as spatial

vector candidates.
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EMBODIMENTS OF THE INVENTION
(0015

=

Hereafter, the preferred embodiments of the present
invention will be explained in detail with reference to the
drawings.

Embodiment 1.

In this Embodiment 1, a moving image encoding device that

encoding on the frame image after carrying out a compression
process with an crthogonal transformation and gquantization on
a prediction difference signal which the moving image encoding
device acquires by carrying out a motion-compensated prediction
between adjacent frames to generate a kitstream, and a moving
image decoding device that decodes the bitstream sutputted from
the moving image encoding device will be explained.

[0016]

The moving image encoding device in accordance with this
Embodiment 1 is characterized in that the moving image encoding
device adapts itself to a local change of a video signal in
gspatial and tenmporal directions to divids the video signal into
regions of various sizes, and carries out intra-frame and
inter-frame adaptive encoding. In genzral, a video signal has
4 characteristic of its complexity varying locally in space and
time. There can Lz a case in which a pattern having a uniform
gignal characteristic in a relatively lavge imags area, such
as a sky image or a wall image, or a pattern having a complicated
texturs pattern in a 2mall image ar=2a, such as a psrson image
or a picture including a fine texture, also coexiasts ona certain
vidso frame from the viewpoint of space. Alsce from the

viewpoint of time, a relatively large image area, such as a sky
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image or a wall image, has a small local change in a temporal
direction in its pattern, while an image of a moving person or
object has a larger temporal change because its outline has a
movement of a rigid body and @ movement of a non-rigid body with
respect to time.
[0017]

Although in the encoding process a process of generating
a prediction difference signal having small signal power and
small entropy by using temporal and spatial prediction, thereby
reducing the whole code amount, is carried out, the code amount
of a parameter used for the prediction can be reduced as long
as the parameter can be applied uniformly to as large an image
signal region as possible. On the other hand, because the
amount of errors occurring in the prediction increases when the
same prediction parameter is applied to an image signal pattern
having a large change in time and space, the code amount of the
prediction difference signal cannot be reduced. Therefore, it
is desirable to reduce the size of a region which is subjected
to the prediction process when performing the prediction
process on an image signal pattern having a large change in time
and space, thereby reducing the electric power and entropy of
the prediction difference signal even though the data volume
of the parameter which is used for the prediction is increased.
In order to carry out enceding which is adapted for such the
typical characteristics of a video signal, the moving image
encoding device in accordance with this Embodiment 1
hierarchically divides each regicon having a predetermined
maximum block size of the video signal into blocks, and carries
out the prediction process and the encoding process of encoding

the prediction difference on each of the blocks into which each
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region is divided.
[0018]

A video signal which is to be processed by the moving image
encoding device in accordance with this Embodiment 1 can be an
arbitrary video signal in which each video frame consists of
a series of digital samples (pixels) in two dimensions,
horizontal and vertical, such as a YUV signal which consists
of a luminance signal and two color difference signals, a color
video image signal in arbitrary color space, such as an RGB
signal, outputted from a digital image sensor, a monochrome
image signal, or an infrared image signal. The gradation of
each pixel can be an 8-bit, 10-bit, or 12-bit one. 1In the
following explanation, the inputted video signal is a YUV signal
unless otherwise specified. It is further assumed that the two
color difference components U and V are signals having a 4:2:0
format which are subsampled with respect to the luminance
component Y. A data unit to be processed which corresponds to
each frame of the video signal is referred to as a "picture."
In this Embodiment 1, a "picture"” is explained as a video frame
signal on which progressive scanning is carried out. When the
video signal is an interlaced signal, a "picture" can be
alternatively a field image signal which is a unit which
constructs a video frame.

[(0019]

Fig. 1isablockdiagram showing the moving image encoding
device in accordance with Embodiment 1 of the present invention.
Referring to Fig. 1, an encoding controlling part 1 carries out
a process of determining a maximum size of each of blocks to
be encoded which is a unit to be processed at a time when a

motion-compensated prediction process (inter-frame prediction
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process) or an intra prediction process (intra-frame prediction
process) is carried out, and also determining an upper limit
on the number of hierarchical layers, i.e., a maximum hierarchy
depth in a hierarchy in which each of the blocks to be encoded
having the maximum size is hierarchically divided into blocks.
The encoding controlling part 1 also carries out a process of
selecting an encoding mode suitable for each of the blocks to
be encoded into which each block to be encoded having a maximum
size is divided hierarchically from among one or more available
encoding modes (one or more intra encoding modes and one or more
inter encoding modes (including an inter encoding mode which
is a direct mode)). The encoding controlling part 1 constructs
an encoding controlling unit.

[0020]

A block dividing part 2 carries out a process of, when
receiving a video signal showing an inputted image, dividing
the inputted image shown by the video signal into blocks to be
encoded each having the maximum size determined by the encoding
controlling part 1, and also dividing each of the blocks to be
encoded into blocks hierarchically until the number of
hierarchical layers reaches the upper limit on the number of
hierarchical layers which is deteémined by the encoding
controlling part 1. The block dividing part 2 constructs a
block dividing unit.

[0021]

A selection switch 3 carries out a process of, when the
encoding mode selected by the encoding controlling part 1 for
the block to be encoded, which is generated through the division
by the block dividing part 2, is an intra encoding mode,

outputting the block to be encoded to an intra prediction part
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4, and, when the encoding mode selected by the encoding
controlling part 1 for the block to be encoded, which is
generated through the division by the block dividing part 2,
is an inter encoding mode, outputting the block to be encoded
to a motion-compensated prediction part 5. The intra
prediction part 4 carries out a process of, when receiving the
block to be encoded, which is generated through the division
by the block dividing part 2, from the selection switch 3,
performing an intra prediction process on the block to be
encoded by using intra prediction parameters outputted from the
encoding controlling part 1 to generate a prediction image. An
intra prediction unit is comprised of the selection switch 3
and the intra prediction part 4.

[0022]

The motion-compensated prediction part 5 carries out a
process of, when an inter encoding mode which is a direct mode
is selected by the encoding controlling part 1 as the encoding
mode suitable for the block to be encoded, which is generated
through the division by the block dividing part 2, generating
a spatial direct vector in a spatial direct mode from the motion
vector of an already-encoded block located in the vicinity of
the block to be encoded and also generating a temporal direct
vector in a temporal direct mode from the motion vector of an
already-encoded picture which can be referred to by the block
to be encoded, selecting a direct vector which provides a higher
correlation between reference images from the spatial direct
vector and the temporal direct vector, and performing a
motion-compensated prediction process on the block to be
encoded by using the direct vector selected thereby to generate

a prediction image. In contrast, when an inter encoding mode
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other than a direct mode is selected by the encoding controlling
part 1 as the encoding mede suitable fer the block to be encoded,
which is generated through the division by the block dividing
part 2, the motion-compensated prediction part 5 carries out
a process of searching through the block to be encoded and a
reference image stored in a motion~-compensated prediction frame
memory 12 for a motion vector, and performing a
motion-compensated prediction process on the block to be
encoded by using the motion vector to generate a prediction
image. A motion-compensated prediction unit is comprised of
the selection switch 3 and the motion-compensated prediction
part S.
[0023]

A subtracting part 6 carries out a process of subtracting
the prediction image generated by the intra prediction part 4
or the motion~-compensated prediction part 5 from the block to
be encoded, which is generated through the division by the block
dividing part 2, to generate a difference image (= the block
to be encoded - the prediction image). The subtracting part
6 constructs a difference image generating unit. A
transformation/quantization part 7 carries out a process of
performing an orthogonal transformation process (e.g., a DCT
{discrete cosine transform) or an orthogonal transformation
process, such as a KL transform, in which bases are designed
for a specific learning sequence in advance) on the difference
signal generated by the subtracting part 6 in units of a block
having a transformation block size included in prediction
difference encoding parameters outputted from the encoding
controlling part 1, and also quantizing the transform

coefficients of the difference image by using a quantization
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parameter included in the prediction difference encoding
parameters to output the transform coefficients guantized
thereby as compressed data of the difference image. The
transformation/quantization part 7 constructs an image
compressiocn unit.

[0024]

An inverse quantization/inverse transformation part 8
carries out a process of inverse-guantizing the compressed data
outputted from the transformation/quantization part 7 by using
the quantization parameter included in the prediction
difference encoding parameter outputted from the encoding
controlling part 1, and performing an inverse transformation
process (e.g., an inverse DCT (inverse discrete cosine
transform) or an inverse transformation process such as an
inverse KL transform) on the compressed data inverse-quantized
thereby to output the compressed data on which the inverse
guantization/inverse transformation part carries out the
inverse transformation process as a local decoded prediction
difference signal.

[0025]

An adding part 9 carries out a process of adding the local
decoded prediction difference signal outputted from the inverse
quantization/inverse transformation part 8 and the prediction
signal showing the prediction image generated by the intra
prediction part 4 or the motion-compensated prediction part 5
to generate a local decoded image signal showing a local decoded
image. A memory 10 for intra prediction is a recording medium,
such as a RAM, for storing the local decoded image shown by the
local decoded image signal generated by the adding part 9 as

an image which the intra prediction part 4 will use when
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performing the intra prediction process the next time.
[0026]

Aloop filter part 11 carries out a process of compensating
for an encoding distortion included in the local decoded image
signal generated by the adding part 9, and outputting the local
decoded image shown by the local deccded image signal on which
the 1loop filter part performs the encoding distortion
compensation to a motion-compensated predictien frame memory
12 as a reference image. The motion-compensated prediction
frame memory 12 is a recording medium, such as a RAM, for storing
the local decoded image on which the loop £ilter part 11 performs
the filtering process as a reference image which the
motion-compensated prediction part 5 will use when performing
the moticn-compensated prediction process the next time.
(0027]

A variable length encoding part 13 carries out a process
of variable-length-encoding the compressed data outputted from
the transformation/quantization part 7, the encoding mode and
the prediction difference encoding parameters which are
outputted from the enceding controlling part 1, and the intra
prediction parameters outputted from the intra prediction part
4 or inter prediction parameters outputted from the
motion-compensated prediction part 5 Lo generate a bitstream
into which encoded data of the compressed data, encoded data
of the encoding mode, encoded data of the prediction difference
encoding parameters, and encoded data of the intra prediction
parameters or the inter prediction parameters are multiplexed.
The variable length encoding part 13 constructs a variable
length encoding unit.

[(0028]
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Fig. 2 iz a block diagram showing the notion-compensated
prediction part 5 of the wmoving image encoding device in

saccordance with Embodiment 1 of the present invention.

Referring to Fig. 2, a selection switch 21 carries oukt a process

g o

of outputting the block to be encoded, which is generatead

threugh the division by the block dividing part 2, to a moticon
vector searching part 22 when the encoding mode selected by the
encoding contralling part 1 is an inter mode other than direct
modes, and outputting the blozk to be encodsd, which is

generated through the division by the block dividing part 2,
to a direct vector gensrating part 23 when the encoding mode
is an inter mode which is a direct mode. Because the direct
vector generating part 23 do&s not use the block to be encoded,
which is generated through the division by the block dividing
part 2, when generating a direct vector, the zelection switch

does not have to output the block te be sncoded to the direct

vector generating part 23.

J

[00:

N

2]

The motion vector searching part 22 carries out a procsss
of searching for an optimal motion vector in the inter mode while
referring te both the bhlock to be encoded cutputtsd from the
selection switch 21 and a reference image stored in the
notion-compensated prediction frawe nemery 12, and outputting

the moticon vector ©o a motion compensation processing part 24,

The direct vector generabting part 23 carriss cut a process of

gensrating a direct in the spatial direct mods

=4

vom the motion vector of an alreadyv-encodad block locatsd in

the vicinity of the block to be encoded, and also generating

a temporal direct vecter in the tenporal direct mode from tChe

mwoticn vector of an alr=2ady-encod picture which can be
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referred to by the block to be encoded, and selecting a direct
vector which provides a higher correlation between reference
images from the spatial direct vector and the temporal direct
vector.

[0030]

The motion compensation processing part 24 carries out
a process of performing a motion-compensated prediction process
on the basis of the inter prediction parameters outputted from
the encoding controlling part 1 by using both the metion vector
which is searched for by the motion vector searching part 22
or the direct vector which is selected by the direct vector
generating part 23, and one or more frames of reference images
stored in the motion-compensated prediction frame memory 12 to
generate a prediction image. The motion compensation
processing part 24 outputs the inter prediction parameters when
the motion compensation processing part uses when carrying out
the motion-compensated prediction process to the variable
length encoding part 13. When the encoding mode selected by
the encoding controlling part 1 is an inter mode other than
direct modes, the motion compeéensation processing part includes
the motion vector which is searched for by the motion vector
searching part 22 in the inter prediction parameters, and
outputs these inter prediction parameters to the variable
length encoding part 13.

{0031}

Fig. 3 is a block diagram showing the direct vector
generating part 23 which constructs the motion-compensated
prediction part 5. Referring to Fig. 3, a spatial direct vector
generating part 31 carries out a process of reading the motiocn

vector of an already-encoded block located in the vicinity of
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image in the spatial direct mode) and a 1list 1 prediction image
in the spatial direct mode (e.g., a backward prediction image
in the spatial direct mode) by using the spatial direct vector
generated by the spatial direct vector generating part 31, and
also generating a list 0 prediction image in the temporal direct
mode (e.g., a forward prediction image in the temporal direct
mode) and a list 1 prediction image in the temporal direct mode
{(e.g., a backward prediction image in the temporal direct mode)
by using the temporal direct vector generated by the temporal
direct vector generating part 32,
[0034]

A similarity calculating part 42 carries out a process
of calculating the degree of similarity between the list O
prediction image in the spatial direct mode {(forward prediction
image) and the list 1 prediction image in the spatial direct
mode (backward prediction image) as the evaluated value in the
spatial direct mode, and also calculating the degree of
similarity between the list 0 prediction image in the temporal
direct mode (forward prediction image) and the 1ist 1 prediction
image in the temporal direct mode (backward prediction image)
as the evaluated value in the temporal direct mode. A direct
vector selecting part 43 carries out a process of comparing the
degree of similarity between the list 0 prediction image in the
spatial direct mode (forward prediction image) and the list 1
prediction image in the spatial direct mode (backward
prediction image), which 1is calculated by the similarity
calculating part 42, with the degree of similarity between the
list 0 prediction image in the temporal direct mode (forward
prediction image) and the list 1 prediction image in the

temporal direct mode ({backward prediction image), which is
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calculated by the similarity calculating part 42, to select the
direct vector in one direct mode which provides a higher degree
of similarity between the list 0 prediction image (forward
prediction image) and the list 1 prediction image (backward
prediction image) from the spatial direct vector and the
temporal direct vector.

[0035]

Fig. 5 is a block diagram showing a moving image decoding
device in accordance with Embodiment 1 of the present invention.
Referring to Fig. 5, a variable length decoding part 51 carries
out a process of variable-length-decoding the encoded data
multiplexed into the bitstream to acquire the compressed data,
the encoding mode, the prediction difference encoding
parameters, and the intra prediction parameters or the inter
prediction parameters, which are associated with each coding
block into which each frame of the video is hierarchically
divided, and outputting the compressed data and the prediction
difference encoding parameters to an inverse
quantization/inverse transformation part 55, and also
outputting the encoding mode, and the intra prediction
parameters or the inter prediction parameters to a selection
switch 52. The variable length decoding part 51 constructs a
variable length decéding unit.

[0036]

The selection switch 52 carries out a process of, when
the encoding mode associated with the coding block, which is
outputted from the variable length decoding part 51, is an intra
encoding mode, outputting the intra prediction parameters
outputted thereto from the variable length decoding part 51 to

an intra prediction part 53, and, when the encoding mode is an
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interencodingmode,outputtingtheinterpredictionparameters
outputted thereto from the variable length decoding part 51 to
a motion-compensated prediction part 54. The intra prediction
part 53 carries out a process of performing an intra prediction
process on the coding block by using the intra prediction
parameters outputted thereto from the selection switch 52 to
generate a prediction image. An intra prediction unit is
comprised of the selection switch 52 and the intra prediction
part 53.

[0037]

The motion-compensated prediction part 54 carries out a
process of, when the encoding mode associated with the coding
block, which i1s outputted thereto from the variable length
decoding part 51, is an inter encoding mode which is a direct
mode, generating a spatial direct vector in the spatial direct
mode from the motion vector of an already-decoded block located
in the vicinity of the coding block and also generating a
temporal direct vector in the temporal direct mode from the
motion vector of an already-decoded picture which can be
referred to by the coding block, selecting one direct vector
which provides a higher correlation between reference images
from the spatial direct vector and the temporal direct vector,
and performing a motion-compensated prediction process on the
coding block by using the direct vector selected thereby to
generate a prediction 1mage. The motion-compensated
prediction part 54 also carries out a process of performing a
motion~-compensated prediction process on the coding block by
using the motion vector included in the inter prediction
parameters outputted thereto from the variable length decoding

part 51 to generate a prediction image when the encoding mode
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associated with the coding block, which is outputted thereto
from the variable length decoding part 51, is an inter encoding
mode other than direct modes. A motion-compensated prediction
unit is comprised of the selection switch 52 and the
motion—-compensated prediction part 54.

(0038]

An inverse quantization/inverse transformation part 55
carries out a process of inverse-quantizing the compressed data
associated with the coding block, which is outputted thereto
from the variable length decoding part 51, by using the
quantization parameter included in the prediction difference
encoding parameters outputted thereto from the variable length
deceding part 51, and performing an inverse transformation
process (e.g., an inverse DCT (inverse discrete cosine
transform) or an inverse transformation process such as an
inverse KL transform) on the compressed data inverse-quantized
thereby in units of a block having the transformation block size
included in the prediction difference encoding parameters, and
outputting the compressed data on which the inverse
quantization/inverse transformation part performs the inverse
transformation process as a deccded prediction difference
signal (signal showing a pre-compressed difference image).
The inverse quantization/inverse transformation part 55
constructs a difference image generating unit.

[0039]

An adding part 56 carries out a process of adding the
decoded predictiondifference signal cutputted thereto from the
inverse quantization/inverse transformation part 535 and the
prediction signal showing the prediction image generated by the

intra prediction part 53 or the motion-compensated prediction
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part 54 to generate a decoded image signal showing a decoded
image. The addingpart 56 constructs a decoded image generating
unit. A memory 57 for intra prediction is a recording medium,
such as a RAM, for storing the decoded image shown by the decoded
image signal generated by the adding part 56 as an image which
the intra prediction part 53 will use when performing the intra
prediction process the next time.

[0040]

Alcop filter part 58 carries ocut a process of compensating
for an encoding distortion included in the decoded image signal
generated by the adding part 56, and outputting the decoded
image shown by the decoded image signal on which the loop filter
part performs the encoding distortion compensation to a
motion-compensated prediction frame memory 539 as a reference
image. The motion-compensated prediction frame memory 59 is
a recording medium, such as a RAM; for storing the decoded image
on which the loop filter part 58 performs the filtering process
as a reference image which the motion-compensated prediction
part 54 will use when performing the motion-compensated
prediction process the next time.

(0041]

Fig. 6 is a block diagram showing the motion-compensated
prediction part 54 of the moving image decoding device in
accordance with Embodiment 1 of the present invention.
Referring to Fig. 6, a selection switch 61 carries out a process
of, when the encoding mode associaled with the coding block,
which is outputted thereto from the variable length decoding
part 51, is an inter mode other than direct medes, outputting
the inter prediction parameters (including the motion vector)

outputted therelto from the variable length decoding part 51 to
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[0044]

In the example of Fig. 1, the encoding contrelling part
1, the block dividing part 2, the selection switch 3, the intra
prediction part 4, the motion-compensated prediction part 5,
the subtracting part 6, the transformation/quantization part
7, the inverse quantization/inverse transformation part 8, the
adding part 9, the loop filter part 11, and the variable length
encoding part 13, which are the components of the moving image
encoding device, can consist of pieces of hardware for exclusive
use {(e.qg., integrated circuits in each of which a CFU is mounted,
one chip microcomputers, or the like), respectively. As an
alternative, the moving image encoding device can consist of
a computer, and a program in which the processes carried out
by the encoding controlling part 1, the block dividing part 2,
the selection switch 3, the intra prediction part 4, the
motion—-compensated prediction part 5, the subtracting part 6,
the transformation/quantization part Ty the inverse
quantization/inverse transformation part 8, the adding part 9,
the loop filter part 11, and the variable length encoding part
13 are described can be stored in a memory of the computer and
the CPU of the computer can be made to execute the program stored
in the memory. Fig. 7 is a flow chart showing the processing
carried out by the moving image encoding device in accordance
with Embodiment 1 of the present invention.
{0045]

In the example of Fig. 5, the variable length decoding
part 51, the selection switch 52, the intra prediction part 53,
the motion-cempensated prediction part 54, +the inverse
quantization/inverse transformation part 55, the adding part

56, and the loop filter part 58, which are the components of
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the moving image decoding device, can consist of pieces of
hardware for exclusive use (e.qg., integrated circuits in each
of which a CPU is mounted, one chipmicrocomputers, or the like),
respectively. As an alternative, the moving image decoding
device can consist of a computer, and a program in which the
processes carried out by the variable length decoding part 51,
the selection switch 52, the intra prediction part 53, the
motion—-conpensatead prediction part 54, the inverse
quantization/inverse transformation part 55, the adding part
56, and the loop filter part 58 are described can be stored in
a memory of the computer and the CPU of the computer can be made
o execute the program stored in the memery. Fig. 8 is a flow
chart showing the processing carried cut by the moving image
gcoding device in accordance with Embodiment 1 of the present
invention.
[0046]

Next, the operation of the moving image encoding device
and the operation of the moving image decoding device will be
explained. First, the proceszing carried out by the moving
image encoding device shown in Fig. 1 will be explained. First,
the encoding controlling part 1 determines a maximum size of
cach of blocks to be sncoded which iz a unit to be processed
at a time when a motion-compesnsated prediction process

{inter-fram=: prediction procass) or an intra prediction proecess

(intra-frame prediction process) iz carried out, and alsc
determines an npp=r linit on the numbar of hierarchical layers
in a hierarchy in which each of the blocks to be encoded having
the maximum size is hisrarchically divided into blocks (step

STl of Fig. 7).

[0047]




<

10

20

25

30

As a method of determining the maximum size of each of
blocks to be encoded, for example, there is considered a method
of determining a maximum size for all the pictures according
to the resolution of the inputted image. Further, there can
be considered a method of quantifying a variation in the
complexity of a local movement of the inputted image as a
parameter and then determining a small size for a picture having
a large and vigorous movement while determining a large size
for a picture having a small movement. As a method of
determining the upper limit on the number of hierarchical layers,
for example, there can be considered a method of increasing the
depth of the hierarchy, i.e., the number of hierarchical layers
to make it possible to detect a finer movement as the inputted
image has a larger and more vigorous movement, or decreasing
the depth of the hierarchy, i.e., the number of hierarchical
layers as the inputted image has a smaller movement.

[0048])

The encoding controlling part 1 also selects an encoding
mode suitable for each of the blocks to be encoded into which
each block to be enceded having the maximum size is divided
hierarchically from among one or more available encoding modes
(M intra encoding modes and N inter encoding modes (including
an inter encoding mode which is a direct mode)) (step ST2).
Although a detailed explanation of the selection method of
selecting an encoding mode for use in the encoding controlling
part 1 will be omitted because the selection method is a known
technique, there is a method of carrying out. an encoding process
on the block to be encoded by using an arbitrary available
encoding mode to examine the encoding efficiency ard select an

encoding mode having the highest level of encoding efficiency
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fromamong a plurality of available encoding modes, for example.
[G049]

When receiving the video signal showing the inputted
image, the block dividing part 2 divides the inputted image
shown by the video signal into blecks to be encoded each having
the maximum size determined by the encoding controlling part
1, and also divides sach of the blocks to be encoded into blocks
hierarchically until the number of hierarchical layers reaches
the upper limit on the number of hierarchical layers which is
determined by the encoding controlling part 1. Fig. 9 is an
explanatory drawing showing a state in which each block to be
encoded having the maximum size is hierarchically divided into
a plurality of blocks to be encoded. In the example of Fig.
8, each block to be encoded having the maximum size is a block
to be encoded B? in the Oth hierarchical layer, and its luminance
component has a size of (L% M0). Further, in the example of
Fig. 9, by carrying out the hierarchical division with this
block to be encoded BY having the maximum size being set as a
starting point until the depth of the hierarchy reaches a
predetermined depth which is set separately according to a
quadtree structure, blocks to be encoded B" can be acquired.
[0050]

At the depth of n, each block to be encoded B* is an image
area having a size of (Lm, M"). In this example, although M°
can be the same as or differ from L7, the case of L2=M" is shown
in Fig. 4. Hereafter, the size of each block to be encoded B?
i3 defined as the size of (L*, M?} in (he luminance component
of the block to kbe encoded B"

[0031]

;]

Because the block dividing part 2 carries out a guadtree
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division, (Ln*!, Mp*l)=(Ln/2, M"/2) i8 always established. 1Inthe
case of a color video image signal (4:4:4 format) in which all
the color components have the same sample number, such as an
RGB signal, all the color components have a size of (Ln, M"),
while in the case of handling a 4:2:0 format, a corresponding
color difference component has an encoding block size of (Ln/2,
Mr/2) . Hereafter, an encoding mode selectakble for each block
to be encoded B" in the nth hierarchical layer is expressed as
m(B?) .

[0052]

In the case of a color video signal which consists of a
plurality of color components, the encoding mode m({B") can be
formed in such a way that an individual mode is used for each
color component. Hereafter, an explanation will be made by
assuming that the encoding mode m(B?) indicates the one for the
luminance component of each block to be encoded having a 4:2:0
format in a YUV signal unless otherwise specified. The encoding
mode m(B?) can be one of one or more intra encoding modes
(generically referred to as "INTRA") or one or more inter
encoding modes (generically referred to as "INTER"), and the
encoding controlling part 1 selects, as the encoding mode m(B"),
an encoding mode with the highest degree of encoding efficiency
for each block to be encoded B” from among all the encoding modes
available in the picture currently being processed or a subset
of these encoding modes, as mentioned above.

[0053)

Each block to be encoded B? is further divided into one
or more prediction units (partitions) by the block dividing part,
as shown in Fig. 9. Hereafter, cachpartition belonging to each

block to be encoded B" is expressed as P;® (i shows a partition
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number in the nth hierarchical layer). How the division of each
block to be encoded B" into partitions Pi" belonging to the block
to be encoded B" is carried out is included as information in
the encoding mode m(B"). While the prediction process is
carried out on each of all the partitions Py® according to the
encoding mode m(B"), an individual prediction parameter can be
selected for each partition PiP.

[0054)

The encoding controlling part 1 produces such a block
division state as shown in, for example, Fig. 10 for a block
to be encoded having the maximum size, and then determines
blocks to be encoded B". Hatched portions shown in Fig. 10 (a)
show a distribution of partitions into which the block to be
encoded having the maximum size is divided, and Fig. 10 (b) shows
a situation in which encoding modes m(B") are respectively
assigned to the partitions generated through the hierarchical
layer division by using a guadtree graph. Each ncde enclosed
by shown in Fig. 10(b) is a node (block to be encoded B") to
which an encoding mode m(B") is assigned.

[0055]

When the encoding controlling part 1 selects an optimal
encoding mode m{B") for each partition Pi" of each block to be
encoded BM, and the encoding mode m{B") is an intra encoding
mode (step ST3), the selection switch 3 outputs the partition
Pi" of the block to be encoded B", which is generated through
the division by the block dividing part 2, to the intra
prediction part 4. In contrast, when the encoding mode m(B")
is an inter encoding mode (step ST3), the selection switch
outputs the partition Pi" of the block to be encoded B", which

is generated through the division by the block dividing part
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2, to the motion-compensated prediction part 5.
[0056]

When receiving the partition Pi® of the block to be encoded
B" from the selection switch 3, the intra prediction part 4
carries out an intra prediction process on the partition Pjn
of the block to be encoded B" by using the intra prediction
parameters corresponding to the encoding mode m(B") selected
by the encoding controlling part 1 to generate an 1intra
prediction image Pi" (step ST4). The intra prediction part 4
outputs the intra prediction image P;® to the subtLracting part
6 and the adding part 9 after generating the intra prediction
image Pi?, while outputting the intra prediction parameters to
the variable length encoding part 13 to enable the moving image
decoding device shown in Fig. 5 to generate the same intra
prediction image Pi". Although the intra prediction process
shown in this Embodiment 1 is not limited to the one according
to an algorithm determined in the AVC/H.264 standards (ISO/IEC
14496-10), the intra prediction parameters need to include
information required for the moving image encoding device and
the moving image decoding device to generate the completely same
intra prediction image.
[0057]

When receiving the partition Pi" of the block to be encoded
Br from the selection switch 3, and the encoding mode m(B")
selected by the encoding controlling part 1 is an inter encoding
mode which is a direct mode, the motion-compensated prediction
part 5 generates a spatial direct vector in the spatial direct
mode from the motion vector of an already-encoded block located
in the vicinity of the partition Pi” of the block to be encoded

B", and also generates a temporal direct vector in the temporal
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encoded B"™ into partitions is described;

The motion vector of each partition;
- Reference image indication index information showing which
reference image is used for performing a prediction when the
moticn-compensated prediction frame memory 12 stores a
plurality of reference images:;
' Index information showing which motion vector predicted value
is selected and used when there are a plurality of motion vector
predicted value candidates;
* Index information showing which filter is selected and used
when there are a plurality of motion compensation interpolation
filters; and
- Selection information showing which pixel accuracy is used
when the motion vector of the partition currently being
processed can show a plurality of degrees of pixel accuracy
(half pixel, 1/4 pixel, 1/8 pixel, etc.).
The inter prediction parameters are multiplexed into the
bitstream by the variable length encoding part 13 in order to
enable the moving image decoding device to generate the
completely same inter prediction image. The outline of the
process carried out by the motion-compensated prediction part
5 is as mentioned above, and the details of the process will
be mentioned below.
[0059]

After the intra prediction part 4 or the
motion-compensated prediction part S generates a prediction
image {an intra prediction image Pi® or an inter prediction image
Pi") , the subtracting part 6 subtracts the prediction image (the
intra prediction image Pi® or the inter prediction image P;")

generated by the intra ©prediction part 4 or the
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moticon-compensated prediction part 5 from the partition Pi" of
the block to be encoded B", which is generated through the
division by the block dividing part 2, to generate a difference
image, and outputs a prediction difference signal e;" showing

the difference image to the transformation/quantizatiocn part

)

7 (step STG).
[D0&0]

When receiving the prediction difference signal ein
showing the difference image from the subtracting part 6, the
transformation/quantization part 7 carriss cut a transforming
process (e.g., a DCT (discrete cosine transform) or an
orthogonal transformation process, such as a KL transform, in
which bases are designed for a specific learning sequence in
advance) on the difference image in units of a block having the
transformation block size included in the prediction difference
encoding parameters outputted thereteo from the encoding

controlling part 1, and guantizes the transform ceoefficient

7

of the difference image by using the ¢uantizaticon parameter
included in the prediction difference enceding parameters and
osutputs the transform coefficients quantizsd thersby to the
inverse quantization/inverse transformation part § and the
variable length encoding part 13 as comprcessad data of the
difference image (step ST7).

[0061]

Whan receiving the compressed data of the difference
image from the transformation/quantization part 7, the inverse
guantization/inverse transformation part € inverse-quantizes
the compressed data of the difference image by using the
quantization parameter includsd in the prediction difference

enceding parameters outputted thereto from the encoding
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controlling part 1, performs an inverse transformation process
(e.g., an inverse DCT (inverse discrete cosine transform) or
an inverse transformation process such as an inverse KL
transform) on the compressed data inverse-quantized thereby in
units of a block having the transformation block size included
in the prediction difference encoding parameters, and outputs
the compressed data on which the inverse quantization/inverse
transformation part performs the inverse transformation
process as a local decoded prediction difference signal ei® hat
("*" attached to an alphabetical letter is expressed by hat for
reasons of the restrictions on electronic applications) (step
5T8) .

[(0062]

When receiving the local deccded prediction difference
signal ei® hat from the inverse quantization/inverse
transformation part 8, the adding part 9 adds the local decoded
prediction difference signal e;® hat and the prediction signal
showing the prediction imagée (the intra prediction image Pj”
or the inter prediction image P;") generated by the intra
prediction part 4 or the motion-compensated prediction part 5
to generate a local decoded image which is a local decoded
partition image P;i* hat or a local decoded block to be encoded
image which is a group of local decoded partition images (step
STY). After generating the local decoded image, the adding part
9 stores a local decoded image signal showing the local decoded
image in the memory 10 for intra prediction and also outputs
the local decoded image signal to the loop filter part 11.
[0063]

The moving image encoding device repeatedly carries out

the processes of steps ST3 to STS until the moving image encoding
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device completes the processing on all the blocks to be encoded
B® into which the inputted image is divided hierarchically, and,
when completing the processing on all the blocks to be encoded
B", shifts to a process of step ST12 (steps ST10 and ST11).
[0064]

The variable length encoding part 13 entropy-encodes the
compressed data outputted thereto from the
transformation/quantization part 7, the encoding mode
(including the information showing the state of the division
into the blocks to be encoded) and the prediction difference
encoding parameters, which are outputted thereto from the
encoding controlling part 1, and the intra prediction
parameters outputted thereto from the intra prediction part 4
or the inter prediction parameters outputted thereto from the
motion-compensated prediction part 5. The variable length
encoding part 13 multiplexes encoded data which are the encoded
results of the entropy encoding of the compressed data, the
encoding mode, the prediction difference encoding parameters,
and the intra prediction parameters or the inter prediction
parameters to generate a bitstream (step ST12).

[0065]

When receiving the local decoded image signal from the
adding part 9, the loop filter part 11 compensates for an
encoding distortion included in the local decoded image signal,
and stores the local decoded image shown by the local decoded
image signal on which the loop filter part performs the encoding
distortion compensaticn in the motion-compensated prediction
frame memory 12 as a reference image {step S$T13). The loop
filter part 11 can carryout the filtering process for each block

to be encoded having the maximum size of the local decoded image
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signal outputted thereto from the adding part 9 or for each block
te be encoded. As analternative, after the local decoded image
signal corresponding to all the macroblocks of one screen is
outputted, the loop filter part can carry out the filtering
process on all the macroblocks of the one screen at a time.
[0066]

Next, the processing carried out by the
motion-~compensated prediction part 5 will be explained in
detail. When the encoding mode m(B") selected by the encoding
contrelling part 1 is an inter mode other than direct modes,
the selection switch 21 of the motion-compensated prediction
part 5 outputs each of the partitions P;® into which the block
to be encoded B" is divided by the block dividing part 2 to the
motion vector searching part 22. Incontrast, when the encoding
mode m(B") is an inter mode which is a direct mode, the selection
switch outputs each of the partitions Pi® into which the block
to be encoded B" is divided by the block dividing part 2 to the
direct vector generating part 23. In this case, because the
direct vector generating part 23 does not use each of the
partitions Py of the block to be encoded B" for the generation
of a direct vector, the direct vector generating part does not
have to output each of the partiticns Pi" of the block to be
encoded B® to the direct vector generating part 23 even though
the encoding mode m(B") is an inter mode which is a direct mode.
[0067]

When receiving each of the partiticns P;i® of the block
to be encoded B* from the selection switch 21, the motion vector
searching part 22 of the motion-compensated prediction part 5
searches for an optimal motion vector in the inter mode while

referring to the partition Pi® and a reference image stored in
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same position as each of the partitions Pi"» of the block to be
encoded B, which is the motion vector of an already-encoded
picture which can be referred to by the block to be encoded B,
from among the motion wvectors of already-encoded blocks to
generate a temporal direct vector in the temporal direct mode
from the motion vector.

[0070]

Fig. 11 is a schematic diagram showing a method of
generating a motion vector (temporal direct vector) in the
temporal direct mode. For example, a case in which a block MB1
in a picture B2 is the partition Pi® which is the target to be
encoded, and the block MBl is encoded in the temporal direct
mode is taken as an example. In this example, the temporal
direct vector generating part uses the motion vector MV of a
block MB2 which is the motion vector of a picture P3 closest
to the picture B2 among the already-encoded pictures located
backward with respect to the picture B2 on the time axis, and
which is spatially located at the same position as the block
MBl1. This motion vector MV refers to a picture PC, and motion
vectors MVLO and MVL1 which are used when encoding the block
MB1 are calculated according to the following equation (3).
[0071]
72-T70
O —

g gt

il (3)
v
MLl =223 vy
T3-T0

MVLO =

After calculating the motion vectors MVLO and MVL1, the
temporal direct vector generating part 32 outputs the motion
vectors MVLO and MVL1 to the direct vector determining part 33
as temporal direct vectors in the temporal direct mode.

Although as the methcd of generating a temporal direct vector
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which the temporal direct vector generating part 32 uses, an
H.264 method as shown in Pig. 11 can be used, this embodiment

is not limited to this method and another method can be

Fig. 12 is a schematic diagram showing the mathod of
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ng a motion vector (spatial direct wvector) in the
spatial diresct mode. In Fig. 12, currentMB denctes the
partition Pi" which is the klock to be encoded. At this time,
when the motion vechtor of an already-encoded block A on a left
side of the block to be encoded is expressed as MVa, the motion
vector of an already-encoded block B on an upper sids of the
block to be encoded is expressed as MVb, and the motion vector
of an already-encoded block Con an upper right side of the block

e

Lo be encoded is expressed as MVec, Lhe spatial direct vector

generati rt can calculate the motion vector MV of the block
Lo be encoded by determining the median of these motion vectors

MVa, MVb, and M¥Vc, as shown by the following eguation (4).
F L o< ot

MV=median (MVa, MVb, MVc) (4]
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In the spatial direct mode, the spat
generating part determines the motion vector for each of
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the motion vaector MV for both the list 0 and th
above-mentioned way, the spatial direct vechtor generating part
31 cutputs the motion vector MV of the list 0 and that of the
list 1 to the direct vector determining part 33 as spatial direct

vactors in the spatial direct mode. Although as the method of



©no
o

46

generating a spatial direct vector which the spatial direct
vector generating part 31 uses, an H.264 method as shown in Fig.
12 can be used, this embodiment is not limited to this method
and another methcd can be alternatively used.

[0074]

For example, as shown in Fig. 13, the spatial direct vector
generating part can select three motion vectors from a group
of blocks Al to An, a group of blocks Bl to Bn, and a group of
blocks C, D, and E as candidates for median prediction,
respectively, to generate a spatial direct vector. Further,
in a case of ref Idx in which the candidates for MV which are
used for the generation of a spatial direct vector differ from
one another, the spatial direct vector generating part can carry
out scaling according to the distance in the temporal direction,
as shown in Fig. 14,

.s*calea’_1’!41”==MV£’m (&)

d(¥r)
where scaled MV denctes a scaled vector, MV denotes a motion
vector yet to be scaled, and d(x) denotes the temporal distance
tox. Further, Xr denotes the reference image shown by the block
to be encoded, and Yr denctes the reference image show by each
of block positions A to D which is the target for scaling.
[0075]

After the spatial direct vector generating part 31
generates spatial direct vectors, the direct vector determining
part 33 of the direct wvector generating part 23 calculates an
evaluated value in the spatial direct mode by using the spatial
direct vectors. After the temporal direct vector generating
part 32 generates temporal direct vectors, the direct vector

determining part 33 calculates an evaluated value in the




10

15

4.

T

=

i)
dire

in the spatial

mode from the spatial o

rmining part which will be men

e by using a

to the motion o

ancd outputs the dir

z3ing part 24.

of thes

tlon imags

direct mode.

A the 32

which are the




10

15

20

30

temporal direct mode by using the temporal direct vector which
is a forward motion vector MV, and also generates a list 1
prediction image in the temporal direct mode by using the
temporal direct vector which is a backward motion vector MV.
In the example shown in Fig. 15, the motion compensation part
generates a forward prediction image ftewporar in the temporal
direct mode as the 1list 0 prediction image in the temporal direct
mode, and also generates a backward prediction image Jremporal
as the list 1 prediction image in the temporal direct mode.
[(0078]

Although in this example the motion compensation part
generates a forward prediction image as the list 0 prediction
image by using a reference image list 0 showing a reference image
in a forward direction and also generates a backward prediction
image as the list 1 prediction image by using a reference image
list 1 showing a reference image in a backward direction, the
motion compensation part can alternatively generate a backward
prediction image as the list 0 prediction image by using a
reference image list 0 showing a reference image in a backward
direction and also generate a forward prediction image as the
list 1 prediction image by using a reference image 1list 1 showing
a reference image in a forward direction. As an alternative,
the motion compensation part can generate forward prediction
images as the list 0 prediction image and the list 1 prediction
image by using a reference image list 0 showing a reference image
in a forward direction and a reference image list 1 showing a
reference image in a forward direction, respectively (this
process will be mentioned below in detail).

[0079]

After the motion compensation part generates the list 0
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prediction image and the list 1 prediction image in the spatial
direct mode, the similarity calculating part 42 of the direct
vector determining part 33 calculates an evaluated value
SADspatial in the spatial direct mode, as shown in the following
equation (6). For the sake of simplicity, the list 0 prediction
image in the spatial direct mode is a forward prediction image
fsparial, and the list 1 prediction image in the spatial direct
mode is a backward prediction image gspatia1 in equation (6).
SADspatial=| fspatial=Jspatial | (6)
[0080]

Further, after the motion compensation part generates the
list 0 prediction image and the list 1 prediction image in the
temporal direct mode, the similarity calculating part 42
calculates an evaluated value SADtemporal in the temporal direct
mode, as shown in the following equation (7). For the sake of
simplicity, the list 0 prediction image in the temporal direct
mode 1s a forward prediction image fremporai, and the list 1
prediction image in the spatial direct mode is a backward
prediction image Qgtemporar in equation (7).

SADtempora1l=| ftemporal~Jtemporal | (7)

[0081]

The larger the difference between the forward prediction
image and the backward prediction image is, the lower the degree
of similarity between the two images is (the evaluated wvalue
SAD showing the sum of absolute differences between the two
images becomes large), and the lower the temporal correlation
between them is. In contrast with this, the =smaller the
difference between the forward prediction image and the
backward prediction image 1s, the higher the degree of

similarity between the two images is (the evaluated value SAD
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showing the sum of absolute differences between the two images
becomes small), and the higher the temporal correlation between
them is. Further, an image which is predicted from a direct
vector must be an image which is similar to the block to be
encoded. Therefore, when prediction images are generated by
using two vectors, respectively, the images which are predicted
respectively from the vectors are expected to resemble the block
to be encoded, and this means that there is a high correlation
between the two reference images. Therefore, by selecting a
direct vector having a smaller evaluated value SAD from the
spatial direct vector and the temporal direct vector, the direct
vector determining part can select a mode which provides a high
correlation between reference images, and hence can improve the
accuracy of the direct mode.

[0082]

After the similarity calculating part 42 calculates both
the evaluated value SADspatia1 in the spatial direct mode and the
evaluated value SADtemporar in the temporal direct mode, the
direct vector selecting part 43 of the direct vector determining
part 33 compares the degree of similarity between the forward
prediction image fspatial and the backward prediction image gspatial
in the spatial direct mode with the degree of similarity between
the forward prediction image fiemporar and the backward prediction
image Qgremporal 1in the temporal direct mode by comparing the
evaluated value SADspatial With the evaluated value SADremporal-
[0083]

When the degree of similarity between the forward
prediction image fspatial and the backward prediction image gspatial
in the spatial direct mode is equal to or higher than the degree

of similarity between the forward prediction image fremporar and
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the backward prediction image Jremporal in the temporal direct
mode (SADspatial<SADtemporal) , the direct vector selecting part 43
selects the spatial direct vector generated by the spatial
direct vector generating part 31, and outputs the spatial diresct
ector to the motion compensation processing part 24 as amoticon
vector. In contrast, when the degree of similarity between the
forward prediction image fremporal and the backward prediction
irage Qeemperal 111 the temporal direct modse is higher than the
cdegree of similarity between the forward prediction image Lspaiisl
and the kbackward prediction image gspacial in the spatial direct
niode  (SADepacial>SADeemporal} , the direct wvector selecting part
selects the temporal direct vector generated by the temporal
direct wector generating part 32, and outputs the temporal
direct vector toe the motion compensation processing part 24 as
a motion vector.

[0084)

When the encoding mode m(B") is not a direct mode, and
the motion compensation procaessing part 24 receives the motion
vector from the motion vector searching part 22, the motion
compensation processing part 24 carries cut #
notion-compensated praediction process on the hasis of the inter
pradiction paramneters outputted thereto from the =zncoding
controlling part 1 by using both the notion vector and one frams
of reference imadge stored in the motion-compensated prediction
framz wemory 12 To gen=rate a prediction image. n contrast,

whan the =2ncoding mode m(B") 1s a direct mode and the moltion

cempensation pro the motion wvector

(1.e., Lhe direct vect ot vector sslection
part 42) from the direct veckor gensrating part 23, the meoticn

conpengation processing part 24 carries out a
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motion-compensated prediction process on the basis of the inter
prediction parameters outputted thereto from the encoding
controlling part 1 by using both the motion vector and one frame
of reference image stored in motion-compensated prediction
frame memory 12 to generate a prediction image. Because the
motion-compensated prediction process carried out by the motion
compensation processing part 24 is a known technique, a detailed
explanation of the motion-ccmpensated prediction process will
be omitted hereafter.

(0085]

Although the example in which the similarity calculating
part 42 calculates the evaluated value SAD which is the sum of
absolute differences between the two images both in the temporal
direct mode and in the spatial direct mode and the direct vector
selecting part 43 compares the evaluated wvalue SAD in the
temporal direct mode with that in the spatial direct mode is
shown, the similarity calculating part 42 can alternatively
calculate the sum of the squares of differences SSE between the
forward prediction image and the backward prediction image both
in the temporal direct mode and in the spatial direct mode as
evaluated values, and the direct vector selecting part 43 can
compare the sum of the squares of differences SSE in the temporal
direct mode with that in the spatial direct mode. While the
use of SSE increases the amount of information to be processed,
the degree of similarity can be calculated more correctly.
[0086]

Next, the processing carried out by the image deccding
device shown in Fig. 5 will be explained. When receiving the
bitstream ocutputted thereto from the image encoding device of

Fig. 1, the variable length decoding part 5] carries out a
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variable length decoding process on the bitstream to decode the
frame size in units of a sequence which consists of one or more
frames of pictures or in units of a picture (step STZ1 of Fig.
8). The variable length decoding part 51 determnines a maximum
size of esach of coding blocks which is a unit to be processed
at a time when a motion-compensated prediction process
(inter-frame prediction process) or an intra predictionprocess
(intra-frame prediction process) is carried out according to
the same procedure as that which the encoding controlling part
1 shown in Fig. 1 uses, and also determines an upper limit on

the number of hierarchical layers in a hierarchy in which each

(&)

f the coding blocks having the maximum size is hierarchically
divided inte blocks (step 3T22). For example, when the maximum
size of each of coding blocks is determined according to the
resolution of the inputted image in the image encoding device,
the variable length decoding part determines the maximum size
of each of the coding blocks on the hasis of the frame size which
the variable length decoding part has decoded previously. When
information showing both the maximum size of each of the coding
blocks and the upper limit on the number of hierarchical layers
is multiplexed into the bitstream, the variable length decoding
part refers to the information which is acquired by decoding
the bitstream.
[008B7]

Because the information showing the state of the division
of each of the coding blccks B? having the maximum size is

included in the encoding mode m{BY) of the coding blaeck B® having
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the maximum size which is multiplexed into the bit
variable length decoding part 51 specifies each of the coding

blocks B" into which the image is divided hierarchically by
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decoding the bitstream to acguire the encoding mode m(B?%) of
the coding block B® having the maximum size which is multiplexed
into the bitstream (step ST23). After specifying each of the
coding blocks B", the variable length decoding part 51 decodes
the bitstream to acquire the encoding mode m(B") of the coding
block B" to specify each partition P;i" belonging te the coding
block B" on the basis of the information about the partition
Pi? belonging to the encoding mode m(B®?). After specifying each
partition Py" belonging to the coding block B", the variable
length decoding part 51 decodes the enceded data to acquire the
compressed data, the encoding mode, the prediction difference
encoding parameters, and the intra prediction parameters/inter
prediction parameters for each partition P;" (step ST24).
[0088]

When the encoding mode m(B") of the partition Pi" belonging
to the coding block B®, which is specified by the variable length
decoding part 51, is an intra encoding mode (step ST25), the
selection switch 52 outputs the intra prediction parameters
outputted thereto from the variable length decoding part 51 to
the intra prediction part 53. 1In contrast, when the encoding
mode m(B37) of the partition Pi" is an inter encoding mode (step
5T25), the selection switch outputs the inter prediction
parameters outputted thereto from the variable length decoding
part 51 to the motion-compensated prediction part 54. When
receiving the intra prediction parameters from the selection

52, the intra prediction part 53 carries out an intra

switch
prediction process on the partition Pi® of the coding block B®
by using the intra prediction parameters to generate an intra

prediction image Pi® (step ST26).

[0089]
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When receiving the inter prediction parameters from the
selection switch 52 and the encoding mode m(B") outputted
thereto from the variable length decoding part 51 is an inter
encoding mode which is a direct mode, the motion-compensated
prediction part 54 generates a spatial direct vector in the
spatial direct mode and a temporal direct vector in the temporal
direct mode, like the motion-compensated prediction part 5
shown in Fig. 1. After generating a spatial direct vector in
the spatial direct mode and a temporal direct vector in the
temporal direct mode, the motion-compensated prediction part
54 selects one direct vector which provides a higher correlation
between reference images from the spatial direct vector and the
temporal direct vector, like the motion-compensated prediction
part 5 shown in Fig. 1, and carries out a motion-compensated
prediction process on the partition Pi® of the coding block B2
by using the direct vector selected thereby and the inter
prediction parameters to generate an inter prediction image Pin
(step ST27).

[0090]

In contrast, when the encoding mode m(B") outputted
thereto from the variable length decoding part 51 is an inter
encoding modes other than direct modes, the motion compensation
processing part 63 of the motion-compensated prediction part
54 carries out a motion-compensated prediction process on the
partition Pi" of the coding block B" by using the motion vector
included in the inter prediction parameters outputted thereto
from the selection switch 52 to generate an inter prediction
image P;* (step ST27).

(0091}

The inverse quantization/inverse transformation part 55
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inverse-quantizes the compressed data associated with the
coding block, which are outputted thereto from the variable
length decoding part 51, by using the quantization parameter
included in the prediction difference encoding parameters
outputted thereto from the variable length decoding part 51,
and performs an inverse transformation process (e.g., an
inverse DCT (inverse discrete cosine transform) or an inverse
transformation process such as an inverse KL transform) on the
compressed data inverse-guantized thereby in units of a block
having the transformation block size included in the prediction
difference encoding parameters, and outputs the compressed data
on which the inverse gquantization/inverse transformation part
performs the inverse transformation process to the adding part
56 as a decoded prediction difference signal {signal showing
a pre-compressed difference image) (step ST28).
[0092]

When receiving the decoded prediction difference signal
from the inverse quantization/inverse transformation part 55,
the adding part 56 generates a decoded image by adding the
decoded prediction difference signal and the prediction signal
showing the prediction image generated by the intra prediction
part 53 or the motion-compensated prediction part 54 and stores
the decoded image signal showing the decoded image in the memory
57 for intra prediction, and also outputs the decoded image
signal to the loop filter part 58 (step ST29).
[0093]

The moving image decoding device repeatedly carries out
the processes of steps ST23 to ST29 until the moving image
decoding device completes the processing on all the coding

blocks B® into which the image is divided hierarchically (step
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ST30). When receiving the decoded image signal from the adding
part 56, the loop filter part 58 compensates for an encoding
distortion included in the decoded image signal, and stores the
decoded image shown by the decoded image signal on which the
loop filter part performs the encoding distortion compensation
in the motion-compensated prediction frame memory 59 as a
reference image (step ST31). The loop filter part 58 can carry
out the filtering process for each coding block having the
maximum size of the local decoded image signal outputted thereto
from the adding part 56 or each coding block. Asanalternative,
after the local decoded image signal corresponding to all the
macroblocks of one screen is outputted, the loop filter part
can carry out the filtering process on all the macroblocks of
the one screen at a time.

[0094]

As can be seen from the above description, the moving image
encoding device in accordance with this Embodiment 1 is
constructed in such a way that the moving image encoding device
includes: the encoding controlling part 1 for determining a
maximum size of each of blocks to be encoded which is a unit
to be processed at a time when a prediction process is carried
out, and also determining a hierarchy number upper limit on the
number of hierarchical layers in a hierarchy in which each of
the blocks to be encoded having the maximum size 1is
hierarchically divided into blocks, and for selecting an
encoding mode suitable for each of the blocks to be encoded into
which each block to be encoded having the maximum size is divided
hierarchically from one or more available encoding modes; and
the block dividing part 2 for dividing an inputted image into

blocks to be encoded each having the maximum size determined
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by the encoding controlling part 1, and also dividing each of
the blocks to be encoded hierarchically until its hierarchy
number reaches the hierarchy number upper limit determined by
the encoding controlling part 1, and, when an inter encoding
mode which is a direct mode is selected by the encoding
controlling part 1 as an encoding mode suitable for one of the
blocks to be encoded into which the inputted image is divided
by the block dividing part 2, the motion-compensated prediction
part 5 generates a spatial direct vector in a spatial direct
mode from the motion vector of an already-encoded block located
in the vicinity of the block to be encoded and also generates
a temporal direct vector in a temporal direct mode from the
motion vector of an already-encoded picture which can be
referred to by the block to be encoded, selects one direct vector
which provides a higher correlation between reference images
from the spatial direct vector and the temporal direct vector,
and carries out a motion-compensated prediction process on the
block to be encoded by using the direct vector to generate a
prediction image. Therefore, there is provided an advantage
of being able to select an optimal direct mode for each
predetermined block unit, and reduce the code amount.

[0095]

Further, the moving image decoding device in accordance
with this Embodiment 1 is constructed in such a way that the
moving image decoding device includes the variable length
decoding part 51 for variable-length-decoding the encoded data
to acquire the compressed data and the encoding mode associated
with each of coding blocks into which an image is hierarchically
divided from the enceded data multiplexed into the bitstream,

and, when the encoding mode associated with a coding block
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calculate a variance o (spatial) of the motion vectors of
already-encoded blocks (decoded blocks) located in the vicinity
of a block to be encoded B" as an evaluated value in the spatial
direct mode while calculating a variance o (temporal) of the
motion vectors of already-encoded blocks (decoded blocks)
located in the vicinity of a block located spatially at the same
position as the block to be encoded B" in an encoded picture
(decoded picture) which can be referred to by the block to be
encoded B" as an evaluated value in the temporal direct mode.
This embodiment can provide the same advantages as those
provided by above-mentioned Embodiment 1.

[0097]

More specifically, the similarity calculating part 42
calculates a variance o (spatial) of the motion vectors of
already-encoded blocks (decoded blocks) located in the vicinity
of the block to be encoded B" as the evaluated value SADspatial
in the spatial direct mode (refer to the following equation (8)),
as shown in Fig. 16(a), instead of calculating the degree of
similarity between the forward prediction image fspatiar and the
backward prediction image Jspatial in the spatial direct mode.
Further, the similarity calculating part 42 calculates a
variance o (temporal) of the motion vectors of already-encoded
blocks (decoded blocks) located in the vicinity of a block
located spatially at the same position as the block to be encoded
B in an encoded picture (decoded picture) which can be referred
to by the block to be encoded B" as the evaluated value SADtemporal
in the temporal direct mode (refer to the following equation
(8)), as shown in Fig. 16(b), instead of calculating the degree
of similarity between the forward prediction image fiemporal and

the backward prediction image Qgtemporar in the temporal direct
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[0098]

5 (m):-;,—.z(wm,i—Wm)% N=4 ®)

1R
where MV, , is the motion vector of an adjacent block, and MV

is the average of the motion vectors of adjacent blocks,
Further, m is a symbol showing spatial or temporal.
[0039)

The direct vector selecting part 43 compareés the variance
o (temporal) of the motion vectors with the variance o (spatial)
of the motion vectors, and, when the variance o (temporal) of
the motion vectors is equal to or larger than the variance ¢
(spatial) of the motion vectors, determines that the
reliability of the motion wvector in the spatial direct mode
(spatial direct wvector) is low, and selects the motion vector
in the temporal direct mode (temporal direct vector). 1In
contrast, when the variance o (spatial) of the motion vectors
is larger than the variance o (temporal) of the motion vectors,
the direct vector selecting part determines that the
reliability of the motion vector in the temporal direct mode
(temporal direct vector) is low, and selécts the motion vector
in the spatial direct mode (spatial direct vector).

[0100]

Although the example in which each of the
motion-compensated prediction parts generates both the
temporal direct vector and the spatial direct vector and selects
either of the direct vectoxs is shown in aboave-mentioned
Embodiment 1, each ¢f the motion-compensated prediction parts
can add another vector, as a candidate vector, in addition to

the temporal direct vector and the spatial direct vector, and
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select one direct vector from these candidate vectors. For
example, each of the motion-compensated prediction parts can
add spatial vectors MV_A, MV_B, and MV_C, and temporal vectors
MV 1 to MV 8 as shown in Fig. 17 to the candidate vectors, and
select one direct vector from these spatial vectors and temporal
vectors. Further, as shown in Fig. 18, each of the
motion-compensated prediction parts can generate one vector
froma plurality of already-encoded vectors, and add the vector
to the candidate vectors. While such an increase in the number
of candidate vectors increases the amount of information to be
processed, the precision of the direct vector can be improved
and hence the encoding efficiency can be improved.

[0101]

Although no mention has been made particularly in
above-mentioned Embodiment 1, the candidates for the direct
vector can be determined on a per slice basis. Information
showing which vectors should be selected as candidates is
multiplexed into each slice header. For example, there can be
considered a method of, because the effect of a temporal vector
is low in a video which is acquired by panning a camera, removing
temporal vectors from the selection candidates for such a video,
and, because the effect of a spatial vector is large in a video
which is acquired by a fixed camera, adding spatial vectors to
the selection candidates for such a video.

[0102]

While the larger the number of candidate vectors is, the
nearer to the original image a prediction image can be generated,
a balance between the amount of information to be processed and
the encoding efficiency can be achieved by determining the

candidates in consideration of the locality of the video, such
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as excluding ineffective vectors from the candidates in advance,
in order to prevent the amount of information to be processed
from greatly increasing due to the increase in the number of
candidate vectors. Switching a vector between a candidate and
a non-candidate is achieved by using, for example, a method of
providing an ON/OFF flag for each vector, and defining only a
vector whose flag is set to ON as a candidate. A motion vector
which can be a selection candidate can be switched between a
canclidate and a non-candidate by using 2ach slice header or each
header in an upper layer, such as each sequence header or each
picture header. Furtlier, one or more sets of motion vectors
each of which can be a selection candidate can be prepared, and
an index showing each of the candidate sets can be encoded.
[0103]

Further, a vector can be switched between a candidate and
a non-candidate for each macroblock or each block to be encoded.
Switching a vector between a candidate and a non-candidate for
each macroblock or each block to be encoded can provide the
macroblock or block to be encoded with locality, and provides
an advantage of improving the encoding efficiency. Further,
the selection candidates can be determined uniquely for each
partition bloeck size. Because the spatial correlation
generally becomes weak as the block size becomes small, it can
he expscted that the predictive accuracy of a vector determined
through a median prediction gets worse. To solve this problen,
by removing a metion vector determined through a median
prediction from the candidates, for example, the amount of

ssed can be reduced without lowering the

information to be proc
encoding efficiency.

[0104]
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Blthough the explanation is made in above-mentioned
Embodiment 1 by assuming the case in which both a temporal direct
vector and a spatial direct vector exist, there is a case in
which no motion vector exists when an intra encoding process
is carried out on the block to be encoded Bh. In this case,
there can be considered a method of setting a zero vector as
a motion vector, a method of not including any motion vector
in the candidates, and so on. While the encoding efficiency
can be improved because the candidates increase in number when
a zero vector is set as amotion vector, the amount of information
to be processed increases. When no motion vector is included
in the candidates for direct vector, the amount ¢f information
to be processed can be reduced.

[0105]

Although the example of generating a direct vector is
shown in above-mentioned Embodiment 1, the direct vector can
be used as a predicted vector which is used for encoding of a
normal motion vector. While the amount of information to be
processed increases when the direct vector is used as a
predicted vector, the encoding efficiency can be improved
because the accuracy of the prediction increases.

[0106]

Although the example of calculating an evaluated value
SAD from a combination of an image located backward of the block
to be encoded B" in time and an image located forward of the
block to be encoded B" in time is shown in above-mentioned
Embodiment 1 (refer to Fig. 15), an evaluated value SAD can be
alternatively calculated from a combination of only images
located backward of the block to be encoded B® in time, as shown

in Fig. 19. As an alternative, an evaluated value SAD can be
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calculated from a combination of only images located forward
of the block to be encoded B"™ in time. In this case, tempcral

vectors are expressed by the following equations (9) and (10).

[0107]
N d
vl) = dr:' vt’ﬂ’ (9)
. d
b ==tV (10)
d

where 9 is the vector of list 0, and ¥ is the vector of list 1.

In the above equations, d denoltes a temporal distance, do denotes
the temporal distance of a 1ist 0 reference image, and d; denotes
the temporal distance of a list 0 reference image. Further,
Veor and deol denote the vector of a block spatially located at
the same position in the reference image as the block to be
encoded, and the temporal distance of the reference image shown
by the vector, respectively,

[0108])

Even in a case in which the two reference image lists
indicate the same reference image, the same method as that shown
in Fig. 19 can be applied when each of the lists has two or more
reference images.

[0109]

Althcough the case in which each of the two reference image
lists has two or more reference images is assumed in
above-mentioned Embodiment 1, there can be considered a case
in which only one reference image is included in each of the
two reference image lists. In this case, when the same
reference image is set to the two reference image lists, there
can be a case in which the determination can be carried out by

using only a spatial vector without using any temporal vector.
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When different reference images are set to the two reference
image lists, respectively, the determination can be handled by
using the above-mentioned method.

(0110]

Although a prediction process from two directions is
assumed to be carried out in above-mentioned Embodiment 1, a
prediction process only in a single direction can be
alternatively carried out. When a prediction from a vector in
one direction is carried out, information showing which vector
is used is encoded and transmitted. As a result, a problem,
such as occlusion, can be dealt with, and a contribution to an
improvement in the predictive accuracy can be made.

[0111]

Although it is assumed in a direct mode shown in
above-mentioned Embodiment 1 that a prediction using two
vectors is carried out, the number of vectors can be three or
more. In this case, for example, there can be considered a
method of generating a prediction image by using all vector
candidates each of which provides an evaluated value SAD equal
to or smaller than a threshold Th, among a plurality of vector
candidates. FPFurther, a number of reference image lists whose
number is equal to the number of vectors can be stored. Further,
instead of using all candidates each of which provides an
evaluated value SAD equal to or smaller than the threshold Th,
a maximum of the number of vectors which are used can be preset
to each slice header or the like, and a prediction image can
be generated by using the maximum number of vectors each of which
provides a smaller evaluated value. It is generally known that
the performance is further improved with increase in the number

of reference images used for the generation of a prediction
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image. Therefore, while the amount of information to be
processed increases, an contribution to an improvement in the

encoding efficiency can be made.

B wvector is determinasd from an evaluation between

i~h

reference images in above-mentioned Embodiment 1. This
evaluation can be carrisd cut from a comparison between an
already-encodad image which is spatially adjacent to the block
to be encoded and a refersencs image. In this case, there can
be congidered a method of carvying out the evaluation by using
such an L-shaped image as shown in Fig. 20. Further, when an
already-encoded image which is spatially adjacent to the block
to be encoded is used, there is a possibility that the
already-encoded image iz not in time for the comparison because
of pipeline processing. In this case, there can be considered
a method of using the prediction image instead of the
already-encoded image.

[0113]

Although the sxample in which the size of the bhlock to
be encoded B? is Lt=M" as shown in Fig. 9 is shown in
above-mentioned Enbodiment 1, the size of the block te be
encoded B® can be LN#MY. For example, there can be consideracd
a cass in which the size of the block to be encoded B" is Lo=ki®
as shown in Fig. 21. 1In this case, (LM, MrY) becomes equal
to (ILm, M) in the next divigion, and subsequent divisions can

be carriecd out in the same way as those shown in Fig. 9 or in

uch a way that (L™, ¥™!) becomes equal to (L°/2, W"/Z) (refer
to Fig. 22). As an alternative, one of a dividing process shown
in Fig. 21 and that shown in Fig. 22 can ke selected as shown

in Fig. 23. 1In the case in which one of the dividing process
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shown in Fig. 21 and that shown in Fig. 22 can be selected, a
flag showing which division process is selected is encoded.
Because this case can be implemented by using a method of
connecting blocks each consists of 16x16 elements to each other
in a horizontal direction, such as H.264 disclosed by nonpatent
reference 1, the compatibility with the existing method can be
maintained. Although the case in which the size of the block
to be encoded Br is Lr=kM® is shown in the above-mentioned
explanation, it needless to say that divisions can be carried
out on the same principle even if blocks are connected to each
other in a vertical direction, like in a case of kLvt=M",
[0114]

Although the transformation/quantization part 7 and the
inverse quantization/inverse transformation parts 8 and 55
carry out transformation processes (inverse transformation
processé&s) in units of a block having the transformation block
size included in the prediction difference encoding parameters
in above-mentioned Embodiment 1, each transformation block size
unit can be determined uniquely by a transformation process part,
or can be formed to have a hierarchical structure as shown in
Fig. 24. In this case, a flag showing whether or not a division
is carried out for each hierarchical layer is encoded. The
above-mentioned division can be carried out for each partition
or each block to be encoded. Although the above-mentioned
transformation is assumed to be carried out in units of a square
block, the transformation can be alternatively carried out in
units of a guadrangular block such as a rectangular block.
[0115]

Embodiment 3.

Although the example in which each of the direct vector
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generating part 34 which constructs the direct vector
generating part 25. Referring to Fig. 27, a spatial vector
generating part 71 carries out a process of generating a spatial
vector from the motion vector of an already-encoded block by
using, for example, the same method as that which the spatial
direct vector generating part 31 shown in Fig. 3 uses. A
temporal vector generating part 72 carries out a process of
generating a temporal vector from the motion vector of an
already-encoded block by using, for example, the same method
as that which the temporal direct vector generating part 32
shown in Fig. 3 uses. An initial vector determining part 73
carries out a process of selecting either of the spatial vector
generated by the spatial vector generating part 71 and the
temporal vector generated by the temporal vector generating
part 72 as an initial vector.

[0119]

Fig. 28 is a block diagram showing the initial wvector
determining part 73 which constructs the initial vector
generating part 34. ReferringtoFig. 28, amotion compensation
part 81 carries out a process of generating a list 0 prediction
image in a spatial direct mode, a list 1 prediction image in
the spatial direct mode, a list 0 prediction image in a temporal
direct mode, anda list 1 prediction image in the temporal direct
mode by using the same method as that which the motion
compensation part 41 shown in Fig. 4 uses.

[0120]

A similarity calculating part 82 carries out a process
of calculating the degree of similarity between the list 0
prediction image and the list 1 prediction image in the spatial

direct mode as a spatial evaluated value and also calculating
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Lhe degree of similarity between the list 0 prediction image
and the list 1 prediction image in the temporal direct mode as
a temporal evaluated value by using the same method as that which
the similarity calculating part 42 shown in Fig. 4. An initial
vector determining part 83 carries out a process of making a
comparison between the spatial evaluated value and the temporal
evaluated value which are calculated by the similarity
calculating part 82 to select the spatial vector or the temporal
vector according to the comparison result.

[0121]

Fig. 29 is a block diagram showing a motion-compensated
prediction part 54 of a moving image decoding device in
accordance with Embodiment 3 of the present invention. In the
figure, because the same reference numerals as those shown in
Fig. 6 denote the same components or like cemponents, the
explanation of the components will be omitted hereafter. A
direct vector generating part 64 carries out a process of
generating both a spatial direct vector and a temporal direct
vector. The internal structure of the direct vector generating
part 64 is the same as the direct vector generating part 25 shown
in Fig. 25.

(0122)]

Next, the operation of the moving image encoding device
and the operation of the moving image decoding device will be
explained. Because the moving image encoding device and the
moving image decoding device according to this embodiment have
Lhe same structures as those according to above-mentioned
Embodiment 1, with the exception that the direct vector
generating parts 23 and 62 of the motion-compensated prediction

parts 5 and 54 according to above-mentioned Embodiment 1 are
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replaced by the direct vector generating parts 25 and 64, as
compared with above-mentioned Embodiment 1, only processes
carried out by each of the direct vector generating parts 25
and 64 will be explained hereafter. Because the process carried
out by the direct vector generating part 25 is the same as that
carriled out by the direct vector generating part 64, the process
carried out by the direct vector generating part 25 will be
explained hereafter.

[0123]

The initial vector generating part 34 of the direct vector
generating part 25 generates an initial vector MV_first from
the motion vector of an already-encoded block. More
specifically, the spatial vector generating part 71 of the
initial vector generating part 34 generates a spatial vector
from the motion vector of an already-encoded block by using,
for example, the same method as that which the spatial direct
vector generating part 31 shown in Fig. 3 uses. As an
alternative, the spatial vector generating part can generate
a spatial vector by using another method. The temporal vector
generating part 72 of the initial vector generating part 34
generates a temporal vector from the motion vector of an
already-encoded block by using, for example, the same methcd
as that which the temporal direct vector generating part 32
shown in Fig. 3 uses. As an alternative, the temporal vector
generating part can generate a temporal vector by using another
method.

[0124]

After the spatial vector generating part 71 generates a

spatial vector and the temporal vector generating part 72

generates a temporal vector, the initial vector determining
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of tn centered at an initial search point (block) shown by the
initial vector MV first, as shown in Fig. 30, to determine a
direct vector. The motion vector searching part can carry out
an evaluation at the time of the search by carrying out, for
example, the same process as that performed by the similarity
calculating part B2 shown in Fig. 28. 1In this case, when the
position shown by the initial vector is expressed as v, the
motion vector searching part calculates an evaluated value SAD
at the time of the search, as shown in the following equation

{(11) .

SAD =|f(v, —x)- g(v, +x)| (11)

In this case, the search range of n can be fixed or can ke
determined for each header in an upper layer such as each slice
header. Further, although the range (search range) of the
search point is assumed to be a square, the range can be
alternatively a rectangle or a quadrangle such as a lozenge.
[0127]

After calculating the evaluated value SAD at the time of
the search, the motion vector searching part 35 outputs a motion
vector in the search range which provides the smallest evaluated
value SAD to the motion compensation processing part 24 as a
direct vector.

[0128]

Although the example in which each of the
moetion-compensated prediction parts generates both a temporal
direct vector and a spatial direct vector and selects either
of the direct vectors is shown in above-mentioned Embodiment
3, each of the motion-compensated prediction parts can add

another vector, as a candidate vector, in addition to the
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temporal direct vector and the spatial direct vector, and select
adirect vector from these candidate vectors. For example, each
of the motion-compensated prediction parts can add spatial
vecteors MV_A, MV_B, and MV_C, and temporal vectors MV_1 to MV_8
as shown in Fig. 17 to the candidate vectors, and select a direct
vector from these spatial vectors and temporal vectors.
Further, each of the motion-compensated prediction parts can
generate one vector from a plurality of encoded vectors, and
add the vector to the candidate vectors, as shown in Fig. 18.
While such an increase in the number of candidate vectors
increases the amount of information to be processed, the
precision of the direct vector can be improved and hence the
encoding efficiency can be improved.

[0129]

In this Embodiment 3, the candidates for the direct vector
can be determined on a per slice basis. Information showing
which vectors should be selected as candidates is multiplexed
into each slice header. For example, there can be considered
a method of, because the effect of a temporal vector is low in
a video which is acquired by panning a camera, removing temporal
vectors from the selection candidates for such a video, and,
because the effect of a spatial vector is large in a video which
is acquired by a fixed camera, adding spatial vectors to the
selection candidates for such a video.

[0130]

While the larger the number of candidate vectors is, the
nearer to the original image a prediction image can be generated,
a balance between the amount of information to be processed and
the encoding efficiency can be achieved by determining the

candidates in consideration of the locality of the video, such
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as excluding ineffective vectors from the candidates in advance,
in order to prevent the amount of information to be processed
from greatly increasing due to the increase in the number of
candidate vectors. Switching a vector between a candidate and
a non-candidate is achieved by using, for example, a method of
providing an ON/OFF flag for each vector, and defining only a
vector whose flag is set to ON as a candidate. A motion vector
which can be a selection candidate can be switched between a
candidate and a non-candidate by using each slice header or each
header in an upper layer, such as each sequence header or each
picture header. Further, one or more sets of motion vectors
each of which can be a selection candidate can be prepared, and
an index showing each of the candidate sets can be encoded.
[0X31]

Further, a vector can be switched between a candidate and
a non-candidate for each macroblock or each block to be encoded.
Switching a vector between a candidate and a non-candidate for
each macroblock or each block to be encoded can provide the
macroblock or block to be encoded with locality, and provides
an advantage of improving the encoding efficiency. Further,
the selection candidates can be determined uniquely for each
partition Dblock size. Recause the spatial correlation
generally becomes weak as the block size becomes small, it can
be expected that the predictive accuracy of a vector determined
through a median prediction gets worse. To solve this problem,
by removing a motion vector determined through a median
prediction from the candidates, for example, the amount of
information to be processed can be reduced without lowering the
encoding efficiency.

[0132]
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Although the explanation is made in this Embodiment 3 by
assuming the case in which both a temporal direct vector and
a spatial direct vector exist, there is a case in which nomotion
vector exists when an intra encoding process is carried out on
the block to be encoded B", Inthis case, there can be considered
a method of setting a zero vector as a motion vector, a method
of not including any motion vector in the candidates, and so
on. While the encoding efficiency can be improved because the
candidates increase in nunber when a zero wvector i3 set as a
motion wvector, the amount of information to be processed
increases. When ne motion vector is included in the candidates
for direct vector, the amount of information to be processed
can be reduced.

[0133]
Although the example of generating a direct vector is

shown in this Embodiment 3, the direct vector can be used as

L{K)

a predicted vector which is nsed for encoding of a normal motion
vector. While the amocunt of information to be processed

increases when the direct vector is uzed as a predicted vector,

.

the encoding efficiency can be improved bscause the accuracy
of the prediction increases.
[0134]

Although ths example of calculating an evaluated value
SAD from a combzination of an image located backward of the block
to e encoded B" in time and an image located forward of the
block to be encoded B" in time is shown in this Embodiment 3
irefer to Fig. 15), an evaluated value SAD can be alternatively
calculated from a combination of only images located backward

of the block to ke encoded B" in time, as shown in Fig. 1%, As

)

an

an alternative, an avaluated valus 2AD can ba calculated from
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a combination of only images located forward of the block to
be encoded B" in time. In this case, temporal vectors are

expressed by the following equations (12) and (13).

[0135]
v ——‘ﬁ—v
. drul “ (12)
.4
W SV, (13)

where ¥, is the vector of list 0, and ¥ is the vector of Jist 1.

In the above equations, d denotes a temporal distance, do denotes
the temporal distance of a list 0 reference image, and di denotes
the temporal distance of a list 0 reference image. Further,
Veol and deoi denote the vector of a block spatially located at
the same position in the reference image as the block to be
encoded, and the temporal distance of the reference image shown
by the vector, respectively.

[0136]

Even in a case in which the two reference image lists
indicate the same reference image, the same method as that shown
in Fig. 19 can be applied.

[0137]

Although the case in which each of the two reference image
lists has two or more reference images is assumed in this
Embodiment 3, there can be considered a case in which only one
reference image is included in each of the two reference image
lists. 1In this case, when the same reference image is set to
the two reference image lists, there can be a case in which the
determination can be carried out by using only a spatial vector
without using any temporal vector. When different reference

images are set to the two reference image lists, respectively,
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the determination can be handled by using the above-mentioned
method.
[0138])

Although a prediction process from two directions is
assumed to be carried out in this Embodiment 3, a prediction
process only in a single direction can be alternatively carried
out. When aprediction froma vector inone direction is carried
out, information showing which vector is used is encoded and
transmitted. As a result, a problem, such as oceclusion, can
be dealt with, and a contribution to an improvement in the
predictive accuracy can be made.

[0139]

Although it is assumed in this Embodiment 3 that a
prediction using two vectors is carried out, the number of
vectors can be three or more. In this case, for example, there
can be considered a method of generating a prediction image by
using all vector candidates each of which provides an evaluated
value SAD equal tc or smaller than a threshold Th, among a
plurality of vector candidates. Further, instead of using all
candidates each of which provides an evaluated value SAD equal
to or smaller than the threshold Th, a maximum of the number
of vectors which are used can be preset to each slice header
or the like, and a prediction image can be generated by using
the maximum number of vectors each of which provides a smaller
evaluated value.

[0140]

A vector 1is determined from an evaluation between
reference images in this Embodiment 3. This evaluation can be
carried out from a comparison between an already-encoded image

which is spatially adjacent to the block tc be encoded and a
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reference image. In this case, there can be considered a method
of carrying out the evaluation by using such an L-shaped image
as shown in Fig. 20. Further, when an already-encoded image
which is spatially adjacent to the block to be encoded is used,
there is a possibility that the already-encoded image is not
in time for the comparison because of pipeline processing. In
this case, there can be considered a method of using the
prediction image instead of the already-encoded image.
[0141]

Although the example of searching for a motion vector
after determining an initial vector is shown in this Embodiment
3, whether or not to search for a motion vector by using a flag
can be determined on a per slice basis. In this case, while
the encoding efficiency is reduced, there is provided an
advantage of being able to greatly reduce the amount of
information to be processed. The flag can be provided on a per
slice basis or can be determined for each sequence, each picture
or the like in an upper layer. When the flag is in an OFF state
and no motion search is carried out, the same operation as that
according to above-mentioned Embodiment 1 is performed.
[0142]

Blthough it is assumed in this Embodiment 3 that each of
the direct vector generating parts 25 and 64 carries oulL the
vector generating process regardless of the block size, this
process can be limited to a case in which the block size is equal
to or smaller than a predetermined block size. A flag showing
whether or not to limit the process to the case in which the
block size is equal to or smaller than the predetermined block
size, and information showing the predetermined block size can

be multiplexed intec each header in an upper layer such as each
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slice header. The flag and the information can be changed
according to a maximum CU size. There iz a tendency for the
correlation between reference images to becoms low and for
arrors to become large as the block size becomes small.
Therefore, Tthere are many cases in which whichever vector is
selected, the performance iz hardly affected, and there is
provided an advantage of reducing the amount of information to

be processed without reducing the encoding performance by

turning off processes using large block sizes.
[0143]
Embodiment 4.

In above-menticned Embodiment 1, the example in which
cach of the motion-compensated prediction parts 5 and 54
generates a spatial direct vector in the =spatial direct mode
from the motion vector of an already-encoded block
(already—-decoded block) located in the vicinity of the block
Lo be encoded and also generates a temporal direct vector in
the temporal direct mode from the motion wvector of an
already-encoded picture (already-decoded block) which can be
referred to by the block to be enceded, and selects one direct
vector which provides a higher correlation between reference
images from the spatial direct vector and the temporal direct

tor is shown. The motion-compensated predictbion part 5 of

lect a

W

the moving imagse encoding device can alternatively s
motion vector suitable for the gensration of a prediction image
and carry out a motion-compensabed prediction process on the

Llock to be encoded to gensralke a predicticn image by using the

motion vector, and can also ouvtput index information zhowing
tha motion vecter to the variable length encoding part 13. On

the other hand, the motion-compensated pradiction part 54 of
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the moving image decoding device can alternatively carry out
a motion-compensated prediction process on the coding block to
generate a prediction image by using the motion vector shown
by the index information which 1is multiplexed into the
bitstream.

[0144)]

Fig. 31 is a block diagram showing a motion-compensated
prediction part 5 of a moving image encoding device in
accordance with Embodiment 4 of the present invention. 1In the
figure, because the same reference numerals as those shown in
Fig. 2 denote the same components or like components, the
explanation of the components will be omitted hereaftexr. A
direct vector generating part 26 carries out a process of
referring to a direct vector candidate index in which a
selectable motion vector and index information indicating the
motion vector are described to select a motion vector suitable
for the generation of a prediction image from one or more
selectable motion vectors, and outputting the motion vector
selected thereby to a motion compensation processing part 24
as a direct vector and also outputting the index information
showing the motion vector to a variable length encoding part
13. When variable-length-encoding compressed data, an
encoding mode, etc., the variable length encoding part 13
includes the index information in inter prediction parameters
and then variable-length-encodes these inter prediction
parameters.

[(0145]

Fig. 32 is a block diagram showing a motion-compensated

prediction part 54 of a moving image decoding device in

accordance with Embodiment 4 of the present invention. 1In the
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figure, because the same reference numerals as those shown in
Fig. 6 denote the same components or like components, the
explanation of the components will be omitted hereafter. A
direct wvector generating part 65 carries out a process of
recelving a direct vector candidate index in which a selectable
motion vector and index information showing the selectable
motion vector are described, reading the motion vector shown
by the index information included in the inter prediction
parameters from the direct vector candidate index, and
outputting the motion vector to a motion compensation
processing part 63 as a direct vector.

[0146]

Next, the operation of the moving image encoding device
and the operation of the moving image decoding device will be
explained. Because the moving image encoding device and the
moving image encoding device according to this embodiment have
the same structures as those according to above-mentioned
Embodiment 1, with the exception that the direct vector
generating parts 23 and 62 of the motion-compensated prediction
parts 5 and 54 according to above-mentioned Embodiment 1 are
replaced by the direct vector generating parts 26 and 65, as
compared with above-mentioned Embodiment 1, only processing
carried out by each of the direct vector generating parts 26
and 65 will be explained hereafter.

[0147]

The direct vector generating part 26 of the
motion-compensated prediction part 5 generates a direct vector
for each partition P;® of a block to be encoded B" when the
encoding mode m({Br) of the block is a direct mode. More

specifically, the direct vector generating part 26 selects a
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motion vector suitable for the generation of a prediction image
from one or more selectable motion vectors by referring to the
direct vector candidate index as shown in Fig. 33. Although
five motion vectors are listed as the one or more selectable
motion vectors in the example shown in Fig. 33, an index of O
is assigned to "median" in a space prediction because "median"
is selected mostL frequently in the space prediction.

(0148]

When selecting a motion wvector suitable for the
generation of a prediction image, the direct vector generating
part 26 calculates a cost R from the prediction image, which
is acqguired from each of the selectable motion vectors, the
distortion of the original image, and the index code amount of
each of the selectable motion vectors, as shown in the following
equation (14), and selects the motion vector whose cost R is

the smallest from among the plurality of motion vectors.

R=min{D+2,5(i)} (14)

i=\l.n

where D is the residual signal between the prediction image and
the original image, i is the index, A is a Lagrange multiplier, and

¢() is the code amount of the term within the parentheses.
[0149]

After selecting the motion vector whose cost R is the
smallest from among the plurality of motion vectors, the direct
vector generating part 26 outputs the motion wvector to the
motion compensation processing part 24 as a direct vector, and
also outputs the index information indicating the motion vector
to the variable length encoding part 13. For example, when
selecting "median" as the motion vector whose cost R is the
smallest, the direct vector generating part outputs the index

of 0 to the variable length encoding part 13, whereas when
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selecting "MV_A" as the motion vector whose cost R is the
smallest, the direct vector generating part outputs an index
of 1 to the variable length encoding part 13. When receiving
the index information from the direct vector generating part
26, the variable length encoding part 13 includes the index
information in the inter prediction parameters and then
variable~length-encodes these inter prediction parameters
when variable-length-encoding the compressed data, the
encoding mode, etc.
[0150]

When the encoding mode m(B") of the coding block B? is
a direct mode, the direct vector generating part 65 of the
motion-compensated prediction part 54 generates a direct vector
for each partition P;j? of the coding block B*". More specifically,
the direct vector generating part 65 receives the same direct
vector candidate index (e.g., the direct vector candidate index
shown in Fig. 33) as that which the direct vector generating
part 26 shown in Fig. 31 receives. When receiving the inter
prediction parameters including the index information from a
selection switch 61, the direct vector generating part 65 reads
the motion vector shown by the index information from the direct
vector candidate index, and outputs this motion vector to the
motion compensation processing part 63 as a direct vector. For
example, when the index information is the index of 0, the direct
vector generating part outputs "median"” as a direct vector,
whereas when the index information is the index of 1, the direct
vector generating part outputs "MV A" as a direct vector.
[0151]

As can be seen from the above description, because the

moving image encoding device in accordance with this Embodiment
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4 is constructed in such a way as to select a motion vector
suitable for the generation of a prediction image from one or
more selectable motion vectors and carry out a
motion-compensated prediction process on a block to be encoded
to generate a prediction image by using the motion vector, and
also output index information showing the motion vector to the
variable length encoding part 13, there is provided an advantage
of being able to select an optimal direct mode for each
predetermined block unit, thereby being able to reduce the code
amount, like in the case of above-mentioned Embodiment 1.
[0152]

Although the explanation is made in this Embodiment 4 by
assuming the case in which amotion vector exists at a selectable
position, there is a case in which no motion vector exists when
an intra coding process is carried out on the block to be encoded
B". In this case, there can be considered a method of setting
a zero vector as a motion vector, a method of not including any
motion vector in the candidates, and so on. While the encoding
efficiency can be improved because the candidates increase in
number when a zero vector is set as a motion vector, the amount
of information to be processed increases. Whennomotion vector
is included in the candidates for direct vector, the amount of
information to be processed can be reduced.

[0153]

Although the example of generating a direct vector is
shown in this Embodiment 4, the vector can be used as a predicted
vector which is used for encoding of a normal motion vector.
While the amount of information to be processed increases when
the direct vector is used as a predicted vector, the encoding

efficiency can be improved because the accuracy of the
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Although the candidates for selectable motion vectors are

fixed in this Embodiment 4, The candidates for seliectable motbion
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vectors can be alternatively determined on a per sl1i
Information showing which vectors should be selected as the

candidates iswmultiplexed into sach slice header. For example,

thare is a method of, because the effect of a temporal vector
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a video which is acquired by panning a camera, removing
temporal vectors fromthe selection candidates for such a video,

and, because the effect of a spatial vector iz large in a video

the selection candidates for such a video.

While the larger the number of candidate vectors is, the
nearer to the original image a prediction image can be generateac
a balance between the amount of information to be processed and
the enceding efficiency can be achieved by determining the

candidates in consideration of the locality of the
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from greatly increasing due to the increase in the number of
candidate vectors. Switching a vector between a candidate and

a non-candidate is achleved by using, for example, a method of

r. and defining only a
vector whose flag i3 set Lo ON as a candidate. A moticon vector
which can be a gselection candidate can be switched between a

candidate and a non-candidate by using each slice header or each

in an upper layer, such as each sequence header or each

picture headev. Further, one or more sets of motion veckors
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each of which can be a selection candidate can be prepared, and
an index showing each of the candidate sets can be encoded.
Further, a vector can be switched between a candidate and a
non-candidate for each macroblock or each block to be encoded.
Switching a vector between a candidate and a non-candidate for
each macroblock or each block to be encoded can provide the
macroblock or block to be encoded with locality, and provides
an advantage of improving the encoding efficiency.

[0156]

Although the order of the indexes is fixed in this
Embodiment 4, the order of the indexes can be alternatively
changed on a per-slice basis. When the selection of a vector
which is carried out on a per-basis slice has a bias, an index
table is changed in such a way that a shorter code is assigned
to a vector having a higher selection frequency, thereby
providing an improvement in the encoding efficiency. Encoding
of information showing the change can be carried out by encoding
the order of each vector or by preparing a plurality of index
sets and encoding information showing which index set is used.
Further, there can be considered a method of predetermining only
a default setting, preparing a flag showing whether or not to
use a setting different from the default setting, and updating
the index set and switching to the setting only when the flag
is set.

[0157]

Although the example of changing the order of the indexes
on a per slice basis is shown above, it needless to say that
the order of the indexes can be alternatively determined for
each sequence, each picture or the like in an upper layer. As

an alternative, the order of the indexes can be changed on a
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per partition block basis or on a per block to be encoded basis.
Changing the order of the indexes on a per macroblock basis or
on a per block to be encoded basis can provide each macroblock
or block to be encoded with locality, and can provide an
improvement in the encoding efficiency.

[0158]

Further, the selection candidates can be determined
uniquely for each partition block size. Because the spatial
correlation generally becomes weak as the block size becomes
small, it is considered that the predictive accuracy of a vector
determined through a median prediction gets worse. To solve
this problem, by changing the order of the indexes which is
determined through a median prediction, an improvement can be
provided in the encoding efficiency.

[0159]

Although the direct vector candidate indexes
respectively indicating five selectable motion vectors
prepared in advance are shown in this Embodiment 4, six or more
motion vectors or four or less motion vectors can be prepared
as the candidate vectors. For example, such vectors close to
a temporal vector as shown in Fig. 17 and such a vector resulting
from a weighted sum of vectors in the vicinity of the block to
be encoded as shown in Fig. 18 can be added as candidate vectors.
[0160]

Although a prediction process from two directions is
assumed to be carried out in this Embodiment 4, a prediction
process only in a single direction can be alternatively carried
out. When aprediction froma vector inonedirectionis carried
out, information showing which vector is used is encoded and

transmitted. As a result, a problem, such as occlusion, can
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be dealt with, and a contribution to an improvement in the
predictive accuracy can be made.
[0161]

Although it is assumed in this Embodiment 4 that a
bidirectional prediction using two vectors is carried out, the
number of vectors can be three or more. 1In this case, for
example, index information showing all the selected vectors can
be encoded. 1In contrast with this, index information showing
vectors which are not selected can be encoded. As an
alternative, there can be considered a method of encoding only
index information showing a single vector, and using an image
close to the reference image shown by the vector, as shown in
Fig. 34.

[0162]

Although the example of selecting a motion vector whose
cost R is the smallest from among a plurality of motion vectors
is shown in this Embodiment 4, an evaluated value SADx can be
calculated according to the following equation (15) and a motion
vector whose evaluated value SADx is equal to or smaller than
a threshold Th can be selected.

SAD, =|fmu.\ '8L'|'0,_<_k,§" (15)

where findex denotes the reference image shown by the vector whose
index information is encoded, and gx denotes the reference image
shown by a vector MV_k.
[0163]

Although the example of using the evaluated value SADx
is shown above, it is needless to say that the evaluation is
carried out by using another method such as SSE.

[0164]
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Information showing the number of vectors used can be
multiplexed into each header in an upper layer, such as each
slice header. While the encoding efficiency is improvead with
increase in the number of vectors, there is a trade-off
relationship between the encoding efficiency and the amount of

nformation to be processed because the amount of information
to be processed increases with increase in the number of vectors
Bz an alternative, the information showing the number of vectors
used can be multiplexed not into each slice, lbut intce =ach

smaller unit such as each block to be encoded or each partition.

In this case, a balance can be achieved between the amount of

information to be processed and the encoding efficiency
according to the locality of the image.
[0165]

Although the example of selecting a motion vector
suitable for the genesration of a prediction image from among
a plurality of sslectable motion vectors is shown in this
Embodiment 4, a motion vector which is used as an initial vector
can be cselected from among a plurality of selectable motion
vectors, and, after that, a final metion wector can be
determined by searching through the vicinity of the initial
vector, like in the case of above-menticon=d Embodiment 3. In
this case, the direct vector generating part 26 has a structure
as shown in Fig. 35, An initial vector generating pavt 36 shown
in Fig. 35 corresponds to the initial vector generating part

24 shown in Fig. 26.

(%]

[Dle6]
Embodiment 5.
Each of motion-compensated prediction partes % and 54 in

accorcdance with this Emizodiment 5 has the funciions acoeording
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to above-mentioned Embodiment 1 (or Embodiment 2 or 3), and the
functions according to above-mentioned Embodiment 4, can switch
between the functions according to above-mentioned Embodiment
1 (or Embodiment 2 or 3) and the functions according to
above-mentioned Embodiment 4 on a per slice basis, and can use
either of the functions according to above-mentioned Embodiment
1 (or Embodiment 2 or 3) and the functions according to
above-mentioned Embodiment 4 to generate a prediction image.
(0167]

Fig. 36 is a block diagram showing a motion-compensated
prediction part 5 of a moving image encoding device in
accordance with Embodiment 5 of the present invention. 1In the
figure, because the same reference numerals as those shown in
Fig. 31 denote the same components or like components, the
explanation of the components will be omitted hereafter. A
direct vector generating part 27 carries out a process of, when
a direct mode switching flag shows that index information is
not transmitted, generating a direct vector by using the same
method as that which the direct vector generating part 23 shown
in Fig. 2 (or the direct vector generating part 25 shown in Fig.
25) uses, and, when the direct mode switching flag shows that
index information is transmitted, generating a direct vector
and also outputting index information showing the direct vector
to a variable length encoding part 13 by using the same method
as that which the direct vector generating part 26 shown in Figqg.
31 uses. The direct vector generating part 27 also carries out
a process of outputting the direct mode switching flag to the
variable length encoding part 13.

[0168]

Fig. 37 is a block diagram showing the direct vector
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generating part 27 which ccnstructs the motion-compensated
prediction part 5. Referring to Fig. 37, a selection switch
91 carries out a process of, when the direct mode switching flag
shows that the index informaticen is not transmitted, outputting
each partition Pi" of a block to be encoded B* to a part
corresponding to the direct vector generating part 23 shown in
FigJ'Z'(gr-the direct vector generating part 25 shown in Figq.
258), ana, when the direct mode switching flag shows that the
index information is transmitted, outputting each partition Pi"
of the block to be encoded B" to a part corresponding to the
direct vector generating part 26 shown in Fig. 31.

[0169]

Fig. 38 is a block diagram showing a motion-compensated
prediction part 54 of a moving image decoding device in
accordance with Embodiment 5 of the present invention. 1In the
figure, because the same reference numerals as those shown in
Fig. 32 denote the same components or like components, the
explanation of the components will be omitted hereafter. A
direct vector generating part 66 carries out a process of, when
the direct mode switching flag included in inter prediction
parameters shows that the index information is not transmitted,
generating a direct vector by using the same method as that which
the direct vector generating part 62 shown in ¥ig. & (or the
direct vector generating part 64 shown in Fig. 29) uses, and,
when the direct mode switching flag shows that the index
information is transmitted, generating a direct vector by using
the same method as that which the direct vector generating part
65 shown in Fig. 32 uses.

[0170]

Next, the operation of the moving image encoding device
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and the operation of the moving image decoding device will be
explained. The direct wvector generating part 27 of the
motion-compensated prediction part 5 has the functions of the
direct vector generating part 23 shown in Fig. 2 (or the direct
vector generating part 25 shown in Fig. 25), and the functions
of the direct vector generating part 26 shown in Fig. 31, and,
when the direct mode switching flag inputted thereto from
outside the direct vector generating part shows that the index
information is not transmitted, generates a direct vector by
using the same method as that which the direct vector generating
part 23 shown in Fig. 2 (or the direct vector generating part
25 shown in Fig. 25) uses, and outputs the direct vector to a
motion compensation processing part 24. The direct vector
generating part 27 also outputs the direct mode switching flag
to the variable length encoding part 13.

[0171]

When the direct mode switching flag shows that the index
information is transmitted, the direct vector generating part
27 generates a direct vector by using the same method as that
which the direct vector generating part 65 shown in Fig. 32 uses,
and outputs the direct vector to the motion compensation
processing part 24. The direct vector generating part 27 also
outputs the direct mode switching flag and the index information
to the variable length encoding part 13.

[0172}

When receiving the direct mode switching flag from the
direct vector generating part 27, the variable length encoding
part 13 includes the direct mode switching flag in the inter
prediction parameters and variable-length-encodes these inter

rediction arameters when variable-length—-encodin
p P
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compressed data, an encoding mode, etc. When receiving the

direct mode switching flag and the index information from the
direct vector generating part 27, the variable length encoding
part 13 includes the direct mode switching flag and the index
information in the nter prediction parameters and
variable-length-encodes these inter predicticn parameters
when variable-length-encoding the compressed data, the
encoding mode, etc.
[0173]

When receiving the inter prediction parameters decoded

by a wvariable length decoding part 51, the direct vector

]

nerating part 66 of the motion-compensated prediction part

[

a

=

54 generates a direct vector by using the same method as that

ol

which the direct wvector generating part 62 shown in Fig. & (or
the direct vector generating part 94 shown in Fig. 29) uses when
the direct mode switching flag included in the inter prediction
parameters shows that the index information is not transmitted.
In contrast, when the direct mode switching flag shows that the
index information is transmitted, the direct vector generating
part generates a direct vector by using the same method as that
which the direct vector generating part 65 shown in Fig. 32 usses.
[0174]

In general, additicnal information increases in a modse
in which the index information is transmitted as compared with

in which the index information 1s not transmitted.

a mode
Therefore, when the percentage of the additiconal information

in the total code amount is large, such as when the transmission

5

rate is low, the performance in a mode in which the index
information is not transmitted is higher than that in a mode

in which the index information is transmitted. In contrast,
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when the percentage of the additional information in the total
code amount is small, such as when the transmission rate is high,
it is expected that the encoding efficiency is further improved
by adding the index information and using an optimal direct
vector.

[0175]

Although the example in which the direct mode switching
flag is included in the inter prediction parameters is shown
in this Embodiment 5, the direct mode switching flag can be
multiplexed into each slice header, each picture, or each
sequence header.

[0176]

Further, there can be considered a method of determining
the switching according to the partition size. 1In general, the
percentage of the additional information, such as a motion
vector, becomes small relatively with increase in the partition
size. Therefore, there can be considered a structure of
selecting a mode in which the index information is transmitted
when the partition size is equal to or larger than a certain
size, and, when the partition size is smaller than the certain
size, selecting a mode in which the index information is not
transmitted. When wusing the method of determining the
switching according to the partition size, as mentioned above,
a flag showing which mode is used for each encoding block size
can be multiplexed into each header in an upper layer, such as
each slice header.

[0177]

Although the example of switching between the functions

according to above-mentioned Embodiment 1 and the functions

according lto above-mentioned Embodiment 4 according to the



10

15

20

25

30

97

direct mode switching flag is shown in this Embodiment 4,
switching between the functions according to above-mentioned
Embodiment 2 and the functions according to above-mentioned
Embodiment 4 or switching between the functions according to
above-mentioned Embodiment 3 and the functions according to
above-mentioned Embodiment 4 can be alternatively carried out.
As an alternative, switching between the functions according
to above-mentioned Embodiment 1 and the functions according to
above-mentioned Embodiment 2, switching between the functions
according to above-mentioned Embodiment 1 and the functions
according to above-mentioned Embodiment 3, or switching between
the functions according to above-mentioned Embodiment 2 and the
functions according to above-mentioned Embodiment 3 can be
carried out. As an alternative, arbitrary functions can be
selected from among the functions according to above-mentiocned
Embodiment 1 to 4.

[0178]

Although the example of switching between the functions
according to above-mentioned Embodiment 1 and the functions
according to above-mentioned Embodiment 4 according to the
direct mode switching flag is shown in this Embodiment 5, an
ON/OFF flag can be provided instead of switching between the
functions according to above-mentioned Embodiment 1 and the
functions according to above-mentioned Embodiment 4 according
to the direct mode switching flag. For example, there can be
considered a method of providing an ON/OFF flag showing whether
or not to use Embodiment 1, and, when the flag is set, carrying
out both Embodiment 1 and Embodiment 4 to select one mode which
provides a higher degree of encoding efficiency from the modes

and encode the information. This method provides an advantage



o

10

15

20

25

30

of being able to switch between direct modes according to the
locality of the image and make a contribution to an improvement
in the encoding efficiency.

[0179]

Although the flag for turning on or off Embodiment 1 is
provided in the above-mentioned example, a flag for turning on
or off Embodiment 4 can be alternatively provided. As an
alternative, Embodiments 2 and 4 or Embodiments 3 and 4 can be
combined.

[0180]

Although the example of selecting a motion vector
suitable for the generation of a prediction image from a
plurality of selectable motion vectors is shown in this
Embodiment 5, a motion vector which is used as an initial vector
can be selected from among a plurality of selectable motion
vectors, and, after that, a final motion vector c¢an be
determined by searching through the vicinity of the initial
vector, like in the case of above-mentioned Embodiment 3. 1In
this case, the direct vector generating part 27 has a structure
as shown in Fig. 39. An initial vector generating part 37 shown
in Fig. 39 corresponds to the initial vector generating part
34 shown in Fig. 26.

[0181]

While the invention has been described in its preferred
embodiments, it 1s to be understood that an arbitrary
combination of two or more of the above-mentioned embodiments
can be made, various changes can be made in an arbitrary
component according to any one of the above-mentioned
embodiments, and an arbitrary component according to any one

of the abhove-mentioned embodiments can be omitted within the
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scope of the invention.

[0182]

Although it is described abowe that, for example, a
maxgimum size is determined and a hierarchy number upper limil

on the number of hierarchical layers in a hierarchy in which

14}

sach of blocks to be sncoded having the maximum sgize 1

il

hisrarchically divided inte blocks is alse determined, and an

egncoding mode which is suitable for each of the blocks to be
encoded into which each block to be encoded having the maximum

size is divided hierarchically is selectad from one or more
available encoding modes, either or all of the maximum size,
the hierarchy number upper limit, and the encoding mode can be

alternatively determined in advance.

Embodiment ©.

Although the example in which the direct wvector
generating part 26 of the motion-compensated prediction part
5 in the moving image encoding device grasps ong or more
selectalle motion vectors by referring to a direct vector
candidate index as shown in Fig. 33 is shown in above-mentioned
Enbodiment 4, the encoding controlling part 1 can alternatively
generate a list of one or more selectabls motion vectors

srding to the block size of a block to be encoeded, and cefer

to the direct wvector candidate list showing the ons or more
electable motion vectors and the direct vector candidate index

an encading

o determine a direct mode vector.
controlling part according te this embodiment cperates in the

following way.

10184]

B3 mentionesl 2, while one or more selectable mobion
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vectors can be determined uniquely for each of block sizes for
partition, for example, there is a high correlation between the
partition which is the block to be encoded and an adjacent block
when the partition has a large block size, whereas there is a
low correlation between the partition which is the block to be
encoded and an adjacent block when the partition has a small
block size, as shown in Fig. 40. Therefore, the number of
candidates for the one or more selectable motion vectors can
be reduced with decrease in the block size of the partition.
[0185]

To this end, the encoding controlling part 1 lists one
or more selectable motion vectors in advance for each of the
block sizes available for the partition which is the block to
be encoded, as shown in Fig. 41. As can be seen from Fig. 41,
the encoding controlling part reduces the number of candidates
for the one or more selectable motion vectors with decrease in
the block size of the partition. For example, while the number
of selectable motion vectors is "4" for a partition whose block
size is "64," the number of selectable motion vectors is "2"
for a partition whose block size is "8." "median", "MV_A",
"MV _B", "MV_C", and "temporal” shown in Fig. 42 correspond to
"median", "MV A", "MV_B", "MV C", and "temporal” shown in Fig.
33, respectively.

[0186]

When determining one cr moxe selectable motion vectors,
the encoding controlling part 1 refers to, for example, the list
shown in Fig. 41, specifies the one or more motion vectors
corresponding to the block size of the partition which is the
target to be encoded, and outputs the direct vector candidate

list showing the one or more metion vecters to a
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motion-compensated prediction part 5. For example, when the
block size of the partition is "64," the encoding controlling
part determines "MV_A", "MV _B", "MV _C", and "temporal"” as the
one or more selectable motion vectors. Further, when the block
size of the partition is "8", the encoding controlling part
determines "median" and "temporal" as the one or more selectable
motion vectors.

[0187]

When receiving the direct vector candidate list from the
encoding controlling part 1, a direct vector generating part
26 of the motion-compensated prediction part 5 selects a motion
vector suitable for the generation of a prediction image from
the one or more motion vectors shown by the direct vector
candidate list, 1like that according to above-mentioned
Embodiment 4. In this case, because the number of candidates
for one or more selectablemotion vectors is small when the block
size of the partition is small, the number of calculations of
an evaluated value SADx as shown in the above-mentioned equation
(15), and so on is reduced and the processing locad on the
motion-compensated prediction part 5 is reduced, for example.
[0188]

In the case in which the encoding controlling part 1 of
the moving image encoding device determines one or more
selectable motion vectors in this way, a moving image decoding
device also needs to have a 1ist of one or more selectable direct
vector candidates which are the completely same as those in the
moving image encoding device. When the encoding mode m(Bn) is
a direct mode, for each partition Pi® of the coding block B»,
a variable length decoding part 51 of the moving image decoding

device outputs the block size of the partition to a
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motion-compensated prediction part 54, and also outputs the
index information which the variable length decoding part
acquires by variable-length-decoding the bitstream (i.e., the
information showing the wotion wector which is used by the
moticn-compensated prediction part 5 of the moving image
enceding device) to the motion-compensated prediction part 54.
{0189]

When receiving the block size of the partition from the
variable length decoding part 51, the direct vector generating
part 65 of the motion-compensated prediction part 54 receives
the direct vector index and outputs the motion vector which is
used for a direct mode f£rom the list of one or more motion vector
candidates which is predetermined according to the block size,
like that according to above-mentioned Embodiment 4. More
specifically, the direct vector generating part 65 lists one
or more selectable motion vectors for each of the block sizes
available for the partition in advance (refer to Fig. 41), and,
when determining one or more selectable motion vectors, refers
to the list shown in Fig. 41 and the direct vector index, and
outputs the one or more motion vectors corresponding to the
block size of the partition which is to be decoded this time.
[0190]

For example, in a case in which the block size of the
partition is "8", the direct vector generating part outputs
"median" as a direct vector when the index infermation is an
index of 0, and outputs "temporal” as a direct vector when the
index information is an index of 1.

[0191]
As can be seen from the above description, because the

encoding centrolling part in acceordance with this Embodiment
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6 is constructed in such a way as to determine one or more
selectable motion vectors according to the block size of the
partition which is the block to be encoded, amotion vector other
than motion vectors suitable for the generation of a prediction
image can be removed from the candidates for a partition having
a low correlation between the partition and adjacent blocks.
Therefore, there is provided an advantage of being able to
reduce the amount of information to be processed.

[0192]

Further, because the encoding controlling part in
accordance with this Embodiment 6 is constructed in such a way
as to, when determining one or more selectable motion vectors,
reduce the number of candidates for one or more selectable
motion vectors with decrease in the block size of the partition,
a motion vector other than motion vectors suitable for the
generation of a prediction image can be removed from the
candidates. Therefore, there is provided an advantage of being
able to reduce the amount of information to be processed.
[0193]

Although the example in which the block size of the
partition which is the block to be encoded has a maximum of "64"
is shown in this Embodiment 6, the block size can alternatively
have a maximum greater than 64 or less than 64. Fig. 42 shows
an example of a 1list whose maximumblock size is "128." Although
the maximum block size of each of the lists held by the encoding
controlling part 1 and the motion-compensated prediction part
54 is "128" in the example of Fig. 42, a portion in which the
block sizes are equal to or less than "32" in the above-mentioned
list has only to be referred to when the maximum of the block

size of the actual partition is "32."
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[0194]

Further, although the example of determining one or more
selectable motion vectors according to the block size of the
partition which is the block to be encoded is shown in this
Embodiment 6, one or more selectable motion vectors can be
alternatively determined according to the pattern of division
of the block to be encoded, and the same advantages can be
provided. 'Fig. 43 is an explanatory drawing of a list showing
one or more selectable motion vectors which are determined for
each of patterns of division available for the block to be
encoded. For example, while "MV A", "MV _B", "MV_C", and
"temporal" are determined as one or more selectable motion
vectors when the partition which is the block to be encoded is
2partHl, there is a high possibility that when the partition
which is the block to be encoded is 2partH2, its movement differs
from that of 2partHl which is the block located to the left of
2partH2. Therefore, "MV A" which is the motion vector of the
block located to the left of 2partH2 is removed from the one
or more motion vectors selectable for 2partH2, and "MV B",
"MV C", and "temporal" are determined as the one or more motion
vectors selectable for 2partH2.

[0195]

Further, although a vector in a temporal direction is used
in this Embodiment 6, the data size of the vector when stored
in amemory can be compressed in order to reduce the memory amount
used for storing the vector. For example, when the minimum
block size is 4x4, although a vector in a temporal direction
is typically stored for each block having a size of 4x4, there
is considered a method of storing a vector in a temporal

direction for each block having a larger size.
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[0196]

A problem with the above-mentioned method of storing a
vector in a temporal direction while compressing the data size
of the vector is that when carrying out the processing in units
of a block having a block size smaller than the unit for storing
the compressed vector data, the position to be referred to does
not indicate a correct position. To solve this problem, a
process of not using any vector in a temporal direction at a
time when the block has a size smaller than the unit for storing
the compressed vector data can be carried out. By removing a
vector having a small degree of accuracy from the candidates,
there is provided an advantage of reducing the amount of
information to be processed and the index code amount.
[0197]

Further, although the direct mode vector is described in
this FEmbodiment 6, the same method can be used for the
determination of a predicted vector which is uses for normal
motion vector encoding. Byusingthismethod, there is provided
an advantage of providing both a reduction in the amount of
information to be processed and an improvement in the encoding
efficiency.

[0198]

Further, this Embodiment 6 is constructed in such a way
that when ref Idx of a direct vector or a vector which is desired
to be predicted differs from ref Idx of any of a plurality of
candidate vectors which are used for the generation of the
direct vector or the determination of the predicted vector (the
picture which is the reference destination of the direct vector
or the vector to be predicted differs from that of any candidate

vector), a scaling process according to the distance in a
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temporal direction is carried out on each of the candidate
vectors, as shown in Fig. 14. When ref Idx of the direct vector
or the vector which is desired to be predicted is the same as
ref Idx of one of the plurality of candidate vectors, the
scaling process according to the distance in the temporal

direction is not carried out.

scaled MV = My 2&0) (16)
8 d(vrr)

where scaled MV denotes a scaled vector, MV denotes a motion
vector yet to be scaled, and d(x) denotes a temporal distance
tox. Further, Xr denotes the reference image shown by the block
to be encoded, and Yr denotes the reference image shown by each
of the block positions A to D which are the targets for scaling.
[0199]

Further, this embodiment is constructed in such a way that
a block which is inter-encoded is searched for from the target
blocks, and all the vectors included in the block are used as
spatial vector candidates, as shown in Fig. 49. There can be
a case in which the reference picture which is to be indicated
by the direct vector or the vector which is desired to be
predicted is the same as that indicated by one of these candidate
vectors, and a case in which the reference picture which is to
be indicated by the direct vector or the vector which is desired
to be predicted differs from that indicated by any of these
candidate vectors, asmentioned above. Inthe former case, this
embodiment can be constructed in such a way that only candidate
vectors indicating the same reference picture are used as
candidates. In the latter case, this embodiment can be
constructed in such a way that a correction process of

performing a scaling process to make one of the candidate
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vectors indicate the same reference picture is carried out. The
former case provides an advantage of removing a vector having
a low degree of accuracy from the candidates without increasing
the amount of information to be processed. The latter case
provides an advantage of reducing the code amount because the
amount of information to be processed increases due to the
search, but the number of selection candidates can be increased.
[0200]

Further, in a case of carrying out scaling as shown in
theequation(16),acandidatevectorwhoseref_Idxdiffersfrom
ref Idx of the direct vector or the vector which is desired to
be predicted can be scaled at a time of finding out a block which
is inter-encoded (a candidate vector whose ref Idx is the same
as ref Idx of the direct vector or the vector which is desired
to be predicted is not scaled), or the scaling can be carried
out only when there is no candidate vector whose ref Idx is the
same as ref Idx of the direct vector or the vector which is
desired to be predicted after all the blocks are searched
through. Because a vector having an improved degree of accuracy
can be added to the candidates while the amount of information
to be processed increases, there is provided an advantage of
reducing the code amount.

[0201]
Embodiment 7.

Although the example in which the encoding controlling
part 1 of the moving image encoding device holds a list showing
selectable motion vectors and the motion-compensated
prediction part 54 of the moving image decoding device also
holds a list showing selectable motion vectors is shown in

above-mentioned Embodiment 6, the variable length encoding part
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13 of the moving image encoding device can
variable-length~encode list information showing the list and
multiplex encoded data about the list information into, for
example, each slice header, and transmit the encoded data to
the moving image decoding device. In this case, the variable
length decoding part 51 of the moving image decoding device
variable-length-decodes the encoded data which are multiplexed
into each slice header to acquire the list information, and
outputs the list shown by the list information to the direct
vector generating part 65 of the motion-compensated prediction
part 54.

[0202]

The moving image encoding device can transmit the list
information showing the list to themoving image decoding device
on a per slice basis (or on a per sequence basis, on a per picture
basis, or the like) in this way. As an alternative, only when
the list currently being held by the encoding controlling part
1 is changed, the moving image encoding device can transmit the
list information showing the changed list to the moving image
decoding device. Hereafter, processes will be explained
concretely. Fig. 44 is a flow chart showing a transmitting
process of transmitting list information which is carried out
by a moving image encoding device according to this embodiment,
and Fig. 45 is a flow chart showing a receiving process of
receiving the list information which is carried out by a moving
image decoding device according to this embodiment.

[0203]

While an encoding controlling part 1 of the moving image

encoding device, determines one or more selectable motion

vectors according to the block size of a partition which is a
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block to be encoded, like that according to above-mentioned
Embodiment 6, the encoding controlling part 1 checks to see
whether the list to which the encoding controlling part refers
when determining one or more motion vectors is changed, and,
when the list is the same as the previous list (step ST41 of
Fig. 44), sets a change flag to "OFF" in order to notify the
moving image decoding device that the list is the same as the
previous list (step ST42). When the encoding controlling part
1 sets the change flag to "OFF", a variable length encoding part
13 encodes the change flag set to "OFF" and transmits encoded
data of the change flag to the moving image decoding device (step
ST43) .
[0204]

In contrast, when the list differs from the previous list
{step ST41), the encoding controlling part 1 sets the change
flag to "ON" in order to notify the moving image decoding device
that the list differs from the previous list (step ST44). When
the encoding controlling part 1 sets the change flag to "ON",
the variable length encoding part 13 encodes the change flag
set to "ON" and the list information showing the changed list,
and transmits encoded data of the change flag and the list
information to the moving image decoding device (step ST45).
Fig. 46 shows an example in which the change flag set to "ON"
and the list information showing the changed list are encoded
because "temporal” in the list is changed from selectable to
unselectable.
[0205]

A variable length decoding part 51 of the moving image
decoding device decodes the encoded data to acquire the change

flag (step ST51 of Fig. 45), and, when the change flag is set
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to "OFF" (step STS52), outputs the change flag set to "OFF" to
a motion-compensated prediction part 54. When receiving the
change flag set to "OFF" from the variable length decoding part
51, the motion-compensated prediction part 54 recognizes that
the list is the same as the previous list and sets the list
currently being held thereby as candidates for reference (step
ST53). Therefore, the motion-compensated prediction part 54
determines one or more motion vectors corresponding to the block
size of the partition which is to be decoded this time by
referring to the list currently being held thereby.

[0206]

In contrast, when the change flag is set to "ON" (step
ST52), the variable length decoding part 51 of the moving image
decoding device decodes the encoded data to acquire the list
information and outputs the change flag set to "ON" and the 1list
information to the motion-compensated prediction part 54 (step
ST54). When receiving the change flag set to "ON" and the list
information from the variable length decoding part 51, the
motion-compensated prediction part 54 recognizes that the list
differs from the previous list, changes the 1list currently being
held thereby according to the list information, and sets the
list changed thereby as candidates for reference (step ST55).
Therefore, the motion-compensated prediction part 54
determines one or more motion vectors corresponding to the block
size of the partition which is to be decoded this time by
referring to the list changed thereby. Fig. 47 shows an example
in which the list currently being held thereby is changed
because the change flag is set to "ON."

[0207]

As can be seen from the above description, because the
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moving image encoding device in accordance with this embodiment
7 is constructed in such a way as to, only when a 1list showing
one or more selectable motion vectors is changed, encode the
list information showing the changed list to generate encoded
data, there is provided an advantage of being able to install
a function of accepting a change of the list without causing
a large increase in the code amount.

[0208]

Although the example of, even when a part of the one or
more selectable motion vectors shown by the list is changed,
encoding the list information showing the whole of the list
changed is shown in this Embodiment 7, a change flag can be
prepared for each block size, the change flag prepared for a
block size for which one or more selectable motion vectors are
changed can be set to "ON", and only the list information
associated with the block size can be encoded, as shown in Fig.
48. Because the motion vectors in a case of a block size of
"64" and the motion vectors in a case of a block size of "8"
are not changed in the example shown in Fig. 48, their change
flags are set to "OFF" and the list information associated with
each of the block sizes is not encoded. In contrast, because
the motion vectors in a case of a block size of "32" and the
motion vectors in a case of a block size of "16" are changed
in the example, their change flags are set to "ON" and the list
information associated with each of the block sizes is encoded.
As long as the change flag of one of the block sizes is set to
"ON, " the change flag prepared for each block size can be encoded,
and, when the change flag of any block size is set to "OFF",
only the change flag of the list (change flag set to "OFF") can

be encoded. As an alternative, instead of using the change flag
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for each list, only the change flag prepared for each block size
can be encoded.
[0209]

Although the example of being able to change the
selectable motion vectors for each block size is shown, the
selectable motion vectors can be changed for each pattern of
division of the block to be encoded.

INDUSTRIAL APPLICABILITY
[0210}

Because the moving image encoding device, the moving
image decoding device, the moving image encoding methed, and
the meving image decoding method in acceordance with the present
invention make it possible to select an optimal direct mode for
each predetermined block unit and reducé the code amount, they
are suitable for use as a moving image encoding device, a moving
image decoding device, a moving image encoding method, and a
moving image decoding method which are used for an image
compression encoding technology, an compressed image data
transmission technology, etc., respectively.

EXPANATIONS OF REFERENCE NUMERALS
[0211]

1 encoding controlling part {encoding controlling unit),
2 block dividing part (block dividing unit), 3 selection switch
(intra prediction unit and motion~compensated prediction unit),
4 intra prediction part (intra prediction unit), 5
motion-compensated prediction part {motion-compensated
predicticn wunit), 6 subtracting part (difference image
generating unit), 7 transformation/quantization part (image
compression unit), 8 inverse guantization/inverse

transformation part, 9 adding part, 10 memory for intra
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prediction, 11 leocop filtering part, 12 motion-compensated
prediction frame memory, 13 variable length encoding part
(variable length encoding unit), 21 selection switch, 22 motion
vector searching part, 23 direct vector generating part, 24
motion compensation processing part, 25, 26, and 27 direct
vector generating part, 31 spatial direct vector generating
part, 32 temporal direct vector generating part, 33 direct
vector determining part, 34, 36, and 37 initial vector
generating part, 35 motion vector searching part, 35 motion
compensation part,

42 similarity calculating part, 43 direct vector selecting part,
31 variable length decoding part (variable length decoding
unit}), 52 selection switch (intra prediction unit and
motion-compensated prediction unit), 53 intra prediction part
(intra prediction unit), 54 motion-compensated prediction part
(motion-compensated prediction unpit), 55 inverse
guantization/inverse transformation part (difference image
generating unit), 56 adding part (decoded image generating
unit), 57 memory for intra prediction, 11 loop filtering part,
12 motion-compensated prediction frame memory, 61 selection
switch, 62 direct vector generating part, 63 motion
compensation processing part, 64, 65, and 66 direct vector
generating part, 71 spatial vector generating part, 72 tempcral
vector generating part, 73 initial vector determining part, 35
motion compensation part, 82 similarity calculating part, 83

initial vector determining part, 91 selection switch.
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Claims

1. A video image decoding device comprising:

a variable length decoder that performs a variable-length decoding process on coded data
multiplexed into a bitstream to obtain index information which specifies a motion vector for a
coding block;

a motion compensator that performs a motion compensation prediction process on said
coding block to generate a prediction image using a motion vector selected from one or more
selectable motion vector candidates, said motion compensator selecting said motion vector from said
motion vector candidates according to said index information;

wherein

said molion compensator prepares a list of said motion vector candidates including one or
more spatial motion vectors which is obtained from a decoded block located around said coding
block and/or a temporal motion vector which is obtained from a different picture which can be
referred to by said coding block, said motion vector candidates being listed in accordance with a
predetermined order, and said index information specifying a position in which one of said motion

vector candidates exists within said list.

2. A video image decoding method comprising:

performing a variable-length decoding process on coded data multiplexed into a bitstream
to obtain index information which specifies a motion vector for a coding block;

performing a motion compensation prediction process on said coding block to generate a
prediction image using a motion vector selected from one or more selectable motion vector
candidates, said motion vector being selected from said motion vector candidates according to said
index information;

wherein

said motion vector candidates include one or more spatial motion vectors which is
obtained from a decoded block located around said coding block and/or a temporal motion vector
which is obtained from a decoded picture which can be referred to by said coding block, said motion
vector candidates being listed in accordance with a predetermined order, and said index information

specifying a position in which one of said motion vector candidates exists within said list.

3. A video 1mage encoding device comprising:

a motion compensator that performs a motion compensation prediction process on a
coding block to generate a prediction image using a motion vector selected from one or more
selectable motion vector candidates, said motion compensator selecting said motion vector from said
motion vector candidates;

a variable encoder that performs a variable-coding process to generate index information

which specifies selected one of said motion vector candidates; wherein
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said motion compensator prepares a list of said motion vector candidates including one or
more spatial motion vectors which is obtained from a coded block located around said coding block
and/or a temporal motion vector which is obtained from a different picture which can be referred to
by said coding block, said motion vector candidates being listed in accordance with a predetermined
order, and said index information specifying a position in which one of said motion vector

candidates exists within said list.

4., A video image encoding method comprising:

performing a motion compensation prediction process on a coding block to generate a
prediction image using a motion vector selected from one or more selectable motion vector
candidates, said molion compensator sclecting said motion vector from said motion vector
candidates;

performing a variable-coding process to generate index information which specifies
selected one of said motion vector candidales; wherein

said motion compensator prepares a list of said motion vector candidates including one or
more spatial motion vectors which is obtained from a coded block located around said coding block
and/or a temporal motion vector which is obtained from a different picture which can be referred to
by said coding block, said motion vector candidates being listed in accordance with a predetermined
order, and said index information specifies a position in which one of said motion vector candidates

exists within said list.

5. A non-transitory computer-readable storage medium storing a bit stream comprising;

a compressed data generated by performing compression process on a difference between
an image and prediction image;

index information which specifies a motion vector used to perform a motion compensation
prediction process to generate said prediction image;

wherein when said motion vector is selected from one or more molion vector candidates
including one or more spatial motion vectors which is obtained from a coded block Jocated around
said coding block and/or a temporal motion vector which is obtained from a different picture which
can be referred lo by said coding block, said index information specifies selected one of said motion
vector candidales, and wherein said motion vector candidates being listed in accordance with a
predetermined order, and said index information specifying a position in which one of said motion

vector candidates exists within said list.




